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ABSTRACT:
In 1980, the DOE published the Final Environmental Impact Statement (FEIS) for
the WIPP. This FEIS analyzed and compared the environmental impacts of
various alternatives for demonstrating the safe disposal of transuranic (TRU)
radioactive waste resulting from DOE national defense related activities. Based
on the environmental analyses in the FEIS, the DOE published a Record of
Decision in 1981 to proceed with the phased development of the WIPP in
southeastern New Mexico as authorizecl by the Congress in Public Law 96-164.
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Since publication of the FEIS, new geological and hydrological information has
led to changes in the understanding of the hydrogeological characteristics of the
WIPP site as they relate to the long-term performance of the underground waste
repository. In addition, there have been changes in the information and
assumptions used to analyze the environmental impacts in the FEIS. These
changes include: 1) changes in the composition of the TRU waste inventory,
2) consideration of the hazardous chemical constituents in TRU waste, 3)
modification and refinernent of the system for the transportation of TRU waste
to the WIPP, and 4) modification of the Test Phase.
The purpose of this SEIS is to update the environmental record established in
1980 by evaluating the environmental impacts associated with new information,
new circumstances, and proposal modifications. This SEIS evaluates and
compares the Proposed Action and two alternatives.
The Proposed Action is to proceed with a phased approach to the development
of the WIPP. Full operation of the WIPP would be preceded by a Test Phase
of approximately 5 years during which time certain tests and operational
demonstrations would be carried out. The elements of the Test Phase, tests and
operations demonstration, continue to evolve. These elements are currently
under evaluation by the DOE based on comments from independent groups
such as the Blue Ribbon Panel, the National Academy of Sciences, the
Environmental Evaluation Group, and the Advisory Committee on Nuclear Facility
Safety. At this time, the Performance Assessment tests would be comprised of
laboratory-scale, bin-scale, and alcove-scale tests. The DOE, in December 1989,
issued a revised draft final Test Phase plan that focuses on the Performance
Assessment tests to remove uncertainties regarding compliance with long-term
disposal standards (40 CFR 191 Subpart B) and to provide confirming data that
there would be no migration of hazardous constituents (details are available in
Subsection 3.1.1.4 and Appendix 0). The tests would be conducted to reduce
uncertainties associated with the prediction of natural processes that might affect
long-term performance of the underground waste repository. Results of these
tests would be used to assess the ability of the WIPP to meet applicable Federal
standards for the long-term protection of the public and the environment. The
operational demonstrations would be conducted to show the ability of the TRU
waste management system to certify, package, transport, and emplace TRU
waste in the WIPP safely and efficiently. Waste requirements for the Integration
Operations Demonstration remain uncertain. A separate document would be
developed to describe in detail the Integration Operations Demonstration
following the DOE's decision as to the scope and timing of the demonstration.
During the Test Phase, National Environmental Policy Act (NEPA) requirements
would be reviewed in light of the new information developed and appropriate
documentation would be prepared. In addition, the DOE will issue another SEIS
at the conclusion of the Test Phase and prior to a decision to proceed to the
Disposal Phase. This SEIS will analyze in more detail the system-wide impacts
of processing and handling at each of the generator/storage facilities and will
consider the system-wide impacts of potential waste treatments.
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Upon completion of the Test Phase, the DOE would determine whether the WIPP
would comply with U.S. Environmental Protection Agency (EPA) standards for
the long-term disposal of TRU waste (i e., 40 CFR Part 191, Subpart B; 40 CFR
Part 268). The WIPP would enter the Disposal Phase if there was a favorable
Record of Decision based on the new SEIS to be prepared prior to the Disposal
Phase and if there was a determination of compliance with the EPA standards
and other regulatory requirements. During this phase, defense TRU waste
generated since 1970 would be shipped to and disposed of at the WIPP. After
completion of waste emplacement, the surface facilities would be
decommissioned, and the WIPP underground facilities would serve as a
permanent TRU waste repository.
The first alternative, No Action, is similar to the No Action Alternative discussed
in the 1980 FEIS. Under this alternative, there would be no research and
development facility to demonstrate the safe disposal of TRU waste, and TRU
waste would continue to be stored. Storage of newly generated TRU mixed
waste would be in conflict with the Resource Conservation and Recovery Act
(RCRA) Land Disposal Restrictions; treatment would be required to avoid such
conflict. The WIPP would be decommissioned as a waste disposal facility and
potentially put to other uses.
The second alternative to the Proposed Action is to conduct the bin-scale tests
at a facility other than the WIPP and to delay emplacement of TRU waste in the
WIPP underground until a determination has been made of compliance with the
EPA standards for TRU waste disposal (i.e., 40 CFR Part 191, Subpart B). The
bin-scale tests could be conducted oil:side the WIPP underground facilities in
a specially designed, aboveground facility. The implications of this alternative
include delays in both the operational demonstrations and alcove-scale tests, the
lack of alcove-scale test data for the compliance demonstration, and placing the
WIPP facilities in a "standby" mode. The specialized facility for aboveground binscale tests could be constructed at any one of the DOE facilities. In order to
analyze the environmental impacts of this alternative in the final SEIS, the DOE
has evaluated the Idaho National Engineering Laboratory in Idaho as a
representative facility for the aboveground bin-scale tests.
ADDITIONAL INFORMATION:
The 1980 FEIS was reprinted and provided to the public with the draft SEIS
which was published April 21, 1989. Public comments on the draft SEIS were
accepted for a period of 90 days after publication. During that time, public
hearings were conducted in Atlanta, Geo-gia; Pocatello, Idaho; Denver, Colorado;
Pendleton, Oregon; Albuquerque, Santa Fe and Artesia, New Mexico; Odessa,
Texas; and Ogden, Utah.
This final SEIS for the WIPP project is a revision of the draft SEIS published in
April 1989. It includes responses to the public comments received in writing and
at the public hearings and revisions of the draft SEIS in response to the public
comments. Revisions of importance have been identified in this final SEIS by
vertical lines in the margins to highlight changes made in response to comments.

Volumes 1 through 3 of the final SEIS contain the text, appendices, and the
summary comments and responses, respectively. Volumes 6 through 13 of the
final SEIS contain reproductions of aIl of the comments received on the draft
SEIS, and Volumes 4 and 5 contain the indices to Volumes 6 through 13. An
Executive Summary and/or Volumes 1 through 5 of the final SEIS have been
distributed to those who received the draft SEIS or requested a copy of the final
SEIS. Although not distributed to all who commented on the draft SEIS,
Volumes 1 through 13 of the final SEIS have been placed in the reading rooms
and libraries listed in Appendix K; these volumes will be mailed to the general
public upon request.
A notice of availability of the final SEIS has been published by the EPA in the
Federal Register. The DOE will make a decision on implementation of the
Proposed Action or the alternatives no earlier than 30 days after publication of
the EPA notice of availability. The DOE's decision will be documented in a
publicly available Record of Decision to be published in the Federal Register and
distributed to all who receive this final SEIS.
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Foreword
In October 1989, the Secretary of Energy issued a draft Decision Plan for the Waste Isolation
Pilot Plant (WIPP). The Decision Plan listed all key technical milestones and institutional
activities for which Departmental, Congressional, cr State actions are required prior to receipt
of waste tor the proposed Test Phase, which is the next step in the phased development of
the WIPP. The Plan was issued for review to S:ates, Congressional representatives, other
Federal agencies (including the Environmental Protection Agency and the Department of the
Interior), and oversight groups (e.g., the Advisory Council for Nuclear Facility Safety, the Blue
Ribbon Panel, the National Academy of Sciences, and the Environmental Evaluation Group).
Revision 1 of the Plan was issued in December 1989.
Departmental activities required prior to receipt of waste at the WIPP include completion of the
"as-builr drawings for the facility, the Energy Systems Acquisition Advisory Board review
process, waste-hoist repairs, preoperational appraisal and operational readiness review, mining
and outfitting of the alcoves for the proposed Test Phase, and completion of this Supplement
to the Environmental Impact Statement.
Other Departmental activities include completion of the Final Safety Analysis Report(FSAR) and
issuance of the FSAR addenda to address the proposed Test Phase and associated waste
retrieval (it necessary). Future Departmental activities include the planned issuance of the EPA
Standards Compliance Summary Report and the evaluation of waste form treatments and
design modifications that may be required to meet the EPA Subpart B disposal standards.
Key activities involving oversight groups include final development of an acceptable retrievability
program to demonstrate that waste emplaced during the first five years of the facility operation
are fully retrievabie, and an integrated waste handling demonstration using simulated wastes
to ensure system-wide readiness for receipt of wastes for the Test Phase.
Institutional activities include concurrent pursuance of legislative and administrative land
withdrawal (legislative withdrawal is the process preferred by the Department); the EPA's ruling
on the DOE's No-Migration Variance Petition in cornpliance with the Land Disposal Restrictions
under the Resource Conservation and Recovery Act (RCRA); resolution of regulatory issues,
including the State of New Mexico's authority to regulate mixed waste under the RCRA and the
designation of routes to be used for transport of transuranic waste; Departmental resolution
of any mineral lease at the WIPP; and completion of appropriate agreements with the Western
Governors Association and Southern States Energy Board.
This Supplemental Environmental Impact Statement (SEIS) is one of a number of milestones
which are critical to the opening of the Waste Isolation Pilot Plant. This SEIS provides an
upper boLnd of the potential impacts of the Proposed Action and alternatives. Based on this
final SEIS, the Department will issue a Record of Decision no sooner than 30 days after the
EPA publishes a notice of availability in the Federal Register.

vii/viii

TABLE OF CC)NTENTS
VOLUME 2

COVER SHEET
FOREWORD
TABLE OF CONTENTS
Appendix
A

WASTE ISOLATION PILOT PLANT WASTE ACCEPTANCE CRITERIA

B

WASTE CHARACTERISTICS

C

TRANSPORTATION EMERGENCY PLANNING

D

TRANSPORTATION AND TRANSPORTATION-RELATED RISK ASSESSMENTS

E

HYDRAULIC AND GEOTECHNICAL MEASUREMENTS AT THE WIPP HORIZON

F

RADIOLOGICAL RELEASE AND DOSE MODELING FOR PERMANENT DISPOSAL
OPERATIONS

G

TOXICITY PROFILES, RISK ASSESSMENT METHODOLOGY, AND MODELS FOR
CHEMICAL HAZARDS

H

PUBLIC INFORMATION AND INTERGOVERNMENTAL AFFAIRS
METHODS AND DATA USED IN LONG-TERM CONSEQUENCE ANALYSES

J

BIBLIOGRAPHY

K

DOE READING ROOMS AND PUBLIC LIBRARIES

L

CONTAINERS AND CASKS FOR SHIPPING TRU WASTE

M

SUMMARY OF THE MANAGEMENT PLAN FOR THE TRUCKING CONTRACTOR

N

RE-EVALUATION OF RADIATION RISKS FROM WIPP OPERATIONS

O

TEST PLAN SUMMARY

P

TRU WASTE RETRIEVAL, HANDLING, AND PROCESSING

APPENDIX A

WASTE ISOLATION PILOT PLANT
WASTE ACCEPTANCE CRITERIA

A-i/ii

TABLE OF CONTENTS
Section
A.1

Page
A-1

INTRODUCTION

A-9

REFERENCES FOR APPENDIX A

LIST OF TABLES
Table
A.1.1

Page
Summary of WIPP Waste Acceptance Criteria

A-iii/iv

A-3

A.1 INTRODUCTION

The DOE has established Waste Acceptance Criteria (WAC) for the safe handling and
long-term disposal of TRU radioactive waste at the WIPP (DOE, 1989). These criteria
establish conditions governing the physical, radiological, and chemical composition of
the waste to be emplaced in the WIPP, in addition to specifications for waste packaging
to provide for the health and safety of workers and the public. Prior to any waste
shipment departing any generator or storage facility, the shipment will be certified to
meet the WAC. Similarly, the certification of slipments received at the WIPP will be
verified prior to emplacement. The changes to the WAC since 1980 are summarized
in Subsection 2.3.1.
The WAC were developed by a DOE-wide committee of experts on the handling and
transportation of radioactive material. The basic concepts and limits chosen as WAC
requirernents are based on personnel safety, handling and storage restrictions at the
WIPP facilities, methods of handling equipment, and procedures. Technical justification
for the selection of the various requirements is provided in the WAC support
documents.1
Revisions have been incorporated into the WAC as the WIPP project has evolved.
These revisions have been reviewed and commented on by the storage/generator
facilities, and others. The WAC is being modified as necessary to ensure compatibility
with regulatory requirements such as the TRUPACT-II Certificate of Compliance issued
by the Nuclear Regulatory Commission (NRC), the Resource Conservation and Recovery
Act(RCRA), and the Department of Transportation (DOT) regulations. Modifications may
also result from the Test Phase.
The WAC were established with the assumption that the radiological hazards of TRU
mixed waste containing hazardous materials listed in 40 CFR Part 261, Subparts C and
D, are rnuch greater than any hazards from associated chemical constituents (Appendix
B). Therefore, the WAC focus on the radiological properties of the waste, and the
chemical criteria of the WAC are primarily for the prevention of immediate hazards such
as fire and explosion. The labeling and data packaging criteria of the WAC also
provide for the identification of hazardous waste.
To ensure compliance with the WAC, the DOE has established the WIPP Waste
Acceptance Criteria Certification Committee (WACCC) and requires that each facility
certify that the WIPP-bound waste meets the WAC. Certification will be directed by the
following documents as revised:
DOE 5820.2A, "Radioactive Waste Management'

I Vertical Iines in the margins denote changes to the draft SEIS made in response
to comments.
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WIPP-DOE-069,'TRU Waste Acceptance Criteria for the Waste Isolation Pilot Plant"
WIPP-DOE-114,'TRU Waste Certification Compliance Requirements for Acceptance of
Newly Generated Contact-Handled Wastes to be Shipped to the WIPP"
WIPP-DOE-120, "Quality Assurance Requirements for Certification of the TRU Waste for
Shipment to WIPP"
WIPP-DOE-137,'TRU Waste Certification Compliance for Acceptance of Contact-Handled
Wastes Retrieved from Storage to be Shipped to the WIPP"
WIPP-DOE-157, "Data Package Format for Certified Transuranic Waste for the Waste
Isolation Pilot Plant (WIPP)"
WIPP-DOE-158,'TRU Waste Certification Compliance Requirements for Remote-Handled
Wastes for Shipment to the WIPP"
SOP 6.6, "Quality Assurance Audit Program"
These documents may be reviewed in the DOE WIPP Project Office, Carlsbad, New
Mexico and all DOE reading rooms.
Each waste generating or storage facility will prepare a TRU Waste Certification Plan
that describes the Site Certification Program and how that program meets the WAC and
the requirements of the documents listed above. Each facility will also prepare a TRU
Waste Quality Assurance Plan that describes their QA program designed to meet the
requirements of WIPP-DOE-120. Both of these plans must be approved by the WACCC.
Following the formal approval of Certification and Quality Assurance Plans for the waste
generator or storage facility, a compliance verification audit will be performed by the
WACCC. Subsequent periodic audits will be performed to verify that the facility is
following the approved plans. Audit frequency will be determined by the Chairperson
of the WACCC, in consideration of systematic requirements and facility certification
status, but will generally be conducted on an annual basis at all facilities. The
management of the generator or storage facility is expected to respond to findings and
recommendations noted in the audit report, indicating the corrective action taken (or to
be taken) to preclude recurrence. If subsequent facility audits determine that corrective
action has not been satisfactorily implemented, the WACCC will decertify the waste so
that it cannot be accepted at the WIPP.
Since publication of the FEIS, the WAC have been modified twice, and these
modifications are summarized in Subsection 2.3.1. A detailed discussion of the WAC
and the basis for these criteria are provided in the TRU Waste Acceptance Criteria for
the WIPP (DOE, 1989); a summary of the current WAC is provided in Table A.1.1.
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Table A.1.1 Summary of WIPP Waste Acceptance Criteria

Criterion

Contact-handled TRU waste

Remote-handled TRU waste

Waste Containers

Waste containers for emplacement at the WIPP shall be
noncombustible and meet all the applicable requirements
of 49 CFR Part 173.412 for Type A packaging. Waste
containers of various sizes shown to meet DOT Type A
requirements by the methods detailed in the DOE
Evaluation Document for DOT Type 7A, Type A Packaging
(DOE, 1987) are acceptable to the WIPP. In addition, they
shall have a design life of at least 20 yr from the date of
certification.

RH TRU waste containers shall be noncombustible and
meet, as a minimum, the structural requirements and design
conditions for Type A packaging contained in 49 CFR
173.412. Due to the special characteristics and application
of the RH TRU canister, the compression test requirement
in 49 CFR 173.465 (d) is not applicable. In addition, all RH
TRU waste containers shall be certified to a WIPP approved
specification to have a design life of at least 20 yr from the
date of certification.

Any waste containers that appear to be bulged or otherwise
I damaged shall be repackaged or overpacked in a container
meeting the above requirements.
Waste Container
Size

CH TRU waste containers or container assemblies shall not
exceed 12 by 8 by 8.5 ft in overall length by width by
height dimensions.

RH TRU waste containers shall be no larger than a nominal
26 inches in diameter with a maximum length of 10 ft, 1
inch including the pintle.

Waste Container
Handling

All waste containers shall be provided with cleats, offsets,
chimes, or skids for handling by means of fork trucks,
cranes, or similar handling devices. Lifting rings and other
auxiliary lifting devices on the containers, if provided, shall
be recessed, offset, or hinged in a manner which does not
inhibit stacking the containers.

RH TRU waste containers shall be equipped with an axial
lifting pintle of a design acceptable to the WIPP. The
containers shall have no other lifting devices.

Specific Activity of
Waste

For purposes of TRU waste certification, the 100 nCi/g TRU
waste limit shall be interpreted as 100 nCi/g of waste
matrix. The weight of added external shielding and the
containers should be subtracted prior to performing the
nCi/g calculation.

Same as CH TRU waste.

Table A.1.1 Continued

Criterion

Contact-handled TRU waste

Remote-handled TRU waste

Waste Package
Weight

CH TRU waste packages or package assemblies shall
weigh no more than 21,000 lbs.

RH TRU waste packages shall weigh no more than
8,000 lbs.

Nuclear Criticality

The fissile or fissionable radionuclide content for CH TRU
waste containers shall be no greater than the following
values, in plutonium-239 fissile gram equivalents:

The fissile or fissionable radionuclide content of RH TRU
waste shall not exceed 600 g total (in Pu-239 fissile g
equivalents).

200 g/55-gal drum
100 g/30-gal drum
500 q/DOT 6M container
5 glfti in boxes, up to 350 g maximum

For materials other than Pu-239, U-235, and U-233, which
shall be treated as equivalent, fissile equivalents shall be
obtained using ANSI/ANS-8.15-1981.

For materials other than plutonium-239, uranium-235, and
Uranium-233, which shall be treated as equivalent, fissile
equivalents shall be obtained using ANSI/ANS-8.15-1981.
Plutonium-239
Equivalent Activitya

Waste packages shall not exceed 1,000 Ci of Pu-239
equivalent activity (Plutonium Equivalent Curies or PE-Ci).

Same as CH TRU waste.

Surface Dose Rate

Waste containers shall have a maximum surface dose rate
at any point no greater than 200 mrem/hr. Neutron
contributions of greater than 20 mrem/hr to the total
container dose rate shall be reported separately in the data
container.

RH TRU waste containers shall have a surface dose rate
at any point no greater than 1,000 rem/hr. Neutron
contributions are limited to 270 mrem/hr.
Neutron
contributions of greater than 20 mrem/hr to the total
container dose rate shall be reported in the data package.
WIPP prior approval is required before RH TRU canisters
with a dose rate in excess of 100 rem/hr but less than
1,000 rem/hr may be shipped to the WIPP.b

Table A.1.1 Continued

Criterion

Contact-handled TRU waste

Remote-handled TRU waste

Surface
Contamination

CH TRU waste containers or container assemblies shall
have a removable surface contamination no greater than
50 pCi/100 cm2 for alpha-emitting radionuclides and 450
pCi/100 cm2 for beta-gamma-emitting radionuclides.

Same as CH TRU waste.

Thermal Power

Individual CH TRU waste packages in which the average
thermal power density exceeds 0.1 watt per cubic foot
(W/ft3)shall have the thermal power recorded in the data
container.

The thermal power generated by waste materials in any RH
TRU waste container shall not exceed 300 W. The thermal
power shall be recorded in the data container.

Gas Generation

Waste containers containing waste forms known or
suspected of gas generation, such that a combination of
overpressure and explosive rnixtures might damage the
container in the ;orig. ♦term, shall be provided with an
appropriate method of pressure relief. Any liner other than
plastic bagging shall be provided with positive gas
communication to the outer container.

All RH TRU waste containers shall be vented.

Each CH TRU waste shipper shall provide the following
data for each waste container:
• Total activity (alpha Ci)
• Waste form description (from Certification Plan)
• Mass and volume percent of organic content
For purposes of transportation and emplacement (short
term), there will be no mixture of gases or vapors in any
container which could, through any credible spontaneous
increase of heat or pressure, or through an explosion,
significantly reduce the effectiveness of the packaging.

Table A.1.1 Continued

Criterion

Contact-handled TRU waste

Remote-handled TRU waste

Labeling

In addition to DOT labeling requirements, each waste
container shall be uniquely identified by means of a label
permanently attached in a conspicuous location. The
container identification number (to be standardized) shall
be in medium to low density Code 39 bar code symbology
per MIL-ST-1189 in characters at least 1 inch high, and
alpha-numeric characters at least 1/2 inch high.

Each RH TRU waste container shall be uniquely identified
by means of an identification number permanently attached
to the container in a conspicuous location using characters
at least 2 inches high.

The label must be reasonably expected to remain legible
and affixed to the container for a period of 10 yrs under
anticipated conditions of retrievable storage before shipment
to the WIPP and emplacement underground.
Data Package

There shall be transmitted to the WIPP operator in advance
of shipment, a Data Package/Certification attesting to the
fact that the waste package meets the requirements of
these criteria. This Data Package/Certification shall be
based upon a quality assurance program subject to audit
and verification and shall provide information on the items
specified below:
•
•
•
•
•
•
•

Package identification number
Package assembly identification number (if applicable)
Date of waste package certification
WAC exception number (if applicable)
Waste generation site
Date of packaging (closure date)
Maximum surface dose rate in mrem/hr and specific
neutron dose rate if greater than 20 mrem/hr.
• Weight (in kilograms)
• Container type

The label must be reasonably expected to remain legible
and affixed to the container for a period of 10 yr under
anticipated conditions of retrievable storage before shipment
to the WIPP and emplacement underground.

The data package requirements for RH TRU waste
shipments are the same as those for CH TRU waste
shipments with the following exceptions:
• The container assembly identification requirement
does not apply to RH TRU waste shipments.
• The cask number shall be used in place of the
TRUPACT number.

Table A.1.1 Continued

Criterion

Contact-handled TRU waste

Remote-handled TRU waste

• Physical description of waste form (content code)
• Assay information, including PE-Ci, alpha Ci, and
Pu-239 fissile gram equivalent content
• Radionuclide information including radionuclide symbol,
quantity, and measure (in g or Ci)
• Radioactive mixed waste [identity and quantity of
hazardous waste characteristic(s)]
• Weight and volume percent of organic materials content
• Measured or calculated thermal power (if over 0.1 W/ft3
• Shipment number
• Date of shipment
• Vehicle type
• TRUPACT number(s)
• rIth..r ire-rm.1
- km considor-4 significant by the shi---r
• Name of certifying official who approves the Data
Package
ActMty Density

No criterion.

The maximum activity concentration for a RH TRU waste
container shall not exceed 23 curies/liter (0/1). The
concentration may be averaged over the waste container.

immobilization

Powders, ashes and similar particulate waste materials shall
be immobilized if more than 1 weight percent of the waste
matrix in each container is in the form of particles below
10 microns in diameter, or if more than 15 weight percent
is in the form of particles below 200 microns in diameter.

Same as CH TRU waste.

Liquid Wastes

CH TRU waste shall not be in free-liquid form. Minor liquid
residues remaining in well drained bottles, cans, and other
containers are acceptable.

Same as CH TRU waste.

Table A.1.1 Concluded

Co

Criterion

Contact-handled TRU waste

Remote-handled TRU waste

Pyrophoric
Materials

Pyrophoric materials, other than radionuclides, shall be
rendered safe by mixing with chemically stable materials
(e.g., concrete, glass, etc.) or processed to remove their
hazardous properties. No more than 1 percent by weight
of the waste in each container may be pyrophoric forms of
radionuclides, and these shall be generally dispersed in the
waste.

Same as CH TRU waste.

Explosives and
Compressed Gases

CH TRU waste shall contain no explosives or compressed
gases as defined by 49 CFR Part 173, Subparts C and G.

Same as CH TRU waste.

Radioactive Mixed
Waste

CH TRU waste shall contain no hazardous wastes unless
they exist as co-contaminants with transuranics. Waste
containers containing hazardous materials shall be identified
with the appropriate DOT label.
TRU contaminated
corrosive materials shall be neutralized, rendered
noncorrosive, or containered in a manner to ensure
container adequacy through the design lifetime. Hazardous
materials to be reported are listed in 40 CFR Part 261,
Subparts C and D.

Same as CH TRU waste

a The Plutonium Equivalent Curies (PE-Ci) concept is described in Appendix F.
b

The Agreement on Consultation and Cooperation with the State of New Mexico limits the amount of TRU waste that can have a surface dose rate
of over 100 rem/hr to 5 percent of the total amount of RH TRU waste.

REFERENCES FOR APPENDIX A

DOE (U.S. Department of Energy), 1989. "TRU Waste Acceptance Criteria for the Waste
Isolation Pilot Plant," WIPP-DOE-069, Rev. 3, U.S. Department of Energy,
Carlsbad, New Mexico.
DOE (U.S. Department of Energy), 1987. The DOE Evaluation Document for DOT Type
7A, Tvpe A Packaginq, MIL 3245/DOE/DP 0053-HI, Mound Applied Technology,
Dayton, Ohio.
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B.1 INTRODIJCTION

This appendix provides information on the characteristics and quantities of the TRU
waste that may be emplaced at the WIPP. This information is necessary for assessing
the potential impacts of transportation and WIPP operations, as well as the performance
of the WIPP over the long term.
Current information and assumptions regarding TRU waste have changed substantially
since the WIPP FEIS (DOE, 1980) was published. As explained below, these changes
have resulted from changes in the definition of TRU waste, changes in the sources of
the waste (i.e., the DOE facilities at which TRU waste is generated or stored), the
elimination of experiments with defense high-level waste from the plans for the WIPP,
the addition of high-curie radioactive waste and neutron-emitting waste, the decision to
evaluate the potential impacts of the hazardous chemicals that are contained in the TRU
waste, and an extensive effort to accurately characterize the waste at each of the
generator or storage facilities. The characterization effort has provided information
about the radionuclide inventory (i.e., the radioactivity, the mass, and the longevity [the
half-life] of radionuclides in the waste) and the hazardous chemicals that are present
in the waste.
Between 1970, when the category of TRU waste was established, and 1982, TRU waste
was defined as waste containing long-lived alpha-emitting radionuclides at a
concentration greater than 10 nCi (i.e., 10 one-billionths of a Ci) per g of waste. In
1982, the DOE, having evaluated the potential hazards of TRU waste, decided to
change its definition. This new definition was accepted by the EPA (1982) and TRU
waste is now defined as waste containing alpha-emitting transuranic radionuclides that
have half-lives of 20 years or more and that ocair in concentrations exceeding 100 nCi
per g of waste. ("Transuranic" in this case means uranium and several radionuclides
that are heavier than uranium.) As a result, :3ome waste formerly classified as TRU
waste is now classified as low-level radioactive waste, and therefore it is not eligible for
disposal in the WIPP. In general, as a result of this change, the average radioactivity
of TRU waste has increased.
As in ':he FEIS, a distinction is made between TRU waste known as contact-handled
(CH) waste and TRU waste known as remote-handled (RH) TRU waste (DOE, 1989a).
For the CH TRU waste, the radiation-dose rate at the external surface of a waste
container (drum or box) must be below 200 mrem (200 one-thousandths of a rem) per
hour. This waste can be handled directly by personnel without excessive radiation
exposure. The RH TRU waste has surface-radiation-dose rates between 0,2 and 1,000
rem per hour, but only 5 percent of this waste can exceed 100 rem per hour.
In gen ?Jai, the FEIS analyses were based on waste from only two sources: the Idaho
Nation al Engineering Laboratory, which was expected to send both CH and RH stored
TRU waste, and the Rocky Flats Plant in Colorado, which was expected to send newly
generated CH TRU waste. The DOE now expects that post-1970 TRU waste would
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eventually come from 10 generator and/or storage facilities as discussed in Subsection
3.1.1. Thus, in order to establish the upper limit for the potential impacts, the analyses
in this SEIS, like those in the draft Final Safety Analysis Report (FSAR--DOE, 1989b), are
based on waste from 10 facilities, and 5 of these facilities have both CH and RH TRU
waste.
The consideration of 10 facilities significantly affected assumptions about the contents
of average containers of TRU waste, which vary from facility to facility (see Tables B.2 5,
B.2.10, B.2.11, and B.2.12). For example, a facility not previously considered, the
Savannah River Site, will contribute 92 percent of the plutonium-238 that may be
disposed of at the WIPP, and plutonium-238 accounts for nearly half (46 percent) of the
total radioactivity of the CH TRU waste that may be emplaced at the WIPP. Similarly,
the combined waste from three of the new facilities--Savannah River Site, Los Alamos
National Laboratory, and Hanford Reservation—account for 73 percent of the plutonium241,
Although waste may be received from more facilities, the change in the definition of
TRU waste has decreased estimates of waste volumes. The WIPP was designed to
receive 6.2 million cubic ft of CH TRU waste and 250,000 cubic ft of RH TRU waste,
and the analyses in the FEIS (DOE, 1980) were based on those volumes. However, the
DOE's Integrated Data Base, which contains information on the various types of
radioactive waste in the United States and is revised annually, shows a decreasing
trend. In 1987, the Integrated Data Base (DOE, 1987) reported 5.6 million cubic ft as
the estimate for CH TRU waste, both retrievably stored and to be produced from 1987
through 2013 ("newly generated"), whereas the 1988 edition (DOE, 1988) reported a
volume of 4.8 million cubic ft, and the 1989 document (DOE, 1989d) estimated a total
volume of 4.2 million cubic ft. To provide conservative (i.e., pessimistic) upper limits for
the estimated potential impacts of the WIPP, the DOE decided to base the SEIS
analyses on the design capacity of the WIPP. Therefore, for the purposes of this SEIS,
the volumes given for each generator or storage facility in the 1987 integrated Data
Base were proportionately scaled up to the total design capacity of the WIPP.
Since the publication of the FEIS in 1980, the DOE has attempted to better define the
characteristics of the waste. These efforts have included improved sampling of the
waste, examination by x-raying, assays of the radioactive-material content, and
implementation of improved methods for tracking and recordkeeping. In the FEIS, the
information on the RH TRU waste was based on the data avaiiabie for defense highlevel waste, which contains significant amounts of short-lived fission products and
therefore has more radioactivity than does the RH TRU waste. The information in the
SEIS is based on data collected specifically for RH TRU waste.
The rest of this appendix is divided into two parts: Section B.2. which discusses the
radionuclide inventory of the TRU waste, and Section B.3, which covers the hazardous
chemical constituents of the TRU waste. The section on the radionuclide inventory
includes information on waste volumes and the radioactivities, half-lives, and masses
of the radionuclides in the waste. In addition, it explains the procedure used in
calculating the following quantities used in various impact analyses: the average
radioactivity per shipment of waste, which was used in the analyses of transportation
impacts; the average radioactivity per container of waste, which was used in analyzing
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the safety of WIPP operations; and the radionuclide inventory for the assessment of
long-lerm performance. Section B.2 also discusses two types of TRU waste that were
not considered in the FEIS analyses: high-curie and neutron-emitting waste. Section
B.3. cliscusses the hazardous chemical constituents in both CH and RH TRU waste.
The comments on the draft SEIS and continued discussions with personnel at the
various waste generating and storage facilities led to the following revisions in this
appendix:
• This introduction was rewritten to explain why there are differences in the
radionuclide inventory of the FEIS and this final SEIS.
• Tables B.2.2 and B.2.3 were revised to use the correct number of significant
digits for waste volumes and to reflect minor redistribution of volume
projections for Argonne National Le boratory-East for RH TRU waste.
• The waste volumes in Table B.2.4 were scaled up for all waste facilities in
proportion to the volume given for each facility in the 1987 Integrated Data
Base (DOE, 1987).
• The text in Subsection B.2.4.1 was rnodified to more clearly explain how the
values given in Table B.2.6 for the radioactivity per waste shipment were
calculated. The values were corrected to account for the misapplication of
various data.
• Tables B.2.8 and B.2.9 were rearranged to more clearly demonstrate the
calculations made to determine the radioactivity per waste shipment.
• The discussion of the transport index in Subsection B.2.4.1 was revised to
more clearly explain the source of the radiation that determines the transport
index.
• The assumption that the drums of CH TRU waste are filled to 80 percent of
their capacity was eliminated bec:ause the calculations based on lhis
assumption greatly overestimated the volume of waste to be emplaced in the
WIPP.
• Tables B.2.13 and B.2.14, which show the radionuclide inventory used in
assessing the long-term performance of the WIPP, were revised by increasing
the inventory to represent a volume equal to the design capacity of the
WIPP. In addition, the radionuclides in the latter inventory were assumed to
have undergone radioactive decay for 100 years to account for the period
of institutional control.
• The text on high-activity waste, Subsection B.2.3.2, was modified to more
clearly discuss the radioactivity of p utonium-238.
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B.2 RADIONUCLIDE INVENTORY OF TRU WASTE

This section discusses the radionuclide inventory of TRU waste and explains how the
initial amounts of material needed for assessing environmental impacts were calculated.
These quantities serve as the basis for the estimation of the amounts of radioactive
material that would be released in a given situation, such as transportation, operation
under normal conditions, various accident scenarios that may occur during operations,
or unintentional human intrusion after the WIPP has been permanently closed.

B.2.1

WASTE ACCEPTANCE CRITERIA

All waste must be certified to meet the WIPP Waste Acceptance Criteria (DOE, 1989a)
before it is transported to the WIPP. The Waste Acceptance Criteria have been refined
to reflect the requirements of regulations issued by the U.S. Nuclear Regulatory
Commission (NRC) and the Department of Transportation for the transportation of waste
and to enhance the safety of long-term isolation. The original criteria were described
in Chapter 5 of the FEIS (DOE, 1980); the current criteria are summarized in Subsection
2.3.1 and Appendix A, Table A.1.1.
The Waste Acceptance Criteria that are relevant to the radionuclide source term include
the following:
• The surface contamination on containers of CH or RH TRU waste may not
exceed 50 percent of the limits specified in Department of Transportation
regulations in 49 CFR 173.442.
• The thermal power (the heat-generating capacity) of a package of CH TRU
waste must be labeled if it exceeds 0.1 W per cubic ft. The thermal power
of RH TRU waste may not exceed 300 W per canister.
In addition, the total plutonium-equivalent curies (PE-Ci) are limited to 1,000 per
container. (The PE-Ci concept is discussed in Appendix F). In order to ensure that
nuclear criticality (i.e., a self-sustaining nuclear chain reaction) will not occur, the total
quantity of fissile material is limited to 200 g per drum. Fissile-material concentrations
in boxes (e.g., the standard waste box that may be shipped to the WIPP--see Appendix
D) are restricted to a maximum of 5 g per cubic ft, up to a maximum of 350 g per box.

B.2.2 WASTE VOLUMES
The WIPP was designed to receive about 6.2 million cubic ft of CH TRU waste and
about 250,000 cubic ft of RH TRU waste, or a total of about 6.45 million cubic ft.
These quantities were used in designing the WIPP and in estimating radionuclide
inventories for the analyses in the FEIS (DOE, 1980). However, as explained in the
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introduction to this appendix, the estimated volumes of waste that may be sent to the
WIPP have decreased over the years.
When the preparations for the SEIS analyses began, the recent information available on
waste volumes was the information given in the 1987 edition of the DOEs Integrated
Data Base (DOE, 1987), which is revised annually. This data base showed that the
volumes of TRU waste that had been stored since 1970 or were projected to be
generated between 1987 and the year 2013 were lower than those estimated for the
design of the WIPP: the 1987 estimates were 5.6 million cubic ft for the CH TRU waste
and about 95,000 cubic ft for the RH TRU waste, or a total of about 5.7 million cubic
ft. The radionuclide inventory for these waste volumes is shown in Table B.2.1, and the
waste volumes reported in the 1987 Integrated Data Base are given for each generator
or storage facility in Tables B.2.2 and B.2.3 for CH and RH TRU waste, respectively.
The clata-base reports issued since 1987 continue to show a decrease in waste
volumes. The 1988 Integrated Data Base (DOE, 1988) and the report for 1989 (DOE,
1989d) cite 4.8 and 4.5 million cubic ft, respectively, for the total volume of the TRU
waste. However, in order to establish conservative (i.e., pessimistic) upper limits for the
potential impacts of the WIPP, the DOE decided to base the analyses in this SEIS on
the maximum assumed volume of 6.45 million cubic ft of TRU waste. This was done
by scaling up, for each waste generating or storage facility, the volume given in the
1987 data base for CH and RH TRU waste to correspond with the design capacity of
the WIPP, with the scaling up being in proportion to the volumes reported in 1987. For
CH TRU waste, the 1987 volume was multiplied by 10.7 percent. The scaling-up factor
(10.7 percent) was determined by subtracting the volume in the 1987 data base report
from the design capacity of the WIPP and divicling this difference by the volume in the
1987 clata base report. For RH TRU waste, the volume at each waste facility that may
ship R1-1 TRU waste to the WIPP was increased by 163 percent. The scaled-up volumes
for each facility are given in Table B.2.4.

B.2.3 RADIONUCLIDE CHARACTERISTICS
B.2.3.1 General Radiation and Radioactivity Characteristics
In addition to waste volumes, the SEIS analyses of potential impacts from waste
transportation and WIPP operations and the assessment of long-term performance
required information on the radionuclide composition of the TRU waste (radionuclides
and weight fractions) and radioactivity (i.e., nurnber of curies from plutonium and other
alpha-emitting TRU radionuclides). These data were obtained from the 1987 Integrated
Data Base (DOE, 1987) and additional information that was obtained from each of the
waste facilities on fission-product fractions, the total quantities of radionuclides (in
curies) and the numbers of actual waste containers in storage and projected through
the year 2013. This additional information has been published as a report that
documents the waste-characterization data base for the WIPP (DOE, 1989c). Together
with the 1987 data base, this report constitutes the basis for the radiological analyses
reported in this SEIS and in the WIPP draft FSAR (DOE, 1989b). The 1987 Integrated
Data Base (DOE, 1987) was consistently used to establish the volume of waste from
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TABLE B.2.1

Currently projected total radionuclide inventories by
facility for CH and RH TRU waste

Radionuclide inventory (curies)a

Waste facilityb

Retrievably
stored
waste

Newly
generated
wasted

Total

CH TRU waste
Idaho National Engineering
Laboratory
Rocky Flats Plante
Hanford Reservation
Savannah River Site
Los Alamos National Laboratory
Oak Ridge National Laboratory
Nevada Test Sitel
Argonne National Laboratory-Easte
Lawrence Livermore National
Laboratorye
Mound Laboratorye

Subtotal

3.74 x
0
6.85 x
8.59 x
5.96 x
2.80 x
4.73 x
0

105

7.61 x 102
1.05 x 106

5
10

6
1.10 x 10

105
105
104
102

3.70 x 106
1.61 x 106
3.51 x 104
0
7.13 x 102

3.75 x
1.05 x
1.78 x
4.56 x
2.21 x
6.31 x
4.73 x
7.13 x

0
0

8.45 x 104
1.87 x 102

8.45 x 104
1.87 x 102

2.54 x 106

7.58 x 106

1.01 x 107

2.28 x
1.93 x
2.42 x
1.84 x
1.03 x

2.43
2.33
3.88
2.89
1.03

105
106

106
106
106
104
102
102

RH TRU waste
Idaho National Engineering
Laboratory
Hanford Reservation
Los Alamos National Laboratory
Oak Ridge National Laboratory
Argonne National Laboratory--East

1.51
4.04
3.64
2.71

Subtotal

1.19 x 104

4.36 x 104

5.54 x 104

2.58 x 106

7.62 x 106

1.02 x 107

GRAND TOTAL

x
x
x
x
0

103
103
103
103

104
104
102
102
103

x
x
x
x
x

104
104
103
103
103

a Radionuclide inventories for the waste volumes estimated in the 1987 Integrated Data Base
(DOE, 1987)--that is, 5.6 million ft3 of CH TRU waste and 95,000 ft3 of RH TRU waste.
b Unless indicated otherwise, these facilities both generate TRU waste and are designated as
a TRU waste storage facilities.
c Stored as of December 31, 1986.
d Generated between 1987 and 2013.
e Facility that generates but does not store TRU waste,
Facility that does not generate TRU waste, but is designated a TRU waste storage facility.
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TABLE B.2.2 Estimated volumes of CH TRU waste in retrievable
storage or projected to be generated through the
year 2013
Estimated volume (ft3)a

Waste facilityb

Retrievably
stored
wasteb

Idaho National Engineering
Laboratory

1,073,710

9,920

1,083,630

0

2,037,600

2,037,600

Hanford Reservation

293,250

537,800

831,050

Savarnah River Site

91,465

615,700

707,165

Los Alamos National Laboratory

250,910

302,300

553,210

Oak Flidge National Laboratory

19,160

42,000

61,160

Nevacla Test Sitef

21,290

0

21,290

Argonne National Laboratory—East°

0

3,800

3,800

Lawrence Livermore National
Laboratorye

0

259,400

259,400

Mound Laboratorye

0

40,100

40,100

1,749,735

3,848,620

5,598,405

Rocky Flats Plante

TOTAL.

Newly
generated
wasted

Total

a Estirnated volumes correspond to the Integrated Data Base for 1987 (DOE, 1987).
The volumes of waste used for the environrnental analyses in this SEIS are higher
and are based on the design capacity of the WIPP.
b Unless otherwise indicated, these facilities both generate TRU waste and are
designated TRU waste storage facilities.
b Stored as of December 31, 1986, From Table 3.5 in the Integrated Data Base for
1987 (DOE, 1987).
d Generated from 1987 through 2013. From Table 3.16 in the Integrated Data Base for
1987 (DOE, 1987).
e Facility that generates but does not store CI-I TRU waste (except limited quantities
pursuant to RCRA regulations).
f Facility that does not generate TRU waste, but is a designated TRU waste sl.orage
facility.
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TABLE B.2.3 Estimated volumes of RH TRU waste in retrievable
storage or projected to be generated through the
year 2013

Estimated volume (ft3)8

Waste facilityb

Retrievably
stored
wasteb

Newly
generated
wasted

Total

Idaho National Engineering
Laboratory

985

4,820

5,805

Hanford Reservation

848

28,600

29,448

Los Alamos National Laboratory

1,020

191

1,211

Oak Ridge National Laboratory

45,478

9,540

55,018

0

3,500

3,500

48,331

46,651

94,982

Argonne National Laboratory--Easte

TOTAL

a Estimated volumes correspond to the Integrated Data Base for 1987 (DOE, 1987).
The volumes of waste used for the environmental analyses in this SEIS are higher
and are based on the design capacity of the WIPP.
b Unless otherwise indicated, these facilities both generate RH TRU waste and are

designated TRU waste storage facilities.
C Stored as of December 31, 1986, From Table 3.5 in the Integrated Data Base for
1987 (DOE, 1987).
d Generated from 1987 through 2013. From Table 3.16 in the Integrated Data Base for

1987 (DOE, 1987).
e Facility that generates but does not store RH TRU waste.
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TABLE B.2.4 Volumes of stored and newly generated TRU waste, scaled up to equal the design capacity of WIPPa

Estimates from 1987

Waste facilityc

Stored
waste

Newly
generated
waste

De
Total
base

Volume
scale-up

Estimate used
in SEIS analyses

CH TRU waste
Idaho National ErTineering Laboratory
Rocky Flats Plant'
Hanford Reservation
Savannah River Site
Los Alamos National Laboratory
Oak Ridge National Laboratory
Nevada Test Sitee
Argonne National Laboratory-Eastd
Lawrence Livermore National Laboratoryd
Mound Laboratoryd

1.07 x
0.00 x
2.93 x
9.15 x
2.51 x
1.92 x
2.13 x
0.00 x
0.00 x
0.00 x

TOTAL

1.75 x 106

106
10o
105
104
105
104
104
100
100
100

9.92 x
2.04 x
5.38 x
6.16 x
3.02 x
4.20 x
0.00 x
3.80 x
2.59 x
4.01 x

103
106
105
105
105
104
100
103
105
104

3.85 x 106

1.08 x
2.04 x
8.31 x
7.07 x
5.53 x
6.12 x
2.13 x
3.80 x
2.59 x
4.01 x

106
106
105
105
105
104
104
103
105
104

1.16 x 105
2.19 x 105
8.93 x 104
7.60 x 104
5.95 x 104
6.77 x 103
2.29 x 103
4.10 x 102
2.79 x 104
4.31 x 103

1.20 x
2.26 x
9.20 x
7.83 x
6.13 x
6.77 x
2.36 x
4.22 x
2.87 x
4.44 x

106
106
105
105
105
104

5.60 x 106

6.02 x 105

6.20 x 106

5.80 x
2.94 x
5.50 x
3.50 x
1.21 x

9.48
4.80
8.97
5.76
1.97

1.53
7.75
1.45
9.29
3.18

104
103
105
104

RH TRU waste
Idaho National Engineering Laboratory
Hanford Reservation
Oak Ridge National Laboratory
Argonne National Laboratory-Eastd
Los Alamos National Laboratory

9.85 x
8.48 x
4.55 x
0.00 x
1.02 x

TOTAL

4.83 x 104

a
b
c
d
e

102
102
104
100
103

4.82 x
2.86 x
9.54 x
3.50 x
1.91 x

103
104
103
103
102

4.46 x 104

103
104
104
103
103

9.29 x 104

x 103
x 104
x 104
x 103
x 103

1.57 x 105

All quantities are in cubic feet (ft3). The design capacity of the WIPP is 6.2 million ft3 of CH TRU waste and 250,000 ft3 of RH TRU waste.
Estimates from 1987 Integrated Data Base (DOE. 1987) for waste stored as of December 21, 1986, and waste generated from 1987 through 2013.
Unless otherwise indicated, these facilities both generate TRU waste and are designated TRU waste storage sites.
Facility that generates but does not store TRU waste.
Facility that does not generate TRU waste, but is a designated TRU waste storage facility.

x
x
x
x
x

104
104
105
103
103

2.50 x 105

each facility that may be placed at the WIPP. The waste-characterization data base
(DOE, 1989c) was consistently used to estimate the facility-specific isotopic mixes and
radionuclide concentrations. The differences between the waste characteristics
assumed in the FEIS (DOE, 1980) and the FSAR are shown in Table B.2.5.
B.2.3.2 High-Curie Waste
TRU waste with a high-curie content will be subject to the same surface dose
equivalent rate restrictions as other waste; therefore, no unique handling or storage
procedures or precautions will be required for this waste. The heat generating (thermal
power) capability of high-curie waste may be a concern.
TRU waste generates some heat, most of which is produced when the alpha radiation
that is emitted in the radioactive decay of plutonium isotopes interacts with waste
materials and the walls of the waste container. The amount of heat that is generated
for a given volume depends on the activity (curies) and the average energy of the
nuclear disintegrations that release the alpha particles. Waste containing significant
fractions of plutonium-238 normally have a higher activity than waste without
plutonium-238. This happens because the specific activity (the disintegration rate per
gram of material) of plutonium-238 is 100 to 1,000 times higher than that of the other
plutonium isotopes. Thus, waste containing large quantities of plutonium-238 is
designated high-specific-activity waste, or high-curie waste. Because of the greater
heat-generating capacity of plutonium-238, it is also referred to as "heat-source
plutonium."
Plutonium-238 is a major contributor to the total radionuclide content of CH TRU waste.
This contribution comes mainly from the waste generated at Savannah River Site in
South Carolina. This waste has a higher specific activity and heat-generating capacity
than the waste considered in the FEIS analyses. Typically, the average plutonium-238
content reported in the FEIS represented 1.2 percent of the total radioactivity of CH
TRU waste. The data used for this SEIS indicate that the overall activity of
plutonium-238 is 46 percent of the total activity of the waste proposed for disposal in
the WIPP, and the activity of the plutonium-238 in the waste from Savannah River Site
'is approximately 92 percent of the total activity of plutonium-238 in WIPP waste. The
higher proportion of plutonium-238 in the total waste has modified the average
radionuclide composition of the source term used in this SEIS analyses.
TRU waste with a high-curie content will be subject to the thermal power limits and
labeling requirements of the Waste Acceptance Criteria (DOE, 1989a).
B.2.3.3 Neutron-Emitting Waste
Since the publication of the FEIS, the DOE has determined that the Oak Ridge National
Laboratory in Tennessee may be contributing a small amount of waste containing
californium-252. A portion of the radioactive decay for this radionuclide occurs by
spontaneous fission with the emission of neutrons (DOE, 1989b). The californium-252
will contribute about 0.03 percent of the total radioactivity in CH TRU waste. Neutronemitting waste will be subject to the same surface-radiation-rate restrictions as other
waste and requires no special precautions or procedures for handling or storage.
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TABLE B.2.5 Summary of average TRU waste characteristicsa

CH TRU waste

Characteristicb

Surface dose rate
(millirem per hour)e
Drum
Standard waste box
Canister

FEISe

FSARd

3.1
1.0

14
14

0.5
0.8

Radioactivity (curies)
Drum
Standard waste box
Canister

3.4
5.5

Fissile material contenth
Drum
Standard waste box
Canister

FEISC

200-100,000

Thermal power (watts)f
Drum (maximum)
Standard waste box (maximum)
Ca.nister (average)

Total plutonium content (g)
Drum
Standard waste box
Canister

RH TRU waste

FSARd

30,000

0.5
0.8
70

60

2609

37g

86.3
12.8

120

12

110

20.6
77

8

15.5
13

17
90

7.5
12.2

The reasons for the differences between the FEIS and the FSAR values are discussed in
Section 6.1.
b For a discussion of waste containers, see Appendices A and L.
From the WIPP FEIS (DOE, 1980).
d From the WIPP draft FSAR (DOE, 1989b). These values were also used in the SEIS. The
values in the draft FSAR were derived from DOE, 1989c.
e The radiation exposure rate at the outside surface of the package.
f The heat-generating capability of the radionuclides.
g Daugiter products are not included. Average radioactivity per container as reported by
facilities. The maximum plutonium-239-equivalent curie (PE-Ci) activity per container is 1000
PE-Ci (DOE, 1989c).
h Expressed as the plutonium-239-equivalent fissile content in g. For materials other than
plutonium-239, uranium-235, and uranium-233, which are treated as equivalent, fissile
equivalents are calculated in accordance with standard ANSI/ANS-8.15-1981 of the American
National Standards Institute and the American Nuclear Society.
a
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6.2.4 CALCULATION OF SOURCE TERMS FOR VARIOUS RELEASE SCENARIOS
This subsection briefly explains how radionuclide source terms were calculated for the
various radioactivity-release scenarios that are included in impact and performance
analyses. It shows these calculations for the analysis of potential transportation
impacts, for the analysis of safety during WIPP operations, and for the assessment of
long-term performance. Examples of calculations are included for greater clarity.
The source term for a particular release scenario is the material at risk multiplied by
the fraction of that material that is released (the release fraction) into the environment.
The material at risk is the TRU waste material and the surface contamination on a TRU
waste container that are potentially available for release under the conditions of the
scenario. Examples of the material at risk are the contents of a TRUPACT-Il shipping
container in a transportation-accident scenario, the contents of two waste drums in an
operational-accident scenario in which the drums are punctured by a forklift, the surface
contamination on drums with surface contamination plus the contents of drums that are
leaking when received in the normal operations scenario, and the total contents of one
underground waste disposal panel in the WIPP in a long-term-performance scenario
involving human intrusion,
B.2.4.1 Source Terms for Transportation Analyses
In calculating the source term for transportation analyses, average radionuclide
compositions were derived for each waste facility (DOE, 1989c). These average mixes
were derived for four different waste categories: CH TRU waste, RH TRU waste, waste
that is retrievably stored, and waste generated between 1987 and 2013 (newly
generated waste). These compositions were then used to estimate the radioactivity per
waste category as well as the activity per waste container (drum, box, or RH waste
canister) (DOE, 1989c).
For the transportation analyses, it was also necessary to determine the average
radioactivity per waste shipment (i.e., one trailer load). To determine the average
activity per shipment, it is necessary to determine the following:
1) How rnuch of the total radioactivity of the waste at a given facility is in each
waste category
2) The normalized radioactivity fractions (as derived in DOE, 1989c) for each
radionuclide
3) The average activity per unit volume for the particular waste facility
4) The volume of the transporter (e.g., TRUPACT-Il shipping container or a cask
for RH waste)
5) The number of transporters per shipment.
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These quantities were then used to calculate the average facility-specific quantity of
radionuclides per shipment (in curies per trailer load). The results served as the
material-at-risk term for calculating the amounts of respirable radionuclides assumed to
be released in the hypothetical transportation accidents analyzed in this SEIS (Tables
B.2.6 and B.2.7), except in the bounding case scenarios, in which maximum values
were assumed.
To be more specific, at any waste facility, for each radionuclide i, the number of curies
per shipment was calculated from the following equation:
container type Ci/trailer loadi =

(AFi

RFij x AA x VOL x TTL)

where:
• the container type is the container (drum, box, or canister) for the stored or
the newly generated waste and the other terms are defined as follows:
• AF. = the activity fraction for container type j
•

• = total activity for container tyrij
AFr
total activity for the facility

•

RF.11 = the normalized radionuclide activity fraction for radionuclide i in
container type j (DOE, 1989c)

• AA = the average activity per unit volume (in curies per cubic meter) for the
waste facility
AA = total activity for the facility
total volume for the facility
• VOL =the volume (in cubic meters) of the shipping container or cask
(2.8 m3 for the container useci for CH TRU waste and 0.89 m3 for the
cask used for RH TRU waste)
• TTL = the number of shipping containers or casks per shipment (three
containers for CH TRU waste and one cask for RH TRU waste)
As described in Appendix L, the shipping container for CH TRU waste will be the
TRUPACT-II; for RH TRU waste, a shipping cask (e.g., the NuPac 72B cask now being
developed) will be used. The total volume of waste for each facility was based on the
volume given in the 1987 Integrated Data Base (DOE, 1987) and scaled up to the
design capacity of the WIPP, as explained earlier in this appendix. Examples of the
calculations made with the equation given above are shown in Tables 6.2.8 and B.2.9
for CH waste from Rocky Flats Plant and RH waste from Los Alamos National
Laboratory, respectively.
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TABLE B.2.6 Average radioactivity in a shipment of CH TRU wastea

Waste facilityb

Radionuclide

ANLE

HANF

INEL

LANL

LLNL

Mound

NTS

ORNL

RFP

SRP

Thoriurn-232

0.00 x 100

0.00 x 100

5.17 x 10-5

0.00 x 100

0.00 x 100

0.00 x 100

0.00 x 100

4.26 x 10-4

0.00 x 100

0.00 x 100

Uranium-233

0.00 x 100

0.00 x 100

1.53 x 10-1

2.95 x 102

0.00 x 100

0.00 x 10°

0.00 x 100

3.85 x 101

0.00 x 10°

0.00 x 100

Uranium-235

0.00 x 100

0.00 x 100

5.79 x 10-6

8.37 x 10-5

0.00 x 100

0.00 x 100

0.00 x 10o

1.15 x 10-3

0.00 x 100

0.00 x 100

Uranium-238

0.00 x 10o

0.00 x 10o

9.72 x 10-6

3.61 x 104

0.00 x 100

0.00 x 100

0.00 x 10°

4.59 x 10-3

0.00 x 100

0.00 x 100

0.00 x 10o

0.00 x 10o

4.09 x 10-3

Neptunium-237

9.65 x 10-4

0.00 x 100

0.00 x 100

0.00 x 100

0.00 x 100

0.00 x 100

0.00 x 10o

Plutonium-238

5.39 x 10o

3.08 x 10o

1.08 x 101

1.67 x 102

3.42 x 10-1

1.36 x 100

3.82 x 10-2

5.75 x 101

5.37 x 10-1

1.83 x 103

Plutonium-239

3.41 x 10°

3.30 x 101

5.89 x 100

8.86 x 101

8.23 x 100

1.18 x 10-2

6.46 x 10-1

1.24 x 102

1.82 x 101

2.20 x 100

Plutonium-240

1.56 x 10o

1.18 x 101

1.44 x 100

2.04 x 101

2.36 x 100

3.10 x 10-3

1.53 x 10-1

0.00 x 100

4.15 x 100

8.81 x 10-1

Plutonium-241

3.10 x 101

5.98 x 102

4.55 x 101

6.88 x 102

7.84 x 101

1.19 x 10-3

5.76 x 10°

0.00x100

1.29 x 102

6.61 x 101

0.00 x 100

3.70 x 10-4

7.19 x 10-4

Plutonium-242

0.00 x 100

2.66 x 10-3

0.00 x 100

4.00 x 10 3

1.29 x 10-4

0.00 x 100

0.00 x 100

Americium-241

1.41 x 10/

0.00 x 10°

3.89 x 101

2.90 x 102

6.81 x 100

0.00 x 100

0.00 x 100

1.04 x 101

8.62 x 10-1

1.81 x 10-1

Curium-244

0.00 x 100

0.00 x 100

0.00 x 100

0.00 x 100

0.00 x 100

0.00 x 100

0.00 x 100

6.90 x 101

0.00 x 100

0.00 x 100

Cal fornium-252

0.00 x 10o

0.00 x 100

0.00 x 10o

0.00 x 100

0.00 x 100

0.00 x 100

0.00 x 10o

1.10 x 101

0.00 x 100

0.00 x 100

TOTAL

5 55 x 101

6.46 x 10z

1.03 x 102

1.25 x 103

9.62 x 101

1.38 x 100

6.59 x 100

3.10 x 102

1.53 x 102

1.89 x 103

a Radioactivity in curies per shipment for the volumes of waste assurned for the SEIS analyses (ie., volurnes scaled up to correspond to the design capacity of the WIPP--see last
colurnn, Table 8.2.4). The volume per shipment is 8.4 m3 (three TRUPACT-Il containers per shipment, with 2.8 m3 per TRUPACT-II shipping container)
b Key: ANLE, Argonne National Laboratory--East; HANF, Hanford Reservation; INEL, Idaho National En gineering Laboratory; LANL, Los Alamos National Laboratory; Li N1_, Lawrence

TABLE B.2.7 Average radioactivity in a shipment of RH TRU wastea

Waste facilityb

Radionuclide

ANLE

HANF

INEL

LANL

ORNL

Cobalt-60

0.00 x 10°

2.97 x 10°

0.00 x 10°

0.00 x 10°

0.00 x 10°

Strontium-90

0.00 x 10°

6.76 x 10°

4.08 x 10°

7.99 x 10°

1.12 x 10°

Ruthenium-106

0.00 x 10°

1,89 x 104

0.00 x 10°

6.31 x 10°

0.00 x 10°

Antimony-125

0.00 x 10°

0.00 x 10°

0.00 x 10°

1.95 x 101

0.00 x 10°

Cesium-137

8.83 x 10°

9.46 x 10°

5.81 x 10°

6.18 x 10°

4.42 x 10-2

Cerium-144

0.00 x 10°

0.00 x 10°

0.00 x 10°

6.22 x 101

0.00 x 10°

Europium-155

0.00 x 10°

0.00 x 10°

0.00 x 10°

3.13 x 10-1

0.00 x 10°

Thoriurn-232

0.00 x 10°

0.00 x 10°

0.00 x 10°

0.00 x 10°

0.00 x 10°

Uraniurn-233

0.00 x 10°

5.41 x 104

0.00 x 10°

0.00 x 10°

4.56 x 10-3

Uraniurn-234

0.00 x 10°

8.11 x 10'5

0.00 x 10°

0.00 x 10°

0.00 x 10°

Uraniurn-235

1.21 x 10-5

2.43 x 10'6

838 x 10'2

9.48 x 10'5

1.87 x 10-6

Uraniurn-238

0.00 x 10°

5.41 x 10'5

2.46 x 10'2

0.00 x 10°

1.96 x 10-6

Neptunium-237

0.00 x 10°

0.00 x 10°

0.00 x 10°

0.00 x 10°

0.00 x 10°

Plutonium-238

0.00 x 10°

9.73 x 10'2

1.63 x 104

0.00 x 10°

1.18 x 10.3

Plutonium-239

2.52 x 10'1

1.38 x 10°

8.60 x 101

8.29 x 10'1

3.67 x 10-2

Plutonium-240

9.27 x 104

4.05 x 10'1

3.58 x 101

2.73 x 10'1

0.00 x 10°

Plutonium-241

0.00 x 10°

8.11 x 10°

0.00 x 10°

1.26 x 101

0.00 x 10°

Plutonium-242

0.00 x 10°

8.65 x 10'5

0.00 x 10°

0.00 x 10°

Americium-241

0.00 x 10°

5.95 x 10'1

3.27 x 10'3

0.00 x 10°

0.00 x 10°
1.88 x 10-2

Curium-.244

0.00 x 10°

0.00 x 10°

0.30 x 10°

0.00 x 10°

1.69 x 10-1

Californium-252

0.00 x 10°

0.00 x 10°

0.00 x 10°

0.00 x 10°

2.91 x 10-1

TOTAL

9.18 x 10°

2.98 x 101

1.34 x 102

9.68 x 101

1.68 x 10°

a RadioactMty in curies per shipment for the volumes of waste assumed for the SEIS analyses
(i.e., volumes scaled up to correspond to the design capacity of the WIPP--see last column,
Table B.2.4). The volume per shipment is 0.89 rn
'
(one shipping cask per shipment).
b Key: ANLE, Argonne National Laboratory--East; HANF, Hanford Reservation; INEL, Idaho
National Engineering Laboratory; LANL, Los Alamos National Laboratory; ORNL, Oak Ridge
National Laboratory.
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TABLE B.2.8 Quantities used in estimating the average radioactivity in a shipment of CH TRU waste from Rocky
Flats Planta

Container
typeb

Total voiumeb
(m3)

Total radioactivityb
(curies)

Activity
fraction

Drums
Boxes (4 x 4 x 7 ft)
TRUPACT-efficient box (TEB)

27,600
4,250
30,800

880,000
32,000
230,000

0.771
0.028
0.201

Total

62,650

1,142,000

1.000

Radioactivity (curies) per container and shipment

Radionuclide

Plutonium-238
Plutonium-239
Plutonium-240
Plutonium-241
Americium-241

Normalized
radionuclide
activity fraction" Drum

3.50 x
1.19 x
2.71 x
8.45 x
5.63 x

10-3
10-1
10-2
10-1
10-3

4.13 x
1.40 x
3.19 x
9.96 x
6.64 x

Box

10'1
101
10°
101
10-1

1.50 x
5.09 x
1.16 x
3.62 x
2.42 x

10-2
10-1
10-1
10°
10-2

TEB

1.08 x
3.66 x
8.33 x
2.60 x
1.74 x

10'1
10°
10'1
101
10-1

Total
per
shipmente

5.37 x
1.82 x
4.15 x
1.29 x
8.62 x

10-1
101
10°
103
10"1

a This is an example of the calculations performed for one facility; the calculations for
the other nine facilities would be similar.
b All of the waste from Rocky Flats Plant is in the newly generated category.
DOE, 1989c.
d Same for drums, boxes, and TRUPACT-efficient boxes (TEB) for this facility.
G Three loaded TRUPACT-ll containers per shipment.
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TABLE B.2.9 Quantities used in estimating the average
radioactivity in a shipnient of RH TRU waste from
Los Alamos National Laboratorya

Total volume°
(m3)

Total radioactivityb
(curies)

Stored
Newly generated

1.98 x 101
5.40 x 10°

2.50 x 103
2.42 x 102

0.912
0.088

Total

2.52 x 101

2.74 x 103

1.000

Waste lype°

Normalized
radionuclide
activity fractionb

Radionuclide

Strontium-90
Ruthenium-106
Antimony-125
Cesium-137
Cerium-144
Europium-155
Uraniurn-235
Plutonium-239
Plutonium-240
Plutonium-241

Stored

0.0816
0.0645
0.0020
0.0632
0.6356
0.0032
0.0000
0.0091
0.0030
0.1377

Newly
generated

0.0914
0.0723
0.0022
0.0707
0.7098
0.0036
0.0000
0.0030
0.0010
0.0461

Activity
fraction

Radioactivity (curies)
per canister shipment

Stored
canisters

Newly
generated
canisters

Total
per
shipment°

7.20 x 10°
5.69 x .I0o
1.77 x 10-1
5.58 x 10°
5.61 x 101
2.83 x 10-1
9.18 x 10-5
8.03 x 10-1
2.65 x 10-1
1.22 x'01

7.78 x 10-1
6.16 x 10-1
1.88 x 10-2
6.02 x 10-1
6.04 x 10°
3.08 x 10-2
2.97 x 10-6
2.56 x 10-2
8.52 x 10-3
3.94 x 10-1

7.99 x 10°
6.31 x 10°
1.95 x 10-1
6.18 x 10°
6.22 x 101
3.13 x 10-1
9.48 x 10-5
8.29 x 1 0-1
2.73 x 1 0-1
1.26 x 101

a This is an example of the calculations performed for one facility; the calculations for
the other four facilities would be similar.
b DOE, 1989c.
° All of the RH TRU waste is packaged in a melal canister.
d One cask per shipment.
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For transportation under normal conditions, the radiological risk depends on the
radiation field at the surface of the shipping container or cask. This field is measured
in terms of the transport index (T1), which is the radiation-dose rate (in mrem per hour)
at 1 m from the surface of the container or cask and is used in calculating radiation
exposures under normal transportation conditions.
The radiation field measured by the transport index comes mainly from the gamma
radiation released by fission products and other radionuclides (i.e., activation products)
in the TRU waste. In CH waste, these products exist in trace amounts and do not
contribute sufficient gamma radiation to exceed the limit of 200 mrem per hour for the
radiation-dose rate at the surface. These trace amounts are therefore not usually
reported in the CH waste inventories. In RH waste, the activation and fission products
exist in more significant amounts, as shown in Table B.2.7. The gamma radiation from
these products results in radiation-dose rates exceeding 200 millirem per hour and is
the reason the waste is assigned to the category of remotely handled, rather than
contact-handled, waste.
For the T1 used in these SEIS analyses, data from the 1987 Integrated Data Base and
the updated radionuclide data (DOE, 1989c) were supplemented with information from
the waste facilities. This supplemental information concerned field measurements of
the gamma radiation levels around Type A TRU waste containers such as drums and
standard waste boxes. The objective of this data-collection effort was to develop a
listing of waste containers in terms of the maximum surface dose rates for each facility.
From this information, an average for the maximum surface dose rate for the containers
from each waste facility was calculated. To ensure that the radiation field was not
underestimated, it was assumed that this field resulted entirely from radionuclides
emitting photons with an energy of 1 million electron-volts (MeV). In actuality, most of
the gamma radiation from CH TRU waste results from the radioactive decay of
americium-241 and has an energy of 0.060 MeV. The 0.060 MeV gamma radiation
would be significantly attenuated by the TRUPACT-II, while the 1 MeV gamma radiation
would not be. The assumption of 1 MeV gamma radiation resulted in radiation levels
that exceeded and bounded the expected radiation levels. Shielding models of the
TRUPACT-Il containers and the shipping cask for RH waste were then developed to
calculate the transport index from the 1-MeV radiation fields.
In some cases, the lack of waste-specific information (as in the case of the RH waste
from Hanford Reservation) necessitated an assumption about the radiation field. For
this SEIS, the Hanford RH waste was assumed to produce a field of 100 rem per hour
from the 1-MeV photons (100 rem per hour is the upper limit for 95 percent of the RH
waste to be received at the WIPP; the remaining 5 percent may have radiation fields of
up to 1,G00 rem per hour). This very conservative assumption resulted in a high
transport index for RH waste shipments from Hanford Reservation in comparison with
the other facilities.
For the CH waste from each waste facility, the number of truck shipments (three
TRUPACT-I1 containers per shipment) was estimated by multiplying the volume per
drum (0.2 cubic m) by the number of drums per shipment (42 drums) and dividing this
number into the total volume (in cubic meter) of TRU waste (stored and newly
generated) at the facility. For rail shipments from facilities with rail access, it was
assumed that each shipment carried six TRUPACT-II containers.
For the RH waste, since only one cask will be sent per shipment, the number of
shipments was obtained by dividing the volume per shipment (in cubic meters) by the
volume per shipping cask (0.89 cubic m). Rail shipments were assumed to carry two
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casks per shipment. In all of the shipment calculations, the waste was assumed to
be the same as in the above-described calculations of radioactivity per container and
the Transport Index.
B.2.4.2 Source Term for WIPP Operational Analysis
For this SEIS, the analysis of radiation safety during WIPP operations (waste receiving,
handling, and emplacement underground) was derived from the WIPP draft FSAR
(DOE, 1989b). The safety analyses in the draft FSAR were based on waste inventories
reported in Radionuclide Source Term for the WIPP (DOE, 1989c). These safety
analyses were scaled up to correspond to the. volume design capacity of the WIPP.
Scaled•up inventories were used to calculate the number of containers (55-gal drums,
standard waste boxes, canisters) that may be processed annually at the WIPP.
Average characteristics were also calculated for containers of CH waste (55-gal drums
and standard waste boxes) and RH waste (canisters), as shown in Tables 6.2.10,
B.2.11, and B.2.12. The average radioactivity pe- container was used in the draft FSAR
and the SEIS to analyze the impacts of boll normal operations and accidents.
Impacts from accidents involving containers with the maximum allowable contents, per
the Waste Acceptance Criteria (DOE, 1989a), were also assessed. In assessing
occupational safety, the radiation exposures of workers handling waste at the WIPP
were based on the same assumptions about radiation fields as those used to calculate
the transport index in the transportation-impact analysis.
B.2.4.3 Source Term for Long-Term Performance Analyses
The source term used in assessing the long-term performance of the WIPP was
derived from the scaled-up waste volumes (Table B.2.4) and the radionuclide
composition reported in the waste-characterization data base for the WIPP (DOE,
1989c). A discussion of the source term requirements for the long-term performance
analyses, including the decay chains, is in Lappin et al. (1989).
The total inventory of CH TRU waste of approxirnately 11.4 million curies (Table B.2.13)
was modified to account for the decay of short-lived nuclides and the buildup of
daughter products with high radiotoxicity (100 years for institutional controls). In
addition, radionuclides with low radiotoxicity were eliminated from the inventory. The
modifiecl inventory (Table B.2.14) is approximately 3.8 million curies.
The RH TRU waste is not included in the long-term performance-assessment inventory
because RH TRU waste constitutes less than 2 percent by activity. Also, as discussed
by Lappin et al. (1989), the procedures for emplacing waste in the WIPP will minimize
the interaction of RH waste canisters and CH waste rooms. And many of the shortlived radionuclides (which are typically the reason for the waste being assigned to the
RH category) will have minimal consequences over the long term. An analysis has
been made of the consequences of RH TRU waste being brought directly to the
surface by an intruding borehole (see Subsection 5.4.2.6).
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TABLE B.2.10 Mass and radioactivity of the radionuclides in an
average drum of CH TRU wastea

Mass (g)

Radioactivity (curies)

Radionuclide

FEISb

FSAR°

FEISb

FSARC

Thorium-232

NP

6.0 x 10°

NP

6.6 x 10-7

Uranium-233

NP

1.7 x 10°

NP

1.7 x 10-2

Uranium-235

NP

4.0 x 10-1

NP

8.8 x 1O-7

Uranium-238

NP

1.0 x 101

NP

3.5 x 10-6

Neptunium-237

NP

3.1 x 10-2

NP

2.2 x 10-5

Plutonium-238

2.5 x 10-3

6.2 x 10-1

4.2 x 10-2

1.1 x 101

Plutonium-239

7.5 x 10°

1.4 x 101

4.6 x 10-1

8.5 x 10-1

Plutonium-240

5.0 x 10'1

8.5 x 10-1

Plutonium-241

2.7 x 10-2

6.6 x 10-2

1.1 x 10-1
2.8 x 10o

1.9 x 10-1
6.8 x 10o

Plutonium-242

2.4 x 10-3

7.8 x 10-3

9.4 x 10-6

3.1 x 10-6

Americium-241

1.5 x 10-3

4.9 x 10-1

5.2 x 10-3

1.7 x 10°

Curium-244

NP

4.2 x 10-4

NP

3.4 x 10-2

Californium-252

NP

1.0 x 10-6

NP

5.4 x 10-3

8.0 x 10°

3.4 x 101

3.4 x 10°

2.1 x 101

TOTAL

a The reasons for the differences between the 1980 FEIS and the draft FSAR values
are discussed in Section B.1,
b

From the WIPP FEIS (DOE, 1980). NP indicates that data were not provided in the
FEIS.

b From the WIPP draft FSAR (DOE, 1989b). These values were also used in the SEIS
analyses.
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TABLE B.2.11 Mass and radioactivity of the radionuclides in an
average standard waste box of CH TRU wastea

Mass (g)

Radioactivity (curies)

Radionuclide

FEISb

FSAF:c

FEISb

FSARC

Thoriurn-232

NP

1.2 x 101

NP

1.3 x 10-6

Uraniurn-233

NP

6.7 x 100

NP

6.5 x 10-2

Uraniurn-235

NP

9.6 x 10-1

NP

2.1 x 10-6

Uraniurn-238

NP

2.5 x 101

NP

8.3 x 10-6

Neptunium-237

NP

4.4 x 10-4

NP

3.1 x 10-7

Plutonium-238

4.0 x 10-3

4.2 x 10-2

6.8 x 10-2

7.2 x 10-1

Plutonium-239

1.2 x 101

7.9 x 101

7.5 x 10-1

4.9 x 100

Plutonium-240

8.1 x 10-1

6.5 x 100

1.8 x 10-1

1.5 x 100

Plutonium-241

4.4 x 10-2

6.7 x 10-1

4.5 x 100

6.9 x 101

Plutonium-242

3.9 x 10-3

7.5 x 10-2

1.5 x 10-5

2.9 x 10-4

Americi jm-241

2.5 x 10-3

2.1 x 10-1

8.4 x 10-3

7.3 x 10-1

Curium-244

NP

8.6 x 10-5

NP

7.0 x 10-3

Californium-252

NP

2.1 x 10-6

NP

1.1 x 10-3

1.3 x 101

1.3 x 102

5.5 x 100

7.7 x 101

TOTAL

a The reasons for the differences between the FEIS and the draft FSAR values are
discussed in Section B.1.
b From the WIPP FEIS (DOE, 1980). NP indicales that data were not provided in the

FEIS.
From the WIPP draft FSAR (DOE, 1989b). These values were also used in the SEIS
analyses.
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TABLE B.2.12 Radioactivity of the radionuclides in an average
canister of RH TRU wastea

Radioactivity (curies)

FEIS"

FSAR"

Cobalt-60
Strontium-90
Ruthenium-106
Antimony-125
Cesium-137
Cerium-144
Uranium-233
Uranium-235
Uranium-238
Plutonium-238
Plutonium-239
Plutonium-240
Plutonium-241
Plutonium-242
Americium-241
Curium-244
Californium-252

1.6 x 10°
2.5 x 102
2.2 x 10°
NP
1.2 x 10°
NP
NP
NP
NP
6.5 x 10-2
7.5 x 10-1
1.8 x 10-1
4.6 x 10°
NP
1.2 x 1 0-2
NP
NP

1,7 x 10'1
5.1 x 100
3.5 x 10-2
1.1 x 10-3
4.3 x 10°
3.4 x 1 0-1
5.5 x 10-3
3.0 x 10-3
1.5 x 10-3
5.7 x 10°
6.8 x 100
2.2 x 100
1.2 x 10+1
3.8 x 1 0-4
2.1 x 10-1
1.6 x 10-1
2.8 x 10-1

TOTAL

2.6 x 102

3.7 x 101

Radionuclide

a

The reasons for the differences between the FEIS and the draft FSAR values are
discussed in Section B.1.

b From the WIPP FEIS (DOE, 1980). NP indicates that data were not provided in the
FEIS.
From the WIPP draft FSAR (DOE, 1989b). These values were also used in the SEIS
analysis.
d Daughter products not included.
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TABLE B.2.13 Initial radionuclide inventory in CH TRU waste for
the assessment of long-term performancea

Radionuclide

Half-life
(years)

Radioactivity
(curies)

Thorium-232

1.41 x 1010

3.07 x 10-1

Uraniurn-233

1.59 x 105

9.48 x 103

Uraniurn-235

7.04 x 108

4.59 x 10-1

Uranium-238

4.47 x 109

1.84 x 100

Neptunium-237

2.14 x 106

1.08 x 101

Plutonium-238

8.77 x 101

5.25 x 106

Plutonium-239

2.41 x 104

4.89 x 105

Plutonium-240

6.54 x 103

1.20 x 105

Plutonium-241

1.44 x 101

4.70 x 106

Plutonium-242

3.76 x 105

2.13 x 101

Americium-241

4.32 x 102

7.72 x 105

Curium .244

1.81 x 101

1.57 x 104

Californium-252

2.64 x 100

2.51 x 104

TOTAL

1.14 x 107

a This source term is different from that given by Lappin et al. (1989), because it was
scaled up to correspond to the design volume of the WIPP. This was dore by
scaling the source term, by radionuclide, at each waste facility by the vclume
incrernent for that facility.
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TABLE B.2.14 Modified radionuclide inventory in CH TRU waste
for the assessment of long-term performancea

Half-life
(years)

Radioactivity
(curies)

Mass
(g)

Plutonium-238

8.77 x 101

2.38 x 106

1.39 x 105

Plutonium-239

2.41 x 104

4.89 x 105

7.87 x 106

Plutonium-240

6.54 x 103

1.20 x 105

5.26 x 105

Uranium-233

1.59 x 105

9.48 x 103

9.82 x 105

Uranium-234

2.44 x 105

1.03 x 103

1.64 x 105

Uranium-235

7.04 x 108

4.59 x 10-1

2.12 x 105

Uranium-236

2.34 x 107

Ob

0

Americium-241

4.32 x 102

7.94 x 105

2.31 x 105

Neptunium-237

2.14 x 106

1.08 x 101

1.53 x 104

Thorium-229

7.43 x 103

Ob

0

Thorium-230

7.70 x 104

Ob

0

Radium-226

1.60 x 103

Ob

0

Lead-210

2.23 x 101

Ob

0

Radionuclide

3.79 x 106

TOTAL

a The radionuclide inventory in Table B.2.13 was modified by assuming that the
radioactivity has decayed for 100 years and, therefore, removing the nontransuranic
radionuclides, except uranium.
b The radionuclides with zero activity are listed to establish initial amounts for all
radionuclides in the decay chains shown in Table 4-3 of the report by Lappin et al.
(1989).
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B.3 HAZARDOUS CHEMICAL CONSTITUENTS

The FEIS (DOE, 1980) addressed only the impacts of the radioactive component of TRU
waste. Since that time, it has been determined that TRU waste is subject to dual
regulalion under the Atomic Energy Act and the Resource Conservation and Recovery
Act (RCRA) because it may also contain hazardous chemical constituents; such waste
is called TRU mixed waste. TRU mixed waste is defined as waste that is contaminated
with transuranic radionuclides at Ievels exceeding 100 nCi per g of waste and with
hazardous chemical constituents. Information provided by the DOE waste generators
indicates that 60 percent of the total TRU waste proposed to be sent to the WIPP over
25 years of operation will contain hazardous wa3te that is subjected to regulation under
RCRA. All shipments of mixed waste are required to meet the conditions of RCRA and
the U.S. Department of Transportation (WEC, 1989).
Until racently, few records were required to document the hazardous chemical
constituents in TRU waste. The waste was and currently is not routinely sampled and
analyzed, because some of the waste is contained in complex matrices and such
sampling activities might expose personnel to unacceptable levels of radiation.
However, it was possible to determine the composition and other characteristics of TRU
mixed waste from knowledge about the waste and the industrial processes from which
it was generated. For example, because of the requirements for strict product quality
and ccncerns for safety in handling radioactive materials, production and research
activities are highly structured. The ingredients used in a given process and the
process conditions are highly controlled. This precision both requires and generates
extensive knowledge of the ingredients and the processes involved; it also facilitates the
characterization of TRU mixed waste.
This section discusses the hazardous chemic:al constituents in TRU waste. This
information serves as the basis for estimation of the amount of hazardous chemicals
that would be released in a given situation.

B.3.1

CH TRU MIXED WASTE

The DC)E facilities that may ship waste to the WIPP have used very conservative
approaches characterizing their CH TRU mixed waste (i.e., approaches that are likely
to overestimate the hazardous chemical constituents in the waste). The conservative
approaches were chosen to facilitate preparation of the permit application to operate
the WIPP as an "interim status" facility under the RCRA. The characteristics cf the
waste were recently reported in the Radioactive Mixed Waste Compliance Manual
(WEC, 1989) and represent a conservative upper bound for the concentrations of
hazardous chemicals in the waste. In other words, if a chemical is present in the
waste, it is identified even though its concentration in the waste may be below the
regulatory limit.
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The identification of the hazardous chemical constituents in CH TRU mixed waste is
based on newly generated waste from the Rocky Flats Plant and waste from the Rocky
Flats Plant that is currently in retrievable storage at the Idaho National Engineering
Laboratcry. It is estimated that this waste represents approximateiy 86 percent by
volume of the total CH TRU mixed waste proposed to be emplaced in the WIPP over
the 25-year operating life, Furthermore, the Rocky Flats Plant generates many different
forms of waste from a variety of processes. Other DOE facilities generate smaller
quantities of TRU mixed waste, fewer categories of waste, and waste that contains a
narrower range of hazardous chemical constituents (WEC, 1989). Therefore, data on
the stored or newly generated waste from Rocky Flats Plant represent a conservative
upper bound for the potential risks associated with the chemical components of the CH
TRU mixed waste.
In the WIPP Waste Acceptance Criteria (See Section 2 and Appendix A), CH TRU waste
is divided into several categories based on the physical characteristics of the materials
in the waste. These categories or forms are used by each DOE waste facility to classify
its TRU mixed waste. Before shipment to the WIPP, each waste form must be certified
by the DOE for compliance with the WIPP Waste Acceptance Criteria. Waste forms
identified by the Rocky Flats Plant as containing hazardous chemical constituents are
cemented and uncemented aqueous and organic waste, cemented process and
laboratory solids, combustible waste, metal and filter waste, inorganic solids, and leaded
rubber waste. Each of these waste forms is briefly described below:
•

Cemented and uncemented aqueous process waste. This waste consists of
a wastewater-treatment sludge that is precipitated at a pH of 10 to 12. The
sludge contains alcohols and halogenated organics from the cleaning of
equipment and glassware and the degreasing of metal. Some aqueous
process waste may also contain metals (e.g., cadmium and lead), although
no analyses have been performed to determine specific concentrations.
Since 1984, aqueous process waste has been solidified in a process
involving neutralization, precipitation, flocculation, clarification, filtration, and
solidification with portland cement. Before 1984, this waste was not
cemented and it exists today as a damp solid.

•

Cemented and uncemented organic waste. Organic waste consists of lathe
coolants and degreasing solvents used in plutonium fabrication. Organic
waste containing oil and halogenated organic solvents is solidified with
Envirostone cement and an emulsifier. Before 1984, this waste was not
solidified with cement; it is a damp solid.

•

Cemented (immobilized) process and Iaboratory solids. This waste consists
of ion-exchange resins and incinerator ash that has been neutralized and
solidified with portland cement. The solvents in this waste come from
plutonium-recovery operations.

•

Combustible waste. This waste consists of paper and cloth (dry and damp);
various plastics, such as polyethylene and polyvinyl chloride; wood; and
filters contaminated with trace quantities of halogenated organic solvents.

B-26

These materials are generated during plutonium recovery and fabrication
and in analytical laboratories.
•

Metals. The principal constituents of this waste are lead, tantalum, stainless
steel, and aluminum. This waste includes equipment, tools, crucibles from
laboratories, and molds. Residual halogenated organic solvents may also
be present.

•

Filters. This waste consists of polypropylene filters and high-efficiency
particulate air filters as well as processed filter media. Portland cement is
added to absorb any residual liqjid and to neutralize residual acids.
Exhaust-stream filters may be contaminated with volatile organic solvents
used in plutonium fabrication and recovery.

• Inorganic solid waste. This waste contains materials like firebrick, Oil Dri,
concrete, and soil.
It is generated from the decontamination and
decommissioning of plutonium-recovery areas. Oil Dri, concrete, and soil
may be contaminated with residual halogenated organic solvents.
•

Leaded-rubber waste. This waste consists of the leaded rubber dry-box
gloves and aprons that are used throughout plutonium-processing areas.
It is considered an RCRA-regulated hazardous waste according to the EPA
extraction procedure toxicity test (4() CFR Part 261) for lead, although no
analysis has been done to establish the lead concentrations. The EPA
toxicity test is used to characterize waste as hazardous under the RCRA.

The estimated quantity of each waste form is given in Table B.3.1. The above
descriptions indicate that most of the organic solvents are present in residual quantities
from the cleaning of equipment, plastics, glassware, and filters. A major constituent in
CH TRU mixed waste is lead, which is present mainly in shielding, dry-box parts, and
lead-lined gloves and aprons.
The types and estimated maximum concentrations of hazardous chemical constituents
in the various forms of CH TRU mixed waste are given in Table B.3.2. This information
is used to determine the types of hazardous chemicals expected in various waste forms
and their relative abundance. The concentrations, estimated by the Rocky Flats Plant
(Rockwell International, 1988) from knowledge of the waste-generating processes, are
very conservative and do not represent the actual concentrations of these chemicals.
Information from Clements and Kudera (1985) indicates that the volatile organic
compounds in the headspace of drums are well below saturation values for the various
chemicals and that the source is limited. A description of the actual hazardous
chemical source term used in the hazardous chemical risk assessment is provided in
Subsection 5.2.4.

B.3.2 RH TRU MIXED WASTE
As discussed in Subsection 2.3, RH TRU waste represents a much smaller portior than
CH TRU waste of the total waste proposed for :shipment to the WIPP site: the design
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capacity for RH TRU waste at the WIPP is 250,000 cubic feet. Oak Ridge National
Laboratory reported the following two major waste forms in the Radioactive Mixed Waste
Compliance Manual (WEC, 1989):

TABLE B.3.1

Estimated quantities of TRU mixed waste (by waste
form) from Rocky Flats Plant"

Description of waste form

Quantity
(kilogram)

Cemented and uncemented aqueous waste

1.35 x 107

Cemented and uncemented organic waste

3.27 x 106

Immobilized process and laboratory solids

3.38 x 105

Combustible waste

6.66 x 106

Metal waste

9.65 x 106

Filter waste

2.21 x 106

Inorganic solid waste

4.15 x 105

Leaded rubber waste

3.64 x 105

Total

3.64 x 107

a From the Radioactive Mixed Waste Compliance Manual, (WEC, 1989), Appendix 6.4.1.
b Quantities include waste projected to be generated through the year 2013 and waste

in retrievable storage at the Idaho National Engineering Laboratory.
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TABLE B.3.2 Estimated maximum concentrations of hazardous chemical constituents
in CH TRU mixed waste from the Rocky Flats Plant

Estimated maximum concentration (milligrams per kilograms)a

Hazardous chemical
constituentb

1,1,1-Trichloroethane
Carbon tetrachloride
1,1 ,2-Trichloro-1,2,2trifluoroethane
Methylene chloride
co
Methyl alcohol
(1)
Xylene
Butyi aicohoi
Cadmium
Ii Lead

Aqueous
wastec

Organic
wastec

Process and
laboratory solidsd

Combustible
waste

Metal
waste

Filter
waste

Inorganic
solids

Leaded
rubber waste

75
25
100

150,000
50,000
50,000

200
25
200

2,000
750
1,500

15
10
75

150
150
100

900
100
8,000

0
0
0

700
25
50
10
10
10

0
0
0
0
0
0

100
15
50
10
0
400

750
0
0
0
0
0

200
0
0
0
0
1 x 106

50
0
0
0
0
0

700
0
0
0
0
0

0
0
0
0
0
6 x 105

a Data from Rockwell International (1988).
b The hazardous chemical constituents were determined from knowledge of the processes used in generating the waste. The given
maximum concentrations for the specific waste forms were calculated in an extremely conservative manner and hence are likely to be
greatly overestimated. No analytical data are available for the hazardous chemical constituents in these waste forms.
Cemented and uncemented sludges.
Neutralized and immobilized (cemented) solids.

• Solid RH TRU mixed waste. This waste contains mixtures of combustible
materials (e.g., paper, polyvinyl chloride, polypropylene, polyethylene, and
Neoprene) and noncombustible materials (e.g., laboratory equipment, tools,
and small electric motors) that were removed from an experimental facility at
the Oak Ridge National Laboratory (the Alpha Gamma Hot Cell Facility).
This waste does not contain free liquids or particulates.
• Sludges. This waste consists of fuel and process sludges that are currently
stored in tanks but will be solidified before shipment (with cement or by
exposure to microwaves). This waste will be solid packaged in leadshielded canisters.
The primary hazardous chemical constituent of RH TRU mixed waste is lead, which is
used to provide shielding against gamma radiation. Trace quantities of mercury,
barium, chromium, and nickel have also been reported in some of the sludges.
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C.1 INTRODUCTION

Of 500 billion domestic shipments annually, about 100 million, or 0.02 percent, are
shipments of hazardous materials, and 3 million, or 0.0006 percent, are shipments of
radioactive materials. The vast majority (95 percent) of the radioactive-rnaterial
shipments involve small quantities for general users like hospitals, research laboratories,
and industries. The remaining 5 percent are large quantity shipments for commercial
reactors or shipments related to national defense (Wolff, 1984).
The safety record of the radioactive-material shipments is outstanding. No serious
injuries or deaths have ever resulted from the radioactive materials carried in these
shipments. The main reason for this outstanding safety record is the stringent Federal
requirements for the packagings, shipping containers, and shipping casks that must be
used for radioactive materials. Accidents that have released radioactive material from
limited quantity, or Type A containers, have resulted in insignificant consequences and
in each case the material was cleaned up, and no one was injured from the
radioactivity. Large quantity, or Type B containers and casks are occasionally involved
in transportation accidents; fifty such containers or casks were involved in accidents
between 1971 and 1985 (DOE, 1989a). No Type B packages have ever released their
radioactive contents because of impact or fire, except for a radiography camera failure.
As described in Appendix L, the packagings that will be used for shipping TRU waste
to the WIPP are in the Type B category and are designed to withstand severe accidents
without releasing their contents. However, as an additional precaution the DOE
continues to ensure its emergency-response capabilities and procedures to protect
public health and safety after transportation accidents. The current status of those
capabilities and the plans for their future development are discussed in this appendix.
Planning for radiological emergency preparedness, including transportation activities,
began several years ago. State, Tribal, and local governments as well as the DOE
and several other Federal agencies have been closely involved in this effort. The
Federal effort includes developing transportation-specific planning guidance and
reviewng generic State radiological emergency-response plans.
This appendix describes the responsibilities and resources available for responding to
emergencies in general and transportation accidents in particular. Then it presents a
detailed discussion of the emergency-response. responsibilities in transportation to the
WIPP and presents the procedures to be followed by the carrier of the waste (i.e., the
WIPP trucking contractor); the State, Tribal, and local governments; and various
organizations in, or employed by, the DOE. The subsection on procedures is followed
by a discussion of the training programs that the DOE has conducted in various States.
To illustrate how the carrier, the State and local governments, and the DOE would
respond in a given accident situation, the last subsection in this appendix describes a
hypothetical accident and emergency-response, scenario. In addition, it describes the
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responses to actual transportation accidents and incidents involving radioactive
materials.
This appendix has been rewritten in response to the many comments received which
requested additional clarification and detail concerning emergency-response capabilities
and plans in the event of transportation accidents.
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C.2 OVERVIEW OF RESPONSIBILITIES AND RESOURCES
IN EMERGENCY RESPONSE

In the Civil Defense Act of 1950, the U.S. Congress broadly defined the roles and
respcnsibilities of the Federal Government in responding to nuclear attacks and other
emergencies in general. Following a tradition established early in the history of the
United States, the Act assigned to State and local governments primary responsibility
for implementing measures to protect life and property, whereas Federal agencies were
given responsibility for providing assistance when requested by State, Tribal, and local
governments. Subsequently, responsibilities were also defined for the shippers and
carriers of hazardous materials, including radioactive waste.
This subsection reviews emergency-response responsibilities and roles. It also
discusses the resources that are available for emergency response. The discussion
is not specific to WIPP transportation; emergency response for WIPP transportation is
discussed in Subsection C.3.

C.2.1

OVERVIEW OF RESPONSIBILITIES

The general roles of shippers; carriers; State, Tribal, and local governments; and
Federal agencies can be summarized as follows:
• Shippers. The shipper is required to provide to the carrier, at the time of
shipment, any special precautions required for each shipment. If called on
in case of an accident, the shipper will also provide information that may
be necessary for, or helpful in, emergency-response activities.
•

Carriers. The carrier has the initial responsibility for minimizing radiation
hazards to the public and notifying State, Tribal, and local authorities of
accidents in their jurisdictions.

•

States. Tribal, and local governments. These entities have primary
responsibility for implementing measures at the scene of the accident in
order to protect life, property, and the environment.

•

Federal agencies. If requested, assistance from Federal agencies is available
to support the emergency-response measures taken by State, Tribal, and
local governments.

In the case of transportation to the WIPP, the DOE has responsibilities in two of the
above categories: 1) the DOE is the shipper, and 2) the DOE is a Federal agency that
can provide assistance if requested by State, Tribal, or local governments. As shipper
and owner, the DOE would respond directly tc transportation accidents involving the
TRU waste.
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This subsection describes the State, Tribal, and local responsibilities for emergency
response. Although State, Tribal, and local governments have a more important role
in emergency response, and Federal assistance is rarely required in a transportation
accident, this subsection also presents a comprehensive discussion of Federal
emergency-response resources which allows the reader to understand the types of
assistance that are available to State, Tribal, and local governments.

C.2.2 GENERAL RESPONSIBILITIES AND RESOURCES OF STATE, TRIBAL, AND
LOCAL GOVERNMENTS
In the event of a transportation accident involving radioactive waste, State, Tribal, and
local governments are responsible for taking measures to protect life, property, and the
environment. This might entail direct actions, such as rescuing people from a wreck,
extinguishing fires, and giving first aid to the injured, as well as protective actions, such
as keeping people away from the area of the accident. These are activities that usually
occur within the first 30 minutes of a response and are normally performed by local
governments. If the local government determines that its response capabilities have
been exceeded, which is often the case in incidents involving radioactive materials,
they would request additional radiological monitoring and assessment help from a State
government organization. In addition, State, Tribal, and local governments must ensure
that cleanup and decontamination activities, if necessary, meet their standards.
In 1980, the Nuclear Regulatory Commission (NRC) published a survey1 (Mitter et. al,
1980) of State emergency-response capabilities for responding to transportation
accidents. The NRC Survey reports that the number of requests for State assistance
in transportation accidents involving radioactive materials is 275 per year, or a mean of
5.6 requests per State per year. Many of the States responding to the survey stressed
that most of these accidents are not serious, the shipping containers or casks retain
their integrity, and there is rarely any release of radioactive material. Some of the
respondents mentioned that they were more concerned about accidents involving
hazardous chemicals. However, knowledge that most transportation accidents involving
radioactive materials are not serious does not diminish the need for technical expertise
at the scene, because hasty decisions or actions by uninformed personnel can lead to
unnecessary panic. In one accident, for example, a civil-defense volunteer who was
among the first responders used a pocket dosimeter that had not been calibrated for
more than a year. The worker's defective dosimeter indicated a near-lethal reading of
radiation dose, causing an entire township to panic. The State response team later
determined that there had been no radiation leakage.
Forty-six States responding to the NRC survey (Mitter et al., 1980) reported that they
had never needed to call on Federal assistance in transportation accidents involving
radioactive material. Four of these States, however, have DOE installations within their
borders; these installations are routinely notified and respond on behalf of the State, if
they are the nearest source of qualified personnel. Only three States reported having

1 This survey is currently being updated.

C-4

called for Federal personnel, and one of these stated that they asked for Federal
assistance to verify the integrity of shipping casks that had been involved in a rail
accident. In addition, several States mentioned that in some incidents involving
shipments from or to Federal installations, the drivers had notified the Federal installation, which sent personnel to respond. As discussed in Subsections C.2.3.1 and
C.2.3.2, when the DOE is the shipper, the DOE will respond automatically. If DOE
receives notification of an accident from its carrier, they will provide this information to
the State and coordinate the response.
To be prepared to respond, it Is necessary to develop and implement emergencyresponse plans. The rest of this subsection briefly describes planning by State, Tribal,
and local governments; guidance for evacuation plans; and capabilities.
C.2.2.1 Response Plans
State, Tribal, and local governments are generally responsible for providing the first
response to a transportation accident. In addition, according to a guidance document
issued by the Federal Emergency Management Agency (FEMA, 1988), the local government must determine the action required in order to prevent further damage to life or
property. (State and local statutes should be consulted to determine specific responsibilities.) Cleanup and decontamination may be performed by any of a number of
organizations, but the carrier and shipper have ultimate financial responsibility. The
State does have a responsibility to assure that cleanup is in compliance with Stateestablished levels. In the event State, Tribal, or local governments expend resources
for activities needed to mitigate the effects of 1:he accident, these expenses would be
reimbursable (see Subsection C.2.3.6).
Under Federal and State regulations, each State, Tribal, and local government is
responsible for developing emergency-response plans and for providing the first
response to emergencies involving radioacive material.
As discussed in the
subsequent subsections, assistance is available from the Federal government for
planning for emergency preparedness and evaluating the adequacy of the plans.
States have generic plans for responding to emergencies involving radioactive materials.
These plans include procedures for notifying the organizations that can provide the
required assistance and lists of organizations to call in order to initiate the proper
response. There is no requirement for State, Tribal, and local governments to develop
specific plans for responding to transportation accidents involving radioactive materials.
The guidance document issued by the FEMA (FEMA, 1988) suggests that planning for
transportation accidents be closely integrated into generic emergency operating plans
for all types of disasters and emergencies.
C.2.2.2 Evacuation Plans
In a transportation accident, the State, Tribal, or local government has the responsibility
for taking emergency protective actions, like ev.acuation. It should be noted, however,
that a Vansportation accident involving radioactive materials, unlike an accident involving
explosives or noxious gases, is not likely to require an evacuation in the ordinary
sense. At most, in the unlikely event that some radioactive rnaterial is released, it

C-5

would be necessary to establish a small control zone (with a radius of 150 feet from
the source) from which people would be excluded until cleanup was completed.
Federal agencies clearly have the responsibility to coordinate emergency preparedness
with other jurisdictions. To this end, the DOE, through its States Training and
Education Program (STEP), has attempted to provide decision makers at the State,
Tribal, and Iocal levels with accurate information to develop written procedures for
making protective-action decisions, such as evacuations.
For example, DOE's STEP training course presents the recommendations of the FEMA
guidance document (FEMA, 1988) and the DOT's Emergency Response Guidebook
(DOT, 1987) to establish "an upwind exclusion area of at least 150 feet" after an
accident involving radioactive materials. In addition, radiological health and environment
professionals at the State and county level have been given specific information about
the generic contents and hazards of the transuranic waste that may cross their
boundaries. This information includes radiation exposure rates and long-term effects
expressed in probabilities of developing cancer.
C.2.2.3 Capabilities
The number of resources (and thus capabilities) available to State, Tribal, and local
governments depends on the types of industry located within their boundaries. States
with operating cornmercial reactors have more resources, because a demonstrated
emergency-response capability must be established in order for a reactor to be licensed
by the NRC. All States have functionally oriented radiological health and emergency
management organizations. These organizations include trained staff and specialized
equipment.
Most first responders do not maintain the capability to measure or detect radiation or
radioactive rnaterial at the scene of an accident. However, the Committee on
Emergency Response Planning of the Conference of Radiation Control Program
Directors advised the Federal committee that revised the FEMA guidance document
(FEMA, 1988) that a radiation detection instrument is not necessary in first response to
a transportation accident. The role of the first responders is to deal with preservation
of life, health, and property. This generally means extinguishing or preventing fires and
saving lives. First responders, therefore, shouid arrive at the scene with adequate
protective clothing. For example, bunker clothes or turnout gear and self-contained
breathing apparatus are typically used by responding firefighters and some rescue
personnel. This type of gear witl give sufficient protection against the inhalation of
radioactive material such as would be transported to the WIPP and would prevent
external contamination. Protection is also provided by the surgical gloves (or their
equivalent) and masks that have been issued to most ambulance, rescue, and lawenforcement personnel.
State-level radiological health personnel would respond with protective clothing (shoe
covers, gloves, coveralls, and respirators) and portable instruments for detecting and
measuring radiation. Many States have mobile laboratories for analyzing environmental
samples. Information generated by State radiological field teams would be provided
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to the decision makers responsible for recommending protective actions to nearby
residents.
In addition, if the State and local resources need to be supplemented, the resources
of the Federal government, primarily the DOE, can be requested to support racliation
monitoring and assessment.

C.2.3 FEDERAL ASSISTANCE IN EMERGENCY RESPONSE
C.2.3.1 The Federal Emerqency Management Agency and the Framework for
Federal Assistance
Until 1979, several Federal agencies had responsibilities related to emergency response,
and no single agency was charged with coordinating their efforts. To consolidate
resources and capabilities, the Federal Emergency Management Agency (FEMA) was
created in April 1979 by Presidential order. The FEMA was created from the following
five agencies: the Defense Civil Preparedness Agency (Department of Defense), the
Federal Disaster Assistance Administration (Department of Housing and Urban
Development), the Federal Preparedness Agency (General Services Administration), the
U.S. Fire Administration (Department of Cornmerce), and the Federal Insurance
Administration (Department of Housing and Urban Development). In addition, the FEMA
took over the responsibilities of the NRC for planning the activities of State and local
governrnents in emergency response for radiation-related accidents. The NRC, however,
provides technical assistance and expertise to the FEMA.
The FEMA was subsequently made responsible for establishing policies for and
coordinating all Federal functions in civil-defense and civil-emergency planning,
management, mitigation, and assistance. The Director of the FEMA represents the
President in working with State and local governments and the private sector to
stimulate active participation in planning and implementing programs for civil-emergency
response and recovery. Civil emergencies include transportation accidents involving
radioactive materials. The FEMA has entered into cooperative agreements with each
of the Slates, and under these agreements it provides financial assistance to the States
to support planning, preparedness, and response activities (see Subsection C.2.3.6).
In 1935, the FEMA, in cooperation with several other Federal agencies, including the
DOE, developed the Federal Radiological Emergency Response Plan. This docurnent
was released as an interim document in 1984; in 1985, after receiving the concurrence
of the above-listed agencies, it was released as its final operational plan (FEMA, 1985).
The Federal Radiological Emergency Response Plan (FRERP) assigned to the FEMA the
responsibility of coordinating overall Federal assistance for radiological-emergency
prepareclness. The DOE was assigned the specific responsibility of providing Federal
assistance for radiological monitoring and accident assessment. To facilitate this task,
the DOE developed the Federal Radiological Monitoring and Assessment Plan (FRMAP).
Under the FRMAP, the DOE has the primary responsibility (if assistance is requested
by State or local governments) to provide technical personnel and equipment for
radiation monitoring and assessment for any radiological emergency including a
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transportation accident involving radioactive waste. The DOE resources that are
availabie for emergency response are discussed in Subsection C.2.3.2.
The FRERP recognizes that a transportation accident involving radioactive waste may
represent a lesser hazard or serious threat to the public than other radioactive material
accident scenarios, such as reactors, weapons, etc., and States that "in most cases,
State resources or a limited Federal Response will suffice." In accordance with the
practice established under the Civil Defense Act of 1950, the plan makes two basic
assumptions about the role of the Federal Government in responding to radiological
emergencies:
• State and local governments are responsible for protecting the health and
safety of their citizens.
• An agency of the Federal Government will respond only if requested by the
State, except in situations where the Federal agency has statutory or other
authority. The availability of Federal resources is subject to prior statutory
commitments to fulfill other operational requirements.
In order to assist State, Tribal, and local governments in planning emergency
preparedness for transportation accidents involving radioactive material and to
coordinate this Federal assistance, the FEMA promulgated regulations as Title 44 to the
Code of Federal Regulations, Part 351 (44 CFR Part 351). In these regulations the
FEMA assigned to various Federal agencies responsibilities for assisting State, Tribal,
and local governments in planning for radiological emergencies. To this end it created
the Federal Radiological Preparedness Coordinating Committee and 10 separate
Regional Assistance Committees.
The Federal Radiological Preparedness Coordinating Committee (FRPCC) is composed
of nine Federal agencies:
•
•
•
•
•
•
•
•
•

Federal Emergency Management Agency
U.S. Department of Energy
U.S. Department of Commerce
U.S. Department of Defense
U.S. Department of Health and Human Services
U.S. Department of the Interior
U.S. Department of Transportation
U.S. Environmental Protection Agency
U.S. Nuclear Regulatory Commission.

The Federal Radiological Preparedness Coordinating Committee provides the FEMA with
policy direction for the program of Federal assistance to State and local governments
in their planning and preparedness activities for radiological emergencies. The
Committee has established several subcommittees, one of which is the Subcommittee
on Transportation Accidents. The DOE is one of the agencies represented on this
subcommittee.
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While the Federal Radiological Preparedness Coordinating Committee has coordination
responsibilities at the national Ievel, the Regional Assistance Committees provide
coordinated Federal assistance directly to State and local governments. In general,
the agencies involved in the FEMA are also involved in the Regional Assistance
Committees. The committees have been given the responsibility of assisting State and
local government officials in developing and reviewing their radiological emergency
plans and in observing exercises to evaluate the adequacy of the plans. On specific
requests from State and local governments, Federal assistance is provided, to the extent
that resources permit, through the integrated efforts of the Regional Assistance
Committees. The DOE has been active in all 10 Regional Assistance Committees,
primarily in the area of radiation monitoring and assessment.
C.2.3.2 The Emergencv-Response Resources of the DOE
The DOE has a wide variety of resources ;available for response to radiological
emergencies; these resources are briefly described in this subsection. A more
comprehensive discussion of these resources can be found in a recently published
report (DOE, 1989b). In addition, this subsection discusses the various levels at which
the DOE can provide assistance in emergency response and a typical sequence for
DOE response to a transportation emergency.
The DC)E organizations providing emergency radiological assistance are guided by the
Regional Radiological Assistance Plan (see Subsection C.2.3.2.1) and the Federal
Radiological Monitoring and Assessment Plan (see Subsection C.2.3.1).
C.2.3.2.1 Radiological Assistance Program. The DOE maintains an active emergencyresponse program through its Radiological Assistance Program, which is implemented
through eight Regional Coordinating Offices in various parts of the United States (see
Figure C.2.1). These offices, supported as necessary by other DOE offices, DOE
contractors, and Federal agencies in their regions, have the capability to respond to
transportation and nontransportation radiological emergencies. They usually respond
directly to incidents involving materials (e.g., TRU waste) owned by the DOE or its
contractors, and they will respond to requests for assistance from State, Tribal, or local
governments. The guidelines for providing assistance under the Radiological Assistance

Prograrn are given in a Regional Radiological Assistance Plan. When a DOE Regional
Coordinating office responds to a request for assistance, the authority of State and local
jurisdictions as on-scene directors prevails, except in cases involving nuclear weapons.
Each Regional Coordinating office maintains a 24-hour per day point-of-contact, where
calls for assistance are received.
C.2.3.2.2 Levels of Emergency Response. A DOE: response to a request for radiological
assistance will vary, depending on the incident. As discussed below, it can be as
simple as advice by telephone or a full Federal response. Unless the Federal Radiological Monitoring and Assessment Plan (FRMAP) is activated, all forms of response are
conducted under the DOE's Regional Radiological Assistance Plan. Transportation
emerge icies, however, are not likely to be sericus enough to activate the FRMAP.
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FIGURE C.2.1.

For minor incidents, the DOE's response may be limited to advice given by telephone.
The point-of-contact at the Regional Coordinating Office in whose area the accident
occurred requests from the party reporting the accident essential information, including
a telephone number where the first responders can be reached and a description of the
accident. This information is then provided to a designated health physicist. The health
physicist then calls the first responders at the scene of the accident and provides all
advice necessary for mitigation, including recommendations to expand the response,
if necessary. The Regional Coordinating Office also coordinates an exchange of
information with the appropriate State and Tribal agency or agencies.
When the caller asks for assistance in radiological monitoring or assessment, the
Regional Coordinating Office coordinates with and receives approval from the State or
Indian Tribe prior to dispatching a Radiological Assistance Program (RAP) team to the
scene of the accident. This team consists of specialized personnel, such as health
physicists, industrial hygienists, and medical specialists, chosen from DOE and
contractor personnel. The size and compositior of the team will depend on the severity
of the accident.
The mission of the team is to help State, Tribal, and local authorities identify and
mitigate the radiological effects of the accident. Specific activities include identifying
vehicles or property that is contaminated with radioactive materials, providing advice on
decontamination, and arranging for medical advice on the treatment of personal injuries
that may be complicated by exposure to radiaticin and/or contaminated with radioactive
material. A designated spokesperson of the RAP team also coordinates with the local
or State authorities to provide prompt information to the public about DOE shiprnents
and the DOE's response assistance.
In the event of a major emergency requiring response by several Federal agencies, the
FRMAF is activated, and the activities of the RAF team are incorporated into the general
Federa response. In such an event, the DOE's management and staff would initiate
and maintain effective coordination of their radiological monitoring and assessment
efforts with State and local agencies and Tribal governments. The DOE would provide
all necessary resources to fully integrate Federal activities with the response efforts of
the State, Tribal, and local authorities. It should be noted, however, that an emergency
of such severity is not likely in transportation accidents involving radioactive materials.
C.2.3.2.3 Sequence of Events in an Emergencv Response. The basic activities of a
DOE Regional Coordinating Office in response to a transportation accident are likely to
proceed in the sequence given below. However, because each Regional Coordinating
Office has its own response plans and procedures, some variations may occur.
1) The Regional Coordinating Office receives a call for assistance.
2) The appropriate State, Tribal, or local authorities are immediately notified
to verify the request.
3) A health physicist may give advice over the telephone and determine the
proper level of response.
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4) If the emergency requires emergency-response personnel or equipment, the
Regional Coordinating Office will contact State, Tribal, and local authorities
to determine their capabilities. If the State, Tribal, or local resources are
adequate, the participation of the DOE is terminated unless additional
assistance is specifically requested. However, if the DOE is the owner,
shipper, or receiver of the shipment, the Regional Coordinating Office will
respond automatically.
5) The Regional Coordinating Office notifies the Emergency Operations Center
at DOE Headquarters in Washington, D.C., about the incident and the
resources requested. If the Office needs additional support, such as the
Atmospheric Release Advisory Capability, it will request DOE Headquarters
to facilitate that request.
6) On arriving at the scene of the accident, the RAP team assesses the
situation to determine whether additional assistance is needed. If an
emergency requires additional resources, the leader of the RAP team
contacts the Regional Coordinating Office, which requests the Emergency
Operations Center in Washington to activate additional DOE resources. If
no other assistance is required, the leader of the RAP team ensures that
the response proceeds appropriately until it is terminated.
7) In the unlikely event that the resources needed for radiological monitoring
assessment exceed those of the DOE, the Federal Radiological Monitoring
and Assessment Plan will be activated. When this happens, the manager
of the DOE's Nevada Operations Office, (responsible for managing DOE
resources during responses to major radiological emergencies), will select
a director to coordinate monitoring and assessment assistance and to
establish the liaison with the cognizant Federal agency (the shipper or
owner) and State, Tribal, and local officials.
8) The appointed director selects a site near the incident to establish a
Federal Radiological Monitoring and Assessment Center. The appropriate
procedures from the Federal Radiological Monitoring and Assessment Plan
are then executed until the emergency phase of the accident is over.
9) Once the initial emergency is over, the EPA assumes the DOE's duties of
radiological monitoring and assessment. The time for this transfer will be
determined by consultation among the DOE, the EPA, and the State or
Indian Tribe. The EPA designates who assumes the DOE's responsibilities.
C.2.3.2.4 Resources Available to Regional Coordinating Offices. Each of the Regional
Coordinating Offices has a wide range of resources for responding to a transportation
accident involving radioactive materials, including both personnel and equipment.
These resources are drawn from the staffs and facilities of the DOE and the DOE
contractors.
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The equipment available at most of the Offices includes the following:
1) Radiation monitors
a. Alpha detectors
b. Beta and gamma detectors
c. Neutron detectors
d. Tritium detectors
2) Whole-body dosimeters
3) Spectrometers (instruments capable of identifying specific radioisotopes)
4) Sampling equipment
a. Air-sampling equipment for particulates and gases
b. Environmental sampling equipment (plastic bags, etc.)
5) Decontamination equipment
6) Aerial-survey instruments
7) Protective clothing
a. Gloves, boots, etc.
b. Anticontamination clothing
c. Breathing apparatus, including respirators and self-contained breathing
apparatus
8) Dedicated response vehicles
9) Mobile laboratories
10) Electric power generators
11) Communications equipment (RAP radio frequencies).
The personnel available for response include, experts in health physics, medicine,
security, legal counsel, public information, and industrial hygiene.
C.2.3.2.5 Other DOE Resources. In responding to a major radiological emergency, the
Regional Coordinating Offices can request assistance from various other DOE
resources. The magnitude of resources available is extensive. However, for scenarios
considered credible for transportation accidents, only a portion of the DOE's full cadre
of resources would be called upon. These resources, which are described in more
detail
the above-cited report on the DOE's emergency preparedness (DOE, 1989b),
include the following:
•

Atmospheric Release Advisory Capability. This resource is operated by the
Lawrence Livermore National Laboralory in Livermore, California. It provides
estimates, using computer modeling techniques, of atmospheric dinsion,
deposition of radioactive material on the ground, and radiation doses.
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• Aerial Measurement System. This system, based in Las Vegas, Nevada and
Washington, D.C., consists of airplanes and helicopters with extensive
equipment for radiation detection, data management, location mapping, and
photography. It can be used for aerial monitoring to determine the extent
of lost or diverted radioactive materials.
•

Mobile Accident flesponse Group. This unit consists of two trucks and two
trailers designed to support a military response and can be transported by
U.S. Air Force C-141 aircraft.
One of the trailers is a personneldecontamination unit equipped with a shower, sink, a 30-gallon hot-water
tank, and anticontamination equipment and supplies, while the trucks carry
an electric generator, a 250-gallon water tank, and a workshop.

•

Mobile Manipulator. The mobile manipulator is used as an emergency or
standby system for toxic or radioactive environments. It is attached to a
control console and can operate at a distance of up to 700 feet from the
console. The mechanical hand on the manipulator can lift up to 160 pounds
and drag up to 500 pounds. Two television cameras mounted behind the
arm transmit pictures to monitors on the control console. This equipment
is located at the Oak Ridge National Laboratory in Tennessee.

• Radiation Emerqency Assistance Center/Traininq Site. This facility in Oak
Ridge, Tennessee provides the most modern multipurpose facilities available
for handling victims of radiological emergencies and is designed to handle
any type of incident involving exposure to radiation (see Subsection C.3.4.2).
C.2.3.2.6 The TRANSCOM Vehicle-Tracking and Communication System. As described
in Appendices D and M, a satellite-based communications system will be used to track
vehicles carrying TRU waste. Based in Oak Ridge, Tennessee, it has several features
that can be useful during a transportation emergency. For example, the monitoring
screens at the TRANSCOM Control Center will indicate the occurrence of an accident
to an operator who is on duty 24 hours a day, 7 days a week. In addition, the system
can be used to obtain information about the type of radioactive material carried in a
shipment, it provides information from the Emergency Response Guidebook (DOT,
1987), and it provides a means for communication between the drivers of the vehicle
involved in the accident and the Central Coordination Center at the WIPP.
C.2.3.3 Guidance to State, Tribal, and Local Governments for Emergency Response
to Transportation Accidents
The Subcommittee on Transportation Accidents (Subsection C.2.3.1), of which the DOE
is a member, has been charged with coordinating activities associated with
transportation accidents involving radioactive materials. One of the major activities of
this subcommittee has been to prepare emergency planning guidance for State, Tribal,
and local governments so that they may safely and appropriately respond to a
transportation accident involving radioactive material.
The subcommittee has
coordinated the development of a document entitled Guidance for Developing State and
Local Radiological Emergency Response Plans and Preparedness for Transportation
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Accidents (FEMA, 1988). This document, which is referred to as FEMA Rep-5, was
initially released in 1983 and was revised in 1988. In addition to general inforrnation
on transportation systems and casks, the document provides planning objectives and
guidance.
Included in the revised document is guidance for ensuring that State, Tribal, and local
organizations have established procedures for contacting the proper emergencyresponse personnel, establishing methods for communicating to the general public
when an accident occurs, ensuring the availability of means for limiting radiation
exposures, making arrangements for medical services, providing for clean-up after the
accident, and training. The document also describes the FEMA program for assisting
States, Tribal, and local governments in their planning if they request assistance.
C.2.3.4 Federal Emergency-Response Trainiqg
Training in emergency response is offered by !aeveral Federal agencies, including the
FEMA, the DOT, the EPA, and the DOE. Information on the training courses that are
available is given in the Digest of Federal Training in Hazardous Materials (FEMA-134,
Washington, D.C., July 1987), which includes a summary of Federal training courses for
emergency response to accidents involving raclioactive materials. (The digest can be
obtained from the FEMA Publications Office, 500 C Street S.W., Washington, D.C.
20472.)
The FE:MA operates the National Emergency Training Center in Emmitsburg, Maryland.
Training courses are offered at this center by the Emergency Management Institute.
They address such topics as the assessment of radiological accidents, planning for
radiological emergency-response teams. Information on the Emergency Management
Institute and a schedule of courses can be obtained by writing to the FEMA National
Emergency Training Center, Emmitsburg, MD 20727.
In addition, the FEMA sponsors a radiological-emergency-response course at the
Nevada Test Site. This course consists of 8-1/2 days of instruction on such topics as
accident assessment and procedures for response. This course is targeted for
individuals in State governments who must respond to radiological emergencies,
including those initiated by transportation scenarios.
The DC)T supports the Transportation Safety Institute in Oklahoma City, Oklahorna. In
addition, the DOT has recently published and distributed the 1987 Emerqency Response
Guidebook: Guidebook for Hazardous Material Incidents (DOT/P-5800.4, Washington,
D.C., 1987). The guidebook contains an inventory of hazardous materials, including
radioactive materials, and a series of 76 one-page guides listing potential hazards and
recomrnended emergency actions. It is intended to be carried, for immediate use, in
every emergency-service vehicle (fire, police, firs': aid, civil defense) in the United States.
Copies can be obtained by writing to the U.S. Department of Transportation, Research,
and Special Programs Administration, Attention: DHM-51, Washington, D.C. 20590.
The DOE has created the Radiation Emergency Assistance Center/Training Site
(REAC/TS) at Oak Ridge, Tennessee. This multipurpose facility, operated by the Oak
Ridge Associated Universities, is designed to treat victims of radiological accidents and
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to train medical and health-physics personnel. It is designed to handle any type of
radiation-exposure accident that might occur at Oak Ridge or elsewhere (see
Subsection C.3.4.2).
The DOE's Transportation Management Division sponsors a series of workshops on
radiation-related emergency response. These one-day introductory courses cover
basic emergency-response issues related to hazardous materials transportation
incidents, with emphasis on accidents. Designed for regulatory and enforcement
personnel as well as first responders to transportation incidents, the workshops cover
four major topics: hazardous materials in general radioactive materials, shipments of
radioactive materials, and response to incidents involving radioactive materials.
The DOE has also instituted a special training program for the transportation of TRU
vvaste to the WIPP. This program is discussed in Subsection C.3.4.
C.2.3.5 Federal Information Services for Radiolodical Emergencies
The DOE operates, in conjunction with the Defense Nuclear Agency, the Joint Nuclear
Accident Coordinating Center (JNACC). The purpose of the JNACC, which is
headquartered at the Kirtland Air Force Base in Albuquerque, New Mexico, is to
exchange and maintain information related to radiological-assistance capabilities within
Federal government agencies and the military. The JNACC also functions as a point
of coordination for requesting military assistance in connection with radiological
accidents.
The DOE also has eight regional centers of emergency-response experts to provide
information and assist in responding to accidents. The teams are located in Upton,
New York; Oak Ridge, Tennessee; Aiken, South Carolina; Albuquerque, New Mexico;
Argonne, Illinois; Idaho Falls, Idaho; Oakland, California; and Richland, Washington.
Information is also available from the National Response Center in Washington, D.C.
This center is maintained by the DOT through the Coast Guard and in cooperation with
the EPA. It provides information and advice to all interested parties for meeting
emergencies involving spills of hazardous substances, including radioactive materials.
The Chemical Manufactures Association maintains CHEMTREC, a similar information
resource, also located in Washington, D.C. Both the National Response Center and
CHEMTREC can be accessed using a toll free 800 telephone number, 24 hours per
day.
C.2.3.6 Financial Responsibility for Transportation Accidents
To provide a high level of financial protection for the public in the event of a nuclear
incident, Congress enacted the Price-Anderson Act, 42 USC 2014 and 2210 (Act). The
Act provides a system of financial protection for public liability for a nuclear incident or
a precautionary evacuation arising out of or in connection with DOE contractor activity
by providing Government indemnity to pay claims up to approximately $7.3 billion per
incident. (Certain NRC-licensed activities are also covered by the Price-Anderson
system through insurance and a pooling of utility funds, but those provisions are not
applicable to the WIPP.)
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In the event that claims exceed the statutory dollar limit, the President is required to
submit a compensation plan to the Congress providing for prompt and full
compensation for all valid claims, and Congress has promised to lake whatever action
is determined to be necessary (including approval of appropriate compensation plans
and appropriation of funds) to provide full and prompt compensation to the public for
all public liability claims resulting from a disaster of such magnitude"(42 USC 2210 [e]).
Price-Anderson coverage applies to all DOE fixed facilities shipping waste to the WIPP,
the WIPP itself, and transportation to or from these covered facilities. All transportation
modes are covered, and the protection applies not only to the named party in the
indemnity agreement, but to any person (except DOE and NRC) who may be liable for
public liability.
In addition to the Price-Anderson coverage, all motor vehicles carrying TRU waste to
the WIPP are required by the Motor Carrier Act of 1980, 42 USC 10927, and
implementing regulations, 49 CFR 387, to maintain financial responsibility of at least $5
million, which would be available to cover public liability from a non-nuclear incident and
for environmental restoration.

C-17

C.3 EMERGENCY-RESPONSE PLAN FOR WASTE
TRANSPORTATION TO THE WIPP

This subsection specifically addresses emergency preparedness for accidents occurring
during the transportation of TRU waste to the WIPP. It outlines the general
responsibilities, illustrates the responses that might be expected by describing a
hypothetical accident scenario, and then gives detailed procedures to be followed by
the various cognizant organizations or persons.
In transportation accidents involving shipments of TRU waste, the responsibilities will be
as follows:
1) The carrier will be responsible for notifying designated authorities of the
accident (see Subsection C.3.1).
2) State, Tribal, and local authorities will be the first responders at the scene
of the accident. They will have command and control authority for
emergency response, and they will be responsible for implementing measures
necessary to protect life, property, and the environment.
3) The DOE, as owner and shipper, will be present at the scene to assess the
damage, to verify the level of any release of radioactive material or that no
release of radioactive material has occurred, and to help the State and local
authorities promptly inform the public about the situation. In the unlikely
event that a release of radioactive material has occurred, the DOE or its
contractors will collect the TRU waste and any debris; decontaminate soil,
vehicles, and persons as needed; reload the TRU waste into new shipping
containers; and return the site of the accident to normal use.
These responsibilities are illustrated in Figure C.3.1 and outlined in the sections that
follow, which discuss the procedures to be followed by the carrier; Slate, Tribal, and
local governments; and the DOE.
Each of the responsible parties must make various notifications of the accident. The
organizations to be called by each party are cited in the text that follows, and the
notifications that are to be made are summed up in Figure C.3.2.

C.3.1 EMERGENCY-RESPONSE PROCEDURES FOR THE CARRIER
The trucking contractor (the carrier) for the WIPP has prepared an emergency-response
plan, including an itemized list of the emergency equipment carried on the vehicle, and
has submitted it to the DOE for approval. The trucking contractor has provided the
tractors transporting the TRU waste with equipment to be used in the event of a
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FIGURE C.3.1
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transportation accident. This equipment includes a citizens' band radio, a mobile
telephone, an antenna for the TRANSCOM satellite-based vehicle tracking system, and
instruments for detecting and measuring alpha, beta, and gamma radiation. The drivers
of the tractor-trailers are to receive training in radioactive waste transportation and
emergency response, including procedures for obtaining local, State, or Federal
assistance, if technical advice or emergency wsistance is needed. (As explained in
Appendix M, two drivers will be used for each shipment in order to provide constant
surveillance of the tractor-trailer at all times.) The drivers will be trained in the use of
the raciiation survey meters. They will be supplied with complete procedures for
responding to the accident, including the telephone numbers of the Central
Coordination Center at the WIPP, the cognizant State or Tribal agencies, and the
telephone numbers of the DOE's Regional Coordinating Offices where the Radiological
Assistance Program teams are located (Figure C.2.1). The drivers will be given
telephone numbers that can be called collect if the mobile telephone does not operate.
For cornmunication with the dispatcher of the trucking contractor, the drivers will be
given 800-numbers.
C.3.1.1 Procedures for the Drivers of the Vehicles
lf a transportation accident occurs, the drivers of the vehicle will take the following
actions in addition to the usual actions (e.g., extinguishing fires, placing caution devices
on the road) necessary to control an accident situation:
1) Isolate the immediate area around the vehicle.
2) Prevent unauthorized personnel from entering the affected area.
3) Notify local authorities.
4) If there is a possibility that one of the shipping containers has been breached
and radioactive materials have been released, the drivers will perform a
preliminary radiation survey with the radiation monitoring instruments provided
in the cab of the tractor.

5) Notify the WIPP Central Coordination Center and report as much of the
foHowing information as is available at the time:
a.
b.
c.
d.
e.
f.
g.
h.
i.

Date, time, and location of accident
Severity of accident
Telephone number where the drivers can be reached
Shipment number and description of waste from shipping papers
Extent of property damage and/or personnel injuries
Results of the radiation survey made by the drivers
The authorities in charge at the scene
The civil agencies that have been notified
What assistance is required.

lf all of the information listed above is not known, the drivers must not delay
calling. To facilitate this reporting, the driver will be provided with a form
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that lists aIl of the items to be reported. This form should be filled out
before the trip is completed.
6) The drivers are to identify the persons who might have been in the immediate
area of the vehicle to the on-scene commander. If an on-scene commander
is not present, request the persons who have been identified to remain at
the scene.
7) Stand by until assistance arrives.
8) Notify the dispatcher of the trucking contractor.
9) Follow any site-specific instructions that have been given to the drivers by
the dispatcher.
10) Notify TRANSCOM Operator (as shown on Figure C.3.2).
While the above-listed activities are performed, constant surveillance of the tractor-trailer
must be provided by one of the drivers. The drivers are not to move any vehicles,
containers, or wreckage unless directed to do so by the on-scene commander, or
unless it is in the interest of public health and safety. Before moving vehicles,
containers, or wreckage, the drivers must obtain permission from WIPP Transportation
Operations or the cognizant DOE regional office of the Radiological Assistance Program.
The drivers must obtain the name of the person or persons approving the movement.
In addition, the drivers rnay not remove any seals from the shipping containers. And
unless they have the specific approval of the WIPP Transportation Operations, the
drivers shall not permit the removal of seals by anyone other than the authorized WIPP
representative.
C.3.1.2 Procedures for the Dispatcher of the Trucking Contractor
The dispatcher of the trucking contractor will take the following actions:
1) In conjunction with the WIPP Central Coordination Center, notify the
following, in order of priority:
a.
b.
c.
d.

The WIPP Project Office
The DOE Albuquerque Operations Office
Appropriate State, Tribal, and local law-enforcement agencies
Generator facility.

2) In the event of breakage of the shipping containers, spillage of TRU waste,
or suspected contamination with radioactive material, notify the DOT.
3) Have the vehicle repaired or dispatch a replacement tractor.
4) Send replacement drivers, if necessary.
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5) Authorize the shipment of replacement parts, if necessary.
6) Maintain a log of actions taken during the emergency, including the time of
each action, and send a copy of the record to the WIPP.
C.3.1.3 Insurance
The trucking contractor will be responsible for maintaining up to $5 million liability
insurance for nonradiation-related property damage, injury, or death. Radiation-related
liabilities will be covered by the Federal Government under the provisions of the PriceAnderson Amendment Act (see Subsection C.2.3.6).

C.3.2 EMERGENCY-RESPONSE PROCEDURES FOR THE STATE, TRIBAL AND
LOCAL GOVERNMENTS
As eKplained in Subsection C.2, State, Tribal, and local governments have primary
responsibility for implementing measures at the scene of the accident to protect life,
property, and the environment. These measures may include such activities as
extinguishing fires, excluding people from the scene of the accident, giving first aid to
the injured, and evacuating the nearby residents. The same responsibility applies to
the governments of Indian Tribes having response capabilities in the case of
emergencies on Indian reservations.
The DOE has developed a program for training police and emergency-response
personnel of State, Tribal, and local governments in the proper procedures to be
followed in the event of a transportation accident. The training course includes an 8hour course for personnel selected by the States to be the first responders. The
personnel who were trained first were 2,417 firemen, policemen, and emergency medical
personnel from the States involved in shipments from the Idaho National Engineering
Laboratory and the Rocky Flats Plant; that is, Idaho, Utah, Wyoming, Colorado, and
New Mexico. Personnel from the other States will be trained before any TRU waste
is transported through their State. The training course is described in detail in
Subsection C.3.4.

C.3.3 PROCEDURES FOR RESPONSES BY THE DOE AND ITS CONTRACTORS
C.3.3.1 Procedures for the Central Coordination Center at the WIPP
The Central Coordination Center (CCC) at the WIPP will be responsible for coordinating
the ernergency-response actions of the DOE. This center will be linked to the Control
Center of the TRANSCOM satellite-based vehicle tracking and communication system
at Oak Ridge, Tennessee. (The TRANSCOM system is described in Subsection D.2.)
To increase public confidence and maintain a high level of coordination, a CCC
operator will monitor incoming and outgoing shipments 24 hours per day, 7 days a
week. The duties of the CCC operator will include the following:
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1) Monitor the transport of the TRUPACT-Il containers and the shipping casks
for RH TRU waste, both loaded and empty.
2) Coordinate, as necessary, the activities of the DOE, the trucking contractor,
and the drivers, in the event of breakdown or driver emergency.
3) Provide a means of emergency notification.
4) Coordinate, as necessary, with the State and local personnel who are
designated first responders and with law-enforcement agencies.
5) Coordinate between the drivers and the Joint Nuclear Accident Coordinating
Center for a safe haven for the shipment if necessary. (A "safe haven" is a
parking area, for example, at military installations that can be used, by
agreement with the Department of Defense, for TRU waste shipments.)
6) Function as a central tracking point in the event the TRANSCOM satellitebased system does not function properly.
To facilitate CCC responses during and after a transportation accident, check sheets
will be provided. The CCC operator will maintain a log of events as they occur, citing
all actions taken, if appropriate.
In the event that the CCC operator is notified or becomes aware of an emergency
situation, he or she will follow a prescribed procedure, using an Accident Response
Checklist. An emergency situation requiring this response from the CCC operator is
defined to be one of the following: a vehicle accident, a breach of a shipping container
(a TRUPACT-I1 for CH TRU waste or a NuPac 72B for RH TRU waste), or a security
problem (an attempt to impede the progress of the vehicle to the WIPP site).
The procedure is as follows:
1) The CCC operator will attempt to establish contact with the driver and gather
as much information as possible about the cause of the accident.
2) In the event of an accident, the CCC operator will notify the organizations
listed on the Accident Response Checklist.
C.3.3.2 Procedures to Be Followed in the TRANSCOM Control Center
The operator of the TRANSCOM Control Center will update or correct, as appropriate,
the data bases for the list of emergency contacts and the emergency checklist. This
operator is the only user that may update these data bases.
The MESSAGE option of the TRANSCOM system provides a means of communication
that links the Central Coordination Center at the WIPP, the TRANSCOM Control Center
in Oak Ridge, Tennessee, other selected users, and the vehicles used to transport TRU
waste. Messages are assigned one of four priority categories. All messages from

C-24

vehicle drivers are routed to the CCC operator at the WIPP; messages to drivers are
sent by the operator of the TRANSCOM Control Center or the CCC operator.
Priority 1 messages are information only and do not require responses. Priority 2
messages signify minor problems and must be acknowledged in 5 minutes. All
messages from vehicle drivers will be automatically assigned a priority ranking of 3.
Such a message must be read and acknowledged within 2 minutes, or an alarrn will be
generated at the TRANSCOM Control Center,
Prior ty 4 will be reserved for emergency messages. If such a message is not
acknowledged within 1 minute or if the addressee is not logged onto the system, an
alarrn will sound at the TRANSCOM Control Center. In such a case, the TRANSCOM
operator will attempt to contact the CCC Operator at the WIPP. If necessary, the
message will be routed to a back-up WIPP computer.
C.3.3.3 Emergency-Response Responsibilities of Other DOE and DOE-Contractor
Organizations
This subsection reviews the emergency-response responsibilities of the WIPP
Transportation Operations, the DOE's Albuquerque Operations Office, and the WIPP
Project Office.
Transportation Operations is a group in the Waste Isolation Division of the
Westinghouse Electric Corporation (WEC). WEC is the operations contractor for the
WIPP, and it is responsible for ensuring that the transportation of TRU waste to the
WIPP is safe, cost-effective, and legal. WEC provides maintenance for the shipping
containers for TRU waste, and ensures that WIPP transportation activities are properly
docu mented.
Transportation Operations personnel must demonstrate an understanding and
knowledge of emergency-response procedures. The qualification program for these
personnel includes formal training, on-the-job training and retraining, performance
checklists, and written and oral examinations. Specific emergency-response topics
covered in the examinations include fire, nuclear criticality, evacuation, and the use of
radialion-dose meters in accidents involving radioactive materials.
The specific emergency-response responsibility of Transportation Operations personnel
is the timely notification of WIPP managemenl of accidents or incidents involving TRU
waste shipments to the WIPP. When an accident occurs, Transportation Operations
will receive information on the details of the accident from the CCC operator.
Transportation Operations will notify the DOE's. Albuquerque Operations Office, and the
DOE Operations Manager will permit the carrier to remove the shipment from the scene
of the accident, if necessary. This decision will be relayed to Transportation Operations,
who will notify the carrier (driver) through the CCC operator and the TRANSCOM
system. The traffic manager of the shipping site and the WIPP Transportation
Operations will decide whether the shipment should proceed to the WIPP or return to
the point of origin. This decision will be relayed to the carrier (driver) by WIPP
Transportation Operations through the CCC operator and the TRANSCOM system.
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The DOE's Albuquerque Operations Office (DOE/AL) will be responsible for notifying the
Radiological Assistance Teams of the Radiological Assistance Program (see Subsection
C.2.3) if their assistance is needed. DOE/AL will identify the Regional Office of the
Radiological Assistance Program that is closest to the scene of the accident (there are
eight regional offices) and notify it (through the established DOE Headquarters
notification system) that a Radiological Assistance Team should be dispatched. In the
event that the accident is a Type A accident as defined in DOE Order 5484.1,
"Environmental Protection, Safety, and Health Protection Information Reporting
Requirements"), DOE/AL will notify DOE Headquarters.
DOE/AL and the DOE's WIPP Project Office will coordinate the deployment of assistance
resources for the accident. These resources may include a public information officer,
Radiological Assistance Teams for making radiation surveys, and other technical and
management personnel, as rnay be required by the conditions of the accident to
support the on-scene command and control maintained by the State, Tribal, and local
agencies involved in the response.

C.3.4 EMERGENCY-RESPONSE TRAINING
C.3.4.1 Introduction
In late 1987, the State of New Mexico agreed to provide training for responding to
WIPP-related emergencies to the States traversed by WIPP transportation routes. This
led to the creation of the States Training and Education Program (STEP). As a result,
the TRU System Integration and Transportation office of DOE's WIPP Program office,
developed and conducted ER training to transport-corridor States and Indian Tribes.
The purposes of this training are 1) to provide accurate information regarding the WIPP
in order to enhance hazardous material response capabilities along the transport
corridor routes, 2) to provide specific response protocols to responders along TRU
waste routes, 3) to provide States and local jurisdictions with the framework to build
radiological materials response programs, 4) to provide responders with the skiils
necessary to assess impacts of an accident involving a WIPP shipment, and 5) to
provide States and Tribes with independent response capabilities.
Five separate training programs have been developed for the first responders to enable
them to respond to a maximum credible emergency involving a WIPP shipment.
•

First Responder Course. A 1-day, 8-hour class that provides an overview
of the WIPP and basic radiation and radiation protection principles. This
course is intended to train fire, law enforcement, and emergency medical
personnel to ascertain accident severity before a command center can be
established.
These courses are available to local responders at
approximately 60-mile intervals along transportation routes. As of November
30, 1989, this course was offered 123 times, and attended by approximately
3,500 personnel in the States of Idaho, Wyoming, Utah, Colorado, New
Mexico, Texas, Louisiana, Mississippi, Alabama, Georgia and South Carolina.
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•

First Responder Refresher Course. This is a 4-hour course offered to those
personnel in the States of Idaho, Utah, Wyoming and New Mexico who have
attended the First Responders course over 1 year ago. This course presents
updated information and reviews radiological protection techniques and
health effects and response protocol. As of November 30, 1989, this course
has been offered in 19 different locations.

•

Command and Control Course. This is a 2-day course intencled for
individuals who may be in comrnand at the scene of a transportation
accident involving TRU waste. In most cases these are law-enforcement or
firefighting officers. In either case the DOE works with State training contacts
to identify those organizations assigned this responsibility either in a written
plan/procedure or by legislation. State, Tribal, and local authorities are
responsible for identifying and inviting those individuals who have cornmand
and control responsibility. As of November 30, 1989, this course was offered
35 times, and 998 people were trained in the States of Idaho, Wyoming,
Utah, Colorado, New Mexico, Texas, and Alabama.
This course discusses the same topics as the First Responders course, but
in much greater detail. The incident command system is used to explain
the roles of each response organization in mitigating overall impacts of
accidents. Topics covered include scene and crowd control, fire fighting
practices, medical and rescue protocols, equipment necessary to respond
to a TRUPACT or RH cask accident, activities of radiological monitoring
teams, the use of the TRANSCOM satellite tracking system for obtaining
specific information about WIPP shipments, and media interaction techniques.
The course stresses that use of protective equipment normally carried to any
accident and the application of techniques taught in class will be sufficient
to protect responders. Personnel are instructed in basic radiological
protection principles to assist in decision making. The scope of this
instruction does not include the use of radiation monitoring and detection
equipment.
Personnel being trained are provided handout materials to supplement the
learning experiments. Additional teaching aids include videotapes and scale
models of the TRUPACT and the 55-gal drum packaging. Table-top
exercises using 4 ft by 6 ft models of rural and urban environments are
included to challenge the personnel and ascertain their ability to respond
correctly to postulated accidents.

•

Mitigation Course. This is a 4-hour course intended for State radiological
health and environmental professionals who may perform radiological
monitoring, make protective action decisions or perform environmental
restoration activities associated with a transportation accident involving
transuranics.
States are responsible for inviting class participants.
Individuals able to perform activities previously described would be invited.
This course is offered in one location, usually the capital city, in each State
where analysis has indicated the t the target audience lives. As of
November 30, 1989, this course was offered 11 tirnes and taught to 231
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people in the States of Idaho, Utah, Wyoming, Colorado, New Mexico, Texas,
Alabama, Georgia, and South Carolina.
The course assumes all attendees have a basic knowledge of health physics.
Specific information is presented on the unique properties of transuranic
elements. Specific topics include a detailed discussion of the WIPP Waste
Acceptance Criteria, detection techniques for alpha emitters, decontamination
procedures, and methods of reducing uptake of radioisotopes following
ingestion or inhalation.
Participants are provided handout materials of visual slides used in the
training to reinforce the learning experience and to be used as a reference,
if required during an actual response to a TRU waste transportation accident.
•

Train-the-Trainer Program. This is a 12-hour course intended for individuals
currently certified or otherwise authorized to train law-enforcement, fire or
emergency medical personnel within the State, Tribal, or local jurisdiction.
Attendees sit in on an in-depth presentation of the First Responders course.
Each section is expanded upon so that future instructors will be prepared to
answer potential questions. In addition, response protocols are discussed
in greater detail.
Each attendee receives a copy of the First Responders course lesson plan
and sample handouts. Each organization attending the course will be
provided with a set of 35mm slides for use in their own training programs.
These points-of-contact will be maintained and updated information will be
provided when changes have occurred.
As of November 30, 1989, this course has been offered 14 times and taught
to 150 potential trainers in the States of Wyoming, Utah, Alabama, Georgia,
South Carolina, Mississippi, Louisiana, and Texas.

Training in the first transportation corridor, between the Idaho National Engineering
Laboratory and Rocky Flats Plant to the WIPP, was completed in October 1988. A
total of 2,451 persons attended 75 courses. Refresher training in the five first corridor
States (Wyoming, Idaho, Colorado, New Mexico, and Utah) started in June 1989 and
was completed in November, 1989.
Training for State personnel along the Southern Transportation Corridor, between the
Savannah River Site and the WIPP (South Carolina, Georgia, Alabama, Mississippi,
Louisiana, and Texas) started in April 1989 and finished in October 1989; approximately
1,700 people attended 64 courses.
C.3.4.2 Medical Response Traininq
The DOE has contracted with the Radiation Emergency Assistance Center/Training Site
(REACTTS) in Oak Ridge, Tennessee, to conduct an 8-hour course entitled "Medical
Management in Radiation Accidents." This 8-hour presentation is a compressed version
of the 3-day course offered at the REAC/TS facility. The course is being offered along
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the transportation route from the Idaho National Engineering Laboratory to the WIPP
and Rocky Flats Plant to the WIPP, in the States of New Mexico, Colorado, Wyoming,
Utah, and Idaho. Twelve different locations, usually hospitals with trauma centers, were
designated to receive training based on feedback from a State point-of-contact, usually
an emergency management or radiological health representative. As of November 30,
1989, 370 people have been trained in this program. The 8-hour on-location course
is a generic presentation for physicians, nurses, health/medical physicists, lab
technicians, etc. about how to treat traumatized individuals who may be exposed to
radiation and/or contaminated with radioactive materials. Health physicists in nearby
areas are also invited to attend. The techniques presented are also applicable to TRU
waste. The instructors stress that normal disease control and germ prevention
techniques practiced in all hospitals are the techniques that are recommended to
prevent the spread of contamination in the hospital environment. Normal surgical
apparel is adequate in protecting hospital F.;taff from contamination. ln addition,
instrurnentation available in hospitals that use radioisotopes is also shown to be
effective for responding to TRU accidents.
This course is designed to initiate further dialogue between community hospital staffs
in order to prepare written response procedures and to schedule transportation scenario
exercises. The REAC/TS staff also discusses the availability and use of chelating drugs
used on individuals who have ingested or nhaled radioisotopes similar to those
transported in WIPP shipments.
The REAC/TS staff is recognized by the DOE as the source of instruction for courses
relatecl to the handling of radiation accident cases. As part of the Oak Ridge
Associated Universities, REAC/TS is accredrted by the Accreditation Council of
Continuing Medical Education, the American College of Emergency Physicians and the
American Board of Health Physics. In addition to their training activities, REAC/TS
maintains a research program on human radiation exposure, and provides 24-hour
direct or consultative assistance regarding rnedical and health physics problems
associated with radiation accidents in local, national and international incidents.
REAC/TS has played an active role in medical responses for actual incidents in Goiania,
Brazil (1987); Juarez, Mexico (1983); and Houston, Texas (1983).
REAC/TS is recognized by the Food and Drug Administration (FDA) as the principal
investigator for two types of chelating agents that are considered to be Investigational
New Drugs. These drugs are calcium and zinc DTPA (diethylenetriaminepentaacetic
acid). These drugs are for use in radiation accidents where actinide contamination has
occurred. Since 1951, REACTTS has monitored approximately 3,000 doses administered
to about 600 persons.
The DOE has also funded the State of New Mexico for a full-time WIPP trainer in the
Environmental Improvement Division. The purpose of this individual is to further train
emergency room and hospital staff in the State of New Mexico to deal with traumatized
patients involved in WIPP transportation accidents. Training activities began in October
1989.
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C.3.5 ASSISTANCE TO MEDICAL FACILITIES
C.3.5.1 Hospital Planning and Capabilities
All hospitals accredited by the Joint Commission on the Accreditation of Healthcare
Organizations (JCAHO) must develop written emergency plans and conduct periodic
disaster drills to manage the consequences of community-wide emergency situations
that disrupt the hospital's ability to provide care and treatment. Emergency situations
include transportation accidents involving radioactive waste and commercial aircraft
disasters such as the recent crash in Sioux City, lowa. Written guidance for these
activities exists in documents such as the National Council on Radiation Protection and
Measurement's (NCRP) Report 65 entitled, "Management of Persons Accidentally
Contaminated with Radionuclides." The NCRP document includes specific guidance
for preparing medical response, treatment, and decontamination protocols. This
detailed planning is normally found in hospitals with major trauma centers. However,
many rural hospitals which are based along major transportation routes or near
commercial nuclear power reactors have been active at varied levels of participation.
It cannot be overemphasized that the above planning activities are required of each
hospital as a condition of accreditation. The certification of the hospital's readiness
to respond to radiological emergencies is the responsibility of the JCAHO, not the DOE.
As part of the planning process, each accredited hospital is also responsible for
maintaining the proper equipment and facilities for responding to emergencies involving
radioactive materials. This includes radiation monitoring equipment. Hospitals with
nuclear medicine departments normally have the equipment and staff to handle
contamination incidents from internal misuse of radioisotopes, as well as contamination
incidents resulting from transportation accidents involving radioactive materials. Normal
disease control and germ prevention techniques are also effective in preventing the
spread of contamination in a hospital situation. Normal surgical apparel is adequate
in protecting hospital staff from contamination.
In the event that a traumatized individual has been exposed to radiation and/or is
contaminated with radioactive material, several forms of assistance are available from
the DOE. First, the REAC/TS maintains a 24-hour per day assistance telephone line
regarding medical and health physics problems associated with radiation accidents.
Zinc and calcium DTPA (chelating drugs) are also available from 42 different locations
within the United States, 14 of which are DOE plutonium handling facilities that are in
close proximity to the WIPP routes,
In addition, radiation monitoring and
decontamination support is available from the Radiological Assistance Program teams
(previously described in Subsection C.2.3.2.1). It is not a medical standard to stockpile
chelating drugs in places where plutonium exposure is a possibility. In fact, a study
funded by the Department of Defense concluded that DTPA was not required at bases
that stored nuclear weapons. The availability of DTPA from the DOE network was
satisfactory to provide adequate medical care.
Radiological monitoring instruments, assorted decontamination supplies, and training
have been provided by the DOE to the Carlsbad and Hobbs Medical Centers for the
purpose of dealing with a major incident at the WIPF site.
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C.3.5.2 Specialty Drugs
In the event that an individual ingests plutonium into his or her body, chelator drugs
(i.e., Ca and Zn DTPA) are available to 42 U.S. physicians as an Investigational New
Drug. Fourteen locations are in close proxirrity to WIPP transportation routes; most
are located at DOE facilities that handle plutonium. Through the medical training
provicled along transportation routes, it is anticipated that the interest in maintaining an
inventory of this drug will be sparked. If requested, DOE will evaluate each request
for the drug and provide an inventory and training in its use.
One of the drawbacks to using chelator drugs is that the side effects are often more
harmful than the preventive efforts. Decisions on administering the drug must be made
by a physician who is aware of the risks to the patient balanced by the potential
benefits. Oak Ridge Associated Universities has the Food and Drug Administration
Investigational New Drug permit to act as principal investigator in monitoring the use
of this drug.

C.3.6 FUNDING
The FEMA currently provides financial assistance to the States to support planning,
preparedness, and response activities for a wide range of emergencies, including those
relatecl to accidents involving radioactive mater als. The purpose is to assist State and
local governments in the development and enhancement of emergency-management
systerns to cope with all types of disasters and emergencies. The funding is made
available through the comprehensive cooperative agreements(CCAs)that the FEMA has
entered into with each of the States. These agreements are individually reviewed and
renewed every year, and State requests for funding are handled during the agreementrenewal process. Although priority for funding is given to planning for a nuclear attack,
the resources provided through the CCA programs may be used to plan for response
to peacetime disasters and emergencies, including transportation accidents involving
radioactive materials. Such planning must be conducted in the context of emergency
operating plans addressing all hazards.
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Under the State-specific agreements, the following CCA programs may be funded:

CCA Program

Federal share
(percent)

Emergency-management assistance (staff)
salaries and administrative costs)

50

Radiation-instrument inspection, maintenance, and calibration

100

Radiation protection (generic planning
and exercise)

50

Population protection planning (generic
evacuation planning for all hazards)
Disaster-preparedness improvement
($25,000 per State)
Emergency-management training and
education

100

50

100

Financial assistance provided for training and education may be used to support the
following training and education activities:
•

Emergency-response training conducted by State and local governments
(up to 100 percent funding by the FEMA).

•

Training at the FEMA's own training center.

•

Procuring equipment necessary for State and local training courses (up to
50 percent funding by the FEMA if approved by the FEMA).

The DOE has agreed to support approved State and Tribal activities related to WIPP
transportation. This funding will be administered through Cooperative Agreements with
representative organizations (e.g., the Western Governors' Association will administer
funding to the Western States).
There are, however, provisions in a draft piece of legislation entitled 'The WIPP Land
Withdrawal Acr which call for funding under certain conditions.
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C.4 EMERGENCY-RESPONSE SCENARIOS

This section presents a scenario for a hypothetical severe transportation emergency and
examples of emergency response in two accident situations that have actually occurred.
The purpose is to illustrate how response proceeds in a given situation and how the
various resources available for emergency response are used.

C.4.1 SCENARIO FOR A HYPOTHETICAL SEVERE TRANSPORTATION
EMERGENCY
To provide the reader with a graphic example of emergency response and to illustrate
the content of the training courses given by the DOE to the States involved in TRUwaste transportation to the WIPP, this section describes in detail a scenario for a
hypothetical severe transportation emergency. An emergency as severe as that
described in this scenario has a low probability of occurrence because, as described
in Appendix L, the TRUPACT-I1 container in which the TRU waste will be transported is
designed to withstand the conditions of accidents that can be expected to occur On the
basis of accident experience.

C.4.2 RADIOLOGICAL ASSISTANCE RESPONSE: BURLEY, IDAHO—OCTOBER 12,
1986
At 5:25 p.m. on October 12, 1986, the Idaho Walling Communications Center arranged
a conference call between the Idaho Department of Health and Welfare and the DOE
Idaho ()perations Office, Region 6 Radiologicai Assistance Coordinator. It was reported
that a 1:ractor-trailer containing radioactive materials had been involved in an accident
with other vehicles on Interstate 84 near Burley, Idaho, and had plunged into the Snake
River.

The radioactive shipment was en route from the RMI Company Ashtabula

Extrusion Plant, Ashtabula, Ohio, to the Unhed Nuclear Company, Hanford Site,
Richland, Washington. The IHW staff was preparing to proceed to the scene of the
accident (about 130 miles from Boise, Idaho, and about 120 miles from Idaho Falls,
Idaho) to assist Iaw enforcement personnel at the scene.
A Radiological Assistance Team (RAT) of the DOE Idaho Operations was placed on
alert, pending a request for services. Following a review of the accident, the five-man
RAT (w th eight RAT kits and special survey instruments) was dispatched to the Burley
airport by helicopter. The Idaho State Police and the Cassia County Sheriff's Office
provided ground transportation to the accident scene. Following an inspection of the
accident scene by the RAT and a determination that the radioactive shipment posed
no imrnediate threat to public health and safety, State and local authorities held a
meeting in Twin Falls to formulate a plan of action to be implemented as soon as
daylight permitted.
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The Idaho National Engineering Laboratory Emergency Response Van arrived at Burley
to function as a mobile command post, communications center, and health physics
laboratory. A second RAT arrived by helicopter at the Burley airport to provide
assistance at the accident scene. The truck driver and relief driver had sustained
injuries that required their hospitalization. The tractor-trailer cargo consisted of: 1) 20
wooden packages loaded with 3-5 billets of low enrichment uranium metal weighing
250-285 pounds each, and 2) 73 empty wooden packages. Radiological surveys of
the cargo, vehicle, handling personnel, and the environment by the State of Idaho
health and physics personnel and the RAT demonstrated that no detectable radioactivity
was released form the radioactive shipment.
Local, regional, and national news media coverage of this accident was intense. Local
and State authorities at the scene requested that the DOE coordinate radio commentaries, television coverage, and newspaper articles. This action ensured that information
about the accident was timely, factual, and consistent among the various reports of the
accident. Timely notifications, with appropriate updates, were made throughout the
response to DOE management, the DOE Headquarters Emergency Operations Center,
the shipper, the receiver, State and local officials, and other officials.
By October 13, 1986, a firm in Twin Falls, Idaho, commenced salvage operations to
retrieve the tractor-trailer cargo of loaded and empty containers. The last package was
lifted out by crane that afternoon. The salvaged containers were placed in large watertight containers. In addition, a structural engineer provided guidance to the RAT and
the salvage operator, relative to the effects of water (river) pressure on the trailer during
load recovery operations. Late on October 13, 1986, two trucks, one loaded with
empty containers and the other carrying loaded containers, arrived at the Idaho National
Engineering Laboratory.
On October 14, 1986, the tractor-trailer was towed from the Snake River and transported
to a salvage yard in Twin Falls, Idaho. Later on October 14, 1986, following radiological
surveys of the vehicle and the environment, the area was released for unrestricted use.
A close-out was held at the accident scene by participants in the response. A critique
of the accident response was held at the Idaho State Police Office in Twin Falls.

C.4.3 RADIOLOGICAL ASSISTANCE RESPONSE: POCATELLO, IDAHO—OCTOBER
10. 1985
On October 7, 1985, the Union Pacific Railroad Operations Division, Omaha, Nebraska,
contacted the Idaho Warning Communications Center (WCC), regarding a radioactive
placarded ATMX railcar observed to be leaking at the Union Pacific Rail Terminal in
Pocatello, Idaho,
The WCC was provided details by the Region 6, Radiological Assistance Coordinators
with a follow-up call to the shipping department at Rocky Flats Plant, Colorado, from
which the shipment originated. It was confirmed that the subject car was carrying
plutonium-contaminated waste.
The Union Pacific Railroad formally requested a
radiological assistance team (RAT).
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At the site, the five personnel who had visited the railcar in question were monitored
(frisked) immediately. No contamination was detected during personnel alpha surveys.
Then, samples were taken in the immediate railcar area. Weather conditions prior to
and during the surveys were generally windy w th a mixture of snow and rain. Samples
were taken of the dripping liquid and smears taken in the immediate railcar area. The
smears were allowed to dry, scanned (frisked) with alpha and beta gamma instrurnents,
and then counted. Follow-up smears were taken of the observed wide crack on the
underside of the ATMX car. No contamination was detected, and it was concluded that
leakage was weather-related without any radioactive release.
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D.1 INTRODUCTION

This appendix provides information that supports the discussions in Subsections 3.1
and 5.2. It discusses plans for transporting 'TRU waste to the WIPP and the risks
associated with transportation. It has been expanded and revised in response to
comments on the draft SEIS. In particular, the assessment of transportation risks has
been revised and expanded to include more State-specific transportation data, along
with comparative risk data from independent risk models.
Since ihe DOE prepared the FEIS in 1980, changes have been made in the plans and
systems required to transport TRU waste to the WIPP. In addition, substantially more
development work has been completed on the required components, systems, and
facilities for transporting TRU waste to the WIPP.
The major changes between the 1980 FEIS and this SEIS fall into four general
categories.
First, where the FEIS assessed the impacts of only TRU waste shipped from the Idaho
National Engineering Laboratory in Idaho and the Rocky Flats Plant near Denver,
Colorado, the SEIS analyzes waste transportation from 10 facilities located across the
nation. A comprehensive analysis is provided for transportation from each of these
facilities.
Seconci, the U.S. Nuclear Regulatory Commission (NRC) has certified the design of the
TRUPACT-I1 shipping container for CH TRU waste. The TRUPACT-I1 container is the
result of 7 years of an intense, iterative process of design, testing, and certification.
Design, testing, and certification of the RH waste shipping cask will be completed in
advance of RH TRU shipments.
Third, fulfilling the intent and spirit of the law establishing the WIPP (Public Law 96164), the DOE held substantive discussions with the State of New Mexico on a wide
variety of subjects, including the transportation of TRU waste across the State. The
DOE has also conducted discussions with the other States through which TRU waste
will be transported.
Fourth, because of better definition and information, the volume, quantities, and
characleristics of waste to be transported are rnore detailed than reported in the 1980
FEIS. This improved data permits a more thorough analysis of the risks associated
with transporting waste (see Appendix B).
This appendix should be read in conjunction with the appendices describing the design,
testing, and certification of the shipping containers and casks for TRU waste (Appendix
L); emergency-response training and capabilities (Appendix C); and the management
plan of the trucking contractor (Appendix M). Appendix M has been added in response
to comments; it discusses trucking company safety procedures and equipment and

D-1

maintenance, in addition to the qualifications and training of drivers and the routine and
emergency procedures to be followed during waste shipments. When reviewed
together, Appendices C, D, L, and M provide a good understanding of how the entire
transportation system is organized to ensure that the shipments will be safe.
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D.2 TRANSPORTING TRU 'WASTE TO THE WIPP

D.2.1 TRANSPORTATION MODES
D.2.1.1 Truck Transport
Although the WIPP can receive TRU waste shipments by truck or train, current plans
call for all shipments during the approximate 5-year Test Phase to be made by truck.
During the Test Phase, the DOE proposes to transport to and emplace in the WIPP
limited quantities of waste; the specific quantities of waste emplaced would be limited
to that deemed necessary to achieve the objectives of the Test Phase. For purposes
of bounding the potential impacts of the Test Phase in this SEIS, the DOE assumes that
up to 10 percent of the volume of TRU waste that could ultimately be permanently
emplaced at the WIPP would be emplaced during the Test Phase. The actual amount
of waste proposed for the Test Phase is likely to be less than that assumed for
purposes of analysis in this SEIS. For purposes of bounding the impacts it is also
assumed that waste would be shipped from all 10 facilities, although it is now likely that
only waste from the Rocky Flats Plant and the Idaho National Engineering Laboratory
would be used during the intial phases of the proposed Test Phase. The subsequent
Disposal Phase is scheduled to last 20 years.
To ensure that the transportation operations proceed safely and efficiently, the DOE has
developed detailed operating plans and provided various facilities for communication,
including a satellite-based vehicle tracking system. This system, called TRANSCOM,
is discussed in Subsection D.2.4. In addition, the DOE has awarded a contract to a
comrnercial carrier for the truck transport of -FRU waste to the WIPP. This contract,
which runs for 3 years and has options for two 1-year extensions, contains numerous
provisions for the safe and efficient transport of TRU waste and for response to
transportation emergencies. The key provisions of the contract include, but are not
limited to, the following:
• The contractor will provide tractors wholly dedicated to contract requirements
and provide technically qualified arid experienced drivers for the life of the
contract period. Tractors are to be domiciled and maintained within 50
miles of the WIPP and will be dispatched with a DOE-owned trailer and
empty shipping containers for CH --RU waste.
• The DOE will operate a transportation operations control center called the
Central Coordination Center (CCC) 24 hours a day, 7 days a week. This
center will maintain day-to-day cor tact with the contractor carrier and the
drivers.
• The contractor will be required to neet Federal regulatory requirements for
the transportation of radioactive arid hazardous materials, including driver
training in accordance with 49 CFR, as amended, and the Commercial Motor
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Vehicle Safety Act of 1986 and subsequent amendments, and manifesting
requirements for mixed waste specified in 40 CFR.
• At facilities with high volumes of waste, the driver will drop the trailer and
packaging at the loading location designated by the facility and will be
provided a return loaded trailer for the shipment back to the WIPP. At
facilities with low volumes of waste, the driver will drop the trailer and
packaging at the loading location designated by the facility and wait for
facility personnel to load the container and trailer and release it to the driver
for the return trip to the WIPP.
• On reaching the WIPP, the driver will drop the trailer and the loaded
containers at a designated location and return to the terminal.
• The contractor will be required to perform verifiable routine maintenance and
inspections on the tractors and trailers before and after each movement.
• The DOE will be responsible for any maintenance and repairs to the shipping
containers. If the containers need repair while en route, the contractor will
take appropriate corrective steps after receiving approval from the Central
Coordination Center.
• The contractor is required to provide a traffic manager (dispatcher) who will
act as a single point of contact for the DOE's Technical Representative in
dealing with the dispatching and scheduling of shipments and coordinating
and resolving problems associated with shipments.
One of the provisions of the contract was the requirement that the carrier prepare a
management plan. The plan has been prepared and is summarized in Appendix M.

D.2.1.2 Rail Transport
Since current plans ca►1 for waste transport by truck for at least 5 years, details and
specifications for rail transport have yet to be completed. For example, the design of
a railcar for the transportation of TRU waste has not been agreed upon by the rail
companies and the DOE, and it is unknown when a certifiable shipping container would
be available for use. The present design of the TRUPACT-II container may have to be
modified for proper tie-down on a railcar. It may be possible that the tractor-trailer with
TRUPACT-Il containers could be placed on flatbed cars with on►y additional supports.
The decisions to pursue NRC certification, design modifications, other feature
modifications, and safety specification for rail transport will be made in the future as
necessary.
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D.2.2 TRANSPORTATION ROUTES
D.2.2.1 Truck Transport
D.2.2.1.1 Applicable Regulations - The Department of Transportation. The DOT
regulations in 49 CFR 177.825 provide a routing rule for highway-route-controlled
quantities of radioactive materials (WIPP shipments fall into this category). The routing
rule permits States and Indian Tribes to designate routes in accordance with DOT
guidelines or an equivalent routing analysis. Interstate highways must be used in the
absence of a State- or Tribal-designated route, unless a deviation is necessary.
The DOT defines a "state-designated route" as a preferred route selected in accordance
with the DOT "Guidelines for Selecting Preferred Highway Routes for Highway Route
Controlled Quantity Shipments of Radioactive Materials," or an equivalent routing
analysis that adequately considers the overall risk to the public. The designation of
routes must be preceded by substantive consultation with affected local jurisdictions
and with any other involved States to ensure the consideration of impacts and
continuity of designated routes.
"State routing agency means an entity (including a common agency of more than one
State such as one established by Interstate compact) that is authorized to use a State
legal process pursuant to 49 CFR 177.825 to impose routing requirements, enforceable
by State agencies, on carriers of radioactive materials without regard to intrastate
jurisdictional boundaries. This term also includes Indian Tribal authorities that have
police power to regulate and enforce highway routing requirements within their lands.
The DOT regulations in 49 CFR 177.825 provide routing and training requirements for
carriers of radioactive materials, which are excerpted for the reader as follows:
(a) The carrier shall ensure that any motor vehicle which contains a radioactive
material for which placarding is required is operated on routes that minimize
radiological risk. The carrier shall consider available information on accident
rates, transit time, population density and activities, time of day, and day of week
during which transportation will occur. In performance of this requirement, the

carrier shall tell the driver that the motor vehicle contains radioactive materials
and shall indicate the general route to be taken. This requirement does not
apply when-1) There is only one practicable highway route available, considering
operating necessity and safety, or
2) The motor vehicle is operating on a preferred highway under conditions
described in paragraph (b) of this section.
(b) Unless otherwise permitted by this section, a carrier and any person who
operates a motor vehicle containing a package of highway route controlled
quantity radioactive materials as defined in Part 173.403(1) of this subchapter
shall ensure that the vehicle operates over preferred routes selected to reduce
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time in transit, except that an Interstate System bypass or beltway around a city
shall be used when available.
1) A preferred route consists of:
(i) An Interstate System highway for which an alternative route is not
designated by a State routing agency as provided in this section, and
(ii) A State-designated route selected by a State routing agency (see Part
171.8 of this subchapter) in accordance with the DOT "Guidelines for
Selecting Preferred Highway Routes for Highway Route Controlled
Quantity Shipments of Radioactive Materials" and amended by HM164a
(May 12, 1988) as, "an equivalent routing analysis which adequately
considers overall risk to the public. Designations must have been
preceded by substantive consultation with affected local jurisdictions and
with any other affected States to ensure consideration of all impacts and
continuity of designated routes. A State designated route is not effective
until written notice has been given by the State, by certified mail, return
receipt requested, to, and receipt acknowledged by, the Dockets Unit
(DHM-30), Research and
Special Programs Administration, U.S.
Department of Transportation, Washington, D.C. 20590."
2) When a deviation from a preferred route is necessary (including
emergency deviation, to the extent time permits), routes shall be selected in
accordance with paragraph (a) of this section. A motor vehicle may deviate
from a preferred route under any of the following circumstances:
(i) Emergency conditions that would make continued use of the preferred
route unsafe.
(ii) To make necessary rest, fuel, and vehicle repair stops.
(iii) To the extent necessary to pick up, deliver, or transfer a highway
route controlled quantity package of radioactive materials.
(c) A carrier who operates a motor vehicle which contains a package of highway
route controlled quantity radioactive materials as defined in Part 173.403(1) of this
subchapter shall prepare a written route plan and supply a copy before
departure to the Research and Special Programs Administration (RSPA) as well
as to the motor vehicle driver and a copy to the shipper (before departure for
exclusive use shipments, or otherwise within 15 working days following
departure). Any variation between the route planned and routes actually used,
and the reason for it, shall be reported in an amendment to the route plan
delivered to the RSPA and to the shipper as soon as practicable but within
30 days following the deviation.
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D.2.2.1.2 Proposed Routes. The proposed routes for transporting TRU waste to the
WIPP are shown in Figure D.2.1. The various Indian Tribes along the proposed routes
are shown in Figure D.2.2, and Figures D.2.3 through D.2.5 provide additional details
on the routes. The route selection was based on the use of interstate highways and
other criteria presented.
To ensure that road segments of concern to the State were identified, corridor States
were contacted and asked to provide a qualitative assessment of hazardous road
conditions that may be present along the proposed routes (Table D.2.1). The concerns
aboul particular segments were found to be primarily related to winter driving conditions
in the mountains, bridges icing up in the w nter, and interchanges in urban areas.
These road segments and potential problems will be noted on logs provided to the
carrier. Weather conditions will be constantly monitored and drivers will be alerted to
possible severe weather conditions; no shipments will be allowed during severe
weather. All truck drivers will follow the DOT requirements in 49 CFR 397.7b for
identifying parking areas to use in emergency situations. The DOT requirement for
motor vehicles transporting hazardous waste materials other than Class A or Class B
explosives is that vehicles must not be parked on or within 5 feet of the traveled portion
of a public street or road except for brief periods when the necessities of operation
require the vehicle to be parked and make it impracticable to park the vehicle in any
other place. In addition, the DOE is investigating the use of the 50 Department of
Defense facilities along the TRU waste routes for emergency parking and is working
with States to identify other emergency parking facilities. The DOE welcomes any State
recornmendations. The following text provides additional details.
State of New Mexico. As shown in Figure D.2.3, all transportation routes converge in
New Mexico and for that reason, New Mexico is addressed separately. Transportation
and routing within the State have been identified in several agreements with the State
of New Mexico. The most relevant of these is the "Supplemental Stipulated Agreement
Resolving Certain State Off-Site Concerns Over WIPP," which was entered into by the
State of New Mexico and the DOE in December 1982.
Basecl on a decision made in September 1989, the State of New Mexico will hold public
hearings and initiate a formal process to designate alternate routes in New Mexico for
transLranic shipments to the WIPP. The form al State recommendation is expected to
be complete in Spring 1990.
The specifications of the agreement recognized that movements between incoming
interstates and the relatively remote WIPP would involve local highways and that,
because New Mexico is the host State, these highways would see relatively
concentrated service. Therefore, the DOE agreed to support the State in efforts to
obtain from Congress the funds necessary to repair and upgrade various highway
segments that are designated in the agreement.
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FIGURE D.2.4
PROPOSED TRU WASTE TRUCK TRANSPORTATION ROUTES
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TABLE D.2.1 Road segments of concerna

Deferise faciiityiroute

Milepostb

Geographic description

Description of concern

Mound Laboratory, Ohloc
1-70 (Indiana)

34-33

Approximately seven miles
west of Cloverdale, Indiana

Water in east-bound lane
may puddle causing trucks
to hydroplane

1-70 (Indiana)

18-17

Near Terre Haute, Indiana

Overpass bridge on curve
will ice

1-70 (Indiana)

11

State Highway 46 interchange,
near Terre Haute, Indiana

High-volume interchange

1-70 (Indiana)

7-6

US-41 Interchange, near
Terre Haute, Indiana

High-volume interchange

Highway segment between
Crab Orchard and Cookeville,
Tennessee

Mountain driving, ice on highway
during winter storms, may be
impassable

Oak Ridge National Laboratory, Tennessee
1-40 (Tennessee)

330-287

1-40 (Tennessee)

210
0.00

Nashville and Memphis,
Tennessee

Interchanges are busy during
rush hour traffic

1-40 (Arkansas)

69.61

Just east of Clarksville,
Arkansas

Flat curve in west-bound lane

1-40 (Arkansas)

125.11

Just west of Conway,
Arkansas

Flat curve in east-bound lane

TABLE D.2.1 Continued

Defense facility/route

Milepostb

Geographic description

Description of concern

Oak Ridge National Laboratory, Tennessee (continued)

Y

1-40 (New Mexico)

373-358

Just east of San Jon,
New Mexico

Pavement is concrete and will
freeze first

1-40 (New Mexico)

326-324

Palma Hill, west of
Tucumcari, New Mexico

Ices in winter

1-40 (New Mexico)

310

West of Tucumcari,
New Mexico

Bad curve, accident area

1-40 (New Mexico)

291-281

East of Santa Rosa,
New Mexico

Windy, drifting snow conditions

co
Savannah River Site, South Carolina
1-20 (Mississippi)

100-92

Approximately 30 mi
west of Meridian,
Mississippi

Ground shifting breaks up pavement,
road under construction

1-20 (Mississippi)

100

Approximately 30 mi
west of Meridian,
Mississippi

Long, gradual curve

i ABLE D.2.1 Continued

Ilrafpnccs fat-igty/rniqn

Geographic:: description

Description of concern

96.6 - 132.6

Interstate from Richland,
Washington south to Oregon
border

Subject to freezing rain late
fall to early spring

1-84 (Oregon)

208.00 - 378.00

Pendleton to Ontario, Oregon

Majority of 1-84 in northeastem
Oregon has hazardous winter drMng
conditions; mountainous drMng

1-84 (Oregon)

213.00 - 225.00

Approximately five miles
east of Pendleton, Oregon

Fog in winter and
steep grades on hill

1414 pragnn)

9nsz.nn

A

ivi0iin.a.ii
t ;

Milepostb

Hanford Reservation, Washington
1-82 (Washington)

oen.00

lumcly

VIVI 15 I I IIIGO

east of La Grande, Oregon
(Ladd Canyon)

iuw arid ice;
;;
winter driving conditions in
canyon

1-84 (1daho)d

0.00 - 25.00

Western Idaho border to
Caldwell, Idaho

'
Black ice' conditions in winter

1-84 (Idaho)

50.00 - 90.00

Boise to Mountain Home, Idaho

'
Black ice' conditions in winter

1-84 (Idaho)

100.00 - 121.00

East of Mountain Home,
to Glenns Ferry, Idaho

When wet, concrete paving may
cause trucks to jackknife

1-84 (Idaho)

222.00 - 275.65

1-84/1-86 interchange in
Idaho to Utah border

Low visibility due to blowing snow or dust
in early spring and winter; in general,
subject to poor weather conditions

TABLE D.2.1 Continued

Defense facility/route

Milepostb

Geographic description

Description of concem

Nine miles east of Ogden, Utah

Mountain drMng; Wever Canyon
is subject to high winds and blowing snow

Interchange in Utah

High speed on curve can cause
trucks to overtum

Hanford Reservation, Washington (continued)
1-84 (Utah)

1-84/1-80 (Utah)

87.70 - 111.70

168.00

1-80 (Utah)

168.00 - 180.00

From interchange east-bound
on 1-80, Utah

Mountain drMng; curves and shady
areas with ice in winter; history of
vehicles sliding off road

1-80 (Utah)

186.00 - 198.00

1-80 in Utah to Wyoming border

Pavement changes to concrete and freezes
in winter; problems with vehicles
sliding off road

1-80 (Wyoming)

68.97 - 212.54

Between Little America and
Rawlins, Wyoming

Icy roads and strong cross winds; may
have concurrent ground blizzard conditions

1-80 (Wyoming)

235.00 - 300.00

Elk Mountain area, Wyoming

Many long and steep grades may have ice,
blowing snow and blizzard conditions

1-80 (Wyoming)

323.05 - 359.98

Happy Jack Summit to
Cheyenne, Wyoming

Icy roads and strong cross winds;
have concurrent ground blizzard
conditions

1-25 (Colorado)

298.9 - 272.4

Southern Wyoming border to
Fort Collins, Colorado

Hazardous storms with high winds,
ground blizzards, and ice conditions

TABLE D.2.1 Continued

Defense facilityfroute

Milepost'
)

Geographic description

Description of concem

Hanford Reservation Washington (continued)
1-25 (Colorado)

221 - 197.2

Between 104th St. to
Arapahoe Rd., Denver, Colorado

Morning rush hour traffic (6:00 a.m.
to 9:00 a.m.); and evening rush hour traffic
(4:00 p.m. to 6:00 p.m.)

1-25 (Colorado)

221 - 197.2

38th St. exit and the Alameda
exit south to University Ave.,
Denver, Colorado

During heavy rain storrns, segments
segments may flood several feet

1-25 (Colorado)

221 - 197.2

Broadway viaduct near Santa Fe
Dr. in Denver, Colorado

Has restricted access because it
is elevated and may be subject to
ice conditions

1-25 (Colorado)

174

Monument Hill, 17 miles north of
Colorado Springs, Colorado

Subject to severe weather with high
winds, heavy rain, icy conditions,
and snow blizzards. 1-25 in this
location often closed for weather

1-25 (Colorado)

157.1

Colorado Springs, Colorado

Rush hour traffic conditions

1-25 (Colorado)

141.8

Bijou St. exit, Colorado Springs,
Colorado

Unique curves and tums may be
hazardous during weather or
high-speed conditions

1-25 (Colorado)

103.5

Pueblo, Colorado

Rush hour traffic conditions

TABLE D.2.1 Continued

Defense facility/route

Milepostb

Geographic description

Description of concern

Hanford Reservation, Washington (continued)

9

1-25 (Coiorado)

100

Near Colorado Fuel & Iron Plant,
Pueblo, Colorado

Unique curves and turns that may
be dangerous during weather or
high-speed conditions

1-25 (Colorado)

15.6

Elevated portion of 1-25 in
Trinidad, Colorado

Has restricted access because it
is elevated and may be subject to
ice conditions

1-25 (Colorado)

0.0

Entire 1-25 corridor in Colorado

Severe weather conditions may result
in white-outs and heavy winds

Raton Pass, New Mexico

Moutain pass area, may be closed
because of weather conditions

North of Maxwell, New Mexico

Curves and overpass may ice up

N

1-25 (New Mexico)

454-460

1-25 (New Mexico)

434

1-25 (New Mexico)

426-413

Between Maxwell and Springer,
New Mexico

Winter ski traffic packs
snow on road

1-25 (New Mexico)

374-369

South of Wagon Mound,
New Mexico

Hill ices up in winter

1-25 (New Mexico)

323-307

South of Las Vegas,
New Mexico

Icy hills with snow drifts in winter

TABLE D.2.1 Continued

Deferise faciiity/route

Milepostb

Geographic description

Description of concern

Glorietta Pass to Lamy area,
New Mexico

Ices up with drifting snow
Interchange to US-285 can be dangerous;
US-285 is two-lane with old pavement

White Lakes area,
New Mexico

Hills, icy

Hanford Reservation, Washington (concluded)
1-25 (New Mexico)

300-284

U.S.-285 (New Mexico)

276

U.S.-285 (New Mexico)

264-250

Clines Corners area,
New Mexico

May have drifting snow with zero
visibility, high winds

U.S.-285 (New Mexico)

239-238

South of Clines
Corners, New Mexico

Hills, icy

U.S.-285 (New Mexico)

205-175

South of Vaughn,
New Mexico

Snow pack, icy, windy

U.S.-285 (New Mexico)

135

20-Mile Hill, 30 mi north
of Roswell, New Mexico

Long hill, weather change area

Segment from Rocky Flats
Plant to 1-25, Colorado

Area is subject to high winds and
severe snow blizzards; portions of
road are two-lane

Rocky Flats Plant, Colorado
SH-128;
U.S.-36 (Colorado)

48 - 57.2

TABLE D.2.1 Continued

Defense facility/route

Milepostb

Geographic description

Description of concern

Entire length of State road
to 1-15 interchange

Road is two-lane with old pavement.
Severe weather may close road.
Blowing snow and wind
gusts exceeding 40-60 mph are
not uncommon in winter

Entire 1-15 segment from
Blackfoot, Idaho to Utah
border

Mountain driving; winter closures
for weather of blowing snow and
high wind gusts of 40-60 mph. Also,
segments 3 to 10 miles in length
on 1-15 will be under construction until 1995

Plymouth to Tremonton, Utah

Mountain driving, two lanes;
under construction until 1992 or
1993

Altamont Pass, San Joaquin
County

Steep grades

From 1-580 to Tejon Pass,
in San Joaquin Valley

Subject to heavy fog, particularly months
of Dec., Jan., and Feb., clearing by 10:00 am.
Steep grades on Tejon Pass, may close for
ice or snow conditions

Idaho National Engineering Laboratory, Idaho
SH 26/20 (Idaho)

272.00 - 306.00

1-15 (Idaho)

92.50 - 00.00

1-15 (Utah)

397.5 - 381

Lawrence Livermore National Laboratory, California
1-580 (California)

1-5 (California)

1.48 - 8.29

e

TABLE D.2.1 Continued

Milepost-

Defense faciiity/route

Geographic description

Description of concem

Lawrence Llvermore National Laboratory, California (concluded)
1-5, 1-210, 1-10 (California)

Freeway interchanges in Los
Angeles area

Extremely hazardous, multiple freeway
interchanges

1-10, 1-15 (California)

1-10 to 1-15 interchange

Hazardous freeway interchange. May
have high winds

Cajon Pass in San Bernadino
Mountains

Steep mountain road grades, may have
ice and snow road closures

Near Victorville, California

Steep downhill grade with curve

Las Vegas area, Nevada

Dangerous intersections; 1-15 - US-95
interchange capacity problem; capacity/
safety problems from 1-15 to Rainbow Blvd.

Junction of U.S.-93 in Las
Vegas to Henderson

High speeds at intersections,
construction until 1995

1-15 (California)

h

1-15 (California)
Nevada Tesi Site, Nevada
U.S.-95 (Nevada)

86.65 - 70

U.S.-95 (Nevada)

64.89 - 11.37

1-40 (New Mexico)

36-47;
63-68

Between Gallup and
Grants, New Mexico

Rapid snow, ice accumulation

1-40 (New Mexico)

80-100

Between Grants and
Laguna, New Mexico

Rapid snow and ice
accumulation

TABLE D.2.1 Continued

Defense facility/route

Milepostb

Geographic description

Description of concern

Nevada Test Site, Nevada (concluded)
1-40 (New Mexico)

104

West of Laguna,
New Mexico

Wind, rapid snow and ice
accumulations, steep hill

1-40 (New Mexico)

114

Near Laguna, New Mexico

Curves, high accident area

1-40 (New Mexico)

115

Laguna area, New Mexico

Wind, steep hill, accident area

1-40 (New Mexico)

126-128

East of Laguna area,
New Mexico

Interchanges

1-40 (New Mexico)

149

Nine Mile Hill, west of
Albuquerque, New Mexico

Sharp exit

1-40 (New Mexico)

160

Albuquerque, New Mexico
'Big 1' interchange

All ramps ice quickly

1-40 (New Mexico)

170-184

Tijeras Canyon, east of
Albuquerque, New Mexico

Icy, winds, poor visibility; road
may be closed for weather

1-40 (New Mexico)

179-183

West of Edgewood, New
Mexico

Long hill can ice up

1-40 (New Mexico)

194

West end of Moriarity,
New Mexico

Bad curve, accident area,
fog will settle over area

TABLE D.2.1 Concluded

a The States of Arizona, Illinois, Louisiana, Missouri, Ohio, Oklahoma, South Carolina and Texas did not report segments of concern. This
fnh!cl ehr"'!il hel user, in conjuction with Figure D.2.1 and the more detailed route figures. The DOE facilities are presented in order from
Northeast to Southeast and Northwest to Southwest.
b

Estimated.

c Segments of concern reported along interstate by defense facility until routes merge (e.g., 1-40 in Oklahoma is confluence of Mound
Laboratory route 1-70 and Oak Ridge National Laboratory route 1-40).
d Also route from Idaho National Engineering Laboratory to the WIPP.
e

From milepost 28.06 in Stanislaus County to milepost 11.0 in Kern County, California
From milepost 46.58 to 42.44 (on I-10) in Los Angeles County, California.

g Milepost 9.95 on 1-10 in San Bernadino County, California
0
h

Milepost 15 to 34 in San Bernadino County, California.

i Milepost 55 in San Bernadino County, California.

Two highway segments in New Mexico were identified by the DOE as potential routes
in 1981, but are no longer expected to be used as State-preferred routes. However,
it is likely that they would be used to carry limited shipments when circumstances (such
as inclement weather) prevent transport over more direct routes as shown in Figure
D.2.3. East-bound trucks on 1-40 would interchange onto 1-25 in Albuquerque and
continue north on 1-25 to the US-285 interchange, just west of Glorietta, New Mexico.
They would then continue south on US-285 to the WIPP. West-bound trucks on 1-40
would remain on 1-40 to Clines Corners and then continue south on US-285.
Route from the Mound Laboratorv, Ohio. Figure D.2.4 shows the route WIPP trucks
would take from the Mound Laboratory, Ohio, to the New Mexico border. The
proposed route is as follows:
Mound Avenue (W)
First Street (N), 0.5 mile
State 725 (E), 0.4 mile
1-75 (N) to 1-70
1-70 (W) to 1-74/465 (S) Indianapolis, Indiana
1-74/465 (S) to 1-70 (W)
1-70/55 (W) to 1-255 (S)
1-255 (S) to 1-270 (W)
1-270 (W) to 1-44 St. Louis, Missouri

1-44 (W) to 1-40 Oklahoma City, Oklahoma
1-40 to US-54 (S) Santa Rosa, New Mexico
US-54 (S) to Vaughn, New Mexico
US 285 (S) to Carlsbad, New Mexico
US 62/180 (E), 29 miles
WIPP North Access Road, 13 miles
Between the Mound Laboratory and New Mexico, several highway segments of concern
in Indiana have been identified; these are shown on Figure D.2.4 and further described
in Table D.2 1
Major populated areas with their populations are also shown in
Figure D.2.4. WIPP traffic would use the beltway around St. Louis, Missouri.
Route from the Argonne National Laboratory, Illinois. Figure D.2.4 shows the proposed
WIPP transportation route from the Argonne National Laboratory south of Chicago to
the New Mexico border. From the Argonne National Laboratory, trucks would take the
Northgate Entrance Road (NE) for 0.25 mile to Cass Avenue and go north 0.1 mi to I55. Once on 1-55, they would continue south until they intersected with 1-70, east of
St. Louis.
Route from the Oak Ridge National Laboratory, Tennessee. Figure D.2.4 shows the
proposed transportation route from the Oak Ridge National Laboratory, southwest of
Knoxville, Tennessee, to the New Mexico border. A more detailed route description is
as follows:
Bethel Valley Road (W), 1.1 miles
Tennessee State Route 95 (S), 3.3 miles
1-40 to 1-240 (southern bypass) Oklahoma City, Oklahoma

D-28

1-240 to 1-44 (N)
1-44 to 1-40
1-40 to US-54 (S) Santa Rosa, New Mexico
US-54 (S) to US 285 Vaughn, New Mexico
US-285 (S) to US-62/180, Carlsbad, New Mexico
US-62/180 (E), 29 miles
WIPP North Access Road, 13 miles
Several hazardous road segments of concern were identified in Tennessee and
Arkansas; they are shown in Figure D.2.4 and explained in Table D.2.1. WIPP traffic
would use established bypasses around major cities as shown in Figure D.2.4.
Route from the Savannah River Site, South Carolina. The Savannah River Site is southwest of Columbia, South Carolina, just east of the Georgia border. The proposed TRU
waste transportation route from the Savannah River Site to the WIPP follows 1-20 for
most of the route. Figure D.2.4 shows the proposed route with major cities, bypasses,
and segments of concern. The local route from the Savannah River Site to 1-20 has not
yet been determined. The rest of the route can be described as follows:
1-20 (W) to 1-285 (southern bypass) Atlanta, Georgia
1-285 to 1-20 (W)
1-20 to 1-459 (W) Birmingham Bypass
1-459 (W) to 1-20 (W)
1-20 to US-285 (N), Pecos, Texas
US-285 (N) to US-62/180, Carlsbad, New Mexico
US-62/180 (E), 29 miles
WIPP North Access Road, 13 miles
Route from the Hanford Reservation, Washinqton. The DOE's Hanford Reservation is
north of the Tri-Cities area in south-central Washington. Figure D.2.5 shows the
proposed route from Hanford to the New Mexico border, including major cities and road
segments of concern. The route would pass through mountainous areas of Oregon,
Idaho, Utah, Wyoming, and Colorado. A brief description of the route follows:
SR-240 (S), 3.4 miles
1-182 (E), 5-10 miles
1-82 (E) to 1-84 (Oregon, Idaho, Utah)
1-84 to 1-80 (Utah)
1-80 to 1-25 (Wyoming, Colorado, New Mexico)
NM US-285 to NM US-62/180
US-62/180 (E), 29 miles
WIPP North Access Road, 13 miles
Route from the Idaho National Engineering Laboratory, Idaho. The Idaho National
Engineering Laboratory is west of Idaho Falls in southeastern Idaho. Figure D.2.5
shows the proposed highway route from Idaho National Engineering Laboratory to
where it will intersect with the Hanford Reservation transportation corridor. US-26 will
be used to access 1-15.

D-29

Route from the Rocky Flats Plant, Colorado. The Rocky Flats Plant is between Golden
and Boulder, Colorado, west of Denver. TRU waste shipments to the WIPP would
follow the transportation corridor in Colorado shown for the Hanford Reservation in
Figure D.2.5. Access from the plant to 1-25 would be as follows:
Exit RFP by State Highway 93 (N) to State Highway 128
State Highway 128 (E) to US Highway 36
US Highway 36 (S) to 1-25
Route from the Los Alamos National Laboratory, New Mexico. The Los Alamos National
Laboratory is shown in Figure D.2.3. At the time of this writing, approximately onethird of a relief route to the west of Santa Fe is under construction. A second bypass,
known as the Los Alamos-Santa Fe Corridor, is planned for future construction,
although funding commitments have not yet been made. Shipments from Los Alamos
would use the relief route or the Los Alamos-Santa Fe Corridor to access 1-25, which
would be used to access US-285.
Route from the Lawrence Livermore National Laboratory, California. The Lawrence
Livermore National Laboratory is located just west of Stockton, California. Figure D.2.5
shows the proposed route for transporting TRU waste to the New Mexico border. The
State of California is in the process of evaluating additional routes in California and
plans to propose an alternate route in 1990 for WIPP-related use. No TRU waste
shipments are planned from the Lawrence Livermore National Laboratory during the first
5 years of the WIPP program. The following describes in more detail the proposed
route:
South Exit 0.5 mile on East Avenue
Right on Vasco 3.0 miles on 1-580
1-580 South 35 miles to 1-5
1-5 to 1-210
1-210 to 1-10
1-10 to 1-15
1-15 to 1-40
1-40 to NM US-285
NM US-285 to NM US-62/180, Carlsbad, New Mexico
US-62/180 (E), 29 miles
WIPP North Access Road, 13 miles
Route from the Nevada Test Site. Nevada. Highway access from the Nevada Test Site
is northwest of Las Vegas. TRU waste will be transported on US-95 to 1-40; Figure
D.2.5 shows the proposed route to the New Mexico border.
D.2.2.2 Rail Transport
There are no regulatory requirements related to the selection of routes to be used for
rail shipment of TRU waste (or any other material). However, the Federal Railroad
Administration (FRA), which is the delegated enforcement arm of the DOT, does request
to be informed of any hazardous materials shipments and will provide an evaluation of
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the proposed rail route for the shipper. In addition, the FRA will provide regular (e.g.
each 6 months) safety inspections of the route.
Six mainline rail companies have rail lines that would provide access to eight waste
facilities. These are the Atchison-Topeka Santa Fe (now known as the Santa Fe
Railroad), the Union Pacific (which also owns the Missouri Pacific), Mid-South, CSX
Transportation, Norfolk-Southern, and Denver, Rio Grande. The two facilities that are
not readily accessible by mainline railroads or that would require truck transportation
to a railspur are the Nevada Test Site and Los Alamos National Laboratory. Figure
D.2.6 shows the proposed rail routes and mair line companies. As noted in the figure,
only the Argonne National Laboratory would be able to transport directly to the WIPP
without changing rail companies during shipment; between one and five transfers would
be required for transporting TRU waste from the other waste facilities.

D.2.3 TRANSPORTATION PLANNING AND RESPONSIBILITIES
D.2.3.1 General
The truck transportation system will consist ol the shippers (the waste facilities), the
carrier (the trucking contractor), and the receiver (the WIPP). Overall management of
the transportation system will be conducted at the WIPP at the Central Coordination
Center.
Transportation planning tasks such as the deve opment of transportation strategies and
plans and the implementation of TRU waste shipments will be coordinated by DOE
person nel.
An overall schedule will be developed by WIPP Transportation Operations in
cooperation with the TRU Waste and Integration Department of the Westinghouse
Electric Corporation, the operating contractor for the WIPP. A strategy will be
developed for the optimum employment of available TRUPACT-Il containers. The
schedule will be revised at the end of each fiscal year to reflect the current operating
experience of the transportation system and updated waste projections. A midyear
update will be provided. A short-range schedule reflecting a 6-week projection will be
developed in close cooperation with the waste shipper traffic managers. This schedule
will be developed to implement the long-term schedule.
With respect to transportation, each of the wa:ste facilities will be responsible for the
following transportation activities:
• Interacting with the WIPP and involved States on institutional issues
•

Certifying TRU waste to meet the WIPP Waste Acceptance Criteria (WAC)

•

Meeting the shipment schedule developed
Operations and the waste facilities
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• Reporting the status of the TRUPACT-I1 containers and NuPac 72B casks to
the Central Coordination Center
• Loading TRU waste into TRUPACT-I I containers and NuPac 72B casks
•

Meeting DOT and RCRA shipping paper requirements

• Dispatching loaded TRUPACT-Il containers and NuPac 72B casks
• Notifying the Central Coordination Center of shipments
• Following on-site emergency response procedures for TRU waste loading
accidents.
The trucking contractor will be responsible for the actual physical movement of the
TRUPACT-Il containers and NuPac 72B casks between the waste sites and the WIPP.
The contractor will provide a dedicated tractor fleet, dedicated drivers, and a declicated
manager for this contract. The responsibilities of the contractor are outlined in the
summary of the management plan in Appendix M.
The DOE will be responsible for the following transportation tasks:
• Interfacing on institutional issues with other Federal, State, and local agencies
in conjunction with TRU waste facilities and local DOE field offices
• Coordinating with the waste facilities
• Planning TRU waste transportation
• Translating DOE policies into operating procedures
•

Establishing and operating the Cenl:ral Coordination Center

• Administering the contract of the trucking contractor
• Budgeting transportation operations
• Procuring transport packaging and trailers with placard holders
• Scheduling shipments in coordinaticn with the traffic managers at the waste
facilities
• Receiving shipments
Maintaining communications equiprnent
• Complying with procedures and reporting requirements
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•

Reporting routine activities and nonroutine incidents to appropriate authorities

• Monitoring and evaluating the performance of the trucking contractor.
D.2.3.2 Preoperational Checkout
Before shipment of TRU waste, as part of an overall integrated operations
demonstration, multiple dry runs from each waste facility to the WIPP will be conducted
as a part of a series of preoperational checks designed to provide experience and
hands-on training for the drivers of the trucking contractor and the operations personnel
of the waste facility and the WIPP. A summary of the preoperational checkout plan is
provided here to describe the types of testing and training procedures used by the
WIPP, the waste facilities, affected States, and the trucking contractor. The checkout
will provide a review of the completeness of the facility readiness review procedures,
will determine the adequacy of facility readiness, and will allow the review process to
track incomplete items to closure. The checkout is designated to:
• Validate the facility's ability to load and ship a TRUPACT container
•

Provide experience in using the TRANSCOM tracking and communication
system

• Evaluate the responsibilities of States and Indian Tribes
• Evaluate the procedures for waste receipt and emplacement at the WIPP.
The intent of these dry runs is to incorporate as many realistic conditions and
procedural checks as possible into a training exercise and to incorporate any changes
into the existing procedures before actual shipment. At least two dry-run preoperational
checkouts will be conducted at each facility before any actual shipments. If requested
by appropriate authorities, additional dry-run preoperational checkouts will be scheduled
to ensure readiness of all participants for actual shipments.
It is expected that the products of the preoperational checkouts would include:
•

Final shipment procedures for waste facilities and the WIPP, including the
WIPP Waste Information System

•

Final procedures for interactions with States and Indian Tribes regarding
TRU waste shipments

•

Final procedures for TRU waste receipt, unloading, and emplacement

•

Driver training and familiarization with the preferred routes

•

Operational readiness reviews for each waste facility confirming readiness
to ship TRU waste.
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A typical dry run will begin with the receipt of the empty TRUPACT-I1 container at the
waste facility and end with receipt, unloading, and emplacement at the WIPP. The latter
will be done at the discretion of the WIPP waste-handling operations manager. There
is no mandatory requirement for the underground emplacement of drums for every
checkout. During each dry run, various scena rios for en route events will be initiated
by WIPP personnel or by the driver to test systems on the truck or at the WIPP. The
locations of each event will be modified for each preoperational checkout to fit the
participating waste facility. The dry runs will be tracked with the TRANSCOM system
and monitored by WIPP personnel at the CCC; digital communication will be established
with the driver on a periodic basis, following established TRANSCOM procedures. As
a minimum, on the return trip, drivers will input simulated "shipment problems" via the
TRANSCOM to test the CCC operator responsiveness. These may include, but are not
limited to, mechanical problems, protestors, sabotage, vehicle accidents, severe weather
conditions, or the need to deviate from the preferred route. The CCC operator,
following approved procedures, will provide the appropriate direction. On at least one
occasion, the operator will ignore a message from the driver to verify that the Transportation Control Center in Oak Ridge, Tennessee, is monitoring the shipment.
Dry runs provide an opportunity to test various shipment scenarios. Data obtained
regarding travel times to and from each facility will be used to establish a baseline for
future shipments. All routes used during the dry runs will be those contained in the
DOE-approved trucking management plan. On occasion, the driver will be instructed
to deviate from these routes to test the alertness of the shipment monitoring agencies.
Summaries of various dry-run test scenarios are provided below with the expected
response. Those summaries marked with an asterisk were used on dry runs in January
and June 1989. These dry runs used an "engineering model" of the TRUPACT-Il on a
prototype WIPP trailer. These initial dry runs were made to determine shipment time,
and to give the driver experience in using the TRANSCOM keyboard, in interacting with
the TRANSCOM operator, in using the mobile phone, in using the KAVOURAS weather
forecast system, and in responding to a variety of simulated accider.t scenarios.
*1)

Evaluator-induced scenario: National weather channel indicates severe storm
approaching the shipper's area. KAV DURAS system indicates temperatures
below zero and 15-mph winds.
The operator contacts the facility traffic rnanager and Transportation Operations
personnel to make a coordinated decision of appropriate action. The trucking
contractor should be notified of delay if not alerted by driver.

*2)

Evaluator-induced scenario: No communication capability with driver through
TRANSCOM.
The operator attempts to call the driver via the mobile phone. Instructs driver
to call in every 2 hours or when crossing a State border. The operator provides
the Transportation Control Center with location provided by driver for rnanual
input to TRANSCOM.
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3)

Driver-induced scenario: Tractor placed out of service because of excessive play
on the right front axle. Vehicle cannot be repaired locally and must be replaced.
The gross vehicle weight at weigh station was 79,748 pounds. The driver will
notify the Transportation Control Center, and secure approval for the Proposed
Action.
The operator should notify the trucking contractor of replacement requirement,
as well as the receiver (WIPP Transportation Operations) and the shipper.
Weight was specified, as it will require a special tractor not to exceed the
80,000-pound limit. Operator should be aware of weight limitations.

*4)

Driver-induced scenario:
Estimated 2-hour delay.

Broken radiator hose.

Driver can arrange repair.

The operator will notify the trucking contractor and WIPP Transportation
Operations.
5)

Driver-induced scenario: Protesters harassing shipment. Path blocked by
protestor vehicles. Carrier tractor damaged by thrown objects. Demonstrators
becoming more and more violent.
The operator notifies WIPP Transportation Operations, the waste facility, local law
enforcement agency, and trucking contractor. Tractor replacement may be
required. The operator stays in contact with driver.

*6)

Evaluator-induced scenario: Information provided by the State Highway Patrol:
on the downhill slope of the pass, the tractor brakes failed; the driver attempted
to keep control but the vehicle overturned. All three TRUPACT-II containers
have broken loose and are scattered within 100 yards of the trailer. The drivers
have been seriously injured. Not known whether there was any spread of
contamination. No further information available at this time.
The operator follows the notification plan given in Appendix C.

*7)

Evaluator-induced scenario: Two vehicle accident. Collision between carrier
vehicle and auto which entered interstate from on ramp, cutting off tractor-trailer.
The auto was totalled. The tractor driver was injured seriously. TRUPACT-II
containers are undamaged. The tractor is inoperable (right front fender and
frame crushed). Damage to car--$12,000; to tractor--$7,000. Local authorities
at the scene; the ambulance has departed.
The operator notifies the WIPP Project Office, WIPP Transportation Operations,
trucking contractor, and the facility traffic manager. The trucking contractor will
arrange for replacement tractor and driver replacement.

*8)

Driver-induced scenario: 100-mile check shows broken U-bolt in the third
rearmost container, right rear corner.
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The operator notifies the WIPP Transportation Operations, which arranges for
installation of a replacement by a qualified individual. Appropriate staff at the
WIPP Project Office would be notified of the event.
9)

An evaluator-induced scenario that is yet to be used is as follows: At some
point while a dry run shipment is traversing a State, the State police and
highway patrol will be notified that TRANSCOM contact with the shipment has
been lost and their assistance is requested in locating the vehicle. The State
will use its resources to locate the vehicle and pull it over. Once located, the
driver will contact the Central Coordinal:ion Center and notify the operator of his
location. The State police or highway patrol representative will also notify his
headquarters that the vehicle has been located, and they, in turn, will notify the
CCC operator. This will exercise both lines of communication. This rnay be
implemented in each State the vehicle passes through.

D.2.4 VEHICLE TRACKING SYSTEM
The CCC at the WIPP will use the Transportation Tracking and Communication System
(TRANSCOM) to track TRU waste shipments. This system is operated by the DOE's
Oak Ridge Operations Office and is linked to the WIPP at the CCC via a dedicated
telephone line. TRANSCOM will use a land-based LORAN-C positioning system to
obtain longitude/latitude information. This information is calculated by a LORAN-C
receiver and transporter antenna attached to tie trailer. Signals will be transmitted via
satellite to a commercial ground station and then to the TRANSCOM Control Center
(TCC). The satellite communications system allows digital communication between the
driver and the CCC at the WIPP. The CCC is able to communicate directly with the
en route driver by mobile telephone. The TCC will provide access to the tracking
systern to those Indian Tribes, States, and facilities that need to monitor TRU waste
shipments.
The location of the tracked vehicle will be monitored by the CCC so as to detect any
deviation from the preferred route. Frequency of detection is limited by the frequency
of vehicle location transmissions to the TCC. For TRU waste shipments, the frequency

will be approximately every 15 minutes.
In New Mexico, as elsewhere, the officials of the State and the Indian Tribes will also
have access to limited functions of TRANSCOM. The appropriate software training will
be provided to enable them to receive data regarding TRU waste shipments passing
through their jurisdictions.
Integrated with the TRU waste shipment system will be a set of activities that function
to deter, protect, detect, and respond to unauthorized possession, use, or sabotage of
TRU waste shipments. These activities will include:
1) Close, continued surveillance of the en route shipment by means of the
TRANSCOM vehicle tracking and two-way communications system.
2) Efforts to minimize intermediate sto os for each shipment.
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3) Constant surveillance of the vehicle and cargo during transit. One of the
drivers in the two-person truck crew will remain with the unit at all times,
including refueling, food, and relief stops. A vehicle will be considered to
be under surveillance when one driver is in the vehicle, awake, and not in
the sleeper berth, or is within 100 feet of the vehicle and has the vehicle
within an unobstructed field of view.
4) Use of a tamper-proof fifth wheel locking device.
5) The use of an escort vehicle would be a decision made by the appropriate
State agency, with due consideration for DOT regulations. The DOE does
not plan to use any escorts because with real-time tracking of shipments,
accident situations would be identified and communications with the vehicle
would take place almost immediately.
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D.3 TRANSPORTATION RISKS

D.3.1

INTRODUCTION

This section presents an analysis of the risks, involved in shipping CH and RH TRU
waste to the WIPP. These risks fall into two general categories: radiological risks and
nonradiological risks, and each of these categories can be further divided into risks
incurred from transportation under normal conclitions and from transportation accidents.
This analysis of transportation risks was conclucted in a manner similar to other risk
assessments, including the WIPP FEIS, using the methodology established by the NRC
in studies done in the late 1970s. Although computer models and basic assumptions
have been refined since these studies, the basic approach to assessing risk remains
essentially the same. The primary reason for this stability of research methods is that
this approach has proved to be accurate and reliable.
The analytical models or codes used in This analysis have been extensively
documented elsewhere (Peterson, 1984; Joy et al., 1982; NRC, 1977; Taylor and Daniel,
1977; AEC, 1972). The code used to calculate radiological risks was RADTRAN II
(Taylor and Daniel, 1982), a revision of the RADTRAN code (Taylor and Daniel, 1977).
This code is the product of almost 15 years of development and is a flexible analytical
tool for calculating the impacts of both normal transportation and transportation
accidents.
The initial RADTRAN code and its subsequent versions have been used to prepare a
number of key risk assessment documents, including the environmental assessment
used in hearings held by the Interstate Commerce Commission on the issue of shipping
radioactive materials by special-use trains; the Final Environmental Impact Statement on
the Transportation of Radioactive Material by Air and Other Modes (NRC, 1977); the

shippirig risk analysis presented in the WIPP F EIS; and subsequent environmental and
technical documentation for shipping TRU waste to the WIPP.
The RADTRAN model continues to be modified and refined; even at the present time
changes are being made to the code. However, the versions of RADTRAN used in this
SEIS have been validated by extensive use and assessment.
The major revisions to RADTRAN 11 from the earlier RADTRAN version used in the FEIS
include the following:
Incident-Free Model (Transportation Under Normal Conditions)
• Shielding options in urban and suburban areas
• Checks for regulatory consistency
• Addition of rail crew doses
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•
•
•
•

Inclusion of rail travel through urban areas
Revision of dose-while-stopped model
Three package-size discriminators for handlers
Pedestrian dose evaluated in cities

Accident fv1odel
•
•
•
•
•
•
•
•
•

Groundshine dose evaluated
Cloudshine dose evaluated
Economic impacts included
Early morbidities evaluated
Genetic effects evaluated
Building dose factors included
Inclusion of urban pedestrian inhalation dose
Addition of Pasquill stability category option
Expanded material dispersibility classes

General
•

Redesign of input and output

Incident-free radiological risks occur during routine transportation and are the result of
public and worker exposures to direct radiation at levels allowed by transportation
regulations. While radiation shielding is incorporated into package designs where
needed in accordance with DOT and NRC regulations, workers, vehicle crew members,
and the public along the transportation routes will be exposed to very low dose rates
of direct radiation from the packages during incident-free transportation. These low
doses usually fall below the threshold of natural background radiation.
In the case of transportation accidents, radiological risks could be incurred if any
radioactive material is released into the environment and is spread by winds or possibly
through the plume of a fire that occurs during the accident. Since TRU waste emits
primarily nonpenetrating (i.e., will not penetrate the skin) radiation, the released material
must be either inhaled or ingested in order to present an immediate health hazard.
In order to evaluate the radiological risks of accidents, it is necessary to do a
probabilistic analysis--that is, to consider the probability of an accident occurring and
the potential consequences of that accident. This analysis includes the following steps:
1) a description of the physical, chemical, and radiological characteristics of the
waste
2) a system description (types of shipping containers, number of containers per
shipment, etc.)
3) an identification of potential accident scenarios in which radioactive material
may be released
4) a probability to be assigned to the release scenarios
5) an estimate of the amount and type of material released in each scenario
(the release fraction)
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6) an evaluation of consequences, most often in terms of radiation exposure to
the worker and the public.
In addition, a credible probabilistic evaluation of the radiological risks of accidents must
include variations in transportation routes, population density along the routes and
weather characteristics that could affect the results.
In the RADTRAN transportation accident model, the consequences of accidents are
apportioned among eight severity categories and calculated for truck and rail transport
(see Tables D.3.15 and D.3.16). Each severity category is associated with a release
fraction and probability of occurrence. These categories are related to fire and
mechanical forces expected in an accident, but specific accident scenarios are not
described for the severity categories. The model for calculating release combines the
fraction of material that is released from the shipping container with the fraction of
material that becomes airborne and the fraction of the released material that is of
respirable size. These latter fractions are based on the characteristics of the waste and
the mechanisms by which the release occurs.
For this analysis, an average release fraction for each severity category was estimated,
and the shipping containers were assumed to respond the same way in an accident
regardless of the waste contents or waste forrn. It was further assumed that there
would be no release for accidents assigned to severity category one or two, which a
Type B shipping container or cask (e.g., TRUPACT-11 or RH cask) must survive intact
in order to be certified by the NRC.
Releases from crush impacts were expected tc be limited to the Type A containers
(55-gal drums/standard waste boxes) only and those to be limited to the interior of the
TRUPACT-I1 containers with no subsequent release for accidents below severity category
six. Releases from the TRUPACT-II were assumed to be possible during accidents
involving fires in category three or above. The release fractions were increased for
each succeeding severity category. The release fractions for each severity category
were combined with the accident rates for each category, the probability of a fi-e or
impact event, the travel distance per shipment, and the fraction of travel through each
population density zone to determine a cumulative, probability-weighted consequence
for each shipment in terms of radiation doses.
To complement the radiological incident-free and probabilistic accident risk analysis,
bounding case accidents were postulated and their radiological consequences analyzed.
These accidents were assumed to occur under conditions which maximized, within
reasonable bounds, the consequences to exposed population groups.
In addition to the analyses of transportation radiological risks, an analysis was
conducted of the nonradiological risks associated with projected shipments of TRU
waste. These risks include potential injuries and fatalities along the truck and rail
routes from accidents that are unrelated to the cargo and are based on historical injury
and fatality rates for truck and rail traffic. These risks also include the exposure of
populations along the routes to vehicle emissions from the TRU truck and rail
shipments.

D-41

Although the transportation of TRU waste cannot be made entirely risk free, with
reasonable planning and control, risks can be reduced to a level usually below that of
comparable shipments (e.g., commercial shipments of hazardous materials such as
gasoline) on the nation's transportation routes.
A more complete picture of how various components of the transportation system fit
together to provide reliability and ensure the safety of the TRU waste shipping campaign
is provided when Appendix C, Appendix L, and Appendix M are reviewed in conjunction
with this appendix.
• Appendix C discusses emergency response training, procedures, and plans
for the WIPP shipping campaign.
• Appendix L discusses the design, certification, and operation of the
TRUPACT-Il shipping container for CH TRU waste and the NuPac 72B
shipping cask for RH TRU waste.
• Appendix M summarizes the trucking contract, including qualifications
standards and training requirements for drivers, and quality assurance
standards applicable to operational activities.
The approach to the transportation of TRU waste continues to be based on proven and
safe practices established in transporting this waste to retrievable storage facilities at
several sites over the last 20 years. These transportation practices are enhanced by
the training, certification, regulatory compliance, safety, and quality assurance
procedures discussed in the above-cited appendices.

D.3.2 INCIDENT-FREE RISKS
D.3.2.1 Method for Calculating Radiological Risks from Normal Transportation
The analysis of incident-free radiological risks began with an estimate of the volumes
and characteristics of the waste to be transported. As discussed in more detail in
Appendix B, the volumes of waste currently in storage and projected to be generated
through the year 2013 were estimated from the 1987 Integrated Data Base (ORNL,
1987). These volumes were scaled-up to the maximum amount of waste that could be
emplaced at the WIPP (approximately 6.45 million ft3) and are shown in Table D.3.1.
The analysis assumed that for truck shipments CH TRU waste would be packaged in
Type A 55-gallon drums and transported in TRUPACT-II shipping containers, with each
TRUPACT-II carrying two 7-packs of drums and 3 TRUPACT-II containers or 42 drums,
per shipment. RH TRU waste was assumed to be transported in RH casks (one cask
per shipment). For these conditions, the number of shipments to the WIPP was calculated as shown in Table D.3.2. For rail shipments, six TRUPACT-Il containers on a
single railcar constitute a CH shipment, and two RH casks on a railcar constitute an
RH shipment.
For incident-free shipments, important waste characteristics include the radionuclide
composition of the waste and the total amount (curies) of each radionuclide transported
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TABLE D.3.1 Year 2013 projected retrievably stored and newly generated TRU waste volumes

Facility

1987 iD6
12/31/86
stored
(ft3)

1987 IDB
amount
generated
through 2013
(ft3)

Totai
base

Volume
scale-up

Total
maximum volume
case

(ft3)

(Tt3)

(ft3)

Contact-Handled
Idaho National Engineering Laboratory (INEL)
Rocky Flats Plant (RFP)
Hanford Reservation (HANF)
Savannah River Site (SRS)
Los Alamos National Laboratory (LANL)
Oak Ridge National Laboratory (ORNL)
Nevada Test Site (NTS)
Argonne National Laboratory-East (ANLE)
Lawrence Liverrnore National Laboratory (LLNL)
Mound Laboratory (Mound)

1.07 x 106
0
2.93 x 105
9.15 x 104
2.51 x 105
1.92 x 104
2.13 x 104
0
0
0

9.92 x
2.04 x
5.38 x
6.16 x
3.02 x
4.20 x

103
106
105
105
105
104
0
3.80 x 103
2.59 x 105
4.u1 X 104

1.08 x
2.04 x
8.31 x
7.07 x
5.53 x
6.12 x
2.13 x
3.80 x
2.59 x
4.01 x

TOTAL

1.75 x 106

3.85 x 106

5.60 x 106

6.02 x 105

6.20 x 106

Idaho National Engineering
Laboratory
Hanford Reservation
Oak Ridge National Laboratory
Argonne National Laboratory-East
Los Alamos National Laboratory

9.85 x 100
8.48 x 102
4.55 x 104
0
1.02 x 103

4.82 x
2.86 x
9.54 x
3.50 x
1.91 x

5.80
2.94
5.50
3.50
1.21

9.48
4.80
8.97
5.76
1.97

1.53.
7.75
1.45
9.29
3.18

TOTAL

4.83 x 104

4.67 x 104

106
106
105
105
105
104
104
103
105
104

1.16
2.19
8.93
7.60
5.95
6.77
2.29
4.10
2.79
4.31

x
x
x
x
x
x
x
x
x
x

105
105
104
104
104
103
103
102
104
10''

1.20 x
2.26 x
9.20 x
7.83 x
6.13 x
6.77 x
2.36 x
4.22 x
2.87 x
4.45 x

106
106
105
105
105
104
104
103
105
10"

Remote-Handled

103
104
103
103
102

x
x
x
x
x

103
104
104
103
103

9.29 x 104

x
x
x
x
x

103
104
104
103
103

1.57 x 105

x
x
x
x
x

104
104
105
103
103

2.50 x 105

TABLE D.3.2 Projected number of CH TRU and RH TRU waste
shipments from generator and storage facilities to
the WIPP

Number of shipments
100% Truck
Maximum rail

Facility

Contact-Handleda'b
4046
7608
3103
2640
2065
228
80
14
969
150

Idaho National Engineering Laboratory
Rocky Flats Plant
Hanford Reservation
Savannah River Site
Los Alamos National Laboratory
Oak Ridge National Laboratory
Nevada Test Site
Argonne National Laboratory-East
Lawrence Livermore National Laboratory
Mound Laboratory

2023
3804
1552
1320
2065c
114
80°
7
485
75

20903

11525

Idaho National Engineering Laboratory
Hanford Reservation
Los Alamos National Laboratory
Oak Ridge National Laboratory
Argonne National Laboratory-East

487
2470
101
4605
300

244
1235
101C
2303
150

TOTAL

7963

4033

TOTAL
Remote-Handledd

8 Shipments based on 3 TRUPACT-Ils per truck shipment and 6 TRUPACT-Ils per railcar
shipment.
b

Truck shipments calculated from a drum volume of 0.2 m3/drum x 14 drums/TRUPACT-Ils x
3 TRUPACT-Ils/Truck.
Rail shipments from a drum volume of 0.2 m3/drum x 14 drums/TRUPACT-Ils x 6
TRUPACT-Ils /Railcar.

C Los Alamos National Laboratory and Nevada Test Site do not have access to rail, thus truck
shipments are included in the maximum rail case.
d Truck shipments calculated from a NuPac 72B volume of 0.89 m3/NuPac 72B x 1 NuPac

72B/Truck.
Rail shipments calculated from a NuPac 72B volume of 0.89 m3/NuPac 72B x 2 NuPac
72B/Railcar.
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per shipment. Using the waste volumes presented in the 1987 Integrated Data Base,
and the information on waste characteristics provided by the facilities, the radioactivity
characteristics of average truck or rail shipmems of TRU waste from each of the sites
were determined and are shown in Table D.3.3 for CH TRU waste and Table D.3.4 for
RH TRJ waste. Site-specific values of the Transport Index (T1) for a typical shipment
of CH and RH TRU waste were developed by the WIPP and generator/storage site
personnel. The T1 represents the radiation dose rate at 1 meter (3.28 ft) frorn the
surface of the shipping container (TRUPACT-I1 with a load of 14 drums of waste or an
RH cask) and depends on waste density, distribution of radionuclides, quantity of
radionuclides per shipment, mix of waste types, self-shielding provided by the waste,
and shielding provided by the TRUPACT-II container or RH cask. The TI is very
sensitive to small quantities of gamma-emitting fission products such as Cobalt-60 and
Cesiurn-137. TI values for typical shipments from each facility are shown in Table
D.3.5. The radiation dose rate represented by the T1 was used to calculate radiation
exposures of occupational populations (i.e., crew, shipment inspectors, waste handlers)
and nonoccupational populations (people living or traveling along shipment routes, and
people in the vicinity of the shipment while it is stopped). These T1 values are very
conservative (see Appendix B) in that they were based on two key assumptions: 1)
the maximum drum surface dose rates as measured by the facilities and 2) a drum
source term and energy of 1 MeV. A more typical source term energy would be 0.06
to 0.1 MeVE for CH TRU waste.
In the RADTRAN model, the people living along shipment routes were classified into
urban, suburban, and rural fractions with respective population densities of 3,861, 719,
and 6 persons per square kilometer as specified by the NRC (1977). These population
densities are quite typical of urban, suburban, and rural environments. For example,
statistics from the Denver Regional Council of Governments show that along Interstate
25 through Denver only a small area around downtown Denver has a population
density exceeding the urban figure used in RADTRAN (3,997 persons per square
kilometer for Denver versus the 3,861 assurned by RADTRAN). Other segrnents
through Denver have much lower population deisities than the RADTRAN urban value.
Fifteen miles south of downtown, population densities along 1-25 approach the rural
value of six persons per square kilometer.
For truck shipments, the HIGHWAY model (Joy et al., 1982) was used to estima1e trip
lengths from various facilities to the WIPP and the corresponding population density
fractions along these routes. The routes selected generally follow interstate highways
as spe::ified by the DOT for shipments of route-controlled quantities of radioactive
materials. For rail shipments, the INTERLINE model (Peterson, 1984) was used to
estimate trip lengths and population density fraclions. The selected routes follow Class
A/Class B main lines. These distances and population density fractions are surnmarized in Table D.3.6. Other major input parameters to RADTRAN are summarized in
Table 0.3.7.
D.3.2.2 Results of the Analysis
The racliation exposures that would be receivec from the normal transportation of CH
and RH TRU waste by truck and rail are shown in Tables D.3.8 and D.3.9. These
exposures are summarized for both occupatioial and nonoccupational populations.
The racliological exposures are presented on a per-shipment basis for each facility and
are given in doses (person-rem) received by the exposed population for each
shipmeit. These per-shipment exposures were used to calculate the total incident-free
transportation exposures for the Proposed Action and the two alternatives (see Table
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TABLE D.3.3 Average radioactivity in a shipment of CH TRU wastea

Waste facilityb

0
-P
CD

Radionuclide

ANLE

HANF

INEL

LANL

LLNL

Mound

NTS

ORNL

RFP

SRS

Thorium-232

0.00 x 100

0.00 x 100

5.17 x 105

0.00 x 100

0.00 x 100

0.00 x 100

0.00 x 100

4.26 x 104

0.00 x 100

0.00 x 100

Uranium-233

0.00 x 100

0.00 x 100

1.53 x 10-1

2.95 x 102

0.00 x 100

0.00 x 100

0.00 x 100

3.85 x 101

0.00 x 100

0.00 x 100

Uranium-235

0.00 x 100

0.00 x 100

5.79 x 106

8.37 x 105

0.00 x 100

0.00 x 100

0.00 x 100

1.15 x 10-3

0.00 x 100

0.00 x 100

Uranium-238

0.00 x 100

0.00 x 100

9.72 x 106

3.61 x 104

0.00 x 100

0.00 x 100

0.00 x 100

4.59 x 10-3

0.00 x 100

0.00 x 100

Neptunium-237

9.65 x 10-4

0.00 x 100

0.00 x 100

0.00 x 100

0.00 x 100

0.00 x 100

0.00 x 100

0.00 x 100

0.00 x 100

4.09 x 10-3

Plutonium-238

5.39 x 100

3.08 x 100

1.08 x 101

1.67 x 102

3.42 x 10-1

1.36 x 100

3.82 x 10-2

5.75 x 101

5.37 x 10-1

1.83 x 103

Plutonium-239

3.41 x 100

3.30 x 101

5.89 x 100

8.86 x 101

8.23 x 100

1.18 x 10-2

6.46 x 10-1

1.24 x 102

1.82 x 101

2.20 x 100

Plutonium-240

1.56 x 100

1,18 x 101

1.44 x 100

2.04 x 101

2.36 x 100

3.10 x 10-3

1.53 x 10-1

0.00 x 100

4.15 x 100

8.81 x 10-1

Plutonium-241

3.10 x 101

5.98 x 102

4.55 x 101

6.88 x 102

7.84 x 101

1.19 x 10-3

5.76 x 100

0.00 x 100

1 29 x 102

6.61 x 101

Plutoniurn-242

0.00 x 100

2.66 x 10-3

0.00 x 100

4.00 x 10-3

1.29 x 10-4

0.00 x 100

0.00 x 10°

0.00 x 100

3.70 x 10-4

7.19 x 10'4

Americium-241

1.41 x 101

0.00 x 100

3.89 x 101

2.90 x 102

6.81 x 100

0.00 x 100

0.00 x 100

1.04 x 101

8.62 x 10-1

1.81 x 10-1

Curium-244

0.00 x 100

0.00 x 100

0.00 x 100

0.00 x 100

0.00 x 100

0.00 x 10°

0.00 x 100

6.90 x 101

0.00 x 100

0.00 x 100

Californium-252

0.00 x 100

0.00 x 100

0.00 x 100

0.03 x 100

0.00 x 100

0.00 x 100

0.00 x 100

1.10 x 101

0.00 x 100

0.00 x 100

TOTAL

5.55 x 101

6.46 x 102

1.03 x 102

1.25 x 103

9.62 x 101

1.38 x 10o

6.59 x 10o

3.10 x 102

1.53 x 102

1.89 x 103

a

b

Radioactivity in curies per shipment for the volumes of waste assumed for the SEIS analyses (ie., volurnes scaled up to correspond to the design capacity of the WIPP--see last
column, Table B,2.4). The volume per shiprnent is 8.4 m3 (three TRUPACT-Il containers per shipment, with 2.8 m3 per TRUPACT-Il shipping container).
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TABLE D.3.4 Average radioactivity in << shipment of RH TRU wastea

Waste facilityb

ANLE

HANF

INEL

LANL

ORNL

Cobalt-60

0.00 x 10°

2.97 x 10°

O.D0 x 100

0.00 x 100

0.00 x 100

Strontium-90

0.00 x 10°

6.76 x 10

4.D8 x 10°

7.99 x 10°

1.12 x 10°

Ruthenium-106

0.00 x 10°

1.89 x 104

O.D0 x 10°

6.31 x 10°

0.00 x 10°

Antimony-125

0.00 x 10°

0.00 x 10°

O.D0 x 10°

1.95 x 10'1

0.00 x 10°

Cesium-137

8.83 x 10°

9.46 x 10°

5.B1 x 10°

6.18 x 10°

4.42 x 10'2

Cerium-144

0.00 x 10°

0.00 x 10°

O.DO x 10°

6.22 x 101

0.00 x 10°

Europium-155

0.00 x 10°

0.00 x 10°

0.00 x 10°

3.13 x 10'1

0.00 x 10°

Thorium-232

0.00 x 10°

0,00 x 10°

x 10°

0.00 x 10°

0.00 x 10°

Uranium-233

0.00 x 10°

5.41 x 10-4

a00 x 100

0.00 x 10°

4.56 x 10-3

Uranium-234

0.00 x 10°

8.11 x 10-5

0.00 x 10°

0.00 x 10°

0.00 x 10°

Uranium-235

1.21 x 10'5

2.43 x 10-6

8.68 x 104

9.48 x 10-5

1.87 x 10'6

Uranium-238

0.00 x 10°

5.41 x 10-5

2.46 x 104

0.00 x 10°

1.96 x

Neptunium-237

0.00 x 10°

0.00 x 10°

0.00 x 10°

0.00 x 10°

0.00 x 10°

Plutonium-238

0.00 x 10°

9.73 x 10-2

1.63 x 104

0.00 x 10°

1.18 x

Plutoniurn-239

2.52 x 10.1

1.38 x 10°

8.130 x 101

8.29 x 10'1

3.67 x 104

Plutonium-240

9.27 x 10'2

4.05 x 10'1

3.158 x 101

2.73 x 10'1

0.00 x 10°

Plutonium-241

0.00 x 10°

8.11 x 10°

0.00 x 10°

1.26 x 101

0.00 x 10°

Plutoniurn-242

0.00 x 10°

8.65 x 10-5

0.00 x 10°

0.00 x 10

0.00 x 10°

Americium-241

0.00 x 10°

5.95 x 10'1

3.27 x 10-3

0.00 x 10°

1.88 x 104

Curium-244

0.00 x 10°

0.00 x 10°

0.00 x 10°

0.00 x 10°

1.69 x 10'1

Californium-252

0.00 x 10°

0.00 x 10°

0.00 x 10°

0.00 x 10°

2.91 x 10-1

TOTAL

9.18 x 10°

2.98 x 101

1.34 x 102

9.68 x 101

1.68 x 10°

Radionuclide

a Radioactivity in curies per shipment for the volumes of waste assumed for the SEIS analyses
(i.e., volumes scaled up to correspond to the design capacity of the WIPP-see last column,
Table B.2.4). The volume per shipment is 0.89 ma (one shipping cask per shipment).
b Key: ANLE, Argonne National Laboratory--East; HANF, Hanford Reservation; INEL, idaho
National Engineering Laboratory; LANL, Los Alamos National Laboratory; ORNL, Oak Ridge
National Laboratory.

D-47

TABLE D.3.5 Transport index vaiuesa

Facility

1

CH TRU waste

RH TRU waste

Idaho National Engineering Laboratory

1.0

5.0

Rocky Flats Plant

1.5

b

Hanford Reservation

0.7

16.0

Savannah River Site

2.7

b

Los Alamos National Laboratory

4.1

8.9

Oak Ridge National Laboratory

11.0

3.2

Nevada Test Site

1.2

b

Argonne National Laboratory-East

7.5

2.5

Lawrence Livermore National Laboratory

0.4

b

Mound Laboratory

0.4

b

a mrem/hr at 1 meter from transporter surface.
b
Blanks = RH TRU waste not stored at facility.

TABLE D.3.6

Average distances to the WIPP and percent of travel in various population
zonesa

Average distance

Population zone

Miles

R

S

1521
874
1913
1585
343
1350
1286
1387
1458
1472

85.0
82.3
85.7
74.3
90.1
78.6
86.8
78.1
86.2
75.4

13.8
15.7
13.4
25.1
9.9
20.7
11.2
21.8
10.1
24.1

1.2
2.0
0.9
0.6
0.0
0.7
2.0
0.1
3.7
0.5

1761
1098
2296
1915
1630
1469
1873
1677

89.5
86.7
87.8
76.0
79.8
81.6
85.0
76.8

9.8
11.6
11.5
22.4
18.9
17.0
14.3
21.3

0.7
1.7
0.7
1.6
1.3
1.4
0.8
1.9

U

Truck

Idaho National Engineering Laboratory
Rocky Flats Plant
Hanford Reservation
Savannah River Site
Los Alarnos National Laboratory
Oak Riclge National Laboratory
Nevada Test Site
Argonne National Laboratory-East
Lawrenc:e Livermore National Laboratory
Mound Laboratory
Rail
Idaho National Engineering Laboratory
Rocky Flats Plant
Hanford Reservation
Savannah River Site
Oak Ridge National Laboratory
Argonne National Laboratory-East
Lawrence Livermore National laboratory
Mound Laboratory

a Mean population densities are utilized and correspond to:
R = Rural (6 persons/km2)
S = Suburban (719 persons/km2)
U = Urban (3861 persons/km2).
Source: Madsen et al., 1983.
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TABLE D.3.7 RADTRAN general input dataa

Parameter

CH TRU waste
Truck
Rail

RH TRU waste
Rail
Truck

TRUPACT-11

Cask

Package type
Package waste volume, m3

2.8

2.8

1.0

1.0

Packages/shipment

3

6

1

2

(Site-specific, see Table D.3.5)

Transport Index (T1), mrem/hr
Package length dimension, m

7.32

7.32

3.61

3.61

Number of crewmen

2

5

2

5

Distance from source to crew, m

4

152

5

152

Urban population zone

24

24

24

24

Suburban population zone

40

40

40

40

Rural population zone

88

64

88

64

Stop time per kilometer, hr/km

.011

.0036

.011

.0036

No. of people exposed while stopped

50

100

50

100

No. of people per vehicle

2

3

2

3

Urban population zone

3861

3861

3861

3861

Suburban population zone

719

719

719

719

Rural population zone

6

6

6

6

Speed, km/hr

Population density, people/km2

I1

Avg. rad./trailer-load of pkgs., Ci

(Site-specific, see Tables D.3.3 and D.3.4)

Accident release fractions

(See Tables D.3.17 through D.3.22)

a Source: Madsen et al., 1983.
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TABLE D.3.8 Radiological exposures per CH TRU shipment
(person-rem)a,b,c

Rail

Truck

Nonoccupational

Occupationald

5.0 x 10-2

2.0 x 10-2

2.9 x 10-4

3.0 x 10-2

Rocky Flats Plant

4.0 x 10-2

1.0 x 10-2

2.7 x 10.4

2.0 x 102

Hanford Fleservation

3.9 x 10-2

2.3 x 10.2

2.6 x 10-4

4.0 x 10 2

Savannah River Site

1.4 x 10- 1

7.0 x 102

8.4 x 10-4

1.2 x 10 1

Los Alamos National Laboratory

2.8 x 10-2

8.0 x 10.3

e

e

Oak Ridgo National Laboratory

1.3 x 10.1

2.0 x 10-1

2.1 x 10-3

2.0 x 10-1

Nevada Test Site

5.0 x 10-2

2.0 x 10-2

e

e

Argonne National Laboratory-East

1.3 x 10-1

1.4 x 10- 1

1.8 x 10-3

1.9 x 10 1-

Lawrence Livermore National Laboratory

1.7 x 10-2

9.0 x 10-3

1.2 x 10-4

1.6 x 10-2

Mound Laboratory

1.9 x 10.2

9.0 x 10-3

1.1 x 10-4

1.4 x *10.2

Facility

Occupational

Idaho National Engineering Laboratory

Nonoccupational

a Exposures per waste shipment are expressed in equivalent whole body dose and are tabulated in units of person-rem.
b Values for rail are expressed per railcar shipment.
c Exposures per waste shipment are presented as a function of the Transport Index (TI) which is defined as the dose rate
in mrern/hr at 1 meter from the waste package. Calculations are based on three TRUPACT-Ils per tnick and six per railcar.
d Rail occupational exposures resulting from normal transportation include the impact of DOT inspection activities (.01 X Total
Stop Tine (hr) X TO.
e No railheads present.
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TABLE D.3.9 Radiological exposures per RH TRU shipment (person-rem)a,b,c

Truck

Shipment origin facility

Occupational

Idaho National Engineer ng Laboratory

1.0 x

Rail

Nonoccupational

Occupationald

1O-1

8.o x 10-2

1.3 x 10-3

1.3 x 10-1

Hanford Reservation

1.7 x 10-1

3.3 x 10-1

3.5 x 10-3

2.9 x 10-1

Los Alamos National Laboratory

2.8 x 10-2

1.2 x 10-2

e

e

Oak Ridge National Laboratory

6.3 x 10-2

4.4 x10-2

7.7 x 10-4

7.4 x 10-2

Argonne National Laboratory-East

5.0 x 10-2

4.0 x 10-2

5.5 x 10-4

5.0 x 10-2

Nonoccupational

a Exposures per waste shipment are expressed in equivalent whole body dose and are tabulated in units of person-rem.
b Values for rail are expressed per railcar shipment.
I

c Exposures per waste shipment are presented as a function of the Transport Index (TI) which is defined as the dose rati
in mrem/hr at 1 meter from the waste package. Calculations are based on three TRUPACT-Ils per truck and six per railcar
d Rail occupational exposures resulting from normal transportation include the impact of DOT inspection activities (.01 X Tot
Stop Time (hr) X TO.
e No railheads present.
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TABLE D.3.10 Lifetime radiobaical exposures of inoident-frea franernriatinn

Tril

.
I..•aste (port...an

Proposed Action

Test Phase (5-yr)a

100% Truck

Disposal Phase (20-yr)

Max. rail

100% Truck

Max. rail

occb

Nonoccc

Occ

Nonocc

Occ

Nonocc

Occ

Nonocc

Occ

Nonocc

Idaho National Engineering
Laboratory

2.0 x 101

8.1 x 10o

1.8 x 102

7.3 x 101

53 x 10-1

5.5 x 101

2.0 x 102

8.1 x 101

5.9 x 10-1

6.1 x 101

Rocky Flats Plant

3.0 x 101

7.6 x 100

2.7 x 102

6.8 x 101

9.0 x 10-1

6.8 x 101

3.0 x 102

7.6 x 101

1.0 x 100

7.6 x 101

Hanford Reservation

1.2 x 101

7.1 x 100

1.1 x 102

6.4 x 101

3.6 x 10-1

5.6 x 101

1.2 x 102

7.1 x 101

4.0 x 10-1

6.2 x 101

Savannah River Site

3.7 x 101

1.8 x 101

3.3 x 102

1.7 x 102

1.0 x 100

1.4 x 102

3.7 x 102

1.8 x 102

1.1 x 10o

1.6 x 102

Los Alamos National Laboratorye

5.8 x 100

1.6 x 100

5.2 x 101

1.5 x 101

5.2 x 101

1.5 x 101

5.8 x 101

1.6 x 101

5.8 x 101

1.6 x 101

Oak Ridge National Laboratory

3.0 x 10o

4.6 x 100

2.7 x 101

4.1 x 101

2.2 x 10- 1

2.0 x 101

3.0 x 101

4.6 x 101

2.4 x 10-1

2.3 x 101

Nevada Test Site

4.0 x 10-1

1.6 x 10-1

3.6 x 100

1.4 x 10o

3.6 x 10o

1.4 x 10o

4.0 x 100

1.6 x 10o

4.0 x 100

1.6 x 10a

Argonne National Laboratory-East

1.8 x 10-1

2.0 x 10-1

1.6 x 100

1.8 x 100

1.1 x 10-2

1.2 x 100

1.8 x 100

2.0 x 100

1.3 x 10-2

1.3 x 100

Lawrence Livermore National
Laboratory

1.6 x 100

8.7 x 10-1

1.5 x 101

7.8 x 100

5.2 x 102

7.0 x 100

1.6 x 101

8.7 x 100

5.8 x 102

7.8 x 100

Mound Laboratory

2.8 x 10-1

1.4 x 10 1

2.6 x 100

12 x 100

7.4 x 10-3

9.0 x 10- 1

2.8 x 10o

1.4 x 10o

8.2 x 10-3

1.0 x 10-o

Total

1.1 x 102

4.8 x 10.1

9.9 x 102

4.4 x 102

5.9 x 101

3.7 x 102

1.1 x 103

4.8 x 102

6.5 x 101

4.1 x 102

Shipment origin site

0
Vi
CO

Ahernative Action

Disposal Phase (20-yr)

100% Truck

,...?„.4c1

a Test Phase assumes 10% of shipments; all by truck.
b Occupational population-quantifies doses received by transportation crews.

d Population group exposures are calculated by multiplying the exposure/shipment identified in Table D.3.8 by the total number of shipments to the WIPP by truck or rail, as
determined from the projections in Table D.3.2. Rail occupational exposures resulting from normal transportation include the impact of inspection activities.
e Waste shipments are limited to truck mode. Rail exposures are thus the same as truck exposures.

D.3.10). The Proposed Action corresponds to an approximate 5-year Test Phase period
during which up to 10 percent of the waste would be shipped to the WIPP by truck and
a subsequent 20-year Disposal Phase during which the remainder of the waste would
be shipped by either truck or rail. Cumulative exposures for the entire campaign in the
Proposed Action are the sum of the total exposures from the Test Phase (truck
shipments) and Disposal Phase (truck or rail shipments). The No Action Alternative
does not involve transportation to the WIPP and therefore has no radiological exposures
from transportation.
The Alternative Action also includes an approximate 5-year Test Phase during which
approximately 300 drums of CH TRU waste would be shipped from the Rocky Flats
Plant to the Idaho National Engineering Laboratory for bin storage tests. This would
require approximately seven truck shipments with three TRUPACT-Il containers per shipment. Assuming a per-shipment incident-free exposure which is the ratioed difference
(based on Transport Index) between the per-shipment exposures for the Idaho National
Engineering Laboratory to the WIPP and the Rocky Flats Plant to the WIPP (see Table
D.3.8), the estimated occupational and nonoccupational incident-free exposures from
these shipments are 0.035 person-rem and 0.02 person-rem, respectively.
Tables D.3.11 and D.3.12 summarize the differences between the Proposed Action and
the Alternative Action in the radiological exposure to occupational and nonoccupational
populations from transporting CH TRU waste under normal conditions.
Table D.3.13 shows the lifetime radiological exposure of transporting RH TRU waste
under normal conditions during the Disposal Phase of either the Proposed Action or the
Alternative Action. No RH TRU waste would be shipped during the Test Phase for
either the Proposed Action or the Alternative Action. However, if RH TRU waste is
shipped to the WIPP during the Test Phase, the lifetime radiological exposures would
be spread over more than the 20 years assumed for the Disposal Phase.
Doses to maximally exposed individuals in various population groups over the 25-year
shipping campaign (Test Phase and Disposal Phase) for the Proposed Action are
presented in Table D.3.14. Two sets of dose tabulations are provided: one for 100
percent truck shipments and one for maximum rail. The totals represent the dose
expected for an individual whose residence or occupation results in an exposure to
all or a large number (depending on exposure group) of waste shipments. For the
Alternative Action, these maximum individual doses would be identical, except that they
would be received over a 20-year period.
Maximum individual doses were determined using the RADTRAN occupational and
hypothetical maximum individual exposure models. The doses were adjusted or
supplemented by more detailed models to account for individual doses due to
inspections, refueling, food stops, rail operations, and traffic congestion. Estimates of
individual doses (e.g., exposure duration, distances) for each of these activities were
calculated using line source (1/r) or point source (1/r2) approximations. No credit was
taken for attenuation of radiation by the air or by any structures between the individual
being exposed and the radiation source.
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TABLE: D.3.11 Summary of lifetime radiological exposures between Proposed Action and
Alternative Action: CH TRU incident-free occupational exposures (personrem)

Facility

Proposed Action

Alternative Action

Truck

Truck

Rail

Rail

Idaho National Engineering
Laboratory

2.0 x 102 2.1 x 101

2.0 x 102 5.9 x 10'1

Rocky Flats Plant

3.0 x 102 3.1 x 101

3.0 x 102 1.0 x 10°

Hanford Reservation

1.2 x 102 1.2 x 101

1.2 x 102 4.0 x 10-1

Savannah River Site

3.7 x 102 3.8 x 101

3.7 x 102 1.1 x 100

Los Alamos National Laboratory

5.8 x 101 5.8 x 101

5.8 x 101 5.8 x 101

Oak Ridge National Laboratory

3.0 x 101 3.2 x 10°

3.0 x 101 2.4 x 10-1

Nevada Test Site

4.0 x 10° 4.0 x 10°

4.0 x 10° 4.0 x 10°

Argonne National Laboratory-East 1.8 x 10° 1.9 x 101

1.8 x 10° 1.3 x 10-2

Lawrence Livermore National
Laboralory

1.6 x 101 1.7 x 10°

1.6 x 101 5.8 x 10-2

Mound Laboratory

2.8 x 100 2.9 x 10.1

2.8 x 100 8.2 x 1043

TOTAL

1.1 x 103 1.7 x 102

1.1 x 103 6.5 x 101
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1 TABLE D.3.12 Summary of lifetime radiological exposures between Proposed Action and
the Alternative Action: CH TRU incident-free nonoccupational exposures
(person-rem)

Proposed Action

Facility

Truck

Rail

Alternative Action

Truck

Rail

Idaho National Engineering
Laboratory

8.1 x 101 6.3 x 101

8.1 x 101 6.1 x 101

Rocky Flats Piant

7.6 x 101 7.6 x 101

7.6 x 101 7.6 x 101

Hanford Reservation

7.1 x 101 6.3 x 101

7.1 x 101 6.2 x 101

Savannah River Site

1.8 x 102 1.6 x 102

1.8 x 102 1.6 x 102

Los Alamos National Laboratory

1.6 x 101 1.6 x 101

1.6 x 101 1.6 x 101

Oak Ridge National Laboratory

4.6 x 101 2.5 x 101

4.6 x 101 2.3 x 101

Nevada Test Site

1.6 x 10° 1.6 x 10°

1.6 x 10° 1.6 x 10°

Argonne National Laboratory-East 2.0 x 10° 1.4 x 10°

2.0 x 10° 1.3 x 10°

Lawrence Livermore National
Laboratory

8.7 x 10° 7.9 x 10°

8.7 x 10° 7.8 x 10°

Mound Laboratory

1.4 x 10° 1.0 x 10°

1.4 x 10° 1.0 x 10°

TOTAL

4.8 x 102 4.1 x 102

4.8 x 102 4.1 x 102
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TABLE: D.3.13 Summary of lifetime radiological exposures for incident-free transportation of RH
TRU waste (person-rem): Proposed Action and Alternative Action

Disposal Phase (20-yr)e
100% Truck

Maximum Rail

Facility

Occb

Nonocce

Occ

Nonocc

Idaho National Engineering
Laboratory

4.9 x 101

3.9 x 101

3.2 x 10-1

3.2 x 101

Hanford Reservation

4.2 x 102

6.2 x 102

4.3 x 10°

3,6 x 102

Los Alamos National Laboratorye

2.8 x 10°

1.2 x 10°

2.8 x 10°

1.2 x 10°

Oak Ridge National Laboratory

2.9 x 102

2.0 x 102

1.8 x 10°

1.7 x 102

Argonne National Laboratory-East 1.5 x 101

1.2 x 101

8.2 x 10-2

7.5 x 10°

1.1 X 103

9.3 X 10°

5.7 X 102

TOTAL

7.8 X 102

a No RH TRU waste is shipped to the WIPP during the Test Phase for any alternative.
b Occupational population-quantifies doses received by transportation crews.
Nonoccupational population.
d Population group exposures are calculated by multiplying the exposure/shipment identified
in Table D.3.9 by the total number of shipments to WIPP by truck or rail, as determined from
the projections in Table D.3.2.
Rail occupational exposures resulting from normal
transportation include the impact of inspection activities.
e Waste shipments from this facility are limited to the truck mode. Rail exposures are thus the
same as truck exposures.
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TABLE D.3.14

Estimated maximum exposure to individuals within various population categories frorn incident-free transportation during
the Test Phase and Disposal Phase for the Proposed Action and during the Disposal Phase for the Attemative Action
(rem)
100 % Truck shipment case

Occupational

Nonoccupational

Crew membera
Departure
inspectionse

State
inspectionsf

4.2 x 101
6.4 x 101
2.9 x 101

2.7 x 10-1
7.6 x 10-1

8.1 x 10-1
2.3 x 10o

5.0 x 10-4

1.5 x 10-4

7.5 x 10-4

4.2 x 10-4

1.5 x 10-1

4.3 x 10-1

3.5 x 10-4

8.1 x 10-5

2.9 x 10-2

4.8 x 10-1

1.4 x 100

1.4 x 103

2.6 x 10-4

9.6 x 10-2

7.6 x 100

1.3 x 102
3.7 x 101

5.7 x 10-1

1.0 x 101

2.5 x 101

1.7 x 10-1

1.7 x 100
5.0 x 10 1

2.1 x 10 3
5.5 x 10-3

3.1 x 10-4
9.1 x 10-5

3.4 x 10-2

6.0 x 10-4
3.8 x 10 3

3.5 x 10-6

1.3 x 10-3

3.8 x 10-6

1.4 x 10-3

2.0 x 10 4

1.5 x 10-5
2.3 x 10 6

5.2 x 10-3

4.1 x 10-3

1.9 x 10-2
2.1 x 10-2
7.8 x 10-2
1.2 x 10-2

2.4 x 10N

7.3 x 100

1.3 x 10 3

4.8 x 10-1

1
4.9 x 100
7.9 x 10
1.8 x 10-1

2.5 x 10-3
8.0 x 10 3
4.5 x 10-3

6.3 x 10-5
1.1 x 10-4
2.4 x 10-5

4.1 x 10-2
6.6 x 10-1
1.5 x 10-2

1.6 x 10-3
1.3 x 10-3

4.0 x 104
2.0 x 10 5

2.5 x 10-1

6.2 x 104

9.8 x 10-1

In-transitb

Stopsc

INEL
RFP

3.5 x 101

6.8 x 100
1.0 x 101

Hanford

2.4 x 101
1.1 x 102
2.9 x 101

ToteId

On-link9

Off-linkh

Stopsi

Contact-Handled

SS
LANL
ORNL
?ITS

5.4 x 101

1.5 x 101
1.8 x 10o

4.8 x 100
1.9 x 101

3.6 x 10-1

2.2 x 100

6.4 x 10-3

4.1 x 10-1

MOUND

1.4 x 100

2.7 x 10-1

1.3 x 100
9.9 x 100
1.7 x 100

7.0 x 10-3

LLNL

9.1 x 10-1
8.2 x 100

ANLE

1.7 x 100

TOTAL (WIPP)

2.6 x 10-2

2.1 x 10-4

5.5 x 10 2
1.5 x 10-1

1.1 x 10-1

8.3 x 10-4

Remote-Handled
INEL

2.4 x 101

1.1 x 101

3.5 x 101

2.0 x 10-1

Hanford

8.4 x 101

9.2 x 101

1.8 x 102

3.3 x 100

LANL

1.4 x 100

8.1 x 10-1

2.2 x 100

ORNL

4.5 x 101
7.7 x 100

1.7 x 101
2.9 x 10o

6.2 x 101

7.5 x 102
1.2 x 10o

1.1 x 101

6.3 x 102

_1
3.0 x 100
1.5 x 10

4.8 x 10°c1

1.2 x 101

ANLE
TOTAL (WIPP)

1.3 x 10-2

TABLE D.3.14 Continued

Maximum rail shipment case

Occupational

Nonoccupational

Crew membera,J
Yard
In-transitb

Stopsk

INEL

2.0 x 102

RFP

2.9 x 10-2

1.3 x 100
1.9 x 100

Hanford

1.7 x 10-2

SRS

3.5 x 10-2

Totafd

crew1

Departure
inspectionsm

State
inspectionsn

1.5 x 10-4

2.8 x 10 2

4.2 x 10-4

7.9 x 10-2
1.5 x 10-2

Off-linkh

Stops°

Contact-Handled

LANLP

2.9 x 101

rNP.NL

1.3 x 10-2

NTSP

1.8 x 100

1.1 x 100
2.3 x 100
7.6 x 100
--n
1.5 x w3.6 x 10-1

ANLE

1.4 x 10-3

LLNL

6.9 x 10-3

8.6 x 10-2
4.5 x 10 1

MOUND

7.9 x 10-4

5.2 x 10-2

1.3 x 100

5.4 x 10 2

2.7 x 10-1

1.9 x 10°

7.6 x 10-1

1.1 x 100

1.5 x 10-1
2.9 x 10-2

6.1 x 10-1
1.7 x 10o

1.5 x 10-1

3.2 x 10 1

7.9 x 10-5

2.3 x 10°

9.5 x 10-2

4.8 x 10-1

1.1 x 100

2.6 x 10-4

3.7 x 101
1.5 x lu°

3.4 x 10 `

5.0 x 10-2
1.1 x 10-1

5.7 x 10-1

1.7 x 100

3.1 x 10-4

1.7 x 10-1

3.8 x 10-i

9.2 x 10-5

1.7 x 10-2

6.4 x 10-3

1.9 x 10-2

3.5 x 10-6

2.2 x 100
8.7 x 10-2

1.4 x 10-3

7.0 x 10-3

1.6 x 10-2

3.9 x 10-6

1.3 x 10-3
7.3 x 10-4

4.6 x 10-1

5.2 x 10-3

2.6 x 10-2

5.9 x 10-2

1.4 x 10-5

2.7 x 10-3

5.3 x 10-2

8.2 x 10-4

4.1 x 10-3

9.0 x 10-3

2.3 x 10-6

4.3 x 10-4

3.7 x 10 1

2.4 x 100d

5.9 x 10o

1.3 x 10-3

3.0 x 10

4.1 x 10 2
6.6 x 10-1

2.0 x 10-1

3.7 x 10-1

6.6 x 10-5

1.7 x 10-2

3.3 x 100

5.9 x 100

1.1

10-3

2.8 x 10-1

2.5 x 10 1
1.3 x 10-2

7.5 x 10 2

1.8 x 10-1

1.2 x 100
6.3 x 10-2

2.3 x 100

2.4 x 10-5
39x1n-4

1.5 x 10-2
1 n v

1.1 x 10 1

2.1 x 10-5

5.2 x 10 3

9.6 x 10 1

4.8 x 1009

8.9 x 100

1.6 x 10-3

4.2 x 10 1

TOTAL (WIPP)
Remote-Handled
2.0 x 10o
2.0 x 101

2.0 x 10o

8.1 x 10-1

2.2 x 100

2.5 x 100

2.5 x 100
6.2 x 10 1

INEL

2.6 x 10 2

Hanford
LANLP

1.1 x 10-1
1.4 x 10o

ORNL

3.2 x 10-2

ANLE

8.0 x 10-3

6.1

TOTAL (WIPP)

x 10- 1

2.0 x 101

x

TABLE D.3.14 Concluded

Notes:
a The fraction of shipments a crew member is estimated to participate in is calculated based on an availability of 5,400 hours p.
year (225 days at 24 hours per day) and an average travel speed of 35 mph for truck and 20 mph for rail.
b Based on RADTRAN-Il model, with an exposure distance of 13 ft for truck shipments and 492 ft for rail shipments.
c Based on line source exposure model (l/r) for 100 mile inspections, food stopa and refueling stops:
Exposure
Time

Exposure
Distance

Inspections

15 min

3.2 ft

Food stops
Dining
Surveillance

1 hr
1 hr

66 ft
33 ft

Refueling
Near activities
Far activities

20 min
20 min

16 ft
33 ft

Comments

Refueling assumed to
occur every 850 miles

d Total crew member occupational dose will be monitored by a dosimetry program and doses to individuals will be maInta nec
below DOE guidelines.
e Calculated using a line source exposure model, with an average exposure distance of 10 ft and an exposure time of 30 minutes
and assuming three shifts per day and that the individual works in same position for 10 years.
f Based on line source exposure model with one inspector exposed to 20 percent of all shipments for 1 hour per inspection a
an average distance of 3.2 ft (1 m).
9 Assumes member of public is delayed in traffic adjacent to shipment for one 30-minute period, at a distance of 3.2 ft (1 rn)
This calculation gives the upper bound for the actual radiation dose due to the usage of conservative assumptions, as discussec
in Subsection D.3.2.1 and Appendix B.
h Calculated using RADTRAN-II model which assumes that individual is exposed to every waste shipment traveling at 15 mph
a distance of approximately 100 ft.
I Estimated exposure using a line source exposure model to a member of the public working at a truckstop (exposure distance
of 65 ft and exposure duration of 2 hours) and assuming all trucks stop at that location, three shifts per day, and that individua
works at location for 10 years.
Maximum rail crew member exposure calculation based upon the maximum anticipated distance between railcar classificatior
terminals from each shipment site to the WIPP. The distances used in this analysis are: INEL/1,200 mi, RFP/770 mi, HANF/1,91(
mi, SRS/875 mi, ORNL/850 mi, ANLE/1,180 mi, LLNL/1,680 mi, Mound/1,220 mi.
k Individual crew member doses during stops for inspections and servicing (e.g., air hose connections) were calculated, assuminc
an exposure duration of 1 percent of the stop time at an exposure level equaling the T1 value. A freight stop time of 0.033 hour:
per kilometer was used for conservatism.
Calculated using line source model NO, with an average exposure distance of 33 ft (10 m) and an exposure duration of 2 hour:
for each shipment and assuming that there are three rotating yard crews, with an individual working 10 years in the same job
m Assumed to be the same as for truck shipments since fewer rail shipments will be required but more items to inspect,surve
per shipment.
n State inspector exposure parameters for rail are assumed to be the same as the truck mode, but with a reduced exposure timE
of 45 minutes since no queue time is expected.
° Assumes individual is exposed to every waste shipment stopped at a train terminal, with an average exposure distance of 56(
ft (200 m) for a duration q 20 hours. Dose rate calculated as a point source beyond 300 ft (approximately 5 times a railca
length) equaling 6.9 x 10 (TO.
P Waste shipments are limited to the truck mode.
q Arrival inspections.
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Doses to a truck crew member include those received while the shipment is moving
and stopped. The RADTRAN model was used to determine the exposure to an individual crew member while the shipment is moving. An exposure distance of 13 ft (4 m)
was specified. Doses received while stopped are from inspections every 100 miles,
refueling, and food stops. A truck driver, rather than a service attendant, is assumed
to refuel the truck. Estimated exposure distances and durations for these activities
while stopped are given in Table D.3.14. Depending upon the number of shipments
from a facility and the travel time to the WIPP, a truck driver may transport all or only
a fraction of the shipments. Hypothetical lifetirne maximum crew member exposures are
projected to be up to 130 rem for CH TRU waste shipments and up to 180 rem for RH
TRU waste shipments. However, any monitored crew member who receives an
accumulated dose that approaches 5 rem (the regulatory limit for occupational
exposures) in any given year would be reassigned to other duties involving no further
exposure.
Exposures to rail crew members while shipmerts are moving were also calculated using
the FIADTRAN model, with an exposure disl:ance of approximately 490 ft (150 m).
Exposure while stopped for inspections and servicing was estimated assuming a crew
member radiation dose rate equal to the Transport Index value received over a duration
of 1 percent of the total stop time (.033 hour:5 per kilometer, typical of regular freight
shipments).
The maximum individual dose to a railyard handler/serviceman was estimated assuming
an average exposure distance of 33 ft (10 m) for a duration of 2 hours and that this
person is exposed to approximately 13 percent of CH TRU shipments and 17 percent
of RH TRU shipments (allowing for a 10-year career in the same position and three
shifts/crew).
Maxirnum individual occupational exposures resulting from inspecting departing trucks
were estimated assuming an exposure distance of approximately 3 ft (1 m) for 30
minutes. As above, it was also assumed that this individual would remain in the same
job for 10 years, and that there would be three shifts/crews performing the same tasks.
Individual dose commitments were projected to range from 0.0041 to 0.76 rem for
CH TRU shipments and 0.063 to 3.3 rem for RH TRU shipments. The lifetime occupational exposure for truck inspections at the WIPP was estimated by summing the
indiviclual facility departure values, and resulted in a dose of 2.4 rem for CH TRU
shipments and 4.8 rem for RH TRU shipments. The transportation worker performing
raii departure inspections would receive the same maximum exposure as the worker
inspecting departing truck shipments, since there are only one-half the nurnber of
shipments but about twice the inspection effort per shipment.
Estimated doses to an individual performing State safety vehicle inspections were
calculated assuming the person would be involved in 20 percent of the inspections
with an average exposure distance of approxirnately 3 ft (1 m). Inspections may occur
at the origin facility, upon arrival at the WIPP, or in the corridor States at ports of entry
for trucks or classification yards (transfer of railcar to another rail carrier) for rail
shipments. To allow for queues, a truck inspection time of 1 hour was usec. For
individual railcar shipments, an inspection time of 45 minutes was assumed. For truck
transportation, maximum lifetime inspection doses of 7.3 and 12 rem were calculated
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for CH TRU and RH TRU waSte shipments. For rail transportation, maximum lifetime
exposures of 5.9 rem (CH TRU) and 8.9 rem (RH TRU) were estimated,
The maximum radiation dose to an individual member of the public (off-link) due to
waste shipments which travel by his or her residence or workplace was calculated
using the RADTRAN model. It was assumed that the individual is exposed to every
waste shipment at a distance of approximately 100 ft (30 m). For truck shipments, an
additional exposure category (on-link) was evaluated to assess the radiation dose to
a person in an adjacent traffic lane for an extended length of time due to traffic
congestion. Assuming the individual is present for one 30-minute period in the adjacent
traffic lane during the lifetime of the WIPP at an exposure distance of about 3 ft (1 m),
individual doses could range from 0.2 to 8 mrem depending on the shipment's origin
facility and type of waste (CH TRU or RH TRU).
The maximum individual dose to a member of the public working at a truckstop was
calculated to be 480 mrem for CH TRU waste shipments and 980 mrem for RH TRU
waste shipments. This assumes a stop duration of 2 hours, with an exposure distance
of 65 ft (20 m). This also assumes that the individual is exposed to approximately 13
percent of all CH TRU shipments and 17 percent of all RH TRU shipments arriving at
the WIPP (assuming all shipments stop at the same location, that the individual works
for 10 years at the truckstop, and there are 3 shifts/crew.). Exposures to individuals
employed at truckstops along routes leading from the individual waste origin facilities
will be lower, ranging from .83 to 660 mrem, depending on the specific origin facility
and type of waste shipped (CH TRU or RH TRU).
The maximum exposure to a member of the public residing near a train terminal was
estimated assuming an exposure distance of 660 ft and that the individual is exposed
to every railcar shipment for a duration of 20 hours per stop (Wooden, 1986 used for
guidance). Lifetime doses of 0.3 rem for CH TRU shipments and 0.42 rem for RH TRU
shipments were estimated.

D.3.3 RADIOLOGICAL RISKS OF TRANSPORTATION ACCIDENTS
D.3.3.1

Method for Calculating Radiological Risks of Transportation Accidents

D.3.3.1.1 Severity Cateqories. CH TRU and RH TRU shipments to the WIPP will be
made in NRC-certified Type B containers (TRUPACT-II and RH cask). The certification
standards ensure that these containers will withstand virtually any accident condition
without releasing their radioactive contents to the environment. Recently, a 1987 NRC
study (Fischer et al., 1987) determined that only 0.6 percent of truck and rail accidents
involving Type B containers or casks could cause a radiation hazard to the public. The
earlier 1977 NRC study (NRC, 1977) conservatively estimated that approximately 9
percent of all truck accidents and 20 percent of rail accidents involving Type B
containers or casks would result in radioactive material releases. Thus, a TRU waste
transportation accident that exceeds regulatory criteria and causes the release of a
portion of the contents of the shipping container has an extremely small chance of
occurring. However, in order to assure bounding estimates of environmental impact,
the more conservative accident severity probability statistics from the older 1977 NRC
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study (NRC, 1977) are considered by RADTRAN to determine the overall, probabilistic
transportation radiological risk.
The amount of radioactive material released in an accident depends on the severity
of the accident, the characteristics of the waste, and the capabilities of the shipping
container. Most accidents are unlikely to cause any release, but very severe accidents
(much more severe than conditions represented by NRC certification standards for Type
B containers) may cause some of the radioaclive materials to be released. Thus, the
distribution of accidents according to severity must be determined, in addition to the
overall accident rate. ln this subsection, the accident severity classification scheme that
was used in this assessment is discussed. The distribution of accidents accorcling to
severity is presented for truck and rail shipping modes.
Accident severity categories define the seriousness of an accident in terms of
mechanical and thermal loads. Many methods can be used to classify accidents in
terms of mechanical and thermal parameters. The relevant mechanical parameters may
include impact speed, impact force, impact location and orientation, impact surface
hardness, and impact puncture characteristics. The thermal characteristics may include
flame temperature, fire duration, fire source sze and orientation with respect to the
container, and heat transfer properties (such as flame emissivity and convection
coefficients).
The NRC defined eight accident severity categories for each transportation mode in a
study performed to assess the adequacy of regulations for radioactive material transport
(NRC, 1977). The first two accident categories were defined to be less serious than the
hypothetical accident conditions specified in 10 CFR Part 71 for testing Type B
packaging (i.e., shipping containers or casks). These tests simulate very severe
transportation accidents, with the packaging sequentially subjected to drop, puncture,
thermal, and water immersion tests. Thus, accidents in severity categories 1 and 2 are
very unlikely to cause any release to the environment because the shipping containers
or casks are designed to withstand them without releasing any of their contents.
The NRC (1977) classification scheme for truck accidents, illustrated in Figure D.3.1,
uses crush force and fire duration to determine the seriousness of an accident. The
crush force may result from either an internal (e.g., container crushed upon impact by
other containers in the load) or static load (e.g., container crushed beneath vehicle).
The classification approach used for train accidents is shown in Figure D.3.2. While
fire duration is retained as the thermal parameter, the NRC decided to use puncture and
impact speed as the mechanical measure of accident severity. This was done because
crushing from the impact of other containers in the cargo was considered less relevant
for rail shipments.
The assessment used in this SEIS retains the severity classification scheme used by the
NRC (1977). In order to place the accident severities into perspective, two accidents
representative of categories 1 and 2 are descri Ded:
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FIGURE D.3.1
TRUCK ACCIDENT SEVERITY CATEGORY CLASSIFICATION SCHEME
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FIGURE D.3.2
RAILROAD ACCIDENT SEVERITY CATEGORY CLASSIFICATION SCHEME
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In the accident known as the 1-80 bridge accident, a tractor-trailer rig was struck
by a pickup truck while on an overpass bridge on 1-80 near San Francisco,
California. The tractor-trailer rig veered into the bridge railing and fell to a soil
surface 64 feet below. Fischer et al. (1987) determined that a comparable
accident involving a Type B certified container would be within the accident
conditions specified for the design of the containers and thus would not be
expected to cause any significant release.
A truck accident involving a fire occurred in the Caldecott Tunnel near Oakland,
California. The accident resulted from a collision involving a gasoline truck, a
bus, and a car. The gasoline truck carried approximately 8,800 gallons of gasoline, which acted as the fire source; a resulting peak flame temperature of
1900°F was estimated. Although it took about 2 hours and 42 minutes to completely extinguish the fire, most of the gasoline burned in less than 40 minutes.
Fischer et al. (1987) concluded in that the response of Type B containers to an
accident of this type would be within the design capabilities.
For higher accident severities, there is an incremental increase in mechanical and
thermal loads. At the highest severity category, impact forces can be 100 times greater
than those in category 2, and fire durations can exceed 1.5 to 2 hours. For example,
a fire that engulfs a truck shipment in a diameter of 40 feet would require approximately
17,000 gallons of hydrocarbon fuel to burn for 2 hours. This would require the very
unlikely event of involving three tanker trucks in the incident because a typical tanker
carries approximately 5,000 gallons of hydrocarbons (Wolff, 1984). At a minimum, at
least two full 10,000-gallon tanker trucks would need to be involved. For a rail incident,
the average fire pool size is 2,000 square feet (50 ft in diameter) (Wolff, 1984); over
27,000 gallons of hydrocarbon fuel would be required to maintain a fire of this magnitude for 2 hours. The large majority of truck (99.90 percent) and rail (99.83 percent)
accidents that involve fires, however, last less than 30 minutes (Wolff, 1984). The
probability of such accidents diminishes as their severity increases, as already noted.
Table D.3.15 presents the fractional occurrences of truck accidents in each of the eight
severity categories. The assessment conducted for this SEIS assumes an overall
accident rate of 1.1 x 10-6 accidents per kilometer (NRC, 1977). The fraction of
accidents in each population zone relevant to TRU waste shipments to the WIPP is also
presented in Table D.3.15.
Table D.3.16 presents the fractional occurrence of train accidents in each of the eight
accident severity categories. The overall accident rate is 9.3 x 10-7 railcar accidents
per railroad-kilometer, assuming an average train length of 70 cars and an average of
10 cars involved in each accident (NRC, 1977). The more severe accidents are
assumed to occur in lower-population-density zones, where travel speeds are higher.
D.3.3.1.2 Release Fractions. The DOE plans to ship TRU waste to the WIPP in Type B
shipping containers or casks whose designs are approved and certified by the NRC
(see Appendix L). Type B containers or casks are designed and tested to NRC requirernents to demonstrate that they are sufficiently strong to withstand very severe
accidents, with safety largely independent of the transport vehicle and procedural and
other controls on the shipment. Testing as specified by the NRC in 10 CFR 71.73
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TABLE D.3.15

Fractional occurrencesa for truck accidents by accident severity
category and population density zone

Fractional occurrences according to
population density zones
Accident
severity
category

Fractional
occurrences

Low

Medium

High

I

.55

.1

.1

.8

II

.36

.1

.1

.8

III

.07

.3

.4

.3

IV

.016

.3

.4

.3

V

.0028

.5

.3

.2

VI

.0011

.7

.2

.1

VII

8.5 x 10-5

.8

.1

.1

VIII

1.5 x 1 0.5

.9

.05

.05

a Overall accident rate = 1.1 x 10-6 accidents/kilometer.
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TABLE D.3.16

Fractional occurrencesa for train accidents by
accident severity category and population
density zone

Fractional occurrences according to
population density zones
Accident
severity
category

Fractional
occurrences

Low

Medium

High

I

.50

.1

.1

.8

II

.30

.1

.1

.8

III

.18

.3

.4

.3

IV

.018

.3

.4

.3

V

.0018

.5

.3

.2

VI

1.3 x 10-4

.7

.2

.1

VII

6.0 x 10-5

.8

.1

.1

VIII

1.0 x 10-5

.9

.05

.05

Ii a Overall accident rate = 9.3 x 10-7 railcar accidents/kilometer.
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encompasses a range of very severe accident conditions that are applied sequentially
to determine cumulative effects; it includes impact (free drop), puncture, thermal, and
water-immersion tests.
The 1977 NRC study (NRC, 1977) conservatively estimated that approximately
9 percent of all truck accidents and 20 percent of rail accidents involving Type B
containers or casks could result in radioactive material releases. More recently,
however, Fischer et al. (1987) determined that only 0.6 percent of truck and rail
accidents could cause a radiation hazard to the public. To estimate how much
radioactive material could be released to the environment for the very small number of
accidents that exceed the containment design capabilities of the Type B containers or
casks, a release fraction analysis was performed.
Release Fraction Definition. The release fraction analysis determined how much
radioactive material could be released to the environment in a respirable, airborne form
after a very severe accident that affects the containment capabilities of the shipping
containers or casks. The calculation focused on respirable particle sizes with a mean
aerodynamic diameter of less than 10 microns because inhalation is the primary
exposure pathway for TRU elements. Particles that are larger will be expelled from the
body and consequently are not as significant in estimating health effects. This
calculational approach is consistent with existing NRC risk assessments (WASH-1400,
NUREG-0170, NUREG/CR-4829).
Method of Calculating Release Fractions. In order to calculate release fractions for
very severe accidents, it is necessary to:
• Characterize the radioactive material being transported
• Identify and quantify the response 01 the shipping containers or casks (loss
of containment) to accident conditions
• Identify and quantify the release m echanisms resulting in the escape of
radioactive material from the containers or casks to the environment.
This analysis used representative values for parameters where published data and test
results are applicable and reasonable, and conservative estimates where uncertainties
exist. "Conservative" is used in this discussion to mean using such parameter values
that the consequences of potential accidents will be overestimated.
Characterization of the TRU Waste. The radionuclide compositions, quantities, and
volumes used in the analysis are based on the waste inventory data and projections
presented in Appendix B. As noted in Subsection 2.3.1, the DOE has established
criteria and procedures which govern the physical, radiological, and chemical
composition of the waste. Physical restrictions require that the waste not be in a freeliquid form and that particulate waste materials be limited to specific levels in
accordance with DOE (1989). Transuranic radionuclides are generally present as
oxides with concentrations exceeding 100 nanocuries per gram.
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Response of Shippinq Containers and Casks. If a shipping container or cask is
involved in an accident, the extent of damage will depend on the design of the
container and the severity of the accident. Accident severity is categorized in terms of
mechanical (e.g., impact) and thermal loads. Many methods can be used to classify
accidents in terms of mechanical and thermal parameters. The relevant mechanical
parameters may include impact speed, impact force, impact location and orientation,
impact surface hardness, and impact puncture characteristics. The thermal parameters
may include flame temperature, fire duration, fire source size and orientation with
respect to the containers, and heat transfer properties (e.g., flame emissivity and
convection coefficients).
The analysis conducted for the SEIS used the accident severity model developed by
the NRC (1977) as discussed in the preceding subsection. This model conservatively
predicts the frequency of accidents whose severity exceeds Type B package test
requirements (accident severity category three through eight).
Because NRC regulations do not require Type B containers to be tested to failure, and
because there are no historical data on the response of containers to very severe
accidents, certain assumptions were required to estimate the extent of damage
sustained by the TRUPACT-II container and the RH cask from accidents in severity
categories three through eight. Guidance was obtained from the analysis and test
data presented in NRC (1977), Fischer et al. (1987), and Jefferson (1978). The data
indicate that a catastrophic failure (e.g., gaping hoie, container severed in half) of a
Type B container or cask would not be expected for accidents more severe than those
in severity category two. Because of margins in the materials of construction (e.g.,
minimum versus actual rupture stress) and structural design (e.g., absorption of energy
by plastic deformation), more likely failures would include the formation of cracks in the
side of the container or cask, the failure of the closure seals, or the failure of any
valves or penetrations.
To define the response of Type B containers or casks to transportation accidents, the
following conservative assumptions were made:
• For shipments of several Type B containers on one transport vehicle, it was
assumed that all containers would sustain the same damage. No credit was
taken for the mitigating effects of one container shielding the others from
impact forces or thermal loadings.
• Two package response states were defined for the shipping container or
cask:
1) No leak path and no release of radioactive material
2) A leak path is present, allowing the release of all respirable airborne
radioactive material present inside the containers.
The second state was postulated even though catastrophic failures are very unlikely.
This state is consistent with NRC's position (Fischer et al., 1987) and does not take
credit for any processes that will tend to reduce radioactive material releases (e.g ,
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particle settlement, vapor piate-out on interior surfaces, filtration effects along leak
path) from the containers.
The response states are influenced by both the mechanical and thermal conditions of
the accident. The response to the impact conditions will be largely independent of
the thermal conditions, with impact effects immediate and thermal effects delayed.
Consequently, the analysts elected to use two components for the response state (one
for the impact event and one for the thermal event) for each accident severity
category. Both components have two accident response states as defined above.
Once the potential response states for the shipping containers or casks have been
defined, it is necessary to assign the appropriate response state components to each
accident severity category. As previously noted, there are few data that can be used
to determine failure thresholds for transport containers involved in accidents with
conditions more severe than NRC certification test requirements. NRC (1977) Model II
release fractions (Table 5-8 of reference) were used as a primary guide. From impact
test data, the NRC (1977) projected Type B shipping containers for plutonium to have
a failure threshold at accident severity category six. With current development
programs, more recent container designs (1905) were projected to have an increased
failure threshold, corresponding to accident severity category seven. The NRC (1977)
also projected Type B casks to have a failure threshold at accident severity category
three, with more significant releases occurring .at accident severity category five. These
projections included effects from both impact and thermal events.
For response to an impact event, a failure threshold corresponding to severity
category five was assigned; it corresponds to the more significant release state
brojected by the NRC (1977) for Type B casks. For response to a thermal event, a
failure threshold corresponding to severity category three (an accident with conditions
slightly exceeding the NRC's test requirements) was conservatively assigned.
Release Mechanisms. Any release of radioactive material due to a transportation
accident would normally progress in two stages: release inside the shipping containers
or casks, followed by release to the environment. Releases from the container to the
environment were addressed in the preceding discussion of accident response states.
The discussion that follows evaluates how much radioactive material would be released
into the cavities of the shippinq containers or casks.
There are multiple release mechanisms and pathways that may lead to the release of
respirable radioactive material into container cavities. Impact release mechanisms
include waste container (e.g., a 55-gallon drum or standard waste box) failure,
fragmentation of solid waste, particulate suspension, and aerodynamic entrainment of
particles. Thermal release mechanisms include heat-induced failures of the waste
containers; aerosolization of particles by combustion, gas generation, or the heating of
contarninated surfaces; and potential volatilization of radionuclides. Impact and thermal
release mechanisms were evaluated by usin applicable test data and analyses
available in the published literature, as supplemented by conservative assumptions
where only limited data exist. It was assumed that all failed waste containers, without
regard to waste form or type, release an average amount of material for each accident
severity category.
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In assessing releases from irnpact events for each severity category, the following
procedure was used:
• Identification of the fraction of failed waste containers inside the shipping
container or cask
• Determination of the fraction of radioactive material released from the failed
waste containers
• Calculation of the fraction of radioactive material released from the failed
waste containers that is aerosolized in a respirable form by the mechanical
stress of impact
• Calculation of the fraction of radioactive material released from the failed
waste containers that becomes aerodynamically entrained in a respirable
form after the loss of containment by the shipping containers and any
subsequent depressurization (e.g., TRUPACT-II design pressure of 50 psig).
Studies by Huerta (1983) and Shirley (1983) were used to determine the fraction of
failed waste containers. The fractions of radioactive material released from the failed
waste containers were conservatively estimated using reports by Huerta (1983) and the
NRC (1977) for guidance. The fraction of radioactive material converted to a respirable
aerosol from impact stresses was calculated by using a resuspension factor approach.
This is an accepted analytical method for predicting airborne concentrations of material
above contaminated surfaces. The mechanical action of vigorous sweeping was used
to represent the respirable airborne contamination fraction, using data taken from an
NRC report (NRC, 1980), for the resuspension factor.
It was judged that this approach would be at least representative, if not conservative,
in estimating the release of respirable contaminants by impact stresses.
The aerodynamic entrainment of respirable particulates was determined by using data
from wind tunnel tests for uranium dioxide power (Mishima and Schwendiman, 1973a).
This release mechanism will occur only to the extent that the shipping container is
pressurized by the release of gases from the waste containers. The analysis
conservatively assumed that maximum pressurization of the container cavity will always
occur for every shipment. Based upon the nature of potential container damage
previously described, and the void volume space within the container cavity, a
depressurization duration of approximately 30 minutes at an average velocity of about
2.5 mph was calculated. For these conditions, the average entrainment value given by
Mishima and Schwendiman (1973a) for four surfaces (asphalt, sand, vegetation, and
stainless steel) was conservatively assigned.
The algorithm used to calculate the release fraction of respirable radioactive material
from impact stresses is summarized in Table D.3.17. Values for specific algorithm
parameters are presented in Table D.3.18.
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TABLE D.3.17 Estimate of potential accident release fractions for CH and
RH TRU waste shipments due to impact events

Impact release fraction (IRF)
Where:

= (FFC x FMRC)(FMAI + FMEI) (FMRPI)

FFC

= Fraction of failed waste containers

FMRC

= Fraction of material released from failed containers
into package cavity

FMAI

= Fraction of material aerosolized from impact

FMEI

= Fraction of material entrained to environment during
impact event

FMRPI

= Fraction of materiai released from package cavity
during impact event

TRUPACT-Ila
Severity
:ategory

1
2
3
4
5
5
7
3

FMRC

FMAI

FMEI

0x
0x
1 x
3x
5X
7x
1 x
1 x

0 x 10°
0 x 100
8 x 10-5
8 x le
8 x 10-5
8 x 10-5
8 x 10-5
8 x 10-5

0.0 x
0.0 x
0.0 X
0.0 x
1.5 x
1.5 x
1.5 x
1.5 x

10°
100
10-1
101
10-1
10-1
10°
10°

10°
100
100
100
10-4
104
10-4
104

RH Cask
"

FMRPI

FFC

IRF

FFC

IRF

0 x 10°
0 x 100
0 x 100
0 x 100
1 x 100
1 x 100
1 x le
1 x 10°

0x
0x
3x
5x
7x
1 x
1 x
1 x

0 x 100
0 x 100
0 x 10°
0 x 100
8 x le
2 x 104
2 x 104
2 x 104

0x
0x
3x
7x
1 X
1 x
1 x
1 x

0x
0x
0x
0x
1 x
1 x
2x
2x

10°
100
10-1
10-1
10-1
100
100
10°

3 Respirable release fractions.
Release fractions are the same for truck and rail transportation modes.
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100
100
10-1
10-1
100
10°
10°
10°

100
100
10°
100
10-4
104
104
104

TABLE D.3.18

Parameters

FFC

Impact release algorithm parameters for CH and RH
TRU waste shipments

I Value

Basis/reference

•2728 InF -2.814

Huerta (1983); Shirley (1983).
Where F is NRC (1977) accident
severity breach force (Newtons)

FMRC

I1 Table D.3.17

Huerta (1983) and NRC (1977)
used as guidance

FMAI

Ii Table D.3.17

NRC (1980) resuspension factor
of 2.00 x ICY` m-1 used
(mechanical stress of vigorous
sweeping)

FMEI

Ii 1 .50 x 104

Mishima and Schwendiman
(1973a) average entrainment
value for 4 surfaces used with
airflow of 2.5 mph for 30 minutes

FMRPI

Accident severity 1-4:
0.0
Accident severity 5-8:
1.0
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Type B package design and
NRC (1977) used as guidance

Fische' et aI. (1987) estimated that 1.7 percenl: of truck accidents and 6.8 percent of
rail accidents will involve fires. For fire events, the following method was used for each
accide-it severity category:
• Identification of the fraction of radioa:tive material subject to thermal release
mechanisms
• Calculation of the fraction of radioactive material released by combustion in
a respirable form
•

Calculation of the fraction of radioactive material released in a respirable
form by the release of gases and the heating of contaminated surfaces

•

Determination of the fraction of radioactive material released in a respirable
form from any volatilization of radionuclides.

In the absence of detailed knowledge about the responses of shipping containers and
waste containers to fires more severe than those specified in regulatory test
requirements for Type B packagings, it was conservatively assumed that all radioactive
material was available for release for all accidents exceeding severity category two, as
limited by the specific release mechanisms.
For cornbustion related releases, it was assumed that combustible materials could be
ignited in all accident severity categories exceeding category two. To maximize the
amount of combustible waste burned for a given amount of oxygen, incornplete
combustion, producing carbon monoxide (CO), was assumed. The amount of oxygen
present to support combustion was calculated by assuming an 85 percent void volume
for a loaded shipping container and observing tnat there would be no external sources
of air or oxygen (no major breach of container). From a review of the inorganic
compound tables in the Handbook of Chemistry and Physics, it was concluded that
any decomposition of metal hydroxides (e.g., Ca(OH)2, Al(OH)3) present in cemented
sludges would not act as an internal source of additional oxygen. Finally, the results
of experiments conducted by Mishima and Schwendiman (1973b) were used to assess

the fraction of radioactive material released in a respirable form from the burning of
combustible material.
For accident severity categories four through eight, the fire event may last longer than
1.5 hours. For these more severe conditions, it was assumed that more radioactive
material could be converted to an aerosol form because of the release of gases from
the waste at elevated temperatures. Potentia gas generation was assumed to be
comparable for all five accident severity categories and was calculated by assurning a
graphite/steam reaction as the off-gassing source. For an upper bound gas generation
estimate, it was further assumed that all waste containers within the shipping container
were loaded with solidified process waste (water/steam source) and that there was
adequate graphite (e.g., molds) present to react with all of the steam.
With these assumptions, gas generation was calculated to be in excess o' 600
TRUPACT-II void volumes and 700 RH cask void volumes, at atmospheric pressure.
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The fraction of respirable radioactive material present in the gases released from the
waste containers and subsequently to the environment was calculated by using a
resuspension factor approach. A resuspension factor value corresponding to a
vigorous and continued surface stress of people walking on a surface contaminated
with plutonium dioxide (at a rate of 36 steps per minute) was used in the analysis.
Vaporization was reviewed as another thermal release mechanism. As previously noted,
TRU radionuclides are generally present in an oxide form. They are highly stable at
elevated temperatures. Alexander et al. (1986) report that volatile releases of
transuranic radionuclides are not of any significance until temperatures of 3140°F are
reached. The volitization of uranium oxide (e.g., UO2) becomes measurable at
approximately 2960 ° F. Flame temperatures for the open burning of hydrocarbon fuels
(e.g., JP-4, gasoline, diesel) range from 1400° F to 2400°F, with a median temperature
of approximately 1800°F. Consequently, a volatile release of TRU or uranium oxide
material is not credible for a transportation accident. This is consistent with the release
analysis presented by Fischer et al. (1987), in which the releases of TRU material are
quantified in terms of particulates only. In conjunction with waste characterization data,
it can be concluded that potential accidents involving CH TRU waste shipments cannot
result in radioactive material releases in a vapor form. However, RH TRU waste
contains activation/fission products that may volatilize at elevated temperatures. These
radionuclides are identified as being present in RH TRU waste. Testing conducted by
Lorenz (1980) indicates that cesium, antimony, and ruthenium may volatilize at elevated
temperatures. Assuming that volatilization mechanisms for RH TRU waste would be
similar to the referenced test conditions at 1290°F, it was concluded that the releases
of cesium, antimony, and ruthenium vapors would be comparable to the values
estimated for respirable particulate releases.
The algorithm for estimating the respirable release fraction of radioactive material from
thermal accident events is illustrated in Table D.3.19. Values for specific algorithm
parameters are summarized in Table D.3.20.
Total Respirable Release Fractions. The calculated impact release fractions (Table
D.3.17) and thermal release fractions (Table D.3.19) were added to determine the total
respirable release fractions due to very severe transportation accidents and are
summarized in Table D.3.21 and D.3.22. A maximum release fraction of 0.0002 was
estimated for accidents involving both CH and RH TRU waste shipments. This is
consistent with or bounding of previous transportation risk studies such as the NRC
modal study (Fischer et al., 1987), which estimated particulate releases of 0.000002
and vapor (Cdreleases of 0.0002 due to spent fuel shipments, and the WIPP FEIS
(DOE, 1980), which incorporated a release fraction of 0.00018 for CH TRU waste
shipments.
D.3.3.1.3 Dispersal Conditions. The dispersion of airborne radioactive material during
an accident is controlled by meteorological conditions at the time of the accident. The
airborne radioactive material moves downwind from the scene of the accident and its
dispersal and transport are affected by the degree of atmospheric turbulence. For this
analysis, the materials were assumed to move downwind and disperse. As the
radioactive cloud disperses, the people in its path will be exposed to external radiation,
internal radiation from inhalation, or internal radiation from ingestion. For inhalation and
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Estimate of potential accident release fractions for CH
and RH TRU waste shipments due to thermal events

TABLE D.3.19

Thermal release fraction (TRF) = FAT [(FMC x FMAC) + FMAT] FMRPT
Where:

FAT

= Fraction of accidents involving a thermal event

FMC

= Fraction of material consumed by combustion

FMAC

= Fraction of material aerosolized by combustion

FMAT

= Fraction of material aerosolized by thermal event

FMRPT

= Fraction of material released from package cavity
during therrnal event

Trucka
Severity
Category

FMAC

FMAC

FMAT

FMRPT

FAT

Raila

TRF

FAT

TRF

TRUPACT-11
1
2
3
4
5
7
3

0x
0x
9x
9x
9x
9x
9x
9x

10°
10°
10'4
10-4
10-4
10'4
10'4
10-4

0x
0x
5x
5x
5x
5x
5x
5x

10°
10°
104
10'4
10'4
10-4
10'4
104

0x
0x
2x
1 x
1 x
1 x

10°
10°
10-9
10-5
10-5
10-5
1 x 10-5
1 x 10-5

0x
0x
1 x
1 x
1 x
1 x

10°
10°
10°
10°
10°
100
1 x 10°
1 x 100

1.7
1.7
1.7
1.7
1.7
1.7
1.7
1.7

x
x
x
x
x
x
x
x

10-2
10-2
10'2
10-2
10-2
10-2
10'2
10'2

0x
0x
8x
2x
2x
2x
2x
2x

10°
10°
10-9
10-7
10-7
10-7
10-7

6.8 x
6.8 x
6.8 x
6.8 x
6.8 x
6.8 x
6.8 x
6.8 x

10'2
10-2
10'2
10'2
10-2
10-2
10-2
10-2

0x
0x
2x
7x
7x
7x
7x
7x

10°
10°
10-9
10'7
10'7
10-7
10-7
10-7

0x
0x
7x
7x
7x
7x
7x
7x

100
10°
10-4
10'4
10-4
10-4
10-4
10-4

0x
0x
5x
5x
5x
5x
5x
5x

10°
10°
10-4
10-4
10-4
10-4
104
10-4

0x
0x
2x
9x
9x
9x
9x
9x

0x
0x
1 x
1 x
1 x
1 x
1 x
1 x

1.7
1.7
1.7
1.7
1.7
1.7
1.7
1.7

x
x
x
x
x
x
x
x

10-2
10'2
10-2
10'2
10.2
10-2
10'2
10-2

0x
0x
6x
2x
2x
2x
2x
2x

10°
10°
10-9

6.8 x
6.8 x
6.8 x
6.8 x

10-2
1(12
10'2
10-2

10'7
10-7
10-7
1T7

6.8 x 10-2

0x
0x
2x
7x
7x
7x
7x
7x

10°
10°
1043
10-7
10'7
10'7
104
104

RH Cask

3
4
5
5
7

10°
10°
1043
10-5
10-5
10-5
10-5
10-5

10°
10°
10°
10°
100
10°
10°
10°

a Respirable release fractions.
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6.8 x 10-2

6.8 x o-2
6.8 x 10'2

TABLE D.3.20

Thermal release algorithm parameters for CH and RH
TRU waste shipments

Parameter

Value

Ii Basis/reference

FAT

1.7 x 10-2 (Truck)
6.8 x 10-2 (Rail)

1 Fischer et al. (1987)

FMC

Accident severity 1-2:
O x 10°

i
1
Ii FMAC

Accident severity 3-4:
9 x 10-4 (TRUPACT-II)
7 x 10-4 (RH Cask)

Type B package design
Limited internal oxygen
source:
3.95 lb 02 (TRUPACT-ll)
0.73 lb 02 (RH Cask)

Accident severity 1-2:
O x 100

Type B package design
Mishima and Schwendiman
(1973b)

Accident severity 3-8:
5 x 10-4
FMAT

1
i
Ii FMRPT

Accident severity 1-2:
O x 10°

Type B package design

Accident severity 3:
2 x 10-8

Only combustion assumed to
occur, with attendant off-gas
(combustion) products

Accident severity 4-8:
1 x 10-5 (TRUPACT-Il)
9 x 10-6 (RH Cask)

Off-gasing
assuming
steam/graphite reaction and
resuspension factor of 5.00 x
1
1 0-6 rn- corresponding to a
surface stress from walking
(NRC, 1980)

Accident severity 1-2:
O x 10°

Type B package design
NRC (1977) used
guidance

Accident severity 3-8:
1 x 10°
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TABLE D.3.21 CH TRU waste transportation release fractions

Total respirable release
fraction (TRRF)

Acciclent
severity
category

=

Impact release fraction (IRF) +
Thermal release fraction (TRF)

Impact
release
fractiona

Thermal
release
fractionb

Total
respirable
release
fraction

0 x 10°
0 x 10°
0 x 10°
0 x 10°
8 x 10-5
2 x 104
2 x 104
2 x 104

0 x 10°
0 x 10°
8 x 10'9
2 x 10-7
2 x 10-7
2 x 10-7
2 x 10-7
2 x 10-7

0 x 10°
0 x 10°
8 x 10-9
2 x 10-7
8 x 10-5
2 x 104
2 x 104
2 x 104

0 x 10°
0 x 10°
0 x 10°
0 x 10°
8 x 10-5
2 x 10-4
2 x 104
2 x 104

0 x 10°
0 x 100
2 x 10-8
7 x 10-7
7 x 10-7
7 x 10-7
7 x 10-7
7 x 10-7

0 x 10°
0 x 10°
2 x 1043
7 x 104
8 x 10-5
2x
2 x 10-4
2 x 104

Truck
1
2
3
4
5
6
7
8
Rail
1
2
3
4
5
6
7
8

a From Table D.3.17.
b From Table D.3.19.
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TABLE D.3.22 RH TRU waste transportation release fractions

Total respirable release
fraction (TRRF)

Accident
severity
category

=

Impact release fraction (IRF) +
Thermal release fraction (TRF)

Impact
release
fractiona

Thermal
release
fractionb

Total
respirable
release
fraction

0 x 100
0 x 100
0 x 100
0 x 100
1 x 104
1 x 104
2 x 104
2 x 104

0 x 100
0 x 100
6 x 10-9
2 x 10-7
2 x 10-7
2 x 10-7
2 x 10-7
2 x 10-7

0 x 100
0 x 100
6 x 10-9
2 x 10-7
1 x 104
1 x 10-4
2 x 104
2 x 104

0 x 1013
0 x 10°
0 x 10°
0 x 10°
1 x 10-4
1 x 10-4
2 x 104
2 x 104

0 x 10°
0 x 10°
2 x 10-8
7 x 10-7
7 x 10-7
7 x 10-7
7 x 10-7
7 x 10-7

0 x 10°
0 x 10°
2 x 10-8
7 x 10-7
1 x 104
1 x 10-4
2 x 104
2 x 104

Truck
1
2
3
4
5
6
7
8
Rail
1
2
3
4
5
6
7
8

a From Table D.3.17.
I

b From Table D.3.19.
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ingestion, the degree of exposure depends on the amount of material retained in the
Iungs or other organs of the exposed persons.
Airbome transport and diffusion can disperse radioactive materials over large areas.
The degree of dispersion is influenced by rnany factors, such as season (which
influences atmospheric turbulence), time of day, degree of cloud cover, land surface
features and characteristics, and other meteorological parameters. Dispersed material
can expose people in many ways, as shown in Figure D.3.3. The principal effect of
gamma-emitting materials is a direct external or internal dose. Material that emits alpha
or beta radiation if it is converted to an aerosol and inhaled by people produces the
largest consequence. Figure D.3.3 illustrates that radioactive materials can also be
incorporated in the food chain. Radiation doses received by the population through the
food chain pathway are usually more significant if a continuous release exists.
One of the pathways of note is resuspension. This occurs when deposited particulate
material becomes airborne through the action of pedestrians, vehicles, plowing, the
wind, etc. The resuspended material then becomes available for inhalation and can
deliver an additional dose that accumulates wilh time.
D.3.3.1.4 Pathwavs and Exposed Populations. RADTRAN or similar analytical tools can
be used to evaluate the radiological impacts of transporting radioactive materials under
accide -it conditions. As input to RADTRAN, the exposure pathways must be identified
and the size of exposed populations must be estimated. Transportation accidents may
be divided into those accidents in which the shipping containers maintain their integrity
and there is no release of radioactive materials, and those accidents in which the
integrity of the shipping containers is compromised. The exposure pathways arid the
exposed population subgroups are discussed below.
In an accident that does not compromise the c:ontainment of the shipping containers,
the exposure pathway is limited to direct exposure by penetrating radiation frorn the
intact package. The dose delivered to any rnember of an exposed population is
evaluated in the same manner as the exposure from normal (incident-free) transportation, with adjustments made for the duration of laxposure and the distance between the
shipment and the exposed individuals. The exposed populations include the truck or
rail crew, the occupants of the other vehicle(s) involved in the accident, bystanders and
pedestrians, the occupants of nearby buildings, and the members of emergency
response crews.
In an accident that results in a failure of the shipping containers and possible release
of radioactive material, exposures may result from both nondispersible and dispersible
materials.
The exposure pathway from accidents involving shipping containers with nondispersible
materials is direct exposure resulting from the loss of shielding of the contents of the
containers. Certain radioactive materials are not dispersible because of their chemical
or physical form, such as irradiated steel hardware; these materials may nevertheless
result in exposure by penetrating radiation. The doses received by exposed individuals
are evaluated in the same manner as other direct exposures, with adjustments rnade
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for increased dose rates resulting from shielding loss as well as exposure time and
distance adjustments. The exposed populations are the same as identified above.
Four exposure pathways may result from accidents that cause a release of dispersible
radioactive materials:
• Cloudshine: The exposure from cloudshine is the direct external dose from
the passing cloud of dispersed material. Dispersion depends on the
meteorological conditions at the accident scene, as well as the fraction of
failed shipping containers and the fraction of released material that becomes
airborne.
• Groundshine: The exposure from groundshine is the direct external dose
from material that has deposited on the ground after being dispersecl from
the accident site. The degree of deposition depends on the material being
deposited (i.e., the rate at which the dispersed material settles out) and
the amount of dispersed material available to settle out (i.e., how much
material from the original release has dispersed far enough to deposit on the
area of interest).
• Inhalation: The exposure from inhalation is the internal exposure that results
from breathing aerosolized material. Exposure from inhalation depends on
the fraction of failed shipping containers, the fraction of material that
becomes airborne, the aerosol fraction of respirable size, the radiation dose
delivered per curie of radioactivity inhaled, the dilution factor for radioactive
material in the surrounding air, and the breathing rate of the exposed
individual.
•

Resuspension: The exposure from resuspension is the internal exposure that
results from the inhalation of material that was dispersed, deposited at a
distance from the accident scene and then resuspended as an aerosol and
inhaled. Exposure from resuspensicn requires combining the mechanisms
of dispersion, deposition and inhalation described above, as well as
estimating the fraction of deposited material that is resuspended.
(Resuspension may result from changing weather conditions, such as
changes in wind speed or direction, or from disturbing deposited material by
other means, such as traffic through a deposition area.) Note that exposure
by ingestion is not included in evaluating the radiological impacts of
accidents because it is assumed that emergency response and governmental
authorities would intervene to impound foodstuffs, provide an alternative
water supply, and clean up contaminated land.

The population subgroups that are exposed by an accident that results in dispersion
of radioactive material include the individuals who are directly exposed at the scene of
the accident and the individuals who are present in the areas over which dispersion
occurs.
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D.3.3.2 Results of the Accident Analysis
The radiological exposures associated with truck or rail accidents involving CH TRU
waste are expressed as the exposure per shipment and as a cumulative exposure over
the shipping campaign for the alternative being considered. The exposure is the sum
of the products of the probability of a given severity accident times the consequences
of such an accident for each of the severity categories. The radiological exposures
from an accident involving CH TRU waste are expressed in equivalent whole body dose
and are tabulated in units of person-rem, and assume three TRUPACT-II containers per
truck shipment and six TRUPACT-I1 containers per rail shipment. Table D.3.23 presents
the exposure per shipment for each facility that ships CH TRU waste and the total per
shipment exposure for all facilities for truck and rail modes. Table D.3.24 presents the
cumulative exposure for all facilities that ship CH TRU waste to the WIPP. This table
shows the estimated radiological exposures for transportation accidents in the Proposed
Action, which consists of the Test Phase (10 percent of CH TRU waste shipped and all
shipments by truck) and the Disposal Phase, in which truck or rail could be used.
No radiological exposures from transportation accidents were calculated for the No
Action Alternative because no shipments to the WIPP would be made.
For the Alternative Action, the radiological exposures from truck accidents are the sum
of the exposures from the Test Phase and Disposal Phase (Table D.3.24). These
exposures would be incurred in a continuous 20-year period after an approximate 5-year
Test Phase during which no waste would be shipped to the WIPP but during which
approximately seven truck shipments of CH TRU waste would be made from the Rocky
Flats Plant to the Idaho National Engineering Laboratory to support bin tests. The
accident contribution for these shipments was calculated by subtracting the pershipment radiological exposure from accidents (Table D.3.23) for a shipment from the
Idaho National Engineering Laboratory to the WIPP from that for a shipment from the
Rocky Flats Plant to the WIPP. This difference, which represents the Idaho-to-Rocky
Flats transportation segment, was multiplied by the number of shipments to arrive at the
transportation exposures from the bin tests. Thus, an accident contribution of
approximately 5.90 x 104 person-rem is expected from the bin test shipments. The
radiological exposures from rail accidents for the Proposed Action and the Alternative
Action are shown in Table D.3.25.
The radiological exposures from an accident involving a truck or a railcar carrying
RH TRU waste are expressed in equivalent whole body dose and are tabulated in units
of person-rem, assuming one RH TRU cask per truck shipment and two RH casks per
rail shipment. Table D.3.26 presents the per shipment exposure for each facility that
ships RH TRU waste by truck or rail and the total exposures for all facilities. Table
D.3.27 presents the cumulative exposure for all facilities that ship RH TRU waste to the
WIPP. These lifetime radiological exposures from transportation accidents involving
RH TRU waste are shown in Table D.3.27 for a 20-year shipping period. No RH TRU
waste shipments would occur during the Test Phase of the Proposed Action or the
Alternative Action, and therefore no accident exposures result. The radiological
exposures of RH TRU shipments are identical for the Proposed Action and the
Alternative Action.
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TABLE D.3.23

Per shipment accident radiological exposures of CH
TRU waste shipments (person-rem)"'C

Nonoccupational accident contribution

Truck

Rail

Idaho National Engineering Laboratory

7.9 x 104

5.7 x 104

Rocky Flats Plant

2.0 x 104

1.9 x 104

Hanford Reservation

9.9 x 104

8.9 x 10'4

Savannah River Site

4.2 x 10'2

4.0 x 10-2

Los Alamos National Laboratory

1.3 x 10-3

Oak Ridge National Laboratory

4.4 x 10-3

Nevada Test Site

8.9 x 10-6

Argonne National Laboratory-East

4.9 x 104

3.5 x 104

Lawrence Livermore National Laboratory

1.9 x 104

2.94 x 104

Mound Laboratory

2.8 x 10-5

5.4 x 10-7

Facility

d
4.22 x 10-3
d

a Popuation group exposures per waste shipment are expressed in equivalent whole
body dose and are tabulated in units of person-rem.
b Values for rail are expressed per railcar shiprnent.
Population group exposures per waste shipment are presented as a function of the
Transport Index (TI), which is defined as the dose rate in mrem/hr at 1 m frorn the
waste package.
d No railheads present.
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TABLE D.3.24 Lifetime radiological exposures for accidents during
transportation of CH TRU waste (person-rem): Proposed
Action and Alternative Actiona,c

Proposed Action

Disposal
Phase (20-yr)

Facility

Test
Phaseb

Truck

Max. rail

Afternative Action

Disposal
Phase (20-yr)

Truck

Max. rail

Idaho National Engineering Laboratory

3.2 x 101

2.9 x 10°

1.0 x 10°

3.2 x 10°

1.2 x 10°

Rocky Flats Plant

1.5 x 101

1.4 x 10°

6.5 x 101

1,5 x 10°

7.2 x 101

Hanford Reservation

3.1 x 10'1

2.8 x 10°

1.2 x 10°

3.1 x 10°

1.4 x 100

Savannah River Site

1.1 x 101

1.0 x 102

4.8 x 101

1.1 x 102

5.3 x 101

Los Alamos National Laboratoryd

2.7 x 101

2.4 x 10°

2.4 x 10°

2,7 x 10°

2.7 x 10°

Oak Ridge National Laboratory

1.0 x 101

9.0 x 10-1

4.3 x 10-1

1.0 x 10°

4.8 x 101

Nevada Test Sited

7.1 x le

6.4 x 10-4

6.4 x 10-4

7.1 x le

7.1 x 104

Argonne National Laboratory-East

6.9 x le

6.2 x 10-3

2.2 x 10'3

6.9 x 10'3

2.4 x 1013

Lawrence Livermore National Laboratory

1.8 x 10'2

1.6 x 10'1

1.3 x 10'1

1.8 x 101

1.4 x 101

Mound Laboratory

4.2 x 104

3.8 x 10-3

3.6 x 10-5

4.2 x 10-3

4.0 x 10'5

Total

1.2 x 101

1.1 x 102

5.4 x 101

1.2 x 102

6.0 x 101

a Population group exposures are calculated by multiplying the exposure/shipment identified in Table D.3.23
by the total number of shipments to the WIPP by truck or rail, as determined from the projection in Table
D.3.2.
b Test Phase assumes 10% of shipment completed by truck.
o Nonoccupational population.
d Waste shipments from this facility are limited to truck mode, thus rail exposures are the same as truck
exposures.
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TABLE D.3.25

Summary of lifelime radiological exposure
changes between Proposed Action and
Alternative
Action: CH
TRU
accident
nonoccupational risk (person-rem)

Facility

Proposed Action

Alternative Action

Truck

Truck

Rail

Rail

Idaho National Engineering Laboratory

3.2 x 10° 1.3 x 100 3.2 x 100 1.2 x 100

Rocky Flats Plant

1.5 ): 100 8.0 x 10-1 1.5 x 100 7.2 x 10-1

Hanford Reservation

3.1 x 100 1.5 x 100 3.1 x 100 1.4 x 100

Savannah River Site

1.1 x 102 5.9 x 101 1.1 x 102 5.3 x 101

Los Alamos National Laboratory

2.7 x 100 2.7 x 100 2.7 x 100 2.7 x 100

Oak Ridge National Laboratory

1.0 x 100 5.3 x 10-1 1.0 x 100 4.8 x 10-1

Nevada Test Site

7.1 x 104 7.1 x 10-4 7.1 x 10-4 7.1 x 104

Argonne National Laboratory-East

6.9 x 10-3 2.9 x 10-3 6.9 x 10-3 2.4 x 10-3

Lawrence Livermore National Laboratory

1.8 x 10-1 1.5 x 10-1 1.8 x 10-1 1.4 x 10-1

Mound Laboratory

4.2 x 10-3 4.6 x 104 4.2 x 10-3 4.0 x 10-5

Total

1.2 x 102 6.6 x 101 1.2 x 102 6.0 x 101
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TABLE D.3.26

Per shipment accident radiological exposures of
RH TRU shipments (person-rem)"'c

Nonoccupational accident contribution

Facility

Truck

Rail

Idaho National Engineering Laboratory

1.6 x 10-3

1.3 x 10-3

Hanford Reservation

4.34 x 10-5

4.44 x 10-5

Los Alamos National Laboratory

3.09 x 10-6

Oak Ridge National Laboratory

4.84 x 10-6

5.21 x 10-6

Argonne National Laboratory-East

6.4 x 10'6

5.2 x 10-6

d

a Exposures to the population per waste shipment are expressed in equivalent whole
body dose and are tabulated in units of person-rem.
b Values for rail are expressed per railcar shipment.
C Exposures to the population per waste shipment are presented as a function of the
Transport Index (TI) which is defined as the dose rate in mrem/hr at 1 meter from the
waste package. Calculations are based on three TRUPACT-Il waste packages per
truck and six per railcar shipment.
d No railheads present.
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TABLE D.3.27

Lifetime radiological exposures for accidents
during transportation of RH TRU waste (personrem): Proposed Action and Alternative Action"

Facility

100% Truck

Maximum rail

Idaho National Engineering Laboratory

7.8 x 10.1

3.2 x 10'1

Hanford Reservation

11.1 x 10.1

5.4 x 10'2

Los Alamos National Laboratoryc

3.1 x 104

3.1 x 10'4

Oak Ridge National Laboratory

2.2 x 10'2

1.2 x 10-2

Argonne National Laboratory-East

1.9 x 10'13

7.8 x 104

Total

9.1 x 1 crl

3.9 x 10'1

a Population group exposures are calculated by multiplying the exposure/shipment
identified in Table D.3.26 by the total number of shipments to WIPP by truck or rail,
as determined from the projection in Table D.3.22. Rail occupational exposures
resulting from normal transportation include the impact of inspection activities.
b Nonoccupational populations.
Waste shipments from the facility are limited to truck mode. Rail exposures are thus
the same as the truck exposures.
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D.3.4

RADIOLOGICAL CONSEQUENCES OF BOUNDING CASE TRANSPORTATION ACCIDENT

D.3.4.1

Assumptions: Bounding Case Accident

As discussed in Section 5.0, "bounding case" transportation accident scenarios were
developed for this SE1S. These scenarios were used to calculate the impact of very
severe accidents in higher population areas along the WIPP-preferred transportation
routes. Postulated accidents involved both CH and RH truck and rail shipments using
TRUPACT-11 containers or RH casks. Based on comments received on the draft SEIS,
a revised bounding case accident was calculated based on higher curie content CH
waste primarily from Los Alamos National Laboratory, the Savannah River Site, and the
Idaho National Engineering Laboratory. In the draft SEIS, calculations assuming average CH waste from the Rocky Flats Plant waste were used because these shipments
comprise the majority of the total CH waste shipments. Less likelihood of the current
bounding case accidents is expected because the number of shipments of maximally
loaded containers (WAC or TRUPACT Payload Compliance Plan limits) are smaller than
the number of shipments with average waste loadings. Waste compositions from Los
Alamos National Laboratory, Savannah River Site, and the Idaho National Engineering
Laboratory were analyzed for CH TRU shipments, and from Hanford and the Idaho
National Engineering Laboratory for RH TRU shipments. These waste compositions
were scaled up to the maximum total curie content of radionuclides allowed by either
the WIPP Waste Acceptance Criteria or the TRUPACT Payload Compliance Plan.
During each accident, all TRUPACT-Il containers or RH casks were assumed to be
equally breached and subsequently engulfed in fire for two hours (it is estimated that
at least 17,000 gallons of fuel would be required to provide sufficient fuel to sustain a
two-hour fire). External air/oxygen sources were assumed to be limited (internal
combustion is limited) because a major breach of the Type B TRUPACT-I1 containers
or RH casks is not credible. Radioactive contamination and hazardous chemicals were
assumed to be evenly distributed throughout the waste volume and 0.02 percent of the
hazardous and radioactive particulate materials were postulated to be released in a
respirable form (less than 10 micron particle size). Each accident was assumed to
occur during a period having very stable atmospheric meteorological conditions, so as
to limit dispersion or breakup of the plume and maximize radiation doses and
hazardous chemical concentrations.
The accident risk analysis method discussed in Subsection D.3.3 relies on the
probabilistic approach in RADTRAN to determine cumulative risks of a series of
increasingly less probable but more severe accident scenarios. To determine the
accident consequences of the "bounding case" accident scenarios, a probability of 100
percent was specified. The specific conditions assumed for these bounding case
accidents are summarized in Table D.3.28.
The probability of breaching all Type B containers or casks during truck or rail
accidents and engulfing them in a two-hour fire (requiring the fuel equivalent of two
fully loaded fuel transports) in an urban area during adverse meteorological conditions
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TABLE D.3.28 Bounding case accident scenario assumptions

The waste shipment is assumed to be three fully-loaded TRUPACT-Ils or 1 RH cask on
a combination tractor-trailer truck or six fully-loaded TRUPACT-Ils or two RH ca:sks on
a railcar. The origin facilities of the waste shipments are those with the greatest
likelihood of having a trailer load of waste with a curie content set at the maximum
thermal or fissile gram limits specified by the WIPP Waste Acceptance Criteria or WIPP
Payload Compliance Plan.
All waste is packaged in Type A drums.
A major breach of any of the Type B TRUPACT-11 containers or RH casks that
compose a TRU shipment is not credible, limiting external air/oxygen sources.
Loss of packaging containment will result in .0002 fraction of the radioactive waste
material in the TRUPACT-Il containers or RH casks being released to the environment
in a respirable form. These respirable materials are airborne particulates and aerosols,
which are all less than 10 microns aerodynamic diameter in size.
Radioactive contamination is evenly distributed throughout the waste volume.
The highest accident severity category, categoiy eight, is assumed, with a fire duration
of two hours.
All TRIJPACT-II containers or RH casks on the trailer or railcar are equally breached.
The accident occurs in the urban or suburban portion of a nonspecific large (greater
than one million population) metropolitan area with a mean population density of 3,861
persons (urban) or 719 persons (suburban) per square kilometer in the subarea
immediately surrounding the accident site.
An aerosol cloud of respirable radionuclides is dispersed downwind.
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is very small. The probability would be a small fraction of the fraction, 0.05 x 1.5 x
10-5 for a truck shipment or a small fraction of 0.05 x 1.0 x 10-5 for a rail shipment
(Tables D.3.15 and D.3.16). Additional conservatism in the analysis included the use
of a range of population densities higher than currently exist along most WIPP
transportation corridors, including Atlanta, Georgia; Denver, Colorado; and
Albuquerque, New Mexico.
These conditions were input to the RADTRAN computer code to determine radiological
consequences of these bounding cases. These radiological consequences measure
the potential to cause immediate and delayed health effects in the affected population,
including early fatalities, early morbidities, latent cancer fatalities, and genetic effects
from the inhalation, resuspension, groundshine, and cloudshine of the aerosol cloud of
the released radionuclides. As a check on estimated consequences, each bounding
case scenario was also analyzed with the AIRDOS model. A comparison or RADTRAN
and AIRDOS parameters for CH and RH bounding cases is shown in Tables D.3.29
and D.3.30.
D.3.4.2

Results: Bounding Case Accident

The RADTRAN and AIRDOS codes were used to predict the consequences of the
bounding case accident scenarios. As previously discussed, health impacts may result
from external exposure (e.g., cloudshine, groundshine) and internal exposure (e.g.,
inhalation, resuspension, and ingestion) to the dispersed radioactive material. Since it
was assumed that the accidents occurred in an urban or suburban area, ingestion
impacts associated with contamination of agricultural products were not applicable.
The analysis assumed that stable to extremely stable atmospheric conditions predominated. This assumption conservatively predicted high airborne radioactive contaminant
concentrations and limited the dispersion of the contaminants to outlying areas. In an
urban area, surface irregularities and thermal anomalies will tend to preclude the
probability of a prevailing stable atmospheric condition.
The revised results of the bounding case accident analyses are presented in Tables
D.3.31 through D.3.34 for CH and RH truck and rail scenarios. Contributions to the
total committed effective dose equivalent (CEDE) for the exposed population from various pathways (initial inhalation, inhalation from resuspension processes, groundshine,
cloudshine) are shown as calculated by both RADTRAN and AIRDOS. The dose
expected for the maximally exposed individual as directly calculated by AIRDOS is also
shown for each scenario. Population doses were converted to estimates of health
effects (latent cancer fatalities) using a conversion factor of 1 person-rem = 2.8 x 10-4
LCFs.
For all the scenarios analyzed, neither RADTRAN nor AIRDOS estimated any early fatalities or morbidities. The estimated population doses were dominated by inhalation
contributions (initial or from resuspension processes). Two values for the resuspended
inhalation dose contribution were calculated using RADTRAN. These values were
calculated using resuspension particle half-lives of 365 and 60 days and are designated
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TABLE D.3.29 CH bounding case accident inputs

Input factor

RADTRAN III

AIRDOS

Curies per TRUPACT-II

Same for each model

Maximum allowed per thermal or
fissile grams limits set by WAC or
Payload Compliance Plan:
LANL
SRS
INEL

1080 PE-Cia
1100 PE-Ci
1200 PE-Ci

Release fraction

.0002 released of all Ci
as airborne, respirable
fraction for both models

Release height

Ground release

Weather

Same, Stability Class F for
both models

Wind speed

1 meter per second

Population density

Same for both models
(Urban: 3861 people per square kilometer
Suburban: 719 people per square kilometer)

Directly calculated
Pathway doses

Inhalation
Resuspension

Inhalation

Groundshine

Groundshine

Cloudshine

Cloudshine

(7170 tc:tal C)
pmo tin co
(6540 total CO

Ground release (3.5 meters)

2 meters per second

Ingestion
Calculation of
'Maximum Individual'
Directly

a

No

Yes

PE-Ci is plutonium equivalent curies calculated using weighting factors in Appendix F.
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TABLE D.3.30 RH bounding case accident inputs

Input factor

RADTRAN III

Curies per RH cask

Same for each rnodel:

AIRDOS

Maximum allowed per thermal or fissile grams
limits set by WAC:

Release fraction

.0002 released of all Ci as airborne, respirable fraction for both models.

Release height

Ground release

Weather

Sarne, Stability Class F for both models

Wind speed

1 meter per second

Population fraction

Same for both models (Urban: 3861 people per square kilometer)

Directly calculated

Inhalation

Pathway doses

Resuspension

Calculation for

HANF

813

PE-Cia

(909 total Ci)

INEL

836

PE-Ci

(903 total Ci)

Ground release (3.5 m)

2 meters per second

Inhalation

Groundshine

Groundshine

Cloudshine

Cloudshine

No

Yes

'Maximum Individual"
Directly

a PE-Ci is plutoniurn equivalent curies calculated by using weighting factors in Appendix F.

TABLE D.3.31 CH bounding case accident results:
Truck accident (CEDE person-rem)

Model

Site

Pop. zone

RADTRAN IIle LANL Urban

Total

LCF

w/Res. lc

w/Res. Ilc

w/Res. Idw/Res. Ild

0

1.59 x 105

4.39 x 104

44.5

12.3

-

2.40 x 10-4

0

3.52 x 104

3.52 x 104

9.9

9.9

0.16

7.84 x 10-1

7.79 x 10-5

0

4.89 x 104

1.52 x 104

13.7

4.3

6.55 x 103

4.46 x 10-1

4.46 x 10-5

0

6.55 x 103

6.55 x 103

1.8

1.8

0.16

2.87 x 104

3.42 x 10 1

2.33 x 10-6

0

1.58 x 105

4.95 x 104

44.2

13.9

-

3.51 x 104

1.50 x 10 1

2.50 x 10 6

0

3.51 x 104

3.51 x 104

9.8

9.8

0.16

3.24 x 104

3.87 x 100

3.76 x 10-4

0

1.80 x 105

5.58 x 104

50.4

15.6

-

3.97 x 104

3.50 x 100

3.50 x 10-3

0

3.97 x 104

3.97 x 104

11.1

11.1

0.18

Resusp. Ilb

Inhal.

Groundshine

Cloudshine

Ingestion

1.30 x 105

2.07 x 104

2.86 x 104

2.54 x 100

2.53 x 10-4

3.52 x 104

2.40 x 100

8.82 x 103

AIRDOSf

LANL Urban

RADTRAN III

LANL Suburban

4.01 x 104

AIRDOS

LANL Suburban

----

RADTRAN 111

SRS

Urban

AIRDOS

SRS

Urban

RADTRAN 111

INEL

Urban

AIRDOS

INEL

Urban

1.30 x 105

1.47 x 105

6.39 x 103

2.08 x 104

2.34 x 104

a

RADTRAN 111 using a resuspension half life of 365 days.

b

A nlore realistic resuspension half life might be 60 days, because material is either cleaned up or washed away.

c

Total CEDE using each respective resuspension dose.

d

Conversion: 1 person-rem = 2 R x to-4 I r.Fs

e

RADTRAN 111 does not directly calculate maximum dose to the individual.
AIRDOS does not calculate resuspension doses.

fnr ..och tota! CEnE using the two mst.:spcnsion closes).

LCF

Max. indiv.

Total
Resusp. la

dose (rem)

TABLE D.3.32 CH bounding case accident results:
Rail accident (CEDE person-rem)

Total

Total

LCF

LCF

Max, indiv.

w/Res. lc

w/Res. Ilc

w/Res. Id

w/Res. Ild

dose (rem)

0

3.16 x 105

9.90 x 104

88.5

27.7

-

5.00 x 10-6

0

7.02 x 104

7.02 x 104

19.7

19.7

0.32

7.74 x 100

7.52 x 10-4

0

3.60 x 105

1.12 x 105

100.8

31.4

-

7.00 x 100

7.00 x 10 3

0

7.94 x 104

7.94 x 104

22.2

22.2

0.36

Pop. zone

Resusp. la

Resusp. Ilb

lnhal.

Groundshine

Cloudshine

Ingestion

RADTRAN IIle SRS

Urban

2.60 x 105

4.16 x 104

5.74 x 104

6.84 x 10 1

4.66 x 10-6

AIRDOSf

SRS

Urban

7.02 x 104

3.00 x 10-1

RADTRAN III

INEL

Urban

6.48 x 104

AIRDOS

INEL

Urban

7.94 x 104

Model

Site

2.94 x 105

4.68 x 104

RADTRAN Ille LANL Urban
AIRDOSf

LANL Urban

RADTRAN III

LANL Suburban

AIRDOS

LANL Suburban

a

RADTRAN III using a resuspension half life of 365 days.

b

A more realistic resuspension half life might be 60 days, because material is either cleaned up or washed away.

c

Total CEDE using each respective resuspension dose.

d

Conversion: 1 person-rem = 2.8 x 10-4 LCFs (shown for each total CEDE using the two resuspension doses).

e

RADTRAN III does not directly calculate maximum dose to the individual.

TABLE D.3.33 RH bounding case accident results:
Trunk AnniriAnt ((:PrIP p‘*re^n-r‘qn)

Model

Site

RADTRAN IIIeHANF

Total

Total

LCF

w/Res. lc

w/Res. Ilc

w/Res. ldw/Res. Ild

dose (rem)

0

3.72 x 103

1.16 x 103

1.0

0.3

-

3.25 x 10-1

0

8.99 x 102

8.99 x 102

0.25

0.25

0.004

7.20 x 1031.45 x 100

1.65 x 10-4

0

4.01 x 104

1.24 x 104

11.2

3.5

-

9.00 x 103

1.90 x 10-2

0

9.00 x 103

9.00 x 103

2.5

2.5

0.04

Pop. zone

Resusp. la

Resusp. Ilb

lnhal.

Urban

3.04 x 103

4.83 x 102

AIRDOSf

HANF Urban

RADTRAN III

INEL

Urban

AIRDOS

INEL

Urban

3.29 x 104

1.50 x 103

Cloudshine

Ingestion

6.66 x 1021.60 x 101

1.22 x 10-3

8.81 x 1021.84 x 101

Groundshine

1.22 x 100

a

RADTRAN III using a resuspension half life of 365 days.

b

A more realistic resuspension half life might be 60 days, because material is either cleaned up or washed away.

c

Total CEDE using each respective resuspension dose.

d

Conversion: 1 person-rem = 2.8 x 10-4 LCFs (shown for each total CEDE using the two resuspension doses).

e

RADTRAN III does not directly calculate maximum dose to the individual.
AIRDOS does not calculate resuspension doses.

LCF

Max. indiv.

TABLE D.3.34 RH bounding case accident results:
Rail accident (CEDE person-rem)

Model

Site

Pop. zone

RADTRAN IIle HANF Urban
AIRDOSf

HANF Urban

RADTRAN III

INEL

Urban

AIRDOS

INEL

Urban

Total

Total

LCF

w/Res. lc

w/Res. Ilc

w/Res. idw/Res. lid

dose (rem)

o

7.44 x 103

2.32 x 103

2.1

0.6

-

6.50 x 10-1

0

1.80 x 103

1.80 x 103

0.5

0.5

0.008

2.90 x 100

3.30 x 10-4

0

8.02 x 104

2.48 x 104

22.5

6.9

-

2.44 x 100

3.80 x 10-2

o

1.80 x 104

1.80 x 104

5.0

5.0

0.08

Resusp. la

Resusp. IP Inhal.

Groundshine

Cloudshine

Ingestion

6.08 x 103

9.66 x 102

1.33 x 103

3.20 x 101

2.44 x 10-3

1.76 x 103

3.68 x 101

1.44 x 103
1.80 x 104

6.58 x 104

3.00 x 103

a

RADTRAN III using a resuspension half life of 365 days.

b

A more realistic resuspension hatf life might be 60 days, because material is either cleaned up or washed away.

c

Total CEDE using each respective resuspension dose.

d

Conversion: 1 person-rem = 2.8 x 10-4 LCFs (shown for each total CEDE using the two resuspension doses).

e

RADTRAN III does not directly calculate maximum dose to the individual.
AIRDOS does not calculate resuspension doses.

LCF

Max. indiv.

in the tables as Resusp. 1 and Resusp. 11, respectively. The resuspension half-life is
the required time for half of the initially deposited material to be removed from the
accessible environment (i.e., at this point, half of the initially deposited material is still
available for resuspension). Because inhalation of resuspended particles is a major
contributor to the estimated population dose, variation of the resuspension half-life can
significantly affect the total calculated dose as shown in the tables. A resuspension
half-life of 365 days is extremely conservative given washing (rain) and weathering
(wind) processes which would serve to remove contaminants from the accessible
environment. The assumed population density also affects the total calculated dose
and estimated health effects as shown by comparing results of Los Alamos National
Laboratory bounding case accidents occurring in either urban or suburban population
zones (Table D.3.31).
For CH truck shipments, depending on shipment origin facility and using a
resuspension half-life of 365 days, the total population doses as calculated by
RADTRAN and AIRDOS ranged from 6,550 person-rem (1.8 LCFs) to 180,000 personrem (50 LCFs). Using a 60-day resuspension half-life, the population doses ranged
from 6,550 person-rem (1.8 LCFs) to 55,800 person-rem (15.6 LCFs). The estimated
maxirnum individual doses ranged from 160 mrem to 180 mrem depending on shipment
origin site.
Results for CH rail shipments were twice those. calculated for truck shipments for those
facilities with rail access (Savannah River Site and the Idaho National Engineering
Laboratory) because a rail shipment involves twice the number of TRUPACT-Il containers
as a truck shipment.
For RH truck shipments, depending on shipment origin facility and assurning a
resuspension half-life of 365 days, the total population doses as calculated by
RADTRAN or AIRDOS ranged from 899 persc.n-rem (.25 LCFs) to 40,100 person-rem
(11.2 LCFs). For a 60-day resuspension half-life, population doses ranged from 899
person-rem (.25 LCFs) to 12,400 person-rem (3.5 LCFs). The estimated maximum
individual doses ranged from 4 mrem to 40 mrem depending on shipment origin facility.
As for CH shipments, results for RH rail shipments were twice those estimated for RH
truck shipments because a rail shipment involves two RH casks, whereas a truck
shipment involves one RH cask.
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D.4 NONRADIOLOGICAL AND NONCHEMICAL CONSEQUENCES
OF TRANSPORTATION

D.4.1 INTRODUCTION
The nonradiological and nonchemical consequences of transporting radioactive waste
to the WIPP are discussed in this subsection. These impacts are the same as those
resulting from transporting non-nuclear materials and involve accidents and resulting
injuries and fatalities from transuranic waste transport and vehicle exhaust emission.
The nonradiological and nonchemical impacts do not consider the characteristics of the
cargo.
There are two types of nonradiological and nonchemical risks associated with projected
TRU waste shipments. These are risks resulting from normal transportation and risks
resulting from transportation accidents. The normal risks include the health risks in
urban areas caused by the generation of nonradiological air pollutants by the carrier
vehicles during waste shipments. Transportation accident risks include injuries and
fatalities resulting from shipments that are totally unrelated to radiological and

hazardous chemical risks resulting from projected accidents.
D.4.2 METHOD
Two methods were used to estimate the range of nonradiological and nonchemical
risks. Using the first method, the risks of adverse urban area pollutant health effects
and accident-related injuries and fatalities were calculated on a per shipment basis and
a cumulative basis from unit risk factors described by Sandia National Laboratories (see
Cashwell et al., 1986). These data were based on heavy truck and Class A rail
statistics from the Research and Special Programs Administration of the U.S.
Department of Transportation. Using the second method, risks of accident-related
injuries and fatalities were calculated by estimating total WIPP lifetime shipment-miles
for the truck and maximum rail alternatives and applying injury and fatality rates based
on 1987-88 accident statistics from the Federal Railroad Administration (FRA) and from
highway traffic statistics along the preferred WIPP highway routes. Tables D.4.1 through
D.4.11 summarize risks estimated by the first method. Tables D.4.12 through D.4.14
summarize risks calculated by the second method,
D.4.2.1 Per-Shipment Risk Approach
Estimates of per shipment risk include the probability of adverse urban area pollutant
health effects and accident-related injuries and fatalities of a single TRU waste shipment
(round trip) to the WIPP. Cumulative risk estimates were determined by multiplying per
shipment risks by average annual shipments for both the Proposed Action and
Alternative Action. The estimated total number of shipments, both truck and rail, are
summarized in Table D.4.1.
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TABLE D.4.1 Estimated number of CH TRU and RH TRU waste
shipments from generator and storage facilities to the
WIPP
CH TRIJ
Total shipmentsa
100% Truck

Facility

Idaho National Engineering Laboratory
Rocky Flats Plant
Hanford Reservation
Savannah River Site
Los Alamos National Laboratory
Oak Ridge National Laboratory
Nevada Test Site
Argonne National Laboratory-East
Lawrence Livermore National Laboratory
Mound Laboratory

4,046
7,608
3,103
2,640
2,065
228
80
14
969
150

Total

20,903

Maximum rail

2.023
3,804
1,552
1,320
2,065c
114
80C
7
485
75

11,525

RH TRU
Total shipmentsb
Facility

100% Truck

Maximum rail

487
2,470
101
4,605

244
1,235
101c
2,303

300

150

7,963

4,033

Idaho National Engineering Laboratory
Hanford Reservation
Los Alamos National Laboratory
Oak Ridge National Laboratory
Argonne National Laboratory-East

Total

a Shipments based on 3 TRUPACT-Ils per truck shipment and 6 TRUPACT-Ils per

railcar shipment. Shipments calculated from a drum volume of 0.2 m3 x 14
drurnsfTRUPACT-Ils.
b Shipments based on 1 RH cask per truck 3hipment and 2 RH casks per railcar
shipment. Shipments calculated from a canister volume of 0.89 m3 x 1 caniv:er/RH
cask.
LAM_ and NTS do not have access to rail, thus truck shipments are included in the
maximum rail case.
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The average distance and population fraction from Table D.4.2 are used with Table
D.4.3 (Air Pollutant Unit Consequence Factors) and Table D.4.4 (Nonradiological and
Nonchemical Unit Risk Factors) to calculate the per shipment nonradiological and
nonchemical risk of CH TRU and RH TRU waste shipments from each facility for truck
and rail alternatives. The air pollutant unit consequence factors represent the
estimated additional urban area health effects from particulates and truck or locomotive
emissions of sulfur dioxide during a shipment.
Calculated per shipment nonradiological and nonchemical risks for CH TRU and RH
TRU shipments to WIPP are summarized in Table D.4.5. These risks include the
impact of the return trip by either truck or rail from the WIPP to the generator or
storage facility. Each travel mode alternative assumes the uniform maximum use of
that mode by all facilities. Therefore, the mode alternatives are labeled as 100 percent
truck, and maximum rail for those facilities that have access to rail. Los Alamos
National Laboratory and the Nevada Test Site do not have access to rail, and thus,
truck mode risks for these two facilities are listed with the maximum rail risks for the
purpose of estimating the cumulative risk.
Total cumulative nonradiological and nonchemical CH TRU transportation risks are
summarized in Tables D.4.6 and D.4.7 for the Test Phase and 20-year Disposal Phase
of the Proposed Action. Tables D.4.8 and D.4.9 summarize the corresponding results
for the Alternative Action. Tables D.4.10 and D.4.11 summarize the total cumulative

nonradiological and nonchemical RH TRU transportation risks for both the Proposed
Action and the Alternative Action.
D.4.2.2 Lifetime Risk Approach
During the preparation of the draft SEIS, State transportation departments were
contacted and requested to provide estimates of actual annual (1987-1988) heavy truck
accident injury and fatality rates per truck vehicle-mile along the WIPP preferred routes.
Data received from the States are summarized by specific highway segments in Table
D.4.12. Similar route specific accident data for potential rail routes were not available.
Table D.4.13 summarizes forecasted percentages of TRU shipments by specific
highway segments. These percentages are conservatively estimated by assuming no
growth in total truck volumes over the life of the WIPP shipping campaign.
Averages of truck accident, injury and fatality rates by each State and for all affected
States are summarized in Table D.4.13 and compared to statistics from the NRC
(1977), Chem-Nuclear (1989), and Cashwell et al. (1986).
Table D.4.14 summarizes lifetime shipment-miles for combined CH and RH TRU
shipments for the 100 percent truck and maximum rail alternatives for the Proposed
Action and the Alternative Action. By using the 1987-1988 WIPP Route Highway
System weighted average rates for the 100 percent truck alternative and injury and
fatality rates from the Federal Railroad Administration (FRA, 1987) for the maximum rail
alternative, total WIPP lifetime accident-related risks were calculated. For comparison
purposes, risks of injuries and fatalities calculated using the data from Cashwell et al.
(1986) are shown in Table D.4.14.
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TABLE D.4.2

Average distances to The WIPP and percent of travel in
various population zonesa

Average distance

Population zone

Miles

R

S

1521
874
1913
1585
343
1350
1286
1387
1458
1472

85.0
82.3
85.7
74.3
90.1
78.6
86.8
78.1
86.2
75.4

13.8
15.7
13.4
25.1
9.9
20.7
11.2
21.8
10.1
24.1

1.2
2.0
0.9
0.6
0.0
0.7
2.0
0.1
3.7
0.5

1761
1098
2296
1915
1630
1469
1873
1677

89.5
86.7
87.8
76.0
79.8
81.6
85.0
76.8

9.8
11.6
11.5
22.4
18.9
17.0
14.3
21.3

0.7
1.7
0.7
1.6
1.3
1.4
0.8
1.9

U

Truck

Idaho National Engineering Laboratory
Rocky Flats Plant
Hanford Reservation
Savannah River Site
Los Alamos National Laboratory
Oak Ridge National Laboratory
Nevada Test Site
Argonne National Laboratory-East
Lawrence Livermore National Laboratory
Mound Laboratory
Rail
Idaho National Engineering Laboratory
Rocky Flats Plant
Hanford Reservation
Savannah River Site
Oak Ridge National Laboratory
Argonne National Laboratory-East
Lawrence Livermore National Laboratory
Mound Laboratory

a

Mean population densities are utilized and correspond to:
R = Rural (6 persons/km2)
S = Suburban (719 persons/km2)
U = Urban (3861 persons/km2).

Source: Madsen et al., 1983.
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TABLE D.4.3 Air pollutant unit consequence factorsa

i
1

Health effects per mile

Truck

Rail

1i Source

(LCF/Mi)

(LCF/Mi)

i1 Pollutants
(particulates
& sulfur dioxide)

1.6 x 107

2.1 x 10-7

(urban travel only)

(urban travel only)

LCF = Latent cancer fatalities.
a Rao et al. (R.K. Rao, E. L. Wilmot, and R. E. Luna), 1982. Nonradiological Impacts
of Transporting Radioactive Material. SAND81-1703, TIC-0236, Sandia National
Laboratories Albuquerque, NM.
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TABLE D.4.4 Nonradiological and nonchemical unit risk factorsa

Mode

Zone

LCF/Mia

lnjuries/Mib

Fatalities/Mib

Truck

Rural
Suburban
Urban

0
0
1.6 x 10-7

1.33 x 10-8
6.32 x 10-7
6.16 x 10-7

1.09 x 107
2.69 x 10-8
1.54 x 10'8

Rail

Rural
Suburban
Urban

0
0
2.1 x 10-7

4.78 x 10-7
4.78 x 10-7
4.78 x 10-7

4.54 x 10-8
4.54 x 10'8
4.54 x 10'8

LCF - Latent cancer fatalities.
Sources:
a Rao et al. (R.K. Rao, E. L. Wilmot, and R. E Luna), 1982. Nonradiological Impacts
of Transportinq Radioactive Material. SAND81-1703, TTC-0236, Sandia National
Laboratories, Albuquerque, NM.
b Cashwell, Jon W., et. al., 1986, Transportation Impacts of the Commercial Radioactive

Waste Manaqement rrogram, Appendix 4, Tables 4-4A and 4-4B. SAND85-2715,
TTC-0663, Sandia National Laboratories, Albuquerque, NM. Nonradiological unit risk
factors determined from U.S. Dept. of Transportation, Research and Special Programs
Administration, Transportation Systems Center, 1986, National Transportation
Statistics, Annual Report, 1986, Report No. DOT-TSC-RSPA-86-3, "Truck Profile,
Heavy Truck Category" and "Rail Profile, Class I Railroads Category," for 1983 and
1984 calendar year.
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TABLE C.4 5

Per shipment nonradiological risk of waste shipments

Truck

Facility

INEL

RFP

HANF

SRS

LANL

ORNL

NTS

Zone

LLNL

Mound

Accident case

Normal
transportation
LCFa,b

Fatalities

Injuries

Normal
Accident case
transportation
Fatalities
LCF
Injuries

Rural

0.00 x 100

2.82 x 10-4

3.44 x 10-3

0.00 x 100

1.43 x 10-4

Suburban

0.00 x 100

1.13 x 10-5

2.65 x 10-4

0.00 x 100

1.57 x 10-5

1.65 x 10 4

Urban

5.84 x 10-6

5.62 x 10-7

2.25 x 10-5

5.18 x 10-6

1.12 x 10-6

1.18 x 10-5

Rural

o.00 x1o°

1.91 x 10-3

o.00 x 100

8.64 x 10-5

9.10 x 10-4

Suburban

0.00 x 100

1.57 x 10-4
7.38 x 10-6

1.73 x 10-4

0.00 x 100

Urban

5.59 x 10-6

5.38 x 10-7

2.15 x 10-5

7.84 x 10-6

1.16 x 10-5
1.69 x 10-6

1.22 x 10-4
1.78 x 10-5

Rural

0.00 x 100

3.57 x 10-4

4.36 x 10-3

0.00 x 100

1.83 x 10-4

1.93 x 10-3

Suburban

1.38 x 10-5

3.24 x 10-4

2.52 x 10-4

5.30 x 10-7

2.12 x 10-5

0.00 x 100
6.75 x 10-6

2.40 x 10-5

Urban

0.00 x 100
5.51 x 10-6

1.46 x 10-6

1.54 x 10-5

1.51 x 10-3

Rural

0.00 x 100

2.57 x 10-4

3.13 x 10-3

0.00 x 100

1.32 x 10'4

1.39 x 10-3

Suburban
Urban

0.00 x 100
3.04 x 10'6

2.14 x 10-5
2.93 x 10-7

5.03 x 10-4
1.17 x 10-5

0.00 x 100
1.29 x 10-5

3.89 x 10-5
2.78 x 10-6

4.10 x 10-4
2.93 x 10-5

Rural

0.00 x 100

6.74 x 10-5

8.22 x 10-4

Suburban

1.83 x 10-6

4.29 x 10-5

d

d

d

Urban

0.00 x 100
c

0.00 x 100

0.00 x 100

Rural

0.00 x 100

2.31 x 10-4

2.82 x 10-3

0.00 x 100

1.18 x 10-4

1.24 x 10-3

Suburban

0.00 x 100

1.50 x 10-5

3.02 x 10-6

2.91 x 107

0.00 x 100
8.90 x 10-6

2.80 x 10-5
1.92 x 10-6

2.95 x 10-4

Urban

3.53 x 10-4
1.16 x 10-5

Rural

0.00 x 100
0.00 x 100

2.43 x 10-4
7.75 x 106

2.97 x 10-3
1.82 x 10-4

d

Suburban

ANLE

Rail

Urban

8.23 x 10-6

7.92 x 10-7

3.17 x 10-5

2.03 x 10-5

Rural

0.00 x 100

2.88 x 10-3
3.82 x 10-4

1.09 x 10.4

1.15 x 10-3

0.00 x 100

2.36 x 10-4
1.63 x 10-5

0.00 x 108

Suburban

0.00 x 100

2.27 x 10-5

2.39 x 10-4

Urban

4.44 x 10-7

4.27 x 10-8

1.71 x 10-6

8.64 x 10-6

1.87 x 10-6

1.97 x 10-5

Rural

0.00 x 100
0.00 x 100

3.34 x 10-3
1.86 x 10-4

0.00 x 100

Suburban

2.74 x 10-4
7.92 x 10-6

1.52 x 10-3
2.56 x 10-4

Urban

1.73 x 10-5

1.66 x 10-6

6.65 x 10-5

0.00 x 100
6.29 x 10-6

1.45 x 10 4
-5
2.43 x 10
1.36 x 10-6

1.43 x 10-5

Rural

0.00 x 100

2.42 x 10-4

1.17 x 10-4

1.23 x 10-3

0.00 x 100

1.91 x 10-5

2.95 x 10-3
4.48 x 10-4

0.00 x 100

Suburban

0.00 x 100

3.24 x 10-5

3.41 x 10'4

Urban

2.36 x 10-6

2.27 x 10-7

9.07 x 10-6

1.34 x 10-5

2.89 x 10-6

3.05 x 10-5

Nurnbers are expressed in scientific notation 2.82 x 10-4 = 0.0282.
b Latent cancer fatalities resulting from incremental vehicle pollution in urban population zones.
c The preferred route from LANL to WIPP passes through no urban population zones.
a

d LANL and NTS have no rail access.

D-106

TABLE D.4.6 Total transportation risk for Proposed Action Alternative, CH truck mode

Number of
shipments

Test Phase"
Normal
Accident case
transportation
LCFs
Fatalities
Injuries

Number of
shipments

Disposal Phase"
Accident case
Normal
transportation
Injuries
LCFs
Fatalities

Facility

Zone

INEL

Rural
Suburban
Urban

405

0
0
2.4 x 10-3

1.1 x 10-1
4.6 x
2.3 x 10-4

1.4 x 10°
1.1 x 10-1
9.1 x 10-3

3,641

0
0
2.1 x 10-2

1.0 x 10°
4.1 x 10-2
2.0 x 10-3

1.3 x 101
9.6 x 101
8.2 x 10-2

RFP

Rural
Suburban
Urban

761

0
0
4.3 x 10-3

1.2 x 10-1
5.6 x 10-3
4.1 x 10-4

1.5 x 10°
1.3 x 10-1
1.6 x 10-2

6,847

0
0
3.8 x 10-2

1.1 x 10°
5.1 x 10-2
3.7 x 10-3

1.3 x 101
1.2 x 10°
1.5 x 10-1

Rural

310

0

1.4 x 10°
1.0 x
6.6 x 10-3

2,793

0
0
1.5 x 10-2

1.0 x 10°
3.9 x 10 2
1.5 x 10-3

9.0 X 10-1

1.7 x 10-3

1.1 x 10-1
4.3 x 10-3
1.6 x 10-4

HANF

vULJUI UM I

Urban

1.2 x 101
5.9 x 10-2

SRS

Rural
Suburban
Urban

264

0
0
8.0 x 104

6.8 x 10-2
5.6 x 10-3
7.7 x

8.3 x 10-1
1.3 x 10-1
3.1 x 10-3

2,376

0
0
7.2 x 10-3

6.1 x 10-1
5.1 x 10-2
7.0 x 10-4

7.4 x 10°
1.2 x 100
2.8 x 10-2

LANL

Rural
Suburban
Urban

207

d
d

1.4 x 10-2
3.8 x 10-4

1.7 x 10-1
8.9 x 10-3

1,858

d
d

1.3 x 10-1

3.4 x 10-3

1.5 x 10°
8.0 x 10-2

d

d

d

Rural
Suburban
Urban

23

0
0
6.9 x 10-5

5.3 x 10"3
3.5 x 10-4
6.7 x le

6.5 x 10-2
8.1 x 10-3
2.7 x 10-4

0
0
6.2 x 10-4

4.7 x 10-2
3.1 x le
6.0 x 10-5

5.8 x 10
7.2 x 10-2
2.4 x 10-3

ORNL

d

205

d

d

TABLE D.4.6 Concluded

Number of
shipments

Test Phase"
Normal
Accident case
transportation
LCFs
Fatalities
Injuries

Number of
shipments

Disposal Phaseb,c
Normal
Accident case
transportation
LCFs
Fatalities
injuries

Facility

Zone

NTS

Rural
Suburban
Urban

8

0
0
6.6 x 10-5

1.9 x 10-3
6.2 x 10-5
6.3 x 10-6

2.4 x 10-2
1.5 x 10-3
2.5 x 10-4

72

0
0
5.9 x 104

1.7 x 10-2
5.6 x 104
5.7 x 10-5

2.1 x 10-1
1.3 x 10-2
2.3 x 10-3

ANLE

Rural
Suburban
Urban

1

0
0
4.4 x 10-7

2.4 x le
1.6 x 10-5
4.3 x 10-8

2.9 x 10-3
3.8 x 10-4
1.7 x 10-6

13

0
0
5.8 x 10'5

3.1 x 10-3
2.1 x le
5.6 x 10-7

3.7 x le
5.0 x le
2.2 x 10-5

LLNL

Rural
Suburban
Urban

97

0
0
1.7 x 10-3

2.7 x 10-2
7.7 x 10-4
1.6 x 10-4

3.2 x 10-1
1.8 x 10-2
6.5 x 10-3

872

0
1.5 x 102

2.4 x 10-1
6.9 x 10-3
1.4 x 10-3

2.9 x 10°
1.6 x 10-1
5.8 x 10-2

Rural
Suburban
Urban

15

0
0
3.5 x 10-5

3.6 x 10-3
2.9 x 10-4
3.4 x 1e

4.4 x 10-2
6.7 x 10-3
1.4 x 1e

135

0
0
3.2 x le

3.3 x 10-2
2.6 x 10-3
3.1 x 10-5

4.0 x 10-1
6.0 x 10-2
1.2 x

1.1 x 10-2

4.8 x 10-1

6.3 x 100

18,812

9.9 x 102

4.4 x 10°

5.7 x 101

I.
o
CID

Mound

Total

2,091

0

a The Test Phase assumes a 5-year time frame and 10 percent waste emplacement and shipment for the Test Phase.
b Operation assumes 20 years of rail shipment.
C

Numbers are expressed in scientific notation 8.92 x

d

The:, nrcaforrori

rno rtaa frrtrirt 1 A All
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TABLE D.4.7 Toiai if arisportation risk for Proposed Action Aiternative, CH rail mode

!
Number of
shipments

Tact Phasea'c
Accident case
Normal
transportation
LCFs
Fatalities
Injuries

Number of
shipments

Disposal Phase'c
Accident case
Normal
transportation
Injuries
LCFs
Fatalities

Facility

Zone

INEL

Rural
Suburban
Urban

405

0
0
2.4 x 10-3

1.1 x 10
4.6 x 10-3
2.3 x 10-4

1.4 x 10°
1.1 x 10-1
9.1 x 10-3

1,821

0
0
9.4 x 10-3

2.6 x 10-1
2.9 x 10-2
2.0 x 10-3

2.7 x 10°
3.0 x 10-1
2.1 x 10-2

RFP

Rural
Suburban
Urban

761

0
0
4.3 x 10-3

1.2 x 10-1
5.6 x 10-3
4.1 x 10-4

1.5 x 10°
1.3 x 10-1
1.6 x 10-2

3,429

0
0
2.7 x 10-2

3.0 x 10-1
4.0 x 10-2
5.8 x 10-3

3.1 x 10°
4.2 x 10-1
6.1 x 10-2

HANF

Rural
Suburban
Urban

310

0
0
1.7 x 10-3

1.1 x 10-1
4.3 x 10-3
1.6 x le

1.4 x 10°
1.0 x 10-1
6.6 x 10-3

1,396

0
0
9.4 x 10-3

2.6 x 10-1
3.4 x 1052
2.0 x 10 3

2.7 x 10°
3.5 x 10-1
2.1 x 1052

SRS

Rural
Suburban
Urban

264

0
0
8.0 x 10-4

6.8 x 10-2
5.6 x 1 cy3
7.7 x 10-5

8.3 x 1051
1.3 x 10-1
3.1 x 10-3

1,188

0
0
1.5 x 10-2

1.6 x 10-1
4.6 x 10-2
3.3 x 1(T3

1.7 x 10°
4.9 x 10-1
3.5 x 10-2

LANLe

Rural
Suburban
Urban

207

d
d
d

1.4 x 10-2
3.8 x 10

1.7 x 10-1
8.9 x 10-3

1,858

d

d

d
d
d

1.3 x 1051
3.4 x 10-3
d

1.5 x 100
8.0 x 10-2
d

Rural
Suburban
Urban

23

0
0
6.9 x 10-5

5.3 x 10-3
3.5 x 10-4
6.7 x 10-6

6.5 x 10-2
8.1 x 10-3
2.7 x 10-4

0
0
9.2 x 10-4

1.2 x 1052
2.9 x 10-3
2.0 x 10-4

1.3 x 10
3.0 x 10-2
2.1 x 10-3

ORNL

103

TABLE D.4.7 Concluded

0
__
--•
o

Number of
shipments

Test Phasee'c
Accident case
Normal
transportation
Fatalities
Injuries
LCFs

Number of
Shipments

Site

Zone

NTSe

Rural
Suburban
Urban

8

0
0
6.6 x 10-5

1.9 x 10-3
6.2 x le
6.3 x 10-6

2.4 x 10-2
1.5 x 10-3
2.5 x 10-4

72

ANLE

Rural
Suburban
Urban

1

0
0
4.4 x 10-7

2.4 x 10-4
1.6 x 10-5
4.3 x 10-3

2.9 x 10-3
3.8 x 10-4
1.7 x 1 0-6

7

LLNL

Rural
Suburban
Urban

97

0
0
1.7 x 10-3

2.7 x 10-2
7.7 x 10-4
1.6 x 10-4

3.2 x 10-1
1.8 x 10-2
6.5 x 10-3

Mound

Rural
Suburban
Urban

15

0
0
3.5 x 10-5

3.6 x le
2.9 x 10-4
3.4 x le

2,091

1.1 x 10-2

4.8 x 10-1

Total

Disposal Phaseb,c
Normal
Accident case
transportation
Fatalities
Injuries
LCFs

0
0
5.9 x 104

1.7 x 10-2
5.6 x 10-4
5.7 x 1015

2.1 x 10-1
1,3 x 10-2
2.3 x 10-3

0
0
6.0 x

10-5

7.6 x 104
1.6 x 104
1.3 x 10-5

8 1 x 1.0-3
1.7 x 10-3
1.4 x 10-4

436

0
0
2.7 x 10-3

6.3 x 10.2
1.1 x 10-2
5.9 x 10-4

6.6 x 101
1.1 x 101
6.2 x 10-3

4.4 x 10-2
6.7 x 10-3
1.4 x 10-4

68

0
0
9.1 x 10-4

8.0 x 10-3
2.2 x 10-3
2.0 x 10-4

8,4 x 10-2
2.3 x 10-2
2,1 x 10-3

6.3 x 100

10,378

6.7 x 10-2

1.4 x 10°

1,5 x 101

The Test Phase assumes a 5-year time frame and 10 percent waste emplacement shipment for the Test Phase.
b Disposal Phase assurnes 20 years of rail shipment.
Numbers are expressed in scientific notation 8.92 x 10

= 0.000000892.

The preferred route from LANL to WIPP passes through no urban population zones.
c
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TABLE D.4.8 Total transportation risk for Alternative Action, CH truck mode

Accident case

Facility

Zone

Number of
shipments

Normal
transportation
LCFs

Fatalities

Injuries

INEL

Rural
Suburban
Urban

4046

0.00 x 10°
0.00 x 10°
2.4 x 10-2

1.1 x 10°
4.6 x 10-2
2.3 x 10-3

1.4 x 101
1.1 x 10°
9.1 x 10-2

RFP

Rural
Suburban
Urban

7608

0.00 x 10°
0.00 x 10°
4.3 x 10'2

1.2 x 10°
5.6 x 10-2
4.1 x 10-3

1.5 x 101
1.3 x 10°
1.6 x 10-1

HANF

Rural
Suburban
Urban

3103

0.00 x 10°
0.00 x 100
1.7 x 10-2

1.1 x 10°
4.3 x 10-2
1.6 x 104

1.4 x 101
1.0 x 10°
6.6 x 10-2

SRS

Rural
Suburban
Urban

2640

0.00 x 10°
0.00 x 100
8.0 x 10'3

6.8 x 10-1
5.6 x 10'2
7.7 x 10-4

8.3 x 10°
1.3 x 100
3.1 x 10-2

LANL

Rural
Suburban
Urban

2065

a
a
a

1.4 x 10-1
3.8 x 10"3

1.7 x 10°
8.9 x 10-2

a

a

ORNL

Rural
Suburban
Urban

228

0.00 x 10°
0.00 x 10°
6.9 x 10-4

5.3 x 10-2
3.4 x 10-3
6.6 x 10'5

6.4 x 10.1
8.0 x 10-2
2.6 x 10-3

NTS

Rural
Suburban
Urban

80

0.00 x 10°
0.00 x 10°
6.6 x 10-4

1.9 x 10'2
6.2 x 10-4
6.3 x 10-5

2.4 x 10-1
1.5 x 10'2
2.5 x -10-3

ANLJE

Rural
Suburban
Urban

14

0.00 x 10°
0.00 x 10°
6.2 x 10-6

3.3 x 10-3
2.3 x 10-4
6.0 x 10-7

4.0 x 10-2
5.3 x 10-3
2.4 x 1 0-5

LLN L

Rural
Suburban
Urban

969

0.00 x 10°
0.00 x 10°
1.7 x 10-2

2.7 x 10'1
7.7 x 10'3
1.6 x 10-3

3.2 x 10°
1.8 x 1 0'1
6.4 x 1 0'2

Mound

Rural
Suburban
Urban

150

0.00 x 10°
0.00 x 10°
3.5 x 10'4

3.6 x 10-2
2.9 x 10-3
3.4 x 10'5

4.4 x 10-1
6.7 x 10'2
1.4 x 10-3

1.1 x 10-1

4.9 x 10°

6.3 x 101

Total

a

20,903

The preferred route from LANL to WIPP passes through no urban population zones.
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TABLE D.4.9 Total transportation risk for Alternative Action, CH rail mode

Accident case
Number of
shipments

Normal
transportation
LCFs

Fatalities

Injuries

Facility

Zone

INEL

Rural
Suburban
Urban

2023

0
0
1.0 x 10-2

2.9 x 10-1
3.2 x 10'2
2.3 x 10-3

3.1 x 10°
3.3 x 10-1
2.4 x 10-2

RFP

Rural
Suburban
Urban

3804

0
3.0 x 10-2

3.3 x 10-1
4.4 x 10'2
6.4 x 10-3

3.5 x 10°
4.6 x 10-1
6.8 x 10-2

HANF

Rural
Suburban
Urban

1552

0
0
1.0 x 10'2

2.8 x 10-1
3.7 x 10.2
2.3 x 10'3

3.0 x 10°
3.9 x 10-1
2.4 x 10-2

SRS

Rural
Suburban
Urban

1320

o

1.7 x 10'1
5.1 X 10-2
3.7 x 10-3

1.8 x 10°
5.4 x 10.1
3.9 x 10-2

Rural
Suburban
Urban

2065

a
a

1.4 x 10'1
3.8 x 10-3
a

1.7 x 10°
8.9 x 1 0-2
a

ORNL

Rural
Suburban
Urban

114

0
0
1.0 x 10-3

1.3 x 10-2
3.2 x 10'3
2.2 x 104

1.4 x 10.1
3.4 x 10'2
2.3 x 10-3

NTSb

Rural
Suburban
Urban

80

0
0
6.6 x 10-4

1.9 x 10'2
6.2 x 104
6.3 x 10'5

2.4 x 10.1
1.5 x 10.2
2.5 x 10-3

ANL/E

Rural
Suburban
Urban

7

0
0
6.0 x 10-5

7,6 x 10-4
1.6 x 10.4
1.3 x 10'5

8.1 x 10'3
1.7 x 10-3
1.4 x 10-4

LLNL

Rural
Suburban
Urban

485

0
0
3.1 x 10-3

7.0 x 10'2
1.2 x 10'2
6.6 x 10'4

7.4 x 10-1
1.2 x 10.1
6.9 x 10-3

MOUND

Rural
Suburban
Urban

75

0
0
1.0 x 104

8.8 x 10'3
2.4 x 10-3
2.2 x 104

9.2 x 10.2
2.6 x 10'2
2.3 x 10-3

11525

7.3 x 10.2

1.5 x 10°

1.6 x 101

LANLb

TOTAL

o

0
1.7 x 10-2

a

a The preferred route from LANL to WIPP passes through no urban population zones.
b For the maximum rail case, shipments from LANL and NTS are made by truck.
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TABLE D.4.10

Total transportation risk for Proposed Action and
Alternative Action, RH truck mode

Accident case

Facility

Zone

Number of
shipments

Nc rmal
transportation
LCFs

Fatalities

Injuries

INEL

Rural
Suburban
Urban

487

0.00 x 10°
0.00 x 10°
2.8 x 10-3

1.4 x 10-1
5.5 x 10-3
2.7 x 104

1.7 x 10°
1.3 x 10-1
1.1 x 10-2

HANF

Rural
Suburban
Urban

2470

0.00 x 10°
0.00 x 10°
1.4 x 1 il2

8.8 x 10-1
3.4 x 10-2
1.3 x 10-3

1.1 x 101
8.0 x 10-1
5.2 x 110-2

LANL

Rural
Suburban
Urban

101

a
a
a

6.8 x 10-3
1.8 x 104

8.3 x 10-2
4.3 x 10-3

a

a

ORNL

Rural
Suburban
Urban

4605

0.00 x 10°
0.00 x 10°
1.4 x 10.2

1.1 x 10°
6.9 x 10-2
1.3 x 10-3

1.3 x 1 01
1.6 x 10°
5.3 x 10-2

ANL/E

Rural
Suburban
Urban

300

0.00 x 10°
0.00 x 10°
1.3 x 10-4

7.1 x 10-2
4.9 x 10-3
1.3 x 10-5

8.6 x 10-1
1.1 x 10-1
5.1 x 10-4

7963

6.2 x 10-2

2.3 x 10°

2.9 x 101

Total

a The preferred route from LANL to WIPP passes through no urban population zones.
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TABLE D.4.11 Total transportation risk for Proposed Action and Alternative
Action, RH rail mode

Accident case

Facility

Zone

Number of
shipments

Normal
transportation
LCFs

Fatalities

Injuries

INEL

Rural
Suburban
Urban

244

0.00 x 10°
0.00 x 10°
1.3 x 10'3

3.5 x 10-2
3.8 x 10-3
2.7 x 10'4

3.7 x 10-1
4.0 x 10-2
2.9 x 10'3

HANF

Rural
Suburban
Urban

1235

0.00 x 10°
0.00 x 10o
8.3 x 10-3

2,3 x 10'1
3.0 x 10-2
1.8 x 10-3

2.4 x 10°
3.1 x 10-1
1.9 x 10-2

LANL

Rural
Suburban
Urban

101

a
a
a

6.8 x 10-3
1.8 x 10'4
a

8.3 x 10-2
4.3 x 10-3
a

ORNL

Rural
Suburban
Urban

2303

0.00 x 10°
o
0.00 x 10
2.0 x 10-2

2.7 x 10'1
6.4 x 10-2
4.4 x 10-3

2.9 x 10°
6.8 x 10-1
4.7 x 10-2

ANL/E

Rural
Suburban
Urban

150

0.00 x 10°
0.00 x 10°
1.3 x 10-3

1.6 x 10'2
3.4 x 10-3
2.8 x 10-4

1.7 x 10-1
3.6 x 10-2
3.0 x 10-3

4033

3.1 x 10-2

6.6 x 10-1

7.1 x 10°

Total

a No rail access at LANL. Consequences shown are for truck transport of LANL RH
TRU waste. No LANL shipments are planned through urban areas.
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TABLE D.4.12

Route

Stete

Siatiics: Truck Voiume and Accidents by Segment

Segment
Description

Length
Miles
(L)

Truck Avg
Daily
Traffic
(ADT)

Land
use

Annual Truck
Vehicle-Miles
of travel (VMT)
(L"ADT"365 25)

4.2

3902

U

5.98 x 106

Annual TRU°
Shipments

TRU as % of
Total
Truck-Miles

Annual
Accidents
No.

Ratenruck
VMT

Annual
Injuries
No.

Rate/Truck
VMT

Annual
Fatalities
No.

Rate/Truck
VMT

Year: 1988
1-25

NM

1-40 to San Mateo 1/C,
Albuqueroueb

1-25

NM

San Mateo 1/C to
Bernalillo/Sandoval
County Line, Albuq.b

4.4

2039

U

3.28 x 106

NM

Bernalillo/Sandoval
County Line to NM 44.
Bernalillob

7.3

1791

R

NM

NM 44. Bernalillo to
US84/285, St. Francis Dr.,
Sante Feb

40.4

1163

US84/285 (N).
St. Francis Dr., Sante Fe
to US285 (S), Eldorado

7.9

883

US285 (S), Eldorado to
US84 (S), Romeroville

49.5

US84 (S), Romeroville to
US56, Springer

1-25

1-25

1-25

1-25

1-25

NM

NM

NM

0.128%6

23

3.84 x 106

12

2.00 x 106

0

0

1818b

0.244%b

1

3.10 x 10 7

2

6.10 x 10-7

0

0

4.78 x 106

18186

0278%6

2

4.20 x 107

2

4.20 x 107

0

0

1.72 x 107

18186

0.428%b

11

6.40 x 10-7

9

-7
5.20 x 10

2

1.20 x 107

S

2 40 x 106

196

0.061%

4.20 x 1C7

2

8.30 x 1C7

695

R

1.26 x 107

1622

0.640%

8

6.40 x 107

7

5.60 x 107

0

72.5

571

R

7
1.51 x 10

1622

0.779%

11

7.30 x 107

5

3.30 x 107

1

7.00 x ICs

0

1-25

NM

US56, Springer to US64(W)

34.6

568

R

7.18 x 106

1622

0.783%

3

4.20 x 1C7

3

4.20 x IC7

0

0

1-25

NM

US64 (W) to Colorado Line

13.7

1022

R

5.11 x 106

1622

0.435%

2

3.90 x 10-7

2

3.90 x 10-7

0

0

1-40

NM

Arizona Line to US666,
Gallup

20.8

4129

R

1.51 x 106

96

0.006%

21

6.70 x 107

7

-7
2.20 x 10

0

0

US666, Gallup to NM371,
Thoreau

32.5

4632

R

7
5.50 x 10

96

0.006%

23

.
4.20 x 10

12

7
2.20 x 10

1

200 x 10-8

1-40

NM

TABLE D.4.12 Continued

Route

1-40

1-40

1-40

1-40

1-40

1-40

1-40

1-40

1-40

1-40

State

NM

NM

NM

NM

NM

NM

NM

NM

NM

NM

Length
Miles
(L)

Truck Avg
Daily
Traffic
(ADT)

Land
use

Annual Truck
Vehicie.Miles
of travel (VM1)
(L*ADT'365.25)

Rate/Truck
VMT

Annual
Injuries
No.

Rate/Truck
VMT

NM371, Thoreau to NM53,
Grants

28.6

4025

R

4.20 x 107

96

0.006%

18

4.30 x 107

11

2.60 x 107

NM53, Grants to W.
Central I/C, Albuquerque

67.7

3814

R

904 x 1010

96

0.007%

58

620 x 107

46

4.90 x 107

2

2.00 x 108

W. Central VC to Rio
Grande Blvd I/C, Albuquerque

7.4

4066

1.10 x 107

96

0.006%

17

1.55 x 106

20

1.82 x 106

Rio Grande Blvd WC to 1-25,
Albuquerque

0

0

2.4

5510

4.83 x 106

96

0.005%

26

5.38 x 10 6

9

1.86 x 10-6

0

1-25 to San Mateo Blvd I/C,
Albuquerque

2.4

7590

U

6.65 x 106

96

0.003%

38

5.71 x 10-6

17

2.56 x 10-6

0

0

San Mateo 1/0 to Tramway
VC, Albuquerque

5.7

4753

U

9.90 x 106

96

0.006%

27

2.73 x 10-6

10

1.01 x 106

Trarnway I/C, Albuquerque to
US28.5, Clines Corners

50.6

4566

R

8.44 x 107

96

0.006%

48

7
5.70 x 10

31

-7
3.70 x 10

1

1.1:0 x 10 8

US285, Clines Corners to
US84 (N)

38.3

3433

R

4.80 x 107

528b

00470

27

5.60 x 107

17

3.50 x 10 7

1

2.00 x

US84 (N) to US84 (S),
Santa Rosa

20.4

3521

R

2.62 x 107

528b

0.041%b

13

5.00 x 107

11

4.20 x 10-7

0

0.00 x 100

US84 (S), Santa Rosa to
US54, Tucumcari (W)

52.4

4708

R

9.01 x 107

528

0.031%

22

2.40 x 107

15

1.70 x 107

1

1.00 x 108

Segment
Description

Annual TRU8
Shipments

TRU as % of
Total
Truck-Miles

Annual
Accidents
No_

Annual
Fatalities
No.

Rate/Truck
VMT

2.00 x 108

1-40

NM

US5.4, Tucumcari (W) to
Texas Line

44.2

3587

R

5.79 x 107

528

0.040%

10

1.70 x 107

4

7.00 x 10-8

0

0

US285

NM

Texas Line to US180 (W),
El Paso Rd, Carlsbad

31.5

203

R

2.34 x 106

238

0.320%

1

4.30 x 104

0

0

0

0

TABI F D4 17

Route

State

US285

NM

US285

US285

US285

US285

NM

NM

NM

NM

Segment

Length

Description

Miles
(L)

Truck Avg
Daily
Traffic
IADT)

US180 (W), Ei Paso Rd to
US62-180 (E), Greene St,
Carlsbad

2.0

613

US62-180 (E), Greene St.
to N Urban Limit,
Carlsbad

3.5

379

N Urban Limit, Carlsbad
to S Urban Limit, Artesia

30.3

S Urban Limit, Artesia
to US82, Artesia

US285/60 NM

Annual
Injuries
No.

Rate/Truck
VMT

Annual
Futurities
No.

Rate/Truck
VMT

3

6.70 x 10-6

0

0

S

4.84 x 105

2442

1.76%

1

2.07 x 10 6

0

o

o

0

402

R

4.44 x 106

2442

1.66%

5

1.13 x 106

4

9.00 x 107

0

0

1.8

381

S

2.50 x 105

2442

1.75%

0

0

US82, Artesia to N Urban
Limit, Artesia

1 R

415

e

2.43 x 1t15

2442

i.6i%

1

4.12 x 10 6

34.5

349

R

4.40 x 106

2442

1.92%

0

0

0

0

0

0

4.2

658

S

1.01 x 106

2442

1.02%

3

2.97 x 10 6

4

3.96 x 106

0

0

5

3.92 x 10-6

o

o

o

o

S Urban Limit, Roswell
to US70 (W), 2nd St.,
Roswell

NM

Rate/Truck
VMT

4.47 x 10 6

NM

US285

Truck-Miles

Annual
Accidents
No.

2

US285

NM

TRU as % of
Total

0.106%

N Urban Limit, Artesia to
S Urban Limit, Roswell

US285

of travel (VMT)
(L*ADT*36525)

Annual TRU8
Shipments

238

NM

NM

use

Annual Truck
Vehicle-Miles

4.48 x 105

US285

US285

Land

r
,
,ntinued

US70 (W), 2nd St, to N
, Roswell
UrbanLimit0.688%
3.6
971
S
1.28 x 106
2442
N Urban Limit, Roswell
to US70 (E)
US70 (E) to US54 (E)
Vaughn
US54 (E) Vaughn to
US54 (W)

1.6

590

R

3.45 x 105

2442

1.13%

89.6

157

R

5.41 x 106

2442

4.26%

4

7.80 x 10-7

3.9

381

R

5.43 x 105

1914

1.38%

0

0

0

0

0

0

0

TABLE D.4.12 Continued

Route

State

US54

NM

US54

NM

US60/285 NM

US285

US285

NM

NM

US84/285 NM

US84/285 NM

NM502

NM502

NNI502

NM

NM

NM

US62/180 NM

US62/180 NM

Rate/Truck
VMT

Annual
Injuries
No.

Rate/Truck
VMT

Annual
Fatalities
No.

Rata/Truck
VMT

0

2.04 x 10.5

0

0

0

0

0.974%

2

9.90 x 10.7

0

0

0

0

1914

2.35%

1

8.60 x 10-7

0

0

0

0

1.49 x 106

1914

3.45%

3

2.01 x 10 6

0

0

0

0

R

149 x 106

1818

5.03%

3

2.01 x 10-6

0

0

0

0

2275

S

5.65 x 106

196

0.024%

13

2.30 x 106

6

1.06 x 10"6

1

1.77 x 107

12.6

771

R

3.55 x 106

196

0.07%

2

5.60 x 10-7

1

2.80 x 10-7

0

0

12.2

421

R

1.88 x 106

196

0.127%

3

1.60 x 10.6

0

0

0

0

NM4, White Rock Wye to E
Urban Limit, Los Alamos

3.3

371

R

4.48 x 105

196

0.145%

1

2.23 x 106

D

0

0

0

E Urban Limit to Diamond
Dr. LANL Entrance, Los Alamos

3

344

S

3.76 x 105

196

0.156%

1

2.65 x 10-6

0

0

0

0

US285. Canal Rd/Greene St
Intersection to E Urban Limit,
Carlsbad

1.1

504

S

2.02 x 105

2680

1.46%

1

4.94 x 106

1

4.94 x 10-6

0

0

27.8

636

R

6.46 x 10°6

2680

1.16%

0

0

0

0

0

0

Length
Miles
(L)

Truck Avg
Daily
Traffic
(ADT)

0.6

244

R

4.90 x 104

534

0.595%

US60 (E) to 1-40,
Santa Rosa

37.2

149

R

2.01 x 106

534

US54 (W) to US60 (W)
Encino

14.2

223

R

1.16 x 106

US60 (W), Encino to 1-40,
Clines Corners

27

152

R

1-40, Clines Corners to
1-25, Eldorado

41.3

99

1-25/St Francis Dr.
VC to N Urban Limit,
Santa Fe

6.8

N Urban Limit, Sente Fe
to NM 502. Pojoeque
US84/285. Pojoaque to
NM4, White Rock Wye

Segment
Description

US285 (S), Vaughn to
US60 (E)

E Urban Limit, Carlsbad
to tiVIPP N Entrance Rd

Land
use

Annual Truck
Vehicle-Miles
of travel (VW)
(L'ADT*365.25)

Annual TRU°
Shipments

TRU as % of
Total
Truck-Miles

Annual
Accidents
No.

TAIT F

Route

State

Segmenl
Description

Length
Miles
(L)

Truck Avg
Daily
Traffic
(ADT)

Land
use

Annual Truck
Vehicle-Miles
of travel (VMT)
(L•ADT•36525)

412 C.ontintled

Annual TRU
.
Shipments

TRU as % of
Total
Truck-Miles

Annual
Accidents
No.

Rate/Truck
VMT

Year: 1987
1-25

1-25

1-25

1-25

1-25

1-25

1-25

1-25

1-25

1-25

CO

CO

CO

CO

CO

CO

CO

CO

CO

CO

New Mexico Line to US160
(W), Welsenburg (W)

52.3

1276

US160 (W), Walsenburg (W)
to Pueblo S. Urban Limit

40.7

1520

Pueblo S. Urban Limit to
Pueblo N. Urban Limit Pueblo

10.6

Pueblo N. Urban Limit to
Coloredo Springs S Urban
Limit

2.44 x 107

1622

0.348%

32c

1.31 x 106c

R

2.26 x 107

1622

0.292%

23c

1.02 x 10-6c

1688

U

6.54 x 106

1622

0.263%

20C

3.06 x 10-6c

24.3

2506

R

2.22 x 107

1622

0.177%

20c

8.99 x 10-7c

Colorado Springs S Urban
Limit to US24, Colorado
Springs

13.3

2880

1.40 x 107

1622

0.154%

23c

1.64 x IC&

US24 Colorado Springs to
N Urban Limit, Colorado
Spnngs

16.1

3440

U

2.02 x 107

1622

0.129%

35c

1.73 x 106c

N Urban Limit Colorado
Springs to S Urban Limit,
Denver

36.6

3797

R

5.07 x 107

1622

0.117%

48c

9.46 x 10-7c

S Urban Limit to 1-225
Denver

6.2

7933

U

1.80 x 107

1622

0.056%

27c

1.50 x 10-6c

1-225 to SH2, Colo. Blvd,
Denver

4

6772

U

9.89 x 106

1622

0.066%

14c

1.42 x 106c

SH2, Colo. Blvd. to US6,
Denver

5.2

4383

8.32 x 106

1622

0.101%

21c

2.52 x 10.&

Annual
Injuries
No.

Rate/Truck
VMT

Annual
Fatalities
No.

Rate/Truck
VMT

TABLE 0.4.12 Continued

Slate

Segrnent
Description

Length
Miles
(L)

Truck Avg
Daily
Traffic
(ADT)

Land
use

Annual Truck
Vehicle-Miles
of travel (VM-1)
(1.*ADT*365.25)

1-25

CO

US6 TO 1-70, Deriver

43

8336

U

1.37 x 107

1-25

CO

1-70 to US36. Boulder
Tumpike, Denver

3.2

6183

U

CO

US36 Boulder Turnpike
to SH7

12.1

3676

U

Route

1-25

TRU as % of
Total
Truck-Miles

Annual
Accidents
No.

RaterTruck
VMT

1622

0.053%

32c

2.52 x 106c

7.23 x 106

1622

0.072%

14c

1.94 x 106c

1.62 x 107

938

0.070%

23c

1.42 x 10-6c
8.23 x 10-76

Annual TRUe
Shipments

Annual
Injuries
No.

Rate/Truck
VMT

Annual
Fatalities
No.

Rate/Truck
VMT

1-25

CO

SH7 to US34, Loveland

28.2

3302

R

3.40 x 107

938

0.078%

28c

1-25

CO

US34, Loveland to N Urben
Limit, Fort Collins

15.1

2914

S

1.61 x 107

938

0.088%

16C

9.96 x 10-7c

1-25

CO

N Urban Limit, Fort
Collins to Wyoming Line

26.5

1686

R

1.63 x 107

938

0.152%

12c

7.35 x 10-7c

1-25 to Sheridan Blvd VC
Westminster

4.8

1400

2.45 x 106

684

0.134%

3c

1.22 x 10-66

Sheridan Bivd to SH121,
Wedsworth Blvd, Broomfield

4.5

1368

U

2.25 x 106

684

0.137%

lc

4.45 x 1076

US36, Boulder Turnpike
lo SH128, W 120th Ave.
Broomfield

0.2

964

S

7.04 x 104

684

0.194%

lc

4.09 x 10 6c

SH121, Wadsworth Blvd to
Indiana St. (near Rocky
Flats Plant Entrance)

3.8

310

S

4.30 x 105

684

0.604%

1c

2.32 x 10 6c

-

-

-

57

2960

R

6.16 x 107

938

0.086%

so

1.30 x 10-6

36

5.84 x 10-7

1.62 x 10-8

142

2830

R

1.47 x 108

938

0.090%

149

1.02 x 10-6

86

5.86 x 10-7

9

613 x 10-8

2667

R

7.97 x 107

938

0.096%

87

1.09 x 10-6

26

3.26 x 10-7

0

0

US36

US36

SH121

SH128

CO

CO

CO

CO

1-80

WY

Uinta County

1-80

WY

Sweetwater County

1-80

WY

Carbon County

81.8

TABLE 0.4.12 Continued

Route

State

Segment
Descnption

Length
Miles
(L)

Truck Avg
Daily
Traffic
(AD1)

1-80

WY

Albany County

55.7

2427

1-80

WY

Albany/Laramie County
Line to 1-25 Cheyenne

23

1868

USE

Annual Truck
Vehicle-Miles
of travel (VMT)
(L'ADT*365.25)

Annual TRU°
Shipments

TRU as % ot
Total
Truck-Miles

Annual
Accidents
No.

Rate/Truck
VMT

Annual
Injuries
No.

Rate/Truck
VMT

Annual
Fatalities
No.

RaterTruck
VMT

4.94 x 1e

938

0.106%

61

1.24

106

34

6.88 x IC7

1

2.02 x 108

R

1.57 x 107

938

0.137%

49

3.12 x 106

27

1.72 x 106

2

1.27 x 10.7

0

0

1-80 Cheyenne to Colorado
Line

8.8

1511

R

4.86 x 106

938

0.170%

9

1.85 x 106

2

4.12 x 107

1-80

LTT

Wyoming Line to 1-84 Echo

29.5

2780

R

3.00 x 107

938

0.092%

20

6.68 x 10-7

-

-

1-84

UT

1-80 Echo to US80 Uintah

33.2

1250

R

1.52 x 107

938

0.205%

10

6.60 x 10-7

-

-

1-84

UT

US89 Uintah to 1-15 Ogden

7.1

1100

S

2.85 x 106

938

0.233%

6

2.10 x 10-6

-

-

1-15/1-84

UT

1-84 Ogden to N Ogden

9

4000

S

1.31 x 107

938

n mew.

15

.rs-6

-

-

1-15/1-84

(sr

N Ogden to US91, Brigham
City

12.5

2995

S

1.37 x 107

938

0.086%

9

6.58 x 10-7

US91 Brigham City to 1-15
(Travel Way) Elwood

14.4

2170

1.14 x 107

938

0.118%

7

6.13 x 10-7

UT
1-15
(Travel Way)

Elwood to Temp. End,
Plywood

10

1045

R

3.82 x 106

412

0.108%

5

1.31 x 106

1-15

Temp. End, Plymouth to
Idaho Line

7

900

R

2.30 x 106

412

0.125%

1

4.34 x 10-7

Elwood to Future 1-15
I/C Tremonton

3.4

1125

R

1.27 x 106

526

0.128%

2

1.57 x 10-6

41.8

1125

R

1.72 x 107

526

0.128%

20

1.16 x 106

1-25

1-15/1-84

1-15/1-84

1-84

WY

Land

UT

UT

UT

UT

Future I-15 I/C Tremonton
to Idaho Line

1.1A g

TABLE D.4.12 Continued

Route

Stete

Segrnent
Description

Length
Miles
(1-)

Truck Avg
Daily
Traffic
(ADT)

Land
use

Annual Truck
Vehicle-Miles
of travel (VMT)
(L•ADT•365.25)

Annual TRU°
Shipments

TRU as % of
Total
Truck-Miles

Annual
Accidents
No.

Rate/Truck
VMT

Annual
Injuries
No.

Rate/Truck
VMT

Annual
Fatalities
No.

Rate/Truck
VMT

1

8.45 x 104

Year: 1988
1-15

1-15

1-15

ID

ID

ID

Utah Line to US91
Virginia

36

900

R

1.18 x 107

412

0.125%

9

7.80 x 107

6

5.07 x 10-7

US91 Vwginia to US30
McCommon

11

910

Fi

3.66 x 106

412

0.124%

6

1.64 x 10-6

3

8.20 x 1C7

US30 Mc-Common to 5th Ave.
Pocatello

20

1813

R

1.32 x 107

412

0.062%

2

1.51 x 107

0

0

0

0

412

0.052%

2

5.06 x 107

1

2.53 It 107

0

0

0

1-15

ID

5th Ave. to 1-80 Pocetello

5

2165

S

3.95 x 106

1.15

ID

1-86 Pocatello to US26
Blackfoot (Access to INEL)

20.5

2261

R

1.69 x 107

412

0.050%

6

3.54 x 107

0

o

0

o

10-7

1-84

ID

Utah Line to 1-86 I/C

53.6

1125

R

2.20 x 107

526

0.128%

28

1.27 x 106

32

1.45 x 106

3

1.36 x

1-84

ID

1-86 9C to US93 Twin Falls

49

2025

R

3.62 x 167

526

0.071%

31

8.55 x 1C7

17

4.69 x 10-7

2

5.52 x 1Ca

1-84

ID

US93 Twin Falls to US26 Bliss 32

1863

R

2.18 x 107

526

0.077%

7

3.21 x 10 7

3

1.38 x 10-7

1-84

ID

US26 Bliss to US20 Mt. Home

46

1575

R

2.64 x 107

526

0.091%

8

3.02 x 10-7

3

1.13 x 10-7

0

0

1-84

IC)

US20 Mt Home to Broadway
Ave. Boise

41

2542

R

3.81 x 107

526

0.056%

25

6.57 x 107

16

4.20 x 107

0

0

5

3400

6.21 x 106

526

0.042%

2

3.22 x 107

1

1.61 x 107

0

0

1-184 MI Boise to Bus
1-84 (E) Nampa

11

2800

1.12 x 107

526

0051%

7

6.22 x 10-7

5

4.44 x 10-7

0

0

Bus 1-84 (E) Nampa to
US20126 (W) N Caldwell

12

2334

1.02 x 107

526

opal%

14

1.37 x 10-6

9

8.80 x 10-7

1-84

1-84

I-84

ID

ID

ID

Broadway, Boise to 1-184
(w) Boise

4.59 x 1Ca

9.78 x 1Ca

TABLE D.4.12 Continued

Route

1-84

1-84/1-82

State

ID

OR

Segment
Description

US20/26 (N) N Caldwell to
Oregon Line
Idaho line to Washington
Line

Truck Avg
Daily
Traffic
(ADT)

Lend
use

26

2138

R

2.03 x

le

526

0.067%

213

2158

R

1.66 x te

526

0.066%

526

Length
Miles
(L)

Annual Truck
Vehicle-Miles
of travel (VMT)
(L'ADT*365.25)

Annual TRUE'
Shipments

TRU ss % of
Total
Truck-Milea

Annual
Accidents
No.

Rate/Truck
VMT

Annual
Injuries
No.

Rate/Truck
VMT

FAn
atanlua
ltiels
No.

Rats/Truck
VMT

12

5.91 x 10-7

10

4.92 x 107

o

0

48

2.86 x 107

35

2.08 x 107

o

0

0.064%

23

1.43 x 106

14

8.70 x 107

o

0
0

1-82

WA

Oregon Line to US395

19.8

2224

R

1.61 x 107

1-82

WA

US395 to I-184 W. Richland

11

1276

S

5.13 x 106

526

0.112%

7

1.36 x 10-6

6

1.17 x 106

0

1-184

WA

1-82 W. Richland to SR240
by-pass Hwy. Richland

5

1584

S

2.89 x 106

526

0.090%

4

1.38 x 106

1

3.46 x 107

0

1-182 Richland to Horn Rd
HANF

14.4

1680

U

A ft4 x in6

525

C.0f.....`%

3

3.40 x i0-7

--r,
226 X 10 '

0

0

California Une to US93
(W) Kngman

48.9

2679

R

4.78 x

167

96

0.010%

17

3.55 x 107

6

1.25 x 10-7

0

0

US93 (W) Kingman to US93
(S) Round Valley

22.7

3667

R

3.04 x 107

96

0.007%

19

625 x 10-7

15

4.93 x 107

US93 (S) Round Valley to
SR66 E. Seligman

51.4

2404

R

4.51 x 107

98

0.011%

41

9.08 x 107

25

5.54 x 10 7

o

o

SR66 E. Seligman to US89
(S) Ash Fork

22.9

3616

R

3.02 x

le

96

0.007%

14

4.63 x 107

6

1.98 x 107

0

o

US89 (S) Ash Fork to 1-17
Flagstaft

49.2

4128

R

7.42 x 107

96

0.006%

80

1.08 x 106

42

5.66 x 107

0

1-17 Flagstaff to US180
(S) Holbrook

91.4

4250

1.42 x 106

96

0.006%

127

8.95 x 107

63

4.44 x 107

1

7.05 x 10-9

US180 (S) Holbrook to
New Mexico Line

72.8

3545

9.43 x 107

96

0.007%

49

rn-7

20

2.12 x 10-7

3

3.10 k 10-8

SR240

1-40

1-40

1-40

1-40

1-40

140

1.40

WA

AZ

AZ

AZ

AZ

AZ

AZ

AZ

R

5.9ri

0

TABLE D.4.12 Continued

Route

State

1-580

CA

Segment
Description

Length
Miles
(L)

Truck Avg
Daily
Traffic
(ADT)

Land
use

Annual Truck
Vehicle-Miles
of travel (VMT)
(L'ADT'365.25)

Annual TRU°
Shipments

TRU as % of
Totai
Truck-Miles

Annual
Accidenta
No.

Rate/Truck
VMT

Annuat
injuries
No.

Rate/Truck
VMT

Annual
Fatalities
No.

Rate/Truck
VMT

Year: 1987-88

1.580

1-5

1.5

1-5

1-5

1-5

1-5

CA

CA

CA

CA

CA

CA

CA

SR84 LWermore (LLNL)
Alameda County to San
Joaquin County Line

10.7

10750

S

4.20 x 107

88

0.002%

69d

8.21 x 107

39d

4.64 x 107

2d

2.38 x 108

San Josquin County frorn
Alameda County Line to
1-5 Vernalie

15.3

2900

R

1.62 x 107

88

0.008%

27d

8.33 x 107

20d

6.17 x 10.7

1d

3.08 x 108

From 1-580 Vemalis through
Stanislaus County

28.7

5280

R

5.53 x 107

88

0.004%

76d

6.86 x 107

39d

3.52 x 10-7

2d

1.81 x 108

Merced County from
Stanislaus County Line to
Fresno County Une

32.5

5800

R

6.88 x 107

88

0.004%

110d

7.99 x 107

67d

4.86 x 107

2d

1.45 x 108

Fresno County from Merced
County Line to Kngs
County Line

662

6500

R

1.57 x

108

88

0.004%

140d

4.45 x 107

'lead

3.47 x 10.7

7d

223 x 108

'Ong* County from Fresno
County Line to Kem
County Line

26.7

6800

R

6.63 x 107

88

0.004%

48d

3.62 x 10'7

65d

4.90 x 10.7

Od

Kern County from Kngs
County Line to Los Angeles
County Line

87

8521

R

2/1 x 108

88

0.003%

289d

5.34 x 107

211d

390 x 10.7

20d

3.69 x 10-8

Los Angeles County from
Kern County Line 101-210
Foothill Freeway Los Angeles

44.6

0.001%

303d

4.94 x 1C7

203d

3.31 x 10-7

12d

1.96 x 10 8

18834

3.07 x 108

TABLE D.4.12 Continued

Route

State

1-210

CA

1-10

1-10

1-15

!4o

US95

CA

CA

CA

Length
Miles
04

Truck Avg
Daily
Traffic
(ADT)

Land
use

Annual Truck
Vehicle-Miles
ot travel (VMT)
(L*ADT*365.25)

48.5

8318

U

1.47 x le

1-210 Foothill Freeway
Pornona to San Bernadino
County Line

5.8

15800

U

San Bemadino County
Line to 1-15 Devore Freeway
Ontario

9.9

16644

72

Segment
Description

1-5 Los Angeles to I-10,
San Bernadino Freeway.
Pomona

1.10 Ontario to 1-40
Barstow

"A

:-1:7, Ge.iiii.m iv US:45(N)
and to Arizona Line

CA

1-40 to Nevada Line

TRUTas
ots16
1 of

Annual
FetaMies
No.

Truck-Miles

Annual
Accidents
No.

Rate/Truck
VMT

lAnjuri
nnu:si
No.

Ratenruck
VMT

88

0.003%

523d

1/7 x 10-6

250d

8.48 x 107

3.35 x le

88

0.002%

232d

3.46 x 106

113d

1.89 x 10.6

Od

0

U

6.02 x 107

88

0.001%

246d

2.04 x 10.6

127d

1.06 x10-6

4d

3.32 x ICe

9324

S

2.45 x 108

88

0.003%

321d

6.54 x 10.7

201d

4.10 x 107

13d

2.65 x 10e

154.e

4500

R

2.54 x 10°

88
96

0.005%
0.006%

152d

2.99 x 107

103d

2.03 x 107

3d

5.90 x 10-9

23.2

348

R

2.95 x 106

8

0.006%

0

1.02 x 10-6

6d

1.02 x 1C6

1d

1.89 x 1C7

Annual TRU
.
Shipments

9d

Ratr
w
ruck

3.05 x

Ice

Year: 1987
US95

US95

US95

US93195

US93/95

US95

NV

NV

NV

NV

NV

NV

California Line to SR164
Searchlight

20.4

410

R

3.05 x 106

8

0.005%

59e

6.45 x 106

25e

2.73 x 106

1e

1.09 x 107

SR164 Searchlight to
US93 Alunite

35.9

432

R

5.62 x 106

8

0.005%

88e

4.04 x10-6

25
.

1.48 x 10.6

Oe

o

US93 Alunite to SR147
Henderson

9.4

1379

S

4.73 x 106

8

0.002%

21e

1.48 x 10 6

11e

7/5 x 107

Oe

o

SR147 Henderson to
Boulder Hwy E. Las Vegas

8.8

1940

U

6.42 x 106

8

0.001%

f

Boulder Hwy E. Las Vegas
to 1-15 Las Vegas

5.6

3588

U

7.34 x 106

8

0.006%

1-15 to Rainbow Btvd
Las Vegas

5.1

2230

U

4.15 x 106

8

0.001%

f

f

f

f

f

13e

5.90 x 10-7

le

4.54 x 10 8

Oe

n

40e

321 x 10-6

6e

4.82 x 107

TABLE DA.12 Continued

Route

Stete

US95

NV

US95

US95

NV

NV

Length
Miles
(L)

Truck Avg
Daily
Traffic
(ADT)

Land
use

Annual Truck
Vehicle-Miles
of travel (VMT)
(L*ADT*365.25)

Rainbow Blvd to Rancho
Road Las Vegas

5.9

728

S

1.57 x 106

8

0.003%

Rancho Rd. Las Vegas to
Indian Springs

33.2

737

R

8.94 x 106

8

Indian Springs to Mercury
1/C, NTS

18.3

374

2.50 x 106

8

Segment
Description

Annual TRUe
Shipments

TRU as % of
Total
Truck-Miles

Annual
Accidents
No.

Rate/Truck
VMT

Annual
Injuries
No.

Flatearuck
VMT

Annual
Fatalities
No.

Rate/Truck
VMT

6°

1.27 x 10-6

2e

425 x 107

Oe

0

0.003%

7e

2.61 x 10 7

6e

224 x 10 7

0.006%

4e

5.33 x 10-7

Oe

0

oe

0

Year: 1988
US285

1-20

1-20

1-20

1-20

1-20
1-20

1-20

1-40

TX

TX

TX

TX

TX

TX

TX

TX

TX

New Mexico Line to 1-20,
Pecos

372

R

7
2.53 x 10

238

0.175%

7c

5.16 x 10-7c Unknown

Unknown

Oc

136

4191

R

2.08 x 108

238

8.0188,

119c

5.27 x 10-7c Unknown

Unknown

3c

1.44 x 10-8c

IJS87, Big Spring to US84,
Roscoe

63

2409

R

5.54 x 107

238

0.027%

70c

126 x 10-6c Unknown

Unknown

7c

1.26 x 10-7c

IJS84, Roscoe to US183,
Cisco

90

4093

1.34 x 108

238

0.016%

98c

7.28 x 10-7c Unknown

Unknown

1c

7.43 x 10-9c

US183, Cisco 10 1-30,
Ft. Worth (W)

81

3345

9.90 x 107

238

0.019%

99c

1.00 x 106c Unknown

Unknown

4c

4.04 x 10-8c

1-30, Ft. Wodh (W) to
US287 (S), Ft. Worth Area

26

3956

U

3.76 x 107

238

0.016%

51c

1.36 x 10-6c Unknown

Unknown

Oc

US287 (S), To US80 (E),
Dallas Area

55.6

6755

U

1.37 x 108

238

0.010%

4.8c

3.50 x 10-7c Unknown

Unknown

1c

7.29 x 109c

144

5263

R

2.77 x 188

238

0.012%

189c

6.83 x 10-7c Unknown

Unknown

4c

1.44 x 10-8c

63

3910

9.00 x 107

528

0.037%

40c

4 44 x 10-7c Unknown

Unknown

1c

1.11 x 10-&

US285. Pecos to US87,
Big Spring

US80 (E), Terrell to
Louisiana Line
New Mexico Line to Bus.
Loop: 1-40 (W). W. Amarillo

53.4

0c

Oc

TABLE D.4.12 Continued

Route

1-40

State

TX

Segment
Description

Bus. Loop 1-40 (W) to Bus
Loop 1-40 (E). Armedllo

Length
Miles
(L)

23

Truck Avg
Daily
Traffic
(ADT)

Land
use

7867

Annual Truck
Vehicle-Miles
of travel (VMT)
(1..*ADT•365.25)

6.61 x 107

Annual TRU°
Shipments

528

TRU as % of
Total
Truck-Miles

Annual
Accidents
No.

0.018%

40c

Rate/Tneek
VMT

Annual
Fatalities
No.

Rata/Truck
VMT

6.05 x 10.7c Unknown

Unknown

1c

1.51 x 10-8c

5.85 x 10.7c Unknown

Unknown

2c

1.67 x 10.8c

Rate/Truck
VMT

Annual
Iniuriee
No.

Year: 1987
1-40

1-40

1-40

1-40

1-40

1-44

1-44

1-44

1-44

1-44

TX

OK

OK

OK

OK

OK

OK

OK

OK

MO

Bus. Loop 1-40 (E)
Amarillo to Oklahoma Line

3626

R

1.18 x 108

528

0.040%

69c

Arkansas Line to E Oklahoma
City Urban Area. Pottawatomie/
Oklahoma County Line
157.8

2578

R

1.49 x

108

482

0.051%

69

4.63 x 107

31

2.08 x 107

4

2.68 x 10-8

Pottawstomie County Line
to 1-44, Oklahoma City

26.9

3218

U

3.16 x

le

482

0.041%

95

3.00 x 10.6

46

1.46 x 106

1

3.16 x 108

1-44, Oklahoma City to W
Oklahoma City Urban Arai
Oklahoma/Canadian County Une 5.6

4917

U

1.00 x 107

528

0.029%

23

2.30 x 10.6

1

1.00 x 10-7

0

o

Oklahoma/Canadian County Line
to Texas Une
139.8

3991

R

1.97 x 108

528

0.036%

104

528 x 10.7

47

2.38 x 10-7

2

1.02 x 10-8

440, Oklahoma City to
OklahomaiLincoln County Une

26.5

3779

U

3.68 x le

46

0.003%

76

2.06 x 106

18

4.89 x 107

3

8.15 x 10-8

Oklahoma/Lincoln County
Line to Tulsa County Une

75

2910

7.97 x le

46

0.004%

43

5.40 x 1C7

16

2.01 x 1C7

Tulsa Urban Area. Tulss
County

19.5

4749

U

3.38 x 107

46

0.003%

70

2.07 x 106

17.

5.03 x 107

1

2.96 x 10-8

Tulsa/Rogers County Line to
Missouri Line

88

3143

R

1.10 x108

46

0.004%

71

6.45 x 107

40

3.64 x 107

4

3.64 x 10-8

Oklahoma Line to Springfield
Urban Area, Greene County

59.9

1207

P

254 ,07

46

0.010%

89

1.13 x 10-#1

0

TABLE D.4.12 Continued

Route

I

1-44

1-44

State

MO

MO

270/1-255 MO

1-255/1-55

IL

0
I\..)
CO

1-55

1-70

1-70

1-465

1-70

Truck Avg
Daily
Traffic
(ADT)

Land
use

Annual Truck
Vehicle-Miles
of travel (VMT)
(L•ADT*365.25)

31.1

1492

S

1.69 x 107

46

0.008%

1.29 x 1069

167.3

1208

7.38 x 107

46

0.010%

3.14 x 10 62

St Louis County, St. Louis
Urban Area. to Illinois Line

27.6

1066

U

1.07 x 107

46

0.012%

2.82 x 1069

Missouri Line to 1-70.
E. St Louis

30.3

1550

LI

1.66 x 107

46

0.0084%

N/A

-

-

Segrnent
Description

Greene County, Springfield
Urban Area
Greene County Line to
St Louis County Line

Length
Milee
(L)

Annual TF1L1h
Shipments

TRU as % of
Total
Truck-Miles

Annual
Accidents
No.

IL

1-70, E. St. Louis to
Cass Ave., Chicago (ANLE)

258.6

3514

U.S.R

3.32 x 108

32

0.0025%

N/A

IL

1-55, E. St. Louis to
Indiana Line

140

4686

R

2.40 x 108

14

0.0008%

N/A

Illinois Line to 1-465
Indianapolis

71

6035

R

1.56 x 108

14

0.0006%

N/A

1-70 (W) to 1-70 (E),
Indianapolis

19

9586

U

6.65 x 107

14

0.0004%

N/A

1-465, Indianapolis to
Ohio Line

67

7338

R

1.80 x 108

14

0.0005%

N/A

IN

IN

IN

Rate/Truck
VMT

Annual
injuries
No.

Rate/Truck
VMT

Annual
Fatalities
No.

Rafs/Truck
VMT

Year: 1986
SR725

1-75

OH

OH

First St., (MOUND Plant
Vicinity) to 1-75, Miamisburg

3

SR725, Miamisburg Pike,
Miamisburg to 1-70, Dayton

16.3

658

11200

U

7.21 x 105

14

0.006%

15h

7.56 x 10 6

10h

5.04 x 10 6

Oh

0

6.67 x 107

14

0.0003%

576h

3.14 x 10-6

219h

1.19 x 10-6

1h

9
5.45 x 10

TABLE D.4.12 Continued

Route

1-70

1-70

State

OH

OH

Length
Miles
(L)

Truck Avg
Daily
Trafat
(ADT)

Land
use

Annual Truck
Vehicle-Miles
of travel (VMT)
(L*ADT*365.25)

1-75, Dayton to Preble/
Montgomery County Line

16.2

8000

R

4.73 x 107

14

Preble County from
Montgomery County Line to
Indiana Line

17.7

7990

R

5.16 x

107

14

Segment
Description

Annual TRU1
Shipments

TRU as % of
Total
Truck-Miles

Annual
Accidents
No.

Rate/Truck
VMT

0.0005%

199h

1.53 x 10-6

0.0005%

129h

Annual
Injuries
No.

Rate/Truck
VMT

Annual
Fatalities
No.

Rate/Truck
VMT

79h

6.07 x 10-7

3h

2.30 x 10-8

9.08 x 10-7

42h

3.00 x 10-7

1h

7.04 x 10-9

Year: 1987
1-40

AR

AR

:-43

Ar-3

Texas Line to SR9,
Russellville

81

3850

1.14 x

SR9, Russellville to
US65, Conway

44

4917

7.90 x

13365. C...orTwoy io i-430,
Little Rock

23 4

6000

11.4

482

0.034%

49

4.30 x 10-7

16

1.40 x 10-7

2

1.76 x 10-8

107

482

0.027%

27

3.42 x 107

9

1.14 x 10-7

2

2.53 x 108

S

5.13 x 107

482

0.0Z2%

49

9.56 x 107

16

3.12 x 107

0

0

5460

U

2.27 x 107

482

0.024%

69

3.04 x 10 6

23

1.01 x 106

1

4 40 x 106

118.4

7200

R

3.11 x

le

482

0.018%

124

3.98 x 104

41

1.32 x 107

7

2.25 x 108

W. Memphis to Tennessee
Lone

7.4

4918

S

1.33 x 107

482

0.02796

37

2.78 x 10-6

12

9.03 x 107

6

4.51 x 10-7

Arkansas Line to 1-240
(N), Memphis

2.8

5300

U

5.42 x 106

482

0.025%

-

3.24 x 106c

-

1.54 x 10-6c

-

Oc

11.6

6983

U

2.96 x 107

482

0.019%

-

6.02 x 10-7c

-

5.17 x 10-7c

-

3.72 x 10-9c

7.1

5340

1.38 x 107

482

0.02596

1-40

AR

1-430 to 1-440, Llttle Rock

1-40

AR

1440, Little Rock to
1-55 (N), W. Memphis

1-40

1-40

AR

TN

1-40/
1-240 (N) TN

1-40

TN

1-40 (W) to 1-40 (E),
Memphis
1-240 (N), Memphis to
SR15/64, E. Memphis

1.57 x 10-6c

5.73 x 10-7c

9.39 x 10-9c

TABLE D.4.12 Continued

Route

k40

TN

1-40

TN

1-40

TN

1-40

1-40

1-20

TN

TN

LA

Truck Avg
Daily
Traffic
(ADT)

61.5

5580

1.25 x 108

482

0.024%

7.16 x 10 7c

192 x 10-7c

9.18 x 10-9(

US BP 45, Jackson to
Davidson County Line, W.
Nashville

110.5

6100

2.46 x 108

482

0.022%

5.96 x 107c

3.23 x 10'70

1.83 x 108c

Davidson County, Nashville
Urban Area from W to E
Nashville

31.2

8400

U

9.57 x 107

482

0.016%

-

1.78 x 10-6c

-

6.63 x 10-7c

1.13 x 10-5c

E. Nashville to SR111,
Cookeville

66.1

5250

R

1.27 x 108

482

0.025%

-

6.17 x 107c

-

3.37 x 107*

2.17 x 108*

SR111, Cookeville to SF195
ORNL Vicinity

73

5350

R

1.43 x 108

482

0.025%

3.31 x 10

6.73 x 10

8.6

9150

R

2.87 x le

238

0.007%

14

17653

U

1.14 x 108

238

0.004%

8250

R

2.68 x 108

238

0.008%

8.8

13030

S

4.19 x 107

238

SR594 (E), Monroe to
Mississippi Line

64.4

6630

R

1.56 x 108

Louisiana Line to Jackson
East Urban Limit, Hinds/
Rankin County Line

45.9

5340

8.95 x 107

Hinds/Rankin County Une
to Alabama Line

110.2

4568

1.84 x 108

SR15/64, E. Memphis to
US BP 45, Jackson

Texas Line to SR526,
Shreveport

1.20

LA

SR526 to 1-220 (E),
Shreveport

17.7

1-20

LA

1-220 (E) to SR34, W Monroe

89

1-20

LA

SR34 to SR594 (E), Monroe
Urban Area

1-20

1-20

1-20

1

State

LA

MS

MS

Annual Truck
Vehicle-Miles
ot travel (VILKT)
(L.ADT*365.25)

Length
Miles
(L)

Segment
Description

Land
MN

Annual TRU.
Shipments

TRU as % of
Total
Truck-Miles

Annual
Accidents
No.

Rate/Truck
YMT

Annual
injuries
No.

5.20 x 107c

Rate/Truck
VIC

4.87 x 10-7

4

1.39 x 107

240

2.10 x 106

112

155

5.78 x 107

119

(loos%

53

1.26 x 106

238

0.010%

43

238

0.012%

0.014%

238
Year: 1988

Annual
Fatalities
No.

Rate/Truck
VMT

0

0

9.81 x 107

2

1.75 x 10.8

4.44 x 10'7

5

1.86 x 108

38

9.07 x 107

0

0

2.76 x 107

38

2.44 x 10 7

1

6.41 x 109

21

2.34 x 107

7

7.82 x 1C8

1

1.12 x 10-8

3

1.63 x 1Ca

1

5.44 x 109

0

0

TABLE 0.4.12 Continued

Route

1

1-20

1-459

1-20

1-20

State

AL

AL

AL

GA

o
F20

GA

Ca)
1-285

1-20

1-20

1-20

GA

GA

GA

GA

SC

Segment
Descnption

Length
Miles
(L)

Truck Avg
Daily
Traffic
(ADT)

Land
use

Annual Truck
VehicleMiles
of travel (VMT)
(VAC/T*365.25)

Annual TRU°
Shipments

TRU aa % of
Total
Truck-Miles

Annuel
Accidents
No.

Rate/Truck
VMT

Annual
lnjurias
No.

Rate/Truck
VMT

Annual
Fatalities
No.

Rate/Truek
VMT

Mississippi Line to 1-459
Birmingham Urben Area

106.3

6025

R

2.34 xle

238

0.011%

118

5.04 x 10'7

51

2.18 x 10-7

2

8.55 x 10-9

(W) TO I-20 (E)
Birmingham Urban Area

33.5

3000

S

3.67 x 107

238

0.022%

17

4.63 x 107

3

8.17 x 10 8

0

0

F459, E. Birminghem
to Georgia Line

78.3

7800

R

2.23 x 108

238

0.008%

102

4.57 x 107

42

1.88 x 10-7

6

2.69 x 10-8

Alabama Line to Atlanta
W. Urben Limit

30.3

44201

R

4.89 x107

238

0.015%1

321

6.54 x 10.71

221

4.50 x 10'71

01

01

Atlanta W. Urben Limit to
1-285 (W), Atlanta

20.7

67501

S

5.10x 107

238

0.10%1

1361

2.66 x 10-6i

57i

1

19 v 111-61

41

.
7 12A ,

1-20 (W) to 1-20 (E),
Atlanta

26.1

91001

U

8.68 x 107

238

0.007%1

1641

1.89 x 10'61

75'

8.64 x 10-7i

4i

4.61 x 10 81

1-285 (E), Atlanta to
SF1138, Conyers

14.9

5110'

S

2.78 x 107

238

0.013%1

2.26 x 10-61

121

4.32 x 10-71

11

3.60 x 10-8i

108.5

znoi

R

1.14 x 108

238

0.022%1

501

4.36 x 1071

27'

2.36 x 10.71

11

8.73 x 10-91

11.7

24001

S

1.02 x 107

238

0.027%1

91

8.78 x 10-71

41

3.90 x 1071

01

0

Georgia Line to US25,
N. Augusta

5

seooi

S

1.06 x 107

238

0.011%

-

6.04 x 10 7c

-

1.13 x 10"7c

-

Oc

-

1.38 x 10-6c

-

oc

4.88 x 1c7c

-

Oc

SR138, Conyers to Lewiston,
Augusta W. Urban Limit
Lewiston to South Carolina
Line, Augusta Urban Aree

US25

SC

1-20 to 5R125, N. Augusta

5.6

11501

U

2.35 x 106

238

0.057%

-

4.27 x 106c

SR125

SC

US25, N. Augusta to SRS
Entrance

16.8

6351

U

3.90 x 106

238

0.103%

-

1.71 x 10-6c

.0-81

TABLE D.4.12 Concluded

Notes:
a Average annual truck shipments of both CH TRU TRUPACTs and RH TRU NuPac 72B casks during 20-yr Disposal
Phase of the Proposed Action, going both to and from WIPP.
b Ahernate route to preferred route.
c Based on the assumption on that truck equals the overall motor vehicle accident and fatality rate.
d 2-yr total; accident, injury, and fatality rates are 1-yr averages.
e 3-yr total; however, the resultant accident, injury, or fatality rate is an average 1-yr rate.
f New freeway segment; 3-yr of accident history not available.
g 1.917-yr period; based on the assumption that truck equals the overall accident rate.
h 2.75-yr period; accident, injury and fatality rates are an average 1-yr period.
Truck value includes only combination tractor-trailer trucks.
Estimated truck volume, based on typical values for given land use area.
Land Use Key: R = Rural, S = Suburban or Small Urban; U = Urban
N/A = Not Available
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TABLE D.4.13 Traffic statistics: Recent year Statewide and systemwide annual weighted averages

statistics source

Routea
miles

Accident rate/
truck vehicle-mile

Injury rate/
truck vehicle-mile

Fatality rate/
truck vehicle-rr Ile

New Mexico

888.1

7.95 x 10-7

2.97 x 10-7

1.11 x 10-8

Colorado

312.2

1.24 x 10-6

N/A

N/A
3.71 x 10-8

Jurisdiction/

Wyoming

368.3

1.26 x 10-6

6.10 x 10'7

Utah

167.9

9.16 x 10-7

N/A

N/A

Idaho

368.1

7.05 x 10-7
2.86 x 10-7

5.03 x 10-7
2.08 x 10-7

4.26 x 10-8

6.99 x 10-7
3.73 x 10-7

0.00 x 100

213

Oregon
Washington

50.2

1.09 x 10-6

Arizona

359.3

0.00 x 100

California

625.7

7.28 x 10-7
6.68 x 10-7

Nevada

142.6

2.36 x 10-6

3.71 x 10-7
9.03 x 10-7

824

6.94 x 10-7

N/A

2.29 x 10-8

539.1

3.26 x 10-7

2.31 x 108

N/A

N/A

Texas

1.77 x 10-8
2.53 x 10-8
1.56 x 10-8

Missouri

285.9

8.02 x 10-7
2.49 x 10-6

Illinois

428.3

N/A

N/A

N/A

Indiana

157

N/A

N/A

N/A

Ohio

53.2

2.16 x 10-6

9.33 x 10-7

1.10 x 1C8

Oklahoma

Arkansas

285.6

6.11 x 10-7

2.01 x 10-7

3.16 x 10-8

Tennessee

363.8

7.46 x 10-7

3.88 x 10-7

1.38 x 10-8

4.34 x 10-7

1.26 x 10-8

io-8

3.29 x 10-9

Loulsiana

188.5

1.78 x 10-5

Mississippi

156.1

8.03 x 10-8

2.68 x

Alabama

218.1

4.81 x 10-7

1.86 x 10-7

Georgia

212.2

1.02 x 10-1

4.52 x 107

South Carolina

27.4

2.03 x 10-6

6.02 x 107

Weighted avg.b
Systemwide

1.37 x 10-6
6649.3 Miles

3.75 x 107
5059.3 Miles

0.00 x 100
1.98 x 10-8
5983.3 Miles

NUREG-0170 (1977)

1.70 x 10-6

Chem-Nuclear (1989)

1.16 x 10-6

Cashwell et al. (1986)
Rural

1.33 x 10-6

1.09 x 1C7

Suburban

6.32 x 10-7

2.69 x 10-8

Urban

6.16 x 107

1.54 x 10-8

1.38 x 10-8
2.03 x 10-8

a

Only route miles for which traffic data was collected is listed.

b

Excludes States and route segments of States where insufficient truck accident, truck injury, and truck fatality data
was available.
N/A = not available.
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TABLE D.4.14

A.

Summary of nonradiological and nonchemical impacts: Traffic accidents,
injuries, and fatalities

WIPP shipment-miles summary statistics: CH and RH combined
Proposed Action

Alternative Action

Mode: 100% Truck

Shipment-miles

Test Phase and Disposal Phase

75,658,244

Mode: Maximum rail

Shipment-miles

Test Phase and Disposal Phase

75,658,244

Mode: Maximum rail

Test Phase (all truck)

5,139,642

Disposal Phase (rail, 8 sites)

34,506,160

Disposal Phase (truck, 2 sites)

B.

Mode: 100% Truck

1,529,058

Disposal Phase (rail, 8 sites)
Disposal Phase (truck, 2 sites)

44,600,508
1,691,536

Comparison of WIPP lifetime risks by traffic statistics source
B.1 Proposed Action - Mode: 100% Truck
Statistics
Source

Accidents
Rate Mile
Total

Injuries
Rate Mile

Total

Fatalities
Total
Rate/Mile

Cashwell et al. (1986)
7.18

92.3

(SEIS Tables D.4.6, D.4.10)
NUREG 0170 (1977)

1.70 x 10-6

129.

Chem-Nuclear (1989)

1.16 x 10-6

88.0

WIPP route highway
system (1987-1988)

1.37 x 10-6

104.

3.75 x 10-7

28.0

1.98 x 10-8

1.50

B.2 Proposed Action - Mode: Maximum rail
Statistics
Source

Accidents
Rate/Mile
Total

Injuries
Rate/Mile
Total

Fatalities
Rate/Mile
Total

28.4

2.54

Cashwell et al. (1986)
(SEIS Tables D.4.7, D.4.11)
NUREG 0170 (1977)
Test Phase (truck)

1.70 x 10-6

Disposal Phase (rail,
8 sites)

1.50 x 10-6

Disposal Phase (truck,
2 sites)

1.70 x 10-6

TOTAL

8.74

51.8

2.60
63.1
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TABLE D.4.14 Continued
B.

Comparison of WIPP lifetime risks by traffic statistics source
B.2

Proposed Action - Mode: Maximum rail, continued

Accidents
Total
Rate Mile

Injuries
Rate/Mile
Total

Tesl Phase (truck)

1.37 x 10-6

7.04

3.75 x 10-7

Disposal Phase (rail,
8 sites)

4.55 x10-6

157.00

1.05 x 104

Disposal Phase (truck,
1.37 x 104
2 sites)

2.09

3.75 x 104

Statistics
Source

Fatalities
Rate Mile
Total

WIPP route highway
systern (1987-1988)/
Fed. R.R. Admin. (1987)a

TOTAL

1.93

1.98 x 104

0.102

36.2

1.14 x le

3.93

1.98 x 104

0.030

0.57
38.7

166.

4.06

B.3 Alternative Aclion - Mode: 100% Truck

Statistics
Source

Injuries

Accidents
Rate/Mile
Total

Rate/Mile

Total

Fatalities
Rate Mile
Total

92.0

7.20

Cashwell et al. (1986)
(SEIS Tables D.4.8, D.4.10)
NUREG 0170 (1977)

1.70 x 10-6

Chem-Nuclear (1989)

1.16 x 10-6

WIPP route highway
system (1987-1988)

1.37 x 10-6

129.
88.0

3.75 x 10-7

104.

28.0

1.98 x 1043

1.50

B.4 Alternative Action - Mode: Maximum rail
Statistics
Source

Injuries

Accidents
Rate Mile
Total

Rate/Mile

Total

Fatalities
Rate Mile
Total

Cashwell et al. (1986)
(SEIS Tables D.4.9, D.4.11)

23.1

NUREC 0170 (1977)
Disposal Phase (rail,
8 sites)

1.50 x 10-6

Disposal Phase (truck,
2 sites)

1.70 x 10*6

TOTAL

66.9

2.88
69.8
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2.16

Concluded

TABLE D.4.14

B.

Comparison of WIPP lifetime risks by traffic statistics source
B.4 Alternative Action - Mode: Maximum rail, continued
Accidents
Total
Rate Mile

Rate Mile

Disposal Phase (rail,
8 sites)

4.55 x 10-6

1.05 x 10-6

Disposal Phase
(truck, 2 sites)

1.37 x 10-6

Statistics
Source

Injuries
Total

Fatalities
Rate/Mile
Total

WIPP route highway
system (1987-1988)
Fed. R.R. Admin. (1987)a

TOTAL

203.

2.32

3.75 x 10_7

46.8

0.634
47.4

205.

1.14 x

5.08

1.98 x 10-8

0.0335
5.11

a See Tables 1 (p. 5) and 8 (p. 16) of reference, "Accident/Incident Bulletin No. 156, Calendar Year
1987," U.S. DOT, Federal Railroad Administration Office of Safety, July, 1988.
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D.4.3 RESULTS
D.4.3.1 Results from Per-Shipment Risk Approach
The results in Table D.4.5 show very small per shipment nonradiological and
nonchemical risks for all facilities. The volurnes of particulates and sulfur dioxide
emitted by a single truck or rail shipment in an urban area are so small that one million
or more similar pollutant generating shipments would be needed simultaneously to
achieve the minimum required pollutant volume of particulates and sulfur dioxide to
cause one latent cancer fatality (LCF). The probability of causing one injury from a
truck accident from a single shipment ranges from 1.7 x 10-6 to 4.4 x 10-3. The
probability of causing one fatality from a truck accident ranges from 4.3 x 10-8 to 3.6
x 104.
By summarizing estimated fatalities and injuries in Tables D.4.6 and D.4.10 for the
Proposed Action, approximately 7 fatalities and 92 injuries were calculated for
combined CH and RH shipments using 100 percent trucks. Approximately 3 fatalities
and 28 injuries were calculated for combined CH and RH shipments in the Proposed
Action for the maximum rail case. (See Tables D.4.7, D.4.9, and D.4.11.)
Similar results for the Alternative Action were calculated from Tables D.4.8 and D.4.10.
Approximately 7 fatalities and 92 injuries were. estimated for combined CH and RH
shipments for the 100 percent truck case. Approximately 2 fatalities and 23 injuries
were estirnated for combined CH and RH shiprnents for the maximum rail case. (See
Tables D.4.9 and D.4.11.)
D.4.3.2 Results from Lifetime Risk Approach
Table D.4.12 summarizes traffic statistics along the WIPP preferred routes. For each
segment, a description is provided of endpoints, length, average daily truck volume,
population density, annual truck vehicle-miles, ,estimated annual TRU shipments, TRU
shipments as a percentage of total miles, and annual average accident injury and
fatality statistics.
The route-specific truck injury and fatality rates are very low; they are usually lower

than the corresponding rates from Cashwell et al. (1986), as shown in Table D.4.13.
There are no segments with a recent history of relatively high injury or fatality rates
which could indicate a high-hazard segment.
Estimated TRU shipment volumes as a percentage of total truck volumes are extremely
small for rnost route segments. The highest TRU shipment volume percentage is 4
percent to 5 percent for US 285 in New Mexico between 1-25, Eldorado and US 70,
Roswell. Because future truck volumes will likely increase, percentages calculated are
conservative upper bounds.
Average State and systemwide truck accident, injury, and fatality rates compare
favorably with the corresponding rates from other quoted sources (see Table D.4.13).
The calculated WIPP Route Highway System Weighted Average accident rate is 1.37 x
10-6. This is less than the rate (1.70 x 10'6) quoted by the NRC (1977) and slightly
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higher than the rate (1.16 x 10-6) experienced by Chem-Nuclear Systems, Inc. for
Type B nationwide shipments. The WIPP Highway System Weighted Average injury
and fatality rates are also less than the corresponding rates quoted by Cashwell et al.
(1986). Consequently, statistical analyses indicate that the preferred WIPP highway
routes are safer than the U.S. highway system as a whole. The SEIS analysis of
nonradiological and nonchemical risks based on Cashwell et al, data is conservative.
Table D.4.14 and Figure D.4.1 compare lifetime risks for 1) Proposed Action--100
percent truck, 2) Proposed Action--maximum rail, 3) Alternative Action--100 percent
truck, and 4) Alternative Action--maximum rail using the two methods discussed above
to estimate nonradiological and nonchemical consequences.
Figure D.4.1 shows a range of forecasted estimates based on various statistics and
indicates no clear difference between 100 percent truck and maximum rail modes.
D.4.3.3 Comparison of Transuranic Waste Transport Accident, lniury, and Fatality
Proiections
In the draft SEIS, impacts were assessed for waste transport by truck (34,144
shipments) and by maximum rail (18,467 shipments) for the proposed 25-year
combined Test Phase and Disposal Phase at the WIPP. Based on revisions to the
overall number of projected shipments required to transport waste to the WIPP, the
final SEIS estimates a total number of truck shipments (28,866 shipments) and
maximum rail shipments (15,558 shipments). For the truck shipment of TRU waste,
the total estimated consequences for the projected 25-year Test and Disposal Phases
in the draft SEIS was 8.3 fatalities and 106 injuries for the Proposed Action, as
opposed to the revised final supplement which calculated 7 fatalities and 92 injuries,
respectively.
The total estimated consequences for the maximum rail shipment mode for the
Proposed Action in the draft supplement were 3 fatalities and 34 injuries. For this final
supplement, the numbers have been revised to a projection of approximately 3 fatalities
and 28 injuries.
It is important to restate that the total number of injuries and fatalities projected for
truck transport in the draft SEIS were calculated based on Cashwell et al. data (1986).
However, only in those projections, the projected injury rate per truck vehicle-mile
ranged from 6.16 x 10'7 for urban areas to 1.33 x 10'6 for rural areas. This is in
contrast to the actual values that were obtained from 23 States during the preparation
of this final SEIS, which indicate an overall weighted average systemwide of 3.75 x 10-7,
which is significantly lower than the number that was projected in the EIS (see Table
D.4.13).
Similar analyses of 100 percent truck mode fatality rates show that the Cashwell et al.
(1986) numbers used in preparation of the SEIS ranged from 1.54 x 10-8 for urban
areas to 1.9 x 10-7 for rural areas, as opposed to an overall preferred route highway
system weighted average as presented based on State data of 1.98 x 10"8 fatalities per
truck vehicle-mile of travel.
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Table D.4.13 also compares the accident rates used in the draft SEIS (1.70 x 10-6
accidents per truck vehicle-mile) to the State data (overall average of 1.37 x 10-6
accidents per truck vehicle-mile) supplied for the final supplement. Probabilistic risks
calculated using the higher rate (1.70 x 10-6) from the NRC (NRC, 1977) are thus
conservative given expected lower numbers of accidents based on actual route-specific
data.
Table D.4.15 summarizes data on radioactive, material shipments. The data was
compiled from actual shipping records supplied by private sector radioactive waste
transporters and the Department of Energy/Albuquerque Operations. As shown, the
industry and the DOE have compiled an excellent safety record for shipping radioactive
materials. The use of certified TRUPACT shipping containers and casks for TRU
shipments and the extensive system of oversight and management developed for these
shipments ensure that transportation risks for the Proposed Action or Alternative Action
will be comparable, if not less, than those in similar shipping campaigns, as shown in
Table D.4.15.
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TABLE D.4.15 Comparison of radioactive material shipments

Source

Total
mileage

Number of
shipments

Accidents/
incidents

Injuries

Fatalities

74 milliona
30 million

28,866
15,558

NRb
NR

92
25

7
3

26 million

NR

2

0

0

NR
NR

2,000,000e

828
25

NR
NR

NR
NR

3

0

Of

SEIS
Truck
Rail
Chem-Nuolearb
Truck
Spectra
Research/SNL°
Truck
Rail
DOE/Albuquerque
Truck

30.8

a

The total estimated mileage was not presented in the SEIS, the total estimated
mileage represents a 25-year shipping campaign.

b

NR = Not reported.

c

Reporting period of 1987-1988.

d

Reporting period of 1971-1988.

e

The number of shipments were not broken down in truck and rail.

f

Fatalities, but not attributable to project.
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ALTERNATIVE ACTION

PROPOSED ACTION

Accidents

Accidents

MODE

MODE

100% Truck

1C 0% Truck
88.0

88.0

129

"Wee
"e"'"'

;9;•;•;•;•:•:•••NN

0••••••APANWOCCIO
63.1
166

Max. Rall

50

100

150

129

6:444•1444•X

Max. Rall

205

69.8
200

0

100

50

15C

200

Injuries

Injuries
MODE

MODE

100% Truck

r

100% Truck
28.0
"•
•
- -41
••••
••••

Max. Rail
0

25.2

38.7

20

40
1

;9:9;9:9

Pa•a•AMI
47.4
23.1

Max. Rall
60
1

92.3

28.0

92.3

80 92

0

20

Fa ta litie s

40

80 92

60

Fatalities

MODE

MODE

W

100% Truck

100% Truck

1.50
Max. Rall

Va.7•7i

2.54
0 1

1.50

7.20
4.06

6
...46:44
5.11
2.16

Max. Rall

2 3 4 5 6 7 8

A
7.20

0 1

2 3 4 5 6 7

3

FIGURE D.4.1
LIFETIME NONRADIOLOGICAL AND NONCHEMICAL TRANSPORTATION RISKS:
RANGES OF PROJECTIONS FOR CH AND RH SHIPMENTS
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APPENDIX E
HYDRAULIC AND GEOTECHMCAL MEASUREMENTS
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E.1 INTRODUCTION

Appendix E contains excerpts from published documents that primarily support
conclusions regarding the hydraulic and geotechnical characteristics of the Salado
Formation. This appendix is not intended to provide a complete understanding of the
various studies, but is intended to provide enough data and interpretation to provide
the reader with an adequate level of information to independently assess the
conclusions presented in the text.
In this final SEIS, the introductions to alI sections (E.1 through E.7) are published, as
well as a modified Section E.3; a new Sections E.8, Delineation of the Disturbed Rock
Zone (DRZ); and a new Section E.9, Seal Design and Evaluation. The reader is referred
to the draft SEIS for the complete sections E.1, E.2, and E.4 through E.7, which remain
unchanged.
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E.2 BRINE INFLOW MEASUREMENTS

This subsection of Appendix E describes preliminary sampling and evaluations of brine
occurrences at the WIPP facility horizon. Included is a discussion and description of
sampling methodology, the manner in which the data were used, calculations rnade,
and a location-by-location description of sampling results.
This subsection was excerpted from Appendix D of Deal and Case, 1987, Brine
Sampling and Evaluation Program, Phase I Report. This subsection is included to
provide evidence of brine inflow rates defined in the text.

E-3/4

E.3 BRINE INFL()W MODEL

This subsection of Appendix E presents and describes the WIPP Darcian Brine Flow
Model that has been used to analyze brine inflow rates to observed boreholes and
moisture release experiments and is provided here to support brine inflow rates defined
in the text. Included in this section are the assumptions inherent in the model.
This subsection has been excerpted from Chapters 2 through 6 of Nowak et al., 1988,
Brine Inflow to WIPP Disposal Rooms: Data, Modeling, and Assessment. Sections
specifically related to nonisothermal flow have been deleted. The nonisothermal aspect
of the model was used to simulate inflow due to heat generated by high-level waste.
Since high-level waste will not be disposed of at the WIPP, these sections are no
longer pertinent. Some reference with respect to nonisothermal conditions is left in
portions of the text to provide more generic aspects of the model development.
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2. WIPP BRINE FLOW MODEL
A brine transport model for both isothermal and non-isothermal
conditions in bedded salt was developed with data from the WIPP large scale
in situ experiments [25,28,29]. This model is for transient Darcy flow in
a porous medium. Elastic responses of the salt and brine account for the
"storage" of brine that supports transient flow, and thermal effects are
accounted for by including the thermal expansion of the brine and the host
rock salt.
Any model for transient flow e fluid in a porous medium requires the
stipulation of a mechanism of "storage," that is, local changes of fluid'
_mass per unit volume of the medium. In a rigid porous medium, the only
available mechanism is compression, or the local density change, of the
fluid. In a deformable porous medium, storage can be accommodated by
dilatation of the solid skeleton ancl local compression of the solid, as
well. Dilatation of the porous skeleton is the principal mechanism of
interest in soil and rock mechanics, and is the cornerstone of
"consolidation" theory. Rock salt, of course, exhibits plastic as well
as elastic properties. It is, however, plausible that the immediate,
elastic response of the salt and brine and the subsequent relaxation of the
pore pressure by flow to the excavation are the predominant mechanisms of
brine storage and transport, at least over short time scales.
For a linearly elastic skeleton, Biot [36] generalized the
consolidation theory, and Rice and Cleary [37] later recast it in terms
with straightforward physical interpretations. An extension of this model
to account for non-isothermal effects, allowing for thermal expansion of
the fluid and solid, has been presented recently [38,39].
The essence of the model is embodied in a diffusion equation, for the
pore pressure that, in certain special cases, reduces to:
ap
- cv`p

at

ae
b'-- ,

at

(1)

where p is the fluid pore pressure, c is the fluid diffusivity, b' is a
source coefficient, and e is the temperature. The fluid diffusivity, c,
depends upon the permeability, fluid viscosity, and the elastic properties
of the solid and fluid (see Appendix A). The source coefficient, b',
depends upon the thermal expansivities of the solid and fluid (see Appendix
A). For isothermal conditions, the right hand side of (1) vanishes, and the
classical diffusion equation for Darc:y flow is recovered. Various special
cases widely considered in hydrologic modeling are embedded in this
formulation [25]. For non-isothermal problems in which conduction heat
transfer dominates (i.e., small Peclet number), as is certainly true in
salt, the source term in (1), which represents the generation of pore
pressure by thermal expansion, must be evaluated from the simultaneous
solution of the heat equation:
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at
where K is the thermal diffusivity. Extended discussion of this system of
equations as well as various solutions to representative initial value
problems can be found in (38,39).
The explicit relationships between properties of salt and brine and
the coefficients appearing in equations (1) and (2) are given in APPENDIX A
)f this report. The host rock salt permeability, k, and other properties
af the host rock and brine appear in the fluid diffusivity, c.
In the data analyses that are discussed here, permeability values, k,
were chosen to match or bracket the brine inflow data. Other values for
the host rock and brine properties in the diffusivity, c, were taken from
known properties of salt and saturated brines. The permeability values
thus obtained were used to calculate brine inflow to WIPP disposal rooms
with this model.
2.]. Isothermal Flow
Consider now an idealized model for the introduction of a mined drift
into a deeply buried region. The rock is assumed to be homogeneous and
isotropic, and the undisturbed stress state is taken to be lithostatic,
i.e., isotropic, compressive, and equal in magnitude to the overburden
load. The initial pore pressure in the neighborhood of the tunnel is
assumed to be constant:
p(r,O) = po .

(3)

The pressure po is expected to be between hydrostatic (about 6 MPa) and
lithostatic (about 15 MPa) [25]; this has been corroborated by field
measurements from which pore pressures of 8.3 MPa and 10.3 MPa were
estimated [31]. Superimposed on the hydrostatic pressure is a portion of
the increased mean stress lnduced by the presence of the tunnel. The fluid
pressure then relaxes by Darcy flow toward the tunnel, and the load is
transferred to the solid skeleton.
The pressure field corresponding to this sequence is governed by (1)
with the right-hand side zero and with the initial condition (3) and
boundary conditions:
p(a,t).0 ,

(4)

lim p(r,t) ■ po
r

(5)
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where a is the excavation or borehole radius. Equation (4) simply states
that the fluld is free to flow to the "drained" face, which is maintained
at atmospheric pressure.
The solution to (1) and (3) to (5) is well known (e.g., (40]); the flux at
the tunnel wall, q(a,t*), follows immediately from Darcy's law by
differentiation:
kp 4
q(a,t*)

0

µa -2
w

l0
e*

exp(-u2t*) du
2(U) + Yo2(U) u
Jo

(6)

where k is the permeability, µ iS the fluid viscosity, t* ct/a2 is
normalized time, and J0(x) and Yo(x) are zero-order Bessel functions
first and second kind, respectively. Note that the sign of the flux
negative because it is in the (-r) direction. It is convenient also
introduce the asymptotic expansion for early time:

lim q(a,t*)
t*
.0

-

kpo
-1/?
I d; 1/2 I
t* + — t* +
1 t* ' + — pa J;
2
4
8

the
of the
is
to

, (7)

and that for late time:

lim q(a,t*)
t*-.

2
"
pa ln(4t*) - 27

2

i
(1n(4%) - 27]

, (8)

where 7 0.57722 is Euler's constant. Values calculated with equations
(6) - (8) are shown in Figure 1. Note that the flux falls off rapidly at
early time, and changes only slowly for t* > 10.
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Figure 1. Flux to a circular tunnel or borehole.

E-52

1

1

1 .L,L

2.3. Assumptions Inherent in the Model
It is our judgement that uncertainties associated with the assumptions
in the model introduce uncertainty in brine inflow predictions for waste
disposal rooms of no more than about an order-of-magnitude. Both the Darcy
model itself and some of the assumptions invoked in order to represent the
practical problems of interest are idealizations of very complex systems.
It can be anticipated that some of these idealizations are conservative, in
the sense that they tend to lead to overpredictions of brine flow at the.
WIPP, and some are 'liberal," in the sense that they probably lead to
underpredictions. The directions of uncertainties that may arise from some
of the other model assumptions are difficult to assess at this time.
Assumptions that are likely to lead to overpredictions of brine inflow
(conservative) include the following:
There exists a network of interconnected porosity extending
outward without bound. This assumption implies a limitless
reservoir of brine.
The far-field brine pressure is lithostatic. Aside from the
stress perturbation due to the presence of the excavations, it is
difficult to imagine a mechanism by which the pressure could rise
above lithostatic.
Brine flow is radially $ymmetric (two dimensional). The
effect of the third dimension is to weaken the flow by geometric
spreading of the disturbance.
The backpressure from the room contents is negligible. Any
backpressure due to interaction of the salt with solid, fluid, or
gas in the storage room will mitigate the flow to the roorn.
Inelastic dilatation of the salt is neglected (see also
below). Dilatation of the salt near the excavations due to
inelastic mechanisms, such as opening grain boundaries, tends to
decrease the pore pressures that drive flow.
Assumptions that are likely to lead to underpredictions of brine
inflow (liberal') include the following:
The storage of available brine in the host rock is due
entirely to elastic compress1lon of the brine and salt.
Additional (inelastic) storage mechanisms would decrease the
brine diffusivity and, therefore, increase the decay time for the
flux. Thus, integrated fluxes over long time would be larger.
The magnitude of the initial (maximum) flux, however, is
unaffected by the storage.
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Inelastic dilatation of the salt is neglected (see also
above). Dilatation of the salt near the excavations due to
inelastic mechanisms such as opening grain boundaries tends to
increase the permeability in that region. Howev2r, calculations
that account for extreme increases in permeability near the wall
(given in Sectlon 4.3.4 of this report) show relatively small
increases in the cumulative brine flux, because the flow over
long periods of time is controlled by the far-field properties.
The directions of uncertainties about possible effects of inelastic,
volumetric deformations and of heterogeneities in the host rock salt are
now difficult to assess. Such effects have not been the focus of the
laboratory testing program for host rock salt. Also, the effects of
heterogeneity are difficult to anticipate. Some further work to reduce
these uncertainties will be described below. However, these effects on
predicted brine inflow values are not expected to exceed an order of
magnitude.
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3. WIPP BRINE FLOW CHARACTERISTICS DATA BASE
Data pertlnent to WIPP brine inflow predictions are available from
several sources. Brine accumulations were measured by periodic bailing in
boreholes located over a wide area of the WIPP facility. These
measurements were part of the WIPP Brine Sampling and Evaluation Program
DO]. Brine inflow rates were also calculated from moisture release data
obtained from isothermal and heated boreholes in the Moisture Release
Experiment for Rooms A1 and B in the WIPP (29). Host rock permeability
values are available from WIPP in situ brine and gas flow measurements that
support the WIPP Plugging and Sealing Program [31]. The data from these
sources are described in the following sections.
3.1. WIPP Brine Sampling Data
Deal and Case [30] monitored 54 drillholes throughout the WIPP, most
of them for about 500 days. They show graphical results for the time
histories of the total flux for 20 holes. The flow rates to two of the
holes, BX02 and DH37, fell essentially to zero after 600 days. The flow
rates to the remaining 18 holes at the end of the reporting period are
considered here (Table 1). Hole A'AX02 exhibited a nearly monotonic decay
in flow rate for nearly 400 days, but then experienced a steady increase in
flow rate. The value entered in Table 1 for A1X02 hole corresponds to the
value at the end of the period of declining rate. The recorded flow rates
represent the integrated flux over the borehole surface areas, and are
recorded in Table 1 in units of liters per day, i.e., a volume flow rate.
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Hole
number

Flow Rate
1/day

Area
gi2

Radfus
m

IG202
IG201
NG252
A1X01
A1X02
A2X01
A2X02
A3X01
A3X02
BX01
DH36
DH38
0H40
DH42
DH42A
DH35
L1X00
DH215

0.014
0.025
0.250
0.026
0.010
0.025
0.015
0,023
0.001
0.055
0.250
0.055
0.005
0.030
0.095
0.002
0.028
0.004

5.20
5.91
0.26
4.84
5.74
4.87
5.13
4.91
4.93
4.87
4.38
4.04
4.34
4.35
3.44
4.42
3.72
1.22

0.0572
0.0572
0.0190
0.0508
0.0508
0.0508
0.0508
0.0508
0.0508
0.0508
0.0444
0.0444
0.0444
0.0444
0.0444
0.0444
0.0380
0.0508

Table 1. Observed flow rates for WIPP boreholes (303.
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3.3. WIPP Host Rock Permeabilities from Independent
In Situ Flow Measurements
Permeability values in the range of 10-21 to 10-20 m2 (1 to 10
nanodarcy) or lower have been derived for intact WIPP host rock from
independent in situ measurements of brine flow during fluid transport
experiments [31,42,43]. Independent measurements of the both gas and brine
rermeability of the salt at the WIPP facility horizon have been made using
constant-pressure and pressure-decay methods in 6.5 cm radius boreholes
[31,32,421 These tests showed that permeabilities near Ihg drift, wall
were mostly of the order of 10-20 to 10-18 m2 (10 to 1000 nanodarcy) or
higher in some cases. A few meters into the wall, permeabilities were of
the order of 10-22 to 10-70—m7—T67i to 10.0 nanodarcy). Measurements in
the WIPP waste-handling shaft at levels above the proposed disposal horizon
confirm the range of 10-21 to 10-20 m2 (1 to 10 nanodarcy) for undisturbed
host rock salt [43]. The permeability range implied by comparisons between
model calculations and brine inflow measurements will be compared with
these results.
3.4. Data Reduction
3.4.1. Radial Darcv Flow Model for Isothermal Data Reduction
An idealized model was introduced previously [25] to investigate the
order-of-magnitude agreement of observed fluxes with the proposed Darcy

flow mechanism. This model was described above. In particular, it was
assumed that mined faces and boreholes introduce zero-pressure surfaces
into a region of porous salt in which the brine is initially at hydrostatic
pressure. (It is easy to argue that the initial pressure may be as large as
lithostatic, but this changes the initial conditions only by a factor of
about two. The uncertainty in the permeability is expected to be much
greater.) In this case, the Darcy flux, q, to a circular borehole scales
in the following fashion [ZS]:
kpe,
q a

"

(15)

pa
where k is the permeability, po is the initial pressure, p is the brine
viscosity, and a is the borehole radius. This factor is multiplied by a

E-57

time-dependent function of order unity that represents the decay of tI
flux as the pressure disturbance propagates away from the hole. The
characteristic time over which this decay takes place, to, is given b.
to •

a2

c

(:

where c is the fluid diffusivity. For elastic rock, the fluid diffus'
scales like:
kK
where K is an elastic modulus for the porous skeleton. It can be argt
from the model that, for WIPP salt, the appropriate modulus and viscos
yield a diffusivity of the order of
c - 1.1 x 1014k m2/s ,

1

where the permeability is given in units of m2.
Previous calculations (29,39] suggest that the brine diffusivity
the order of 10-7 m2/s. For a borehole of radius 0.05 m, then equatio
(16) gives a characteristic time of the order of 2.5 x 104 s, or about
seven hours. Therefore, after 500 days, the drillholes in the WIPP ca
expected to be in the asymptotic llmit of "late" time. In this case
flux can be approximated by the first term in the series given by equa
(8):

141

kpA
2
w
pa ln(4ct/a2) - 27

(1

where 7.0.57722 is Euler's constant.
3.4.2. Permeabilities from Brine Sampling Data
Deal and Case (30] report the dimensions of the holes from which '
collected and measured brine, so that it is simple to calculate the
vertical wall area of each. These values are recorded in Table 2. Thi
average Darcy flux (or 'Darcy velocity') for each hole is easily calcu'
by dividing the integrated volume flux by the total borehole area. Th•
step is not taken here, because the comparison can be misleading. If 1
flow does occur by a Darcy mechanism, then the Darcy velocity is expect
to scale inversely with the borehole radius. Thus, the appropriate me;
for a hole-to-hole comparison in this context is the product of the Dai
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flux and the borehole radius. The values of this product appear in the
fifth column of Table 2, labeled 'qa'.
The values for the product of the Darcy flux times
which are proportional to the total flow rates per unit
center around 3 x 10-12 m2/s. The maximum value is for
x 10-10 m2/s. This hole samples an anomaly in the WIPP
consequences of this anomaly will be discussed below.

borehole radius,
length of borehole,
hole NG252, at 2.1
host rock;

The apparent permeability was calculated for each borehole using
values for 'qe, the Darcy flux times the borehole radius, and equation
(19). In particular, it was assumed that the initial pressure is po - 6.0
x 106 Pa, corresponding approxlmately to hydrostatic pressure for a depth
of 600 m. The brine viscosity is taken to be 1.6 x 10-3 Pa-s. The time
was assumed to be t.4.32 x 107 s (500 days) for every hole. The
diffusivity was assumed to be given by (18). Finally, for each drillhole,
values for the flux times the radius, qa, are known (Table 2).
Thus, the only unknown parameter 1s the apparent permeability, kapp.
The explicit relationships between the properties of salt and brine and the
coefficients appearing in the above relationships are given in APPENDIX A
of this report. Also given in that appendix are the typical properties for
WIPP salt that were used.
, The nonlinear relationship for Icapoa, represented by equations (18)
and (19) is then easily solved numerlcally. The results of this exercise
are shown in the last column of Table 2. The values shown may be read
directly as nanodarcies (10-21 m2 si 1 nd).
Figure 2 shows a histogram of the logarithm of the apparent
permeabilities given in Table 1. The mean of the log is -20.45
(k • 3.5 x 1041 m2, or about 3.5 nanodarcy), and the standard deviation of
the logarithm of kapp is 0.81. Also shown is the lognormal distribution
corresponding to these values. These limited data and the highly idealized
model suggest a lognormal distribution for the apparent permeability. This
is a common observation in other rocks.
The highest value of apparent permeability shown in Figure 2,
4.4 x 10-19 m2, is likely to be anomalously high. That datum represents
the brine inflow rate to borehole NG252, a borehole that is known to
intersect a horizontal fracture associated with Marker Bed 139 (30j. Thus,
the ideal smooth borehole model from which the apparent permeability was
calculated can be expected to yield an anomalous value that does not
correctly characterize the host rock salt. A fracture can introduce a
large surface area for inflow; if this flow is then averaged over the
borehole wall area only, the calculated flux and the apparent permeability
will be erroneously large. A model that accounts explicitly for flow to
both the borehole and a large intercepted fracture should yield a more
nearly representative value for the appzrent permeability. For example, an
order-of-magnitude estimate of the additional inflow from a 12 m radius
crack with a very small aperture yields an apparent permeability of 110-20
m2, a value that is in better agreement with the other permeability values.
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Hole
number
1G202
IG201
NG252
A1X01
A1X02
A2X01
A2X02
A3X01
A3X02
BX01
DH36
DH38
DH40
DH42
DH42A
DH35
1.1X00
DH215

Flow Rate
1/day

Area
m2

Radlus
m

0.014
0.025
0.250
0.026
0.010
0.025
0.015
0.023
0.001
0.055
0.250
0.055
0.005
0.030
0.095
0.002
0.028
0.004

5.20
5.91
0.26
4.84
5.74
4.81
5.13
4.91
4.93
4.87
4.38
4.04
4.34
4.35
3.44
4.42
3.72
1.22

0.0572
0.0572
0.0190
0.0508
0.0508
0.0508
0.0508
0.0508
0.0508
0.0508
0.0444
0.0444
0.0444
0.0444
0.0444
0.0444
0.0380
0.0508

kann
a
.9;$
in2 (x16-21)
1.94
1.78 x 10-12
3.24
2.80 x 10-12
445
2.11 x 10-10
3.83
3.16 x 10-12
1.07
1.03 x 10-12
3.64
3.02 x 10-12
1.72 x 10-12
1.92
3.28
2.75 x 10-12
0.08
1.19 x 10-13
8.81
6.65 x 10-12
46.4
2.39 x 10-11
9.62
7.02 x 10-12
0.59
5.90 x 10-13
3.55 x 10-12
4.51
21.0
1.42 x 10-11
0.20
2.37 x 10-13
4.33
3.32 x 10-12
2.19
1.92 x 10-12

Table 2. Observed flow rates for WIPP boreholes
and apparent permeabilities based on eq. (19).
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8

Rooms A1 arid B

7

e
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1
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-21.0

-20.5 -20.0

-19.5

-19.0

log(k)

Figure 2. Apparent permeabilities based on BSEP data.
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-18.5

-18.0

3.4.3. Permeabilities from Isothermal Moisture Release Data
Before the heaters were turned on in the instrumented boreholes in
Rooms A1 and B, moisture was collected in all four holes for a few days
[26). The integrated mass flow rates were in the range of 5 to 15 g/day,
which, averaged over the borehole area, corresponds to a Darcy flux of D.
to 2.6 x 10'11 m/s. The product of the flux times the borehole radius, a
0.38 m, is then in the range: qa • 3.2 to 9.9 x 10-12 m2/s. In comparing
these values to those calculated from the IT measurements (Table 2), it
should be noted that the latter represent flows at much later time (t »
to).
The apparent permeabilities for the moisture-release holes were
calculated in a fashion similar to the approach used above, and the
resulting values were in the range of 10-8 m2 to 10'20 m2. In this case
however, the flow rates measured in the pre-heating stage do not reflect
very late time, and the asymptotic solution, equation (19), is not
accurate. Using the full integral solution (61, the same initial
condition, po 6.0 x 106 Pa, and t - 2.1 101 s (8 months), the observe
range of fluxes requires permeabilities in the range k.2.4 to
9.3 x 10-21 m2. These values are quite consistent with those required to
represent the IT data (Figure 2), and, again, are consistent with
independently measured in situ, permeabilities [31,42,43).
It should be noted that these permeability values are our best
estimate so far and represent a significant improvement over an interim
study [25). In that study, it was assumed that the test boreholes for th
WIPP moisture release experiments simply intercepted brine flow to the te
rooms (WIPP Rooms A1 and B). From the scaling relation for the Darcy flu
to a circular hole or tunnel (equation 15), the permeability is expected
scale like k qpa/po, where "a" is the appropriate length scale. The
length scale for the test rooms is 3.5 m; for the test boreholes it is O.
m. Therefore, the apparent permeabilities reported in the interim study
are about an order of magnitude larger than the apparent permeabilities
calculated here. Here, the length scale used is the test borehole radius
of 0.38 m. This scale is appropriate for the model, because the pressure
field in the neighborhood of the test room should change relatively slowl:
and flow to the boreholes should respond primarily to the local pressure
field around the borehole. Time scales for excavations are given in term'
of radius and diffusivity in equation 16.
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3.4.4.2. Salt Block II Experiment
The Salt Block II experiment [11] was performed some ten years ago in
support of the WIPP project. In thls experiment, a right circular cylinder
of salt, 1 m long and 1 m in diameter, was obtained from a potash mine near
Carlsbad. A 13 cm diameter borehole was located on the axis of the
cylinder. An electric resistance heater was placed in the borehole, and
the heater power was stepped up over a range of 0.2 to 1.5 kW, with each
power level held for a period of several days. The fluid driven to the
borehole was collected in a low-pressure dry gas stream and absorbed
externally in a desiccant. Temperatures interior to the block were
monitored by an array of thermocouples.
A one-dimensional idealization of the Salt Block II configuration has
been modeled [44) using the "porothermoelasticity" theory described in
Section 2. of this report. The block Is assumed to be at a constant
initial temperature, and the initial excess pore pressure is taken to be
zero. The heat flux at the borehole is represented by a linear ramp up to
a constant value for each stage of the experiment. The heat flux at the
outer boundary is represented by a heat transfer coefficient. The pore
pressure at the borehole is taken to be zero, and the outer jacket is
assumed to be impermeable, so that the pressure gradient vanishes there.
The radial normal stress is zero at both the inner and outer radii.
The coupled heat transfer, fluid flow, and solid deformation problem
reduces, in this configuration, to a pair of diffusion equations for the
temperature and fluid pressure. The equations are nonlinear, because the
model allows for temperature-dependent properties, including the thermal
conductivity and brine viscosity. The problem is solved numerically by the
method of lines.
The numerical solver is coupled to a parameter-estimation code that
seeks the set of specified parameters that results in the best fit to the
experimental data. In this case, for example, the thermocouple data are
fitted by the solution to the conduction calculation to determine the
thermal conductivity and the heat transfer coefficient at the outer
boundary. These values are then used in the coupled problem for the fluid
flow, with the fluid diffusivity and a source coefficient considered
unknown. Here, the calculated fluid flux at the borehole is compared to
the experimental measurements.
The inverse calculations were carried out for the first three stages
of the Salt Block II experiment, at 0.2', 0.4, and 0.6 kW. An excellent
representation of the temperature data was obtained, and the inferred
properties are consistent with indepencent determinations. For example,
for constant thermal properties, the procedure indicates a conductivity of
5.2 W/m/K, which is typical of measurements for WIPP salt [45]. The result
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of central lnterest here is that for the trine diffusivity (the
permeability divided by a capacitance and the brine viscosity). The
simulztion, were perrormed for a fixed value of permeability, k 10-21
(1 nanodarcy), and they allowed for a temperature-dependent viscosity.
The best fit to the fluid flux data was obtained for a reference
(18mC) diffusivity value of c ■ 0.70 x 10-7 m2Ls. At 28•C, this
zo,--Isponds to a diffusivity of c 0.87 x 10-/ m2/s. For a permeabilit
8 m2 (1 nanodarcy) and a viscosity of 1.6 x 10-3 Pa•s, this impli
or
a :..,dacitance of 7.2 10-12 Pa-1. A previous estimate of the capacitance
bas%d on independent estimates of the elastic properties of the brine an
salt (29) was 5.7 x 10-12 Pa-1, and the corresponding diffusivity for k
10-21 (1 nanodarcy) was c - 1.1 x 10-7 m2/s.
Thus, a fit of model calculations to data from the Salt Block II
experiment yields a fluid diffusivity only about 25% lower than that
computed from independent estimates of the elastic properties. This
agreement may be regarded as quite good, given the uncertainty in severa
of the material properties. It might be noted, as well, that one would
expect the apparent diffusivity derived from a one-dimensional model
simulation to be less than the apparent diffusivity for the
multidimensional configuration. The effect of the finite length of the
cylinder is to allow axial losses of heat and pressure and to allow some
relaxation of the pore pressure by axial expansion of the solid matrix.
Thus, the one-dimensional, radial model tends to overpredict the fluid
flux, which must be accommodated in the parameter estimation scheme by
reducing the apparent transport coefficients.
3.4.4.3. Inferences from Analyses of Thermallv-Driven Brine
Transoort Tests
Both laboratory and field experiments that measured brine flow rate!
stimulated by heating of salt from a borehole have been analyzed using a
Darcy flow model. Although the driving force for the flows is different
from those that operate under isothermal conditions, the mechanisms of
"storage' (or capacitance) and flow resistance are identical. Thus, stuc
of these configurations has a direct bearing on the isothermal problems
that are of more immediate concern at the WIPP. In particular, these
experiments offer opportunities to perform independent model validation
studies, and to infer material properties by matching model calculations
and data.
Calculations with the Darcy flow model for WIPP brine fit data from
the Salt Block 11 experiment wlth very good agreement. The Salt Block 11
experiment is currently the only transient flow test that has been analyz
completely in light of the Darcy flow model. Comparisons between the mod
calculations and experimental data for the first three stages of the test
(0.2, 0.4, 0.6 kW) are excellent. An inverse calculation yields a wholly
empirical fluid diffusivity measurement, based principally on the decay
rate of the borehole flux. This, when combined with an assumed
permeability, provides a direct measure of the capacitance of the salt.
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The result is only about 25% higher than the capacitance calculated based
on the elasticity model and independent estimates of the properties.
The heated borehole experiments at the WIPP also appear to be well
represented by the linear, thermoelasticity model, and the observed
cumulative flux is bracketed by calculations for permeabilities of 10-21 m2
and 10-20 02 (1 and 10 nanodarcies), values that are in good agreement with
independently-made in situ measurements (31,42,43].
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4. PREDICTIONS OF BRINE INFLOW TO WIPP DTSPOSAL ROOMS
4.1. Choice of Permeability Values and Other Model Parameters
The range of 1 to 10 nanodarcies (10-21 to 10-20 m2) was chosen a
experimentally-supported expected permeability range for calculating
expected brine inflow to WIPP TRU waste disposal rooms and for idealiz
scoping calculations. The experimental support for that range is show
a histogram in Figure 4. The data cluster very strongly in this range
situ measurements of brine permeabilities in relatively undisturbed WI
host rock salt and in other rock types such as anhydrite all fall with
the chosen range [31,42,431.
Explicit relationships between the properties of salt and brine a
coefficients appearing in brine flow model relationships are given in
APPENDIX A of this report. Also given there are the material properti
for WIPP salt that were used in the model.
4.2. Scooing Calculations for Idealized Geometries
The calculations in this section serve to illustrate that the
prediction of WIPP brine inflow cannot be divorced entirely from physic
models. For example, measurements made in boreholes of roughly the sar
size reveal nothing about the scaling of brine inflow to larger
excavations. Furthermore, one does not know from tests done on a smal.
time scale how to extrapolate brine inflow to much longer times. A mo
is necessary to translate the brine flow pattern surrounding a test
borehole and its evolution in time to the brine flow pattern and time
history of flow surrounding a disposal room.
These calculations also serve to illustrate the magnitudes of brir
inflow that one might expect from a Darcy flow mechanism and the
sensitivity of inflow to model variations such as flow geometry and
consideration of the transient flow component.
4.2.1. Boundary and Initial Conditions and Material Properties
It is assumed that the mined room introduces surfaces at atmospher
pressure into a region initially at some uniform pressure value. One u
expect that the initial pressure is bounded between hydrostatic (for th
depth beneath the water table) and lithostatic (for the repository dept
The variation of hydrostatic or lithostatic pressure with depth is
negligible within a few tens of meters of the repository. More detaile
discussion of the initial condition, including the effect of the altere
mean stress field due to the presence of a cavity, is given in (25). F
simplicity, the initial pressure in the following Sections (4.2.2 - 4.2
is taken to be hydrostatic:
po - 6.0 x 106 Pa;
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Figure 4. Brine permeabilities derived from in situ experiments.
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the choice of lithcstatic initial pressure would simply increase the
calculated fluxes and volumes by a factor of about two. The cumulative flux
is evalcated at 200 vears:
t - 6.31 x 109 s.

(22)

It has been estimated previously, based on independent measurements of
the mechanical properties of salt [e.g., 45], that the diffusivity for WIPP
salt is
c - (1.1 x 1014)k m2/s ,

(23)

where k is given in units of m2.
Permeability (k) values in the range of 10-21 to 10-20 m2 (1 to 10
nanodarcy) or lower have been derived for intact WIPP host rock from
independent in situ measurements of brine flow during fluid transport
experiments [31,42,43]. It should be stressed that these estimates are
subject to improvement from more detailed modeling and field measurements.
However, they are consistent with the current WIPP data base.
k

10-21 to 10-20 m2

(24)

The brine viscosity at 28•C is
p ■ 1.6 x 10-3 Pa-s .

(25)

Equations (24) and (25) were used to calculate the diffusivity, c, using
equation (23).
4.2.2. Radial Flow to an Isolated Tunnel
The geometry for a radial flow to an isolated tunnel is shown in
Figure 5. This model accounts for flow from above and below the tunnel.
It neglects, of course, the effects of the rectangular shape of the room,
but those effects damp out for later time. The results for this model
geometry have been discussed in a previous report [25].
The flux to the tunnel, q, is given by:

10(a,01 •

kpo 4
pa w

exp (-u2ct/a2) du
2
2
J (u) + Yo(u)
o 0

(26)

where a is the radius, and Jo and Yo are zero-order Bessel functions of the
first and second kind, respectively. The total volume of brine is
determined by multiplying the flux by the area of the tunnel walls
(vertical side walls, floor, and ceiling for an equivalent rectangular
room). A calculation for an equivalent waste disposal room follows.
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Figure 5.

Geometry for radial flow to an isolated tunnel.
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The circumference of a reference waste disposal room (33 ft by 1.
is 28 m (92 ft); thus, the effective radius of an equivalent circular
tunnel is
a - 4.5 m

(2

and the appropriate area is the sum of the side-wall, floor, and ceili
areas:
A2.2548 m2 .

(2

Equation (26) then gives the following total brine inflow volumes at t
end of 200 years ,
V (for k.10-21 m2). 6.7 m3

(2

V (for k - 10-20 m2) - 40.6 m3

(3

4.2.3. Steady State Flow to a Line Sink
At sufficiently long time, the pressure field does not relax to z
everywhere as implied by the diffusion model, but approaches a steadycondition in which the far-field is hydrostatic and there is recharge ,
the water table. See Figure 6 for this geometry. This model should y
a smaller brine inflow value, because the higher transient flow at ear
times is not included. In this case, for a/d « 1, the flux at the rot
walls, wall, is given by [25]:
kpo

-1
(3:

pa ln(a/2d)
and the cumulative flux is obtained simply by multiplying Igwall) by ti
wall area and total time of interest.
The WIPP facility horizon is about 600 m below the water table, i
d.600 m .

(3:

Equation (31), along with equations (27), (28), and (32), then gik
the following total brine inflow values at the end of 200 years:
V (for k

10-21 m2)

2.6 m3 ,

(3:

V (for k

10-20 m2).26.3 m3 .

(34
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Figure 6. Geometry for steady flow to a line sink.

E-71

4.2.4. Egizontal Flow (1-D) to an Isolated Room
This case represents a situation in which there is no vertical flow,
perhaps because of impermeable, horizontal clay or anhydrite seams above
and below the disposal room. (See Figure 7.) The flow is allowed to spread
,,Itward without bound, because adjacent rooms in a panel of rooms are not
,nsidered.
This problem is exactly analogous to the cooling of a plane half;pace, and the pressure profile takes the well-known form:
x
p

pc, erf

,

(35)

2ja
where po is the initial pressure, x is the distance away from the wall, and
c is the diffusivity. The flux at the wall, q (e.g., in units of m3/s/m2),
is determined from equation (35) using Darcy's law:
ko_
lq(0,t)1 -

,

(36)

Ira
where k is the permeability, and µ is the brine viscosity. The cumulative
flux, Q (e.g., in units of m3/m2), is obtained from (36) by integration:
Q(t) •

2kp„, II,•
VI`
Ail7E

(37)

The cumulative volume of brine is determined by multiplying (37) by the
area of the vertical side walls of the room.
The vertical side-wall area for the model room is
AI • 728 m3 .

(38)

Thus, for 1-D flow from an unbounded domain, equation (37) predicts a
cumulative volume,
V (for k • 10-21 m3)• 0.73 m3 ,
V (for k-

m3) - 2.33 m3

(39)
(40)

4.2.5. Horizontal Flow (1-01 to a Room in a Panel
The next case to be considered is for one-dimensional flow to one room
among an array of similar rooms separated by pillars of finite width. See
Figure 8. In this case, the pressure disturbance can spread only to the
centerline of the pillar, where it must be symmetric because of flow to the
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next room. This problem simply looks like the ccoling of a finite slab,
arid the solution is again well known:
CD

sin
A

A

n

x
exp

2
t)

(41)

nL

where L is the thickness of the pillar between rooms and int..(2n + 1)w.
The flux at the wall, q, is again obtained from Darcy's law by
differentiation of (41):
o

kp
exp (-cA2
11t)

Ic1(0,t)1

(42)

n-0
The cumulative flux is obtained by integration of (42):

Q(t)

kpAL
° 4

(43)

pC

n=0
and the total volume is again obtained by multiplying by the vertical area
of the side walls.
For 1-D flow from a finite domain between rooms, using AI from above,
equation (38), and
L.30.5 m ,
equation (43) gives:
V (for k

10-21 m2).0.37 m3

V (for k= 10-20 m2).0.37 m3
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These values are identical, because the drainage process is essentially
complete after 200 years even at the lower diffusivity. This is apparent
from evaluation of the characteristic time, (1./2)2/c, which takes the valut
2.1 x 109 s (67 years) for k - 10-21 m2 and 2.1 x 108 s (6.7 years) for k
10-20 m2. Also note that the cumulative flux is significantly less than
for the isolated room (unbounded flow region), because there is simply a
smaller pressurized region upon which to draw.
4.2.6. Comparison of Results for Ldealized Geometries
Results from the highly idealized models considered here are collecte(
in Table 4 for ease of comparison. Some observations can be made from
these calculated results:
Cumulative brine inflow to waste disposal rooms does not
scale linearly with host rock permeability. An order-ofmagnitude increase in permeability results in significantly less
than an order-of-magnitude increase in accumulated brine. This
non-linearity occurs, because the characteristic time for the
transient component of brine inflow is a function of the
permeability.
The choice of a flow model has a significant influence on
the calculated quantity of accumulated brine in waste disposal
rooms.
If vertical brine flow is strongly inhibited by bedding
planes, brine inflow will be much smaller than for the isotropic
flow case, and adjacent rooms in a panel will also cause
significantly reduced flow to a disposal room. Bedding planes of
unusually high permeability could increase brine inflow.
The transient contribution to brine inflow is significant
during the first 200 years for a waste disposal room.
The expected brine inflow volume to a waste disposal room is
to be no more than a few tens of m3 in 200 years, based on this
model
4.3. Calculations of Expected Brine Accumulation
in WIPP Disposal Rooms
The WIPP brine flow model was used to calculate, by numerical methods,
expected brine accumulation values for the WIPP reference disposal room
geometry (4 m (13 ft) high by 10 m (33 ft) wide by 91 m (300 ft) long).
These calculations yield more accurate estimates of brine inflow than were
obtained from the above scoping calculations for idealized geometries.
Transient, two-dimensional numerical analyses were performed for three
different disposal room configurations: (1) a room with reference
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Model

Equation

Lateral semi-inf.
Lateral finite
Radial
Line sink

(37)
(43)
(26)
(31)

k

Cumulative Volume (m3)
k 10-20 rn2
10-21 m2
0.7
0.4
6.7
2.6

2.3
0.4
40.6
26.3

Table 4. Summary of results for cumulative volume at 200 years.
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dimensions placed between adjacent rooms in a reference panel confic
(30.5 m (100 ft) wide salt pillars between rooms); (2) a reference
sufficiently distant from other rooms so that there are no brine flc
interactions with any other excavations; (3) a room that is larger i
reference in order to simulate, with voicrspace, a high-permeabilit
disturbed zone surrounding a reference room
Values for model parameters were chosen to represent expected (
reasonable ranges. The permeability range of 1 to 10 nanodarcies wi
chosen, as described above, as a the expected range for the calculat
brine infow. Equation (18) was used to calculate the diffusivity.
values for the initial far field (undisturbed) pore pressure were ci
hydrostatic pressure (6 MPa) and lithostatic pressure (15 MPa). ThE
pressure values are reasonable bounds for the expected undisturbed
pressure.
Brine accumulations were obtained by integrating inflow rates i
moment of excavation (t ■ 0). Actual accumulations in WIPP disposal
are expected to be smaller, because water from inflowing brine will
removed by evaporation into ventilation air during early times when
inflow rate is highest.
Brine inflow into waste-containing, backfilled WIPP disposal rc
expected to cease within 100 years due to consolidation of room cont
creep closure [46) and the resulting increase in pore pressure withi
rooms. The present calculations were carried out to 200 years for
completeness and ease of comparison with the scoping calculations ix
in the previous section of this report.
The numerical model constructed for these studies was based on
simplifications:
The variation of hydrostatic or lithostatic pressure with
depth was assumed to be negligible within a few tens of meters
the repository.
The effect of closure on room geometry was neglected.
Closure increases the brine flow path and could decrease brine
inflow.
Pressure build-up during creep closure due to the
compression of room contents is not accounted for. Increasing
room pressure would decrease the driving force for brine influx
Therefore, neglecting this interaction is conservative.
Symmetry of brine flow was invoked to simplify the numeric
model.
Because of the large geometrical dimensions associated wit
the specification of impermeable boundaries for all
model,
the
boundaries vertically above the repository is
element
exterior
of the real situation.
approximation
good
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Details of the physics, algorithm, model geometry, material
properties, and boundary and initial conditions are presented elsewhere
[47,48]. The mesh is a two-dimensional Cartesian finite element mesh that
was generated by the PATRAN-G [49) finite element graphics package. Upon
completion of the mesh, it was translated to the equivalent finite
difference network. The diffusion equation for pore pressure,
equation (1), was solved numerically using Q/TRAN [50].
4.3.1. WIPP Disposal Room in a Panel
Brine inflow to a typlcal waste disposal room in a panel was
calculated for hydrostatic and lithostatic initial (undisturbed host rock)
pore pressures and permeability values of 1 and 10 nanodarcies.
The expected range of brine accumulation in a TRU disposal room is 4
0 in 100 years for hydrostatic initial pore pressure and 1 nanodarcy
permeability, to 43 0 in 100 years for lithostatic initial pore pressure
and 10 nanodarcy permeability. Calculated cumulative volumes are plotted
in Figures 9 through 12 for times to 200 years.
4.3.2. Sensitivity to Initial Pore Pre!,sure
Because of the linearity of the model, the brine flux and
cumulat.ive brine inflow are proportional to the initial pore pressure.
This is shown by the analytical results discussed previously (equations
6,36,42), and corroborated by the numerical calculations. At a
permeability of 1 nanodarcy, the cumulative brine volume in 100 years
increases from 4 m3 to 9 mi when the initial pore pressure is increased
from hydrostatic to lithostatic (from 6 to 15 MPa). At 10 nanodarcy, the
cumulative volume increases from 17 m3 to 43 m3 for the same change in the
initial pore pressure. Figures 13 and 14 illustrate the sensitivity to the
initial pore pressure.
4.3.3. Sensitivity of Brine Inflow Host Rock Permeabilitv
Increasing the host rock permeability from 1 to 10 nanodarcy increases
the brine inflow by a factor that lies between 4 and 5. There is a
nonlinear relationship between cumulative brine volume and permeability,
because the rate at which the transient brine inflow decays depends upon
the permeability. The change in brine inflow rate is significant at these
permeability values during the first 100 years. These results are
illustrated in Figures 15 and 16.
4.3.4. Effect of a High-Permeability Disturbed Zone Surrounding a
Waste Disposal Room
The development of a high-permeability disturbed zone surrounding a
waste disposal room is unlikely to cause a significant increase in brine
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Figure 9. Calculated brine accumulation in a typical waste
disposal room in a panel; Po - hydrostatic pressure
K = 1 nanodarcy.
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Figure 10. Calculated brine accumulation in a typical waste
disposal room in a panel; Po = lithostatic pressure;
K = 1 nanodarcy.

E-8

20

3.0

1

1

1

- Perrneobifity K = 10-20
- Hydrostatic Po = 6.0X 10' Po

0.0
'
00

I

l

0.4

I

1.2

0.8
Time

years

1.6

*102)

Figure 11. Calculated brine accumulation in a typical waste
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Figure 12. Calculated brine accumulation in a typical waste
disposal room in a panel; Po - lithostatic pressure;
K.10 nanodarcy.
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Figure 13. Sensitivity of calculated brine accumulation to
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K 1 nanodarcy.
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t

inflow. The worst-case disturbed zone surrounding a room has inflnite
permeability. Such a disturbed zone can be simulated by poving the
atmospheric-pressure boundary into the host rock and calculating room
inflow at that boundary. Host rock salt within that boundary is assume
be hydraulically lsolated from the far field; thus the brine that it
contains experiences no driving force (pore pressure gradient) for flo
disturbed zone 10 m thick above and below a room and 5 m thick on eithe
side was simulated by increasing the height of the room by 20 m and thE
width of the room by 10 m. Calculated results are plotted in Figures I
and 18 for permeabilities of 1 and 10 nanodarcy. The initial pore ores
was taken to be lithostatic pressure (15 MPa). In this simulation, the
disturbed zone increased the calculated 100-year cumulative brine inflc
volume from 43 to 52 m3 for the maximum expected permeability of 10
nanodarcies. For 1 nanodarcy, the increase was from 9 m3 to 17 m3.
4.3.5. Effect of Adiacent Rooms in a Panel
The effect of adjacent rooms in a panel on brine inflow is to decr
the 100-year cumulative brine volume by approximately 25% when the host
rock permeability is 10 nanodarcy (10-0 mz). This comparison is shown
Figure 19 for hydrostatic pressure as the initial pore pressure and in
Figure 20 for lithostatic pressure. The comparison is between the
calculated brine inflow to a room far from other rooms and the previous
presented calculated inflow to a room in a panel of rooms.
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Figure 19. Effect of adjacenl: rooms in a panel on calculated
brine accumulation; Po - hydrostatic pressure;
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2.0

5. ASSESSMENT OF BRINE INFLOW EFFECTS ON WIPP DISPOSAL ROOMS
An assessment of brine inflow effects on disposal rooms is necessary
to address the potential consequences of this brine for TRU waste
isolation. It is desirable to assure that room contents remain in t solid
(non-flowing) rather than a fluid state. The final state of room contents
will depend on the relative rates of brine inflow and consolidation of room
contents by creep closure. Consolidation is expected to be virtually
complete within 100 years [46].
It was determined that water-absorbing tailored backfill materials can
readily absorb the maximum credible expected 100-year brine accumulations
in WIPP disposal rooms without becoming brine-saturated. This assessment
was done by coupling expected maximum credible brine accumulations in
disposal rooms, the expected maximum reconsolidation time of 100 years
[46], and estimated absorption capacities for room backfill materials. The
data and calculations that were used are described below.
5.1. Doected Brine AccumulatIons in WIPP Disposal Rooms
Expected accumulations of brine in typical WIPP waste disposal rooms
were calculated by numerical methods using a mathematical description for
the brine inflow model. These numerical calculations were given in Section
4.3 of this report. WIPP disposal rooms filled with waste and backfllled
are expected to become virtually completely compacted due to host rock salt
creep in about 100 years [46], preventing further accumulations of brine.
Therefore, brine accumulations during the flrst 100 years were used here.
For a comparative reference, a typical room has an initial excavated volume
of approximately 3600 cubic meters (950,000 gallons). A summary of 100year brine accumulations from the numerical calculations is as follows:
Cumulative Brine Volume
in Typical waste Disposal

Host Rock
Permeability,
Nanodarcies
1
1
10
10

Pre-Excavation
Pore Pressure
Hydrostatic
Lithostatic
Hydrostatic
Lithostatic

Room after 100 Years,
Cubic Meters, (Gallons),
(% of Initial Room Volume)
4 m3 ( 1000
9 m3( 2400
17 0( 4500
43 m3 (11000

gal) (0.11%)
gal) (0.25%)
gal) (0.47%)
gal) (1.19%)

Other scoping calculations (in Section 4.2 of this report) for
idealized room geometries (long cylinders) provided confirmation of the
above results, yielding volumes in the range of approximately 1 to 40 m3.
The worst credible case 43 m3 of brine is 1.2% of the initial rpom
volume, about the same as the quantity of brine in the salt that was
removed by mining the room. To gain some visual perspective on the
relative magnitude, one can visualize a layer of brine 4.6 cm (1.8 inches)
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deep on the floor of a 4 m (13 foot) high room as the equivalent of 43
of brine in a typical empty WIPP waste disposal room. It will be shown
the next section that backfill materials such as crushed salt and bento
clay can readily absorb such a quantity of brine without becoming satur
or degraded.
5.2. Absorption of Accumulated Brine by Backfills
As-mined (granular) WIPP salt backfill alone can absorb 40 m3 of
accumulated brine in a disposal room (93% of the predicted worst case
43 m3), according to conservative estimates of room backfill quantity a
water absorption capacity. The absorption capacity is the difference
between the measured water content (0.5 wt% or less) of mined WIPP sal
backfill material and the water content (2.5 wt%) of mechanically stron,
blocks pressed from WIPP crushed salt. Details of brine absorption
capacity calculations for crushed salt are given in the next section of
this report.
A tailored backfill material mixture of 30 wt% bentonite in crush(
WIPP salt can absorb 120 m3 of accumulated brine. That is about 3 time!
the predicted worst case 43 m3 in 100 years. This result was also basec
conservative estimates of room backfill quantity and water absorption
capacity for bentonite. Bentonite in this WIPP room backfill mixture hi
the capacity to absorb 90 m3 of water (chemically bound) without becomir
water-saturated [51]. This absorption capacity takes into account wate
that would be pre•absorbed from WIPP air at approximately 70% relative
humidity [52], an actual humidity value that is currentiy being measurec
Sandia in WIPP boreholes (ongoing Room D brine inflow and humidity
experiments). Details of brine absorption capacity calculations for
bentonite/crushed salt mixtures are given in the next section of this
report.
Tailored backfill mixtures with bentonite as a water absorber have
always been considered in WIPP backfill investigations. Bentonite mixed
with 70 wt% WIPP crushed salt is currently being tested in WIPP simulate
CH TRU waste technology experiments [53]. The long-term stability of
bentonite in contact with WIPP brines is supported by reported Sandia
studies [54].
5.3. Capacities of Room Backfill Materials for
the Absorption of Brine
Absorption capacity values were calculated in the following way. A
minimum backfill volume in each disposal room was calculated for a maxim
reasonable packing density of waste drums. An empty space two feet thic
at the top of each room allows for backfill emplacement with commerciall,
available solids handling and conveying equipment. The water absorption
capacities of crushed WIPP salt and a mixture of 30 wt% bentonite in
crushed WIPP salt, both as emplaced backfill materials, were calculated
from published data. Then the quantity of accumulated brine that the

backfill in a room can absorb was calculated by combining backfill
quantities and absorption capacities with the measured water content of
WIPP brine.
WASTE DISPOSAL ROOM VOLUME AVAILABLE FOR BACKFILL
Dasis:
33 ft wide by 13 ft high by 300 ft long waste disposal rooms
2 ft diameter by 3 ft tall drums
3 layers of drums (drums stacked 3-high)
150 rows of drums, maxlmum, in each layer
15 drums, maximum, in each row
2 ft empty gap between emplaced backfill and room back (roof)
Calculations:
volume of each drum - x(1)2(3) - 9.4248 ft3
maximum number of drums per room

15(150)3 - 6750 drums per room

maximum volume occupied by drums ■ 6750(9.4248) - 63,617 ft3
volume of empty gap above backfill • 2(33)300 • 19,800 ft3
volume of disposal room after excavation - 13(33)300

128,700 ft3

minimum volume available for backfill • 128,700 - 63,617 - 19,800
- 45,283 ft3
per cent of initial room volume available for backfill
45,283 128,700 x 100 ■ 35%
WATER ABSORPTION CAPACITY OF WIPP CRUSHED SALT
Basis
as-emplaced water content [55,56] - 0.5 wt%
maximum water content in strong crushed salt blocks [57] - 2.5 wt%
net allowed water content gain - 2.5 - 0.5 - 2.0 wt%
bulk density of crushed salt backfill material [55] = 1300 kg/m3
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iajculations:
minimum water absorption capacity • (0.02)1300
- 26 kg water/m3 crushed salt
volume of disposal room after excavation - 128,700(0.3048)3
• 3644 m3
volume available for backfill - 3644(0.35) ■ 1276 m3
- 35% of room volume
quantity of water that can be absorbed in the crushed salt backfi
in a room
26(1276) = 33,164 kg water absorbed/ro
WATER ABSORPTION CAPACITY OF A MIXTURE OF 30 WT% BENTONITE WITH CRUSHEI
WIPP SALT

water content of bentonite equilibrated with water vapor in
disposal room air [52] ■ 0.15 g/g bentonite
total water capacity of emplaced bentonite [52] - 0.3 g/g bentonii
available water gain in bentonite backfill [52] - 0.15 g/g
bentonite
bulk density of 30 wt% bentonite in WIPP crushed salt [55] •
1300 kg/m;
Calculations:
water absorption capacity of bentonite in mixture.
0.15(0.3)1300 - 58.5 kg water/m3 backfill mixture
water absorption capacity of crushed WIPP salt in mixture 0.02(0.7)1300.18.2 kg water/m3 backfill mixture
total water absorption capacity of backfill mixture 58.5 + 18.2 - 76.7 kg water/m3 backfill mixture
volume of disposal room after excavation.128,700(0.3048)3
• 3644 m3
volume available for backfill - 3644(0.35) - 1276 m3
- 35% of room volume
quantity of water that can be absorbed in the crushed
salt/bentonite backfill mixture in a room.
76.7(1276) ■ 97,869 kg water absorbed/roo
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ABSORPTION OF WIPP BRINE BY DISPOSAL ROOM BACKFILLS

maximum expected 100-year brine accumulation

43 ml brine/room

density of WIPP brines [58] ■ 1.2 g/cml.1200 kg/m3
water in WIPP brine 'weeps' [58] ■ 0.6877 kg water/kg brine
quantity of water that can be absorbed by a room backfill of
100% crushed WIPP salt (see above) • 33,164 kg water/room
quantity of water that can be absorbed by a room backfill mixture
of 70 wt% crushed salt/30 wt% bentonite (see above) 97,869 kg water/room
Calculation for 100% crushed WIPP salt:
quantity of brine that can be abarbed by crushed WIPP salt
backfill ■ 33,164 + ((0.6877)(1200)).40 m3 brine/room
per cent of 100-year brine accumulation that can be absorbed by
WIPP crushed salt room backfill.40 + 43 ■ 93%
Olculation for 70 wt% WIPP crushed salt/30 wt% bentonite mixture:
quantity of brine that can be absorbed by mixture ■
97,869 4 ((0.68771(1200)).119 m3 brine/room
per cent of 100-year brine accumulation that can be absorbed by
crushed salt/bentonite room backfill mixture.119 + 43.277%
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6. SUMMARY AND CONCLUSIONS
Water-absorbing tailored backfill materials can readily absorb
maximum expected brine accumulations in WIPP disposal rooms while
maintaining mechanical strength and without becoming brine-saturated.
Crushed WIPP salt alone can absorb almost all of the maximum expected
accumulation. Salt creep is expected to virtually completely reconso'
backfilled waste disposal rooms within 100 years, increasing the pore
pressure in the room and stopping brine accumulation at that time. Ti
expected 100-year brine accumulations were calculated with a predicti\
Darcy flow model for the movement of brine to WIPP excavations. The r
data base, expected brine volumes, brine absorption capacity of backf
and needs for further work are summarized below.
6.1. Brine Inflow Model
We have a predictive model for the movement of brine to WIPP
excavations from WIPP rock salt. This model is based on well-known
physical processes of groundwater flow in granular deposits. A11 valu
for model parameters are consistent with independent measurements of b
and host rock salt properties, and brine movements calculated from the
model are consistent with the body of existing data for brine accumula
in WIPP underground test boreholes. The details of the model and its
applicability to WIPP rooms and test boreholes rest upon a number of
assumptions that are being subjected to further testing. Experiments
underway in the WIPP specifically for that purpose (59).
According to the model, brine flows in intergranular spaces withi
polycrystalline host rock salt under the driving force of preexisting
hydrostatic (groundwater head of approximately 900 psi, or about 6 MPa
lithostatic (overburden pressure of approximately 2200 psi, or about l'
MPa) pore pressure toward the atmospheric pressure at excavation walls.
The capability of the host rock salt to allow flow under this dri‘
force, commonly expressed as a 'permeability', is very small, in the ri
of 1 to 10 nanodarcies. These permeability values are in good agreemer
with independent WIPP in situ fluid flow measurements. The Darcy flow
process in geologic materials is well understood, and the describing
mathematical formalism is accepted by the scientific community.
6.2. Brine Inflow Data Base
The range of permeability values for the model, 1 to 10 nanodarcy,
derived from WIPP in situ tests and brine sampling data, and data from
moisture release experiments. Permeability values in this range or low
have been derived for intact WIPP host rock from several independent in
situ measurements of brine flow in the host rock salt and in interbeds
as anhydrite (e.g., Marker Bed 139). These in situ measurements consti
the most reliable source for the host rock permeability. The measureme
were made at the disposal horizon and at intervals above in the waste-
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handling shaft. Permeabilities in the disturbed zone near drift walls were
greater than 10 nanodarcy.
Darcy flow permeability values calculated from IT Corporation's WIPP
brine sampling data were described reasonably well by a typical lognormal
distribution with a logarithmic mean of 3.5 nanodarcy. A lognormal
distribution of permeability values is a common observation for other rock
types. Permeability values similarly calculated from Sandia moisture
release data (Rooms Al and B) are in the range of 2 to 9 nanodarcy.
It is our judgement that the uncertainty in permeability is in the
order-of-magnitude range. The details of the model and its applicability
to WIPP rooms and test boreholes also rest upon a number of assumptions.
For the most part, these assumptions are likely to yield conservatively
larae values for long term hrine inflow. Critical assumptions concerning
flow mechanisms are being tested with onsloing and planned WIPP experiments.
Potential inaccuraCes stemming from idealized geometries are being
investigated with more detailed numerical calculations.
6.3. Calculated Brine Accumulations
The maximum expected brine accumulation in a disposal room was
calculated to be 43 m3. Expected accumulations of brine in typical WIPP
waste clisposal rooms during 100 years after waste emplacement were
calculated by numerical methods using a mathematical description for the
brine inflow model. WIPP disposal rooms, filled with waste and backfilled,
are expected to be virtually completely reconsolidated due to host rock
creep in about 100 years, preventing further accumulation of brine.
Expected cumulative brine volumes were in the range of 4 m3 to 43 m3.
Other, less complex calculations for idealized room geometries (long
cylinders) provided confirmation of these values, yielding volumes in the
range of about 1 to 40 m3. The maximum expected accumulation, 43 m3, is
1.2% of the initial room volume, about the same as the quantity of brine in
the salt that was removed by mining the nom.
6.4. Absorption of Accumulated Brine by Room Backfills
Mined WIPP salt backfill alone can absorb 40 m3 of accumulated brine
in a disposal room (93% of the expected worst case of 43 m3), according to
conservative estimates of room backfill quantity and water absorption
capacity. The absorption capacity is the difference between the measured
water content (0.5 wt% or less) of mined WIPP salt backfill material and
the water content (2.5 wt%) of physically strong blocks pressed from WIPP
crushed salt.
A tailored backfill material mixture of 30 wt% bentonite in crushed
WIPP salt can absorb 120 m3 of accumulated brine, about 3 times the wcrst
credible case of 43 m3. The bentonite in this WIPP room backfill mixture
has the capacity to absorb 90 m3 of water without becoming water-saturated.
This absorption capacity takes into account water that would be pre-
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absorbed from WIPP air at approximately 70% relative humidity, an actl
humidity value that is currently being measured by Sandia in WIPP bor
(ongoing Room D brine inflow and humidity experiments).
Tailored backfill mixtures with bentonite as a water absorber hav
always been considered in WIPP backfill investigations. Bentonite mix
with 70 wt% WIPP crushed salt is currently being tested in WIPP simula
CH TRU waste technology experiments. The long-term stability of bento
in contact with WIPP brines is supported by reported Sandia studies.
6.5. Heeds for Further Work
Remaining uncertainties in the host rock permeability, in other b
inflow model parameters, and in mechanistic details of the model shoul
addressed. Experimental work and model development are needed.
The following in situ measurements are recommended to reduce
uncertainties and test aspects of the existing model:
host rock permeabilities to brine throughout the WIPP underg
and in all representative strata
host rock pore pressures beyond and within the disturbed zon,
brine inflow rates to excavations of significantly different
scale, including large room-shaped excavations
brine inflow rates to identifiably different strata
responses of host rock flow properties and pore pressures to
changes in stress and strain
Scale-up predictions and certain mechanistic assumptions in the mc
concerning pore pressure and flow paths will be tested with ongoing anc
planned WIPP in situ tests in small (4-inch) and large (36-inch) diamei
boreholes [59).
Laboratory measurements of shear strain and permeability may aid 1
development of relationships between host rock creep and flow propertie
Brine inflow model development is also recommended. Permeability
variations that depend on stratum, general location, host rock stress,
host rock creep (disturbed zone development) should be considered in th
model. The host rock salt is heterogeneous, and, to be complete, the IT
should be developed further to reflect that heterogeneity. Experimenta
testing of model assumptions can be guided by sensitivity studies.
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APPENDIX A: MATERIAL PROPERTIES
The explicit relationships between the properties of salt and brine
and the coefficients in the model equation (1) are as follows:
The fluid diffusivity, c, is given by
2
2
k 2G(1 - v) B (1 + 1,,u) (1 - 2v)
c-

,
1 -

2v

1
—
B

K(1 • Kf/Ks)
1 + to
Kf(1 - K/Ks)

1 9(1

vo)(vu

v)

3y + B(1 - 20(1 - K/Ks)
u

3 - B(1 - 20(1 - K/Ks)

where G is the elastic shear modulus, v is Poisson's ratio under 'drained'
(p 0) conditions, 4,0 is the reference porosity, K is the drained bulk
modulus, Kf is the fluid bulk modulus, and Ks is the bulk modulus of the
solid, mineral grains.
The source coefficient, b', is given by
4GB(1 + vu)
a +
9(1 - yu) s

- v)(1 + vu)
'0(af
2(yu - Y)

]'
as)

where os and af are the thermal expansion coefficients for the solid and
fluid constituents, respectively. Typical values of these properties for
WIPP salt, used in the following calculations, are collected in the
following table:
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Property
Thermal:
Thermal conductivity
Thermal Diffusivity
Elastic:
Drained bulk modulus
Shear modulus
Drained Poisson ratio
Fluid bulk modulus
Solid bulk modulus
Fluid expansivity (286C)
Solid expansivity

Symbol
K
X

Units

5.0
2.5 x 10-6

W m-1 K-1
m2 s-1

Ks
af
as

20.7
12.4
0.25
2.0
23.5
4.6 x 10-4
1.2 X 10-4

GPa _
GPa
--GPa _
GPa
K-I
K-1

Hydraulic:
Permeability
Porosity
Fluid viscosity (28*C)

k
00
0

10-21 to 10-20
0.001
1.6 x 10'3

m2 —
... Pa s

Derived:
Fluid diffusivity

c

1.1 x 10-7
to 1.1 x 10-6
1.1 x 106
0.926
0.273
0.042 to 0.419

m2 s-1 —

Source coefficient
Pressure coefficient
Undrained Poisson ratio
Diffusivity ratio

K
G
m

Value

Kf

b'
B
R
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Pa K-1
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FIGURES

1

Flux to a circular tunnel or borehole.

2

Apparent permeabilities based on BSEP data.

4

Brine permetbilities derived from in situ experiments

S
6

Geometry for radial flow to an isolated tunnel.
Geometry for steady flow to a line sink.

7

Geometry for lateral flow to an isolated room.

8

Geometry for lateral flow in an array of rooms.

9

Calculated brine accumulation in a typical waste
disposal room in a panel; Po - hydrostatic pressure;
K 1 nanodarcy.

10

Calculated brine accumulation in a typical waste
disposal room in a panel ; Po • lithostatic pressure; K 1 nanodarcy.

11

Calculated brine accumulation in a typical waste
disposal room in a panel; Po - hydrostatic pressure;
K • 10 nanodircy.

12

Calculated brine accumulation in a typical waste
disposal room in a panel; Po - lithostatic pressure;
K • 10 nanodarcy.

13

Sensitivity of calculated brine accumulation to
initial pore pressure; typical room in a panel;
K • 1 nanodarcy.

14

Sensitivity cf calculated brine accumulation to
initial pore pressure; typical room in a panel;
K • 10 nanodarcy.

15

Sensitivity Of calculated brine accumulation
to host rock permeability; typical room in a
panel; Po • hydrostatic pressure.

16

Sensitivity of calculated brine accumulation
to host rock permeability; typical room in a
panel; Po - lithostatic pressure.
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FIGURES

19

Effect of ad,jacent rooms in a panel on calculated
brine accumulation; Po - hydrostttic pressure;
K - 10 nanodarcy.

20

Effect of adjacent rooms in a panel on calculated
brine accumulation; Po.lithostttic pressure;
K - 10 nanodarcy.
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TABLES

1

Observed flow rates for WIPP boreholes [30)

Si

2

Observed flow rates for WIPP boreholes and apparent
permeabilities based on eq. (19)

64

Surrnary of results for cumulative volume at 200 years.

7

4

E.4

WIPP HORIZON GAS FLOW MEASUREMENT RESULTS
SUMMARY THROUGH 1986

This subsection of Appendix E contains information and data on the WIPP facility
horizon in situ flow tests and measurements conducted through 1986. Flow
measurement tests can be grouped into three categories: 1984 tests, N1420 drif1 tests,
and first storage panel tests. The results of these tests are briefly summarized in the
following excerpt. More detail on the 1984 and N1420 tests can be found in this SEIS
Appendix E and Subsections E.5 and E.6. This subsection is provided to support
near-field permeability rates defined in the text.
This subsection is excerpted from Appendices B and C from Stormont et al., 1987,
Summary of and Observations About WIPP Facility Horizon Flow Measurements through
1986.
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E.5 1984 GAS FLOW MEASUREMENT TEST RESULTS

This subsection of Appendix E contains Phase I test results of in situ gas flow
measurement results collected in 1984. A summary of this test and its results can be
found in this SEIS Subsection E.4. This subsection is presented to support near-field
horizon permeability rates detailed in the text.
This subsection was excerpted from Chapters 4 and 5 of Peterson et al., 1985, WIPP
Horizon In-Situ Permeability Measurements.
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E.6 N1420 DRIFT GAS FLOW DATA ANALYSIS AND EVALUATION

This subsection of Appendix E contains a description of gas flow measurement data
collected during N1420 drift testing. A summaiy of this test and Its results is presented
in this SEIS Subsection E.4. This subsection presented to support near-field horizon
permeability rates defined in the text.
This subsection is excerpted from Chapters 4, 5, and 6 of Peterson et al., 1987, WIPP
Horizon Free Field Fluid Transport Characteristics.
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E.7 WASTE-HANDUNG SHAFT PULSE TESTING DATA SUMMARY AND
CONCLUSIIONS
This subsection of Appendix E contains the test result summary and conclusions from
testing in the waste-handling shaft. The results of this test were used to measure the
far-field hydraulic conductivities within the Salado Formation. The far-field hydraulic
conductivities were converted to permeabilities in the range of 104° to 10-21 m2. See
Table 5.3 in this SEIS for a summary of hydraulic conductivities and calculated
permeabilities. This subsection is presented to support far-field permeability estimates.
The text, figures, and tables contained in this subsection are excerpted from Saulnier
and Avis, 1988, Interpretation of Hydraulic Tests Conducted in the Waste-Handling Shaft
at the Waste Isolation Pilot Plant (WIPP) Site. F'or a complete reference, please see the
Appendix E reference list.
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E.8 DELINEATION OF THE DISTURBED ROCK ZONE (DRZ)
This subsection presents a summary of the observations and measurements that have
been conducted in the underground workings. Data collected from these investigations
provide the initial results of an ongoing experimental program which is developing a
more detailed three-dimensional definition of the DRZ.
This subsection was excerpted from Borns and Stormont, 1989, A Report on Excavation
Effect Studies at the WIPP: The Delineation of the Disturbed Rock Zone surrounding
excavations in salt.
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The delineation ot the disturbed rock zone surrounding excavations In salt
David J. Borns* and John C. Stormont
Sandla NatlonaJ Laboratories
kbuquerque, NM, USA

AlSSTRACM At the Waste Isolation Pilot Plant(WIP:P)in southeastern New Mexico,the Disturbed
Rock Zone(DRZ,the zone of rock in which the mechanical and hydrologic properties have clanged
in response to excavation) has been characterized with visual observations, geophysical methods, and
gas-Dow measurements. The visual observations, geophysics, and gas-flow tests have dertned a DRZ
at n WIPP extending laterally throughout tbe excavation and varying in depth from 1 to 5 m.
Desaruration a.nd microfracturing has occurred to some degree within the zone. The dilation that
results fxom the microfracturing in the DRZ provides a component of the observed closure.
1.

INTRODUCTION

Following excavation of underground openings at WIPP(an underground research and development facility in bedded salt near CarLsbad, New Mvico),a Disturbed Rock Zone(DRZ)form.; in
the wall rock. The present extent of the DRZ around workings at WIPP is delineated by the zone of
rock in which mechanical propertics and hydrologic properties have cha.nged in response to the excavation. As used in this paper, the term 'ne.ar-fielcr will be used to describe the zone of rock within
the disturbed rock zone, and the term 'far-field' will be used to describe the rock outside the disturbed rock zonc in which the parameters, such as porosity and permeability, are homogeneous. The
processes involved in the development of a DRZ are complex, akhough basically related to stress
relief and/or rapid strain rates. The redistribution of stress around an excavation drives coupletl
processes such as changes in permeability in response to fracture growth.
2.

VISUAL OBSERVATIONS IN BOREHOLES

The WIPP underground facility lies 653 nt below the surface. Numerous &Moles that were drilled
since the start of excavation provide data on the growth of the DRZ(Franckc,
These
borehole:show that fractures (with apertures greater tha,2mm and visible without enhancement to
the naked eye) and fluids art common in the underground facility. The distribution of fractures in
these boreholes forms an elliptical pattern around an excavation (Figure 1).

1.98?).

A reexamination of PYiaing boreholes(Francke, 1987) observed that the =eat of fracturing kr
creased Eroas 48% of the array locations in 1986 to 73% of the locations in 1987. The locations
without fractures are largely restricted to drifts with narrow spans(4 x 4 tn) and relatively young ages
(< 2 years). In the oldest 11 x4 to test rooms, 100% of the locations exhibited fracrures 2 rnm or
greater.
GEOPHYSICAL OBSERYATIONS
3.
In-MIne Electromagnetic Surveys
3.1
Electromapetic methods measure the apparent resistivity of the host rock. Properties,such as permeability and fluid content, can be inferred from the resistivities. The initial phase of this study was
the measurement of the electrical conductivity of the wall rock, using conventional
• mis work was supported by the U.S. Department of Enemy(DOE) under Contract DE-AC0476DP00189
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electromagnetic coupling equipment.Two systems were used: the EM.31 and EM-34 systems
(Pfeifer, 1987). In these systems the mutual coupling between two induction coils is measured and
converted to apparent resistivity. With the EM-31 system,tbe two coils are separated by a distance of
3 m along the excavation surface. In the EM-34 system, the two induction coils are separated by
2D m. Measuremenu were made at 3.2 m (EM-31)and 7.2 m (EM-34)intervals along the same
traverses at the WIPP (Figure 2). These two survey configurations measure the electrical conductivity (or resistivity, the reciprocal of conductivity) adjacent to tbe opening(EM-31)and 10 m away
from the opening(EM-34). For the EM-31 system, the measured conductivities for the wall rock up
to 2 m from the excavation range from 1 to 5 millisiema,ns per meter(from 200 to 1000 ohm-meters).
For the EM-34 system, the deeper conductivity measurements up to 20 m from the exc.avation, range
from 7to 10 millisiemaas(100 to 140 ohm-meters).
The deeper measurements with the EM-34 sbow a conductivity several times larger than those
measured with the EM-31 system. The resistivity measurements based on tbe EM-31 and EM-34 surveys at WIPP arc compared v4th resistivities with known moisture content measured in salt mines in
Germany (Kessels et al., 1985). Based on this comparison,the free water content of the salt around
the mine opening increases from 0.5 to 1.0%(by weight) at the excavation surface to between 2.0 to
3.0% at a depth of several meters(Figure.4). This observation may reflect an alteration of the wall
rocks resulting from drying by the ventilation system.(Figure 3).
3.2 In-Mlne Direct Current Method
The second phase wa.s the measurement of the electric field and electrical potential in the mine
openings with a source of direct current sited on the surface. The rocks around the mine workings
were energized using a fixed dipole source located on the surface. Electrodes were placed in two
welli that were 1.0 km apart and that had 300 m deep casings. The underground survey shows a considerable range of lateral variation in resistivity(30 to 10 000 ohns-m, Figure. 4). Some of the variation can be attributed to: 1)dehydration of the host salt adjacent to heated rooms and 2)brine-rich
intervals within the wall rock (Pfciffcr, 1987).
3.3

Seismic Methods

A series of seismic tornopaphy and refraction studies were conducted underground at WIPP
(Skokan et al., 1988). The first study was to set up a tomographic array oo an older pillars at the site,
as indicated by crosshatches in Figure. 2. An older pillar would have the more extensive fractures.
This survey showed that tbe interior of the pillar was homogeneous with respect to seismic velocities
(east to west raypaths,4570 tn/s), which suggests tbat fracture zones have not developed within the
pillar. A skin of low velocity material(4350 m/s)up to 1 m deep has developed around the pillar. The
physical process that produces this skin is not well understood, but in general,fracture density and
the degree ofsaturation affect attenuation and velocity in fractured rock (O'Connell and Budiansky,
1974). At WIPP,this skin ofslower velocities develops in response to a combination of microfracturing, dllantancy and dehydration adjacent to the excavation. These procews will have the similar effect of increasing resistivity, hence, this skin ofslower velocities may correlate to tbe zone of higher
resistivities observed in the electromagnetic surveys.
In addition to seismic tomography, we have utilized seismic refraction (one study in the pillar used
above and the other along pillars between the oldest rooms of the facility(300 to 500 ft west of the
test pillar described above, Figure. 2). The refraction surveys detected planar vertical boundaries
within the pillar parallel to the rib face. These boundaries represent fractures developing within tbe
DRZ The University of Texas at Austin, Dept.of Civil Engineering, completed the analysis of the
Spectral Analysis of Surface Wave(SASW)testing at WIPP.The SASW metbod is based on the
analysis of surface wave velocities determined between two points at varying distance along tbe excavation surface. The varied distances allow the velocity of the wave at different wavelcngths to bc
determined. As the wavelength increases, the wave interacts with rock more distant from the excavation; hence, a depth profile of velocity and rock moduli can be calculated. Analysis of three surveys
along different excavation surfaœs showed a systematic increa.se in values of shear modulus and seismic velocity with depth into the surrounding wall rock. The major increase in velocity and modulus
occurs at approximately 1 m depth.
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Figure 3. Apparent Resistivity versos
Water Content
'see detailed description in the footnote
below

• Explanation of Figure 3. This figure displays tbe re lationship between apparent resistivity and water
content for different factors of cementation or consolidation(m)for Archies Law(a,2..5 to 2.75 for
Asse salt(Kessels et al., 19851), cros.shatched ranges lire for resistivitits of both A.sse salt (higli and low
resistivity salt) and salt tailings pile (Salzhunde Ronnenberg) in which the water content was determined independently, stippled ranges are apparent resistivities of salt at the WIPP facility horizon.
the water content of WIPP salt can be extrapolated r-oin the intersection of the WIPP resigHties with
the lines for the different consolidation factors
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4.
4.1

HYDRAUUC TESTING
Ga1-Flow TestIng

Gas flow tests at the WIPP site were conducted from horizontal, vcrtical, and
angled boreholes drilled from the WIPP
drifts (Storrnont et al., 1987). Nitrogen was
injected into the test interval, which was
isolated by the packer system. The tests
were either constant pressure flow tests or
pressure decay tests conducted from single
boreholes. The principal d,ata frorn these
tests are flow rates from the test interval
into the formation. For comparisons of
flow rates measured during different conditions (test pressure and test interval size),
flow rates have been normalized to a 0.07
MPa(10 psig) working pres.sure and a test
interval of 1 m length and 13 crn diameter
(Stormont et aL, 1987). The characterization of the DRZ based on the gas flow
tests is as follows:

Figure 4. Apparent ResltMty Measurements In OhmMeters
o
Within 2 m of the excavation, tbe DRZ is a zoae in ‘iihich increa.sed flow rates are obscrved relative to the far-field host rock.
The increase in flow rate within the DRZ appears to be a function of rocktype, size of the excavation, and age of the excavation.
For example, am array of holes was drilled radially around a 33 x 6 rn drift to a depth of about 10 rn.
Gas flow tests were conducted in nurnerous intervals along each hole. Figure 6 preseots values of normalized gas flow rates and the distribution of apparent resistivities around the N1100 drift at 4 years
after excavation. The contours gas flow within the halite suggest a circular or elliptical pattern
centered on the drift with flowrates decreasing radially outward from the excavation. Stormont et al.
(1987) postulated that a partially-saturated dilatant zone surrounds the WIPP excavation. In particular, a dilatant DRZ could account for gas flow In a formation that is thought to be brinesaturated in the undisturbed condition. The dilatant zone could include brine-saturated pores of
sufficient size that their entry pressures are very low, permitting gas flow in our tests. An alternative
explanation is that this zone is not completely brine-saturated, and the gas flows through tbc accessible gas-filled pore space. When the dilatant zone is created, accessible brine may be drawn into
pore spaces by capillary pressure. Evaporation of pore brine, enhanced by mine ventilation ,will
create, maintain, or expand a partially-saturated zone.
4.2

Brine Injection Testing

The shortcomings of gas flow measurements for deterraining permeability for a fully or partially
saturated rock were recognized (Stormont et al., 1987), and a limited number of brine injection tests
vere conducted to compare/contrast with gas flow tests(Peterson et al., 1987). These tests were performed in two 10 ern diameter boreholes: a horizontal borehole with tbe tcst interval located in a
relatively pure halite bed at a distance of9 m from tbe nearest excavation, and a borehole angled 45°
with respect to borizontal with the test interval located in an 1 meter thick anhydritc layer(Marker
Bed 139). This angled borehole intercepts M3139 12 meters from the nearest excavation. Prior to the
brine injection tests, 20-hr duration ps flow tests'fere conducted. Gas flows was measured which
'
10 clarcy and 10 darcy for the test intervals comprised of halite
corresponds to permeabilities of
and anhydrite, respectively, assuming tbe flow paths were gas-saturated. Subsequent brine testing in
both holes lasted 220 days. In borehole DPH01,a 3.5 MPa injection pressure wa.s held essentially
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constant for 13 days. Tlie test region wa.s then shut-in for following 13 days. The test region was subsequently thea shut-in for the remainder of the test, and the test region pressure increased to almost
8 MPa. The data were consistent with a brine-saturated formation with a pore pressure of 8.2 NfPa,
permeability of ledarcy,and porosity of0.001. In borehole DPD02,the pressure rose quickly from
:4.5 to 5.5 MPa during an initial shut-in test, and then rapidly decayed as if the formation had 'selffractured'(Peterson et IL, 1987). The interval was then pressurized at a coostant 3.5 bea for in additional 50 days after which time it was shut-in for the remaining 144 days. During this shut-in rest,
the pressure rose to over 9 MPa,consistent with a brizie-saturated formation with a pore pressure of
10.2 MPa,permeability of 3x 10"9 darcy, and porosity of 0.001. During 20-hr duration gas flow 'ests
conducted at tbe conclusion of the brine flow tests, there was no measurable gas injection into the
formation.These observations may result from the following mechanist= 1) blockage offlow paths
by suspended particulates; 2) restriction of flow because of precipitation of salt in pore space; 3)two
phase (gasibrine)flow; aad 4)gas dissolution/exsolution.
5.
5.1

DISCUSSION
Possible Mechanical Processes Active in the DRZ

A Done of influence wends 5 to 6 times the radius of the opeaing into the bost rock (Brady arid
Brown, 1985). Within this zone of influence, the develcpment ofa zone(DRZ)offractured ancl
dilatant rock around a mined opcning is common in underground engineering (e.g., 1977; Brady and
Brown. 1985)induding excavations in salt (Barr, 1977). At the WTPP,the development of a DRZ has
been confirmed by borehole observations, geophysical surveys, and gas flow tests. The orien of the
DRZ is complex, with several processes competing or acting in concert.The local stress field and
resultant DRZ reflect any prrer;sting features, such as fractures, bedding, clay and anhydrite interbeds, as well as the effects of mining (Coates, 1981). Tlie following processes may play a significant
role in the development of the DRZ at the WIPP (Fig. 7):
° Strain-rate dependent brittle failure results in an elliptical zone of host rock immediately around
the opening,in which the brittle failure envelope based on a strain-rate criterion is exceeded by the
accelerated strain-rate adjacent to tbe opening (Dussealt et aL, 19$7).
• Microfraauring develops in respon.se to the release ofin-situ fluid pressure.If an appreciabk pore
pre.ssure exists and that salt obeys an effective stress law, then the redistribution of stresses in
response to excavation combined with the low permeability and low tensile strength of salt will
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produce tensile failure. Very small volume increases (dilatancy) will relieve the pore pre.ssure and
halt fracturing. Such failure may tend to create grain boundary microfractures,which may heal after
cessation of tensile failure.
• A volume of disturbed rock develops bounded by the excavation face and the elliptical surface of
'the Active Opening"(Mraz,1980).This volume of rock can separate(decouple)from the host rock
along a shear zone that follows the elliptical surface of'the Active Opening:
• Shear displacements along planes of weaknes.s such a.s clay seams a.re induced by the excavation
(Brady and Brown, 1985).
o
Beam buckling and flexural slip folding develops within the 'Active Opening.;The horizontai component of radial creep causes stres.s-relieved salt beds within the'Active Opening'to buckle, as observed immediately above and below excavations (Baar, 1977). These layers would continue to
deform with time in response to horizontal a.nd vertical loading by aeep of the adjacent intact salt
132.153.
A pressure arch develops symmetrically above and below the opening, resulting in the redistribu.
tion of stres.ses and the development of stress concentration about tbe opening (Coates, 1981).
Within the pressure arch, zones that are in ten.sion develop within the host rock.
5.2

The Role of In-Situ Fluid Pressure

Rock salt surrounding the WIPP excavations has bete inferred to be a saturated porous medium
with an appreciable pore pressure (0.5 NB,Nth Lithostatic Pressure). Excavation induces a fluid
pressure gradient, which will drive darcy flow. This flow dissipates the pore pressure in the vicinity of
the excavation. Because of the low permeability of intact salt (104 darcy), the dissipation of the pore
pressure will be slow. The analysis of Nowak and McTigue (1987)indicates that 50% of the initial
pore volume will persist at a depth(40.5 radiis for at least 50 hrs. after excavation. If an effective
stress concept is applicable for salt, then the residual pore pressure can induce a tensile field in the
region of the excavation.The elastic (instantaneous) radial stress distribution surrounding a circular
drift is given by the Kusch solutioa
or ar •Pp =Po(1• ri21r2)- Pp
where 0):= the effective stress; Po = the initial pore pressure; Pp = the pore pressure; r = the radius
of the opening; r,= the distance from the center of the opcning
If we assume that the initial pore pressure is hydrostatic(50% of lithostatic stres.s s and S 1), the
radial stre.ss is (Case I):
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or'w Po(1/2 n2/r2)
Lf the pore pressure ha.s been depressed to 50% of its initial value (e.g., in response to the advancing mine front)(Case II), then the radial stress is:
cr; w Po(3/4 - n2/r2)
For an opening with a 4.0 m radius, the tensile zone would extend 0.6 m (Case II) to 1.6 m (Ca.se I)
into the wall rock. Greater fluid pressures would extend the tensile field, and a smaller value of S
would result in a smaller ten.sile Geld. Salt has a very low tensile strength (about 10 % o), sc local
near-field tensile failure is possible. The pore preisure does not alter the magnitude of the ;hear
stress (ignoring redistribution from tensile failure). However,if a yicld or failure criterion is partially
dependent on mean stress (e.g., Drucker-Prager criterion) the pore pressure could influenm shear
yield or failure. If some dilatancy is introduced into the rock by pore pressure-induced failure, the
residual pore pressure will be easily relieved and partially saturated zone, as observed by the seismic and electromagnetic studies, will be created.
5.4

On Observed Closure

Dilatancy refers to the the volumetric strain that results from the opening of microfraerums(Brace
et al,1966). Dilatancy around the WIPP excavations is observed or inferred from our in situ studies.
Mca.surements of gas flow, apparent resistivity, and seismic velocity indicate that the porosity of the
host rock increases significantly within the DRZ.The 104 increase in gas flow rates within the DRZ
indicates that the changes in hydrologic and geophysical properties result both from desaturation
and an increase in fracture porosity.The change in porosity(primarily dilatant volume increase) is
accommodated by displacement of the excavation surface inwards and contributes to the observed
closure. Borns and Stormont,1988b have calculated the mapitude of this component of closure,
lising the increase (0.001 to 0.010) in ps porosity inferred from the gas-flow testing program (Stormont et AL,1987)and the increase (0.02 to 0.04)in porosity inferred by analysis of seismic velocities
(Skokan et al., 1988). This calculation assumes a ttickness for the zone of dilatancy(1 or 2 Iss from
ps flow tests and seismic surveys) and a cyclindrical and isotropic room configuration. Dilatancy
within the DRZ causes measunble closure within the adjacent opening. For both an experimental experimental room (4 m radius)and a SPDV room (5 m radius), the apparent closure is approximately
4.5 cm (1.8 in) for a zone of catancy 2 m thick and 2.0 cm (0.8 in) for a dilatant zone 1 m thick.
These components are of same magnitude as the eatly time closure (se.e Figure 2.; Munson et al.
1987). Microfracturing around an excavation in salt may develop soon as excavation begins ;ind con-
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tinues long a.s the excavation remains open).Tbe fractures that are observed around thc openings
could contribute approximately an additional 2cm of vertical closure and 1 ern of horizontal closure.
&

SUMMARY

struaures developed within the DRZ are characterized by mesoscopic and microscopic frac:uric; in both tbe halite and anhydrite interbecls at tbe facility borizon in response to stres.ses
dcvdoped during excavation or exces.sive strain induced by creep and the release of pore pre.ssure.
ne roc.1 salt in the ribs develops nearly vertical fractures parallel to the drift due to tbe low radial
stresses near tbe ribs. The.se fractures may become extensive enough to result in spoiling. Within the
'Actin Opening,'stratigraphic layers that have undergone stress relief will respond by beam buckling to creep of the rock.salt out:We the zone ofstress relief. The magnitude of tbe structures
developed within the DRZ appears to be a function of bOth the size and the age of the opcning.
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E.9 SEAL DESIGN AND EVALUATION

This subsection of Appendix E evaluates the design concepts for the tunnel and shaft
seals required for the WIPP, as they are presently envisioned. The principal design
strategy involves the use of salt as the primary structural seal material, relying on creep
closure of the surrounding host rock to compress this salt into a low-permeability plug.
Key elements of the supporting experimental program are also outlined.
This subsection consists of Stormont (1988), entitled Preliminary Seal Design Evaluation
for the Waste Isolation Pilot Plant.
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ABSTRACT
This report presents a preliminary evaluation of design concepts for the eventual
sealing of the shafts, drifts, and boreholes at the Waste Isolation Pilot Plant
Facility. The purpose of the seal systems is to limit the flow 'of water into,
through, and out of the repository. The principal design strategy involves
tie consolidation of crushed or granular salt in response to the closure of the
excavations in salt. Other candidate seal materials are bentonite, cementitious
mixtures, and possibly asphalt. Results from in situ experiments and modeling
sudies, as well as laboratory materials te;ting and related industrial experience, are used to develop seal designs for shafts, waste storage panel entryways,
non-waste containing drifts, and boreholes. Key elements of the ongoing experirr ental program are identified.
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PRELIMINARY SEAL DESIGN EVALUATION FOR THE
WASTE ISOLATION PILOT PLANT

1. PURPOSE OF THE REPORT
This report is a preliminary evaluation of design concepts for the sealing
of penetrations (shafts, drifts, and
boreholes) at the Waste Isolation Pilot
Plant (WIPP) Facility. This evaluation
is a product of the Plugging and Sealing Program (PSP), an experimental
program conducted by Sandia National
Laboratories (SNL) for the Department
of Energy (DOE). The goal of the PSP
is to develop the design concepts,
bases, and criteria for the effective,
long-term sealing of the WIPP Facility.
A final conceptual design evaluation
providing all input and information
from the PSP is required to support the
1 993 DOE decision whether to convert
from pilot plant status to an operating
repository.
This preliminary evaluation will
o

Allow the application of results
and experience to update the
design concepts for the WIPP

o

Provide direction for the ongoing experimental program

o

Provide input for the dec
for the first receipt of w
presently scheduled for Oc
1988.

This preliminary evaluation d
information and data principally
the PSP, although other sources
been utilized when appropriate. other sources include other facet
the DOE's program investigating
suitability of the WIPP as a nuc
waste repository, other experime
programs for sealing nuclear waste
positories in salt and other geol
media, and mining-related research
experience. Although
substantial
formation is available to support
evaluation, many data and models
not presently available or adequ2
understood. Thus, estimates, extral
tions from limited data, inferen
and judgements have been used in
evaluation.
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2. SITE STRATIGRAPHY
Mapping the shaft walls prior to
Sealing activities for the WIPP
will be largely directed at the Rustler liner installation provided a good
and Salado Formations (the generalized record of the lithology of the Rustler
WI °P site stratigraphy is given in Formation from 168 to 257 m below the
Figure 2.1). Some existing boreholes surface. The Rustler lithology is very
in the vicinity of the WIPP site will diver3e, being composed of carbonates,
penetrate the formations underlying sulfates (gypsum, anhydrite, and polythe Salado, and will therefore require halite), clastic rocks, and halite
sealing the Castile Formation. The (US DOE, 1983; US DOE, 1984). The
Dewey Lake Red Beds above the Rustler Rustler contains the 8 m thick, waterand the Delaware Mountain Group below bearing Magenta and Culebra dolomite
the Castile are zones in which a seal beds at 186 and 220 m below the suradcls little to restricting transport face, respectively. The Culebra is
because t he zones t hemsel ves are consiJered the most transmissive unit
relatively permeable compared to salt in the Rustler, with transrpissivi((:hristensen, Gulick, and Lambert, ties in ..the range of 2 x 10' to l x
198 ).
10 -3 m`/s ( Me r cer , 1983).
The
trans missivitie4 of the Magerta vary
from 4 x 10- 1 to 6 x 10" m2/s
Santa Rosa
Sandstone
Ground
(Mercer,
1983). In addition, the
Surface
Rustler/Salado
contact is transmissive
Meters
Feet
' Dewey Lake
in
some
locations
in the vicinity of
Red Beds ///
500 —
the WIPP site (Haug et al., 1986)., but
— 200
has not produced water in the WIPP
\\\
LL
'u
1000
shafts (US DOE, 1983; US DOE, 984).
Mechanical properties of the Rustler
— 400
rocks have not been determined, but can
1500 —
be estimated from generic properties
as those compiled by Lama and
such
600
Repository
2000 —
Level
_ MOM
Vuturkuri (1978) and Callahan (1981).
2150'
Salado
2500 —
BOO

3000 —
—1000

Sea
Level
3500 —
Gentile

— 1200
4000 —

4500 —
\ Bell Canyon

— 1400

— 1600

Figure 2.1. Generalized WIPP Site
Stratigraphy.

The Salado Formation, from the. base
of the Rustler to 850 m below the surface, is primaril y halite, but also
includes thin beds of anhydrite, polyhalite , clay zones, and in some areas,
potash minerals. Numerous excav3tions
and boreholes have provided a detailed
and extensive characterization of the
WIPP Facility horizon stratigraphy
(e.g., LIS DOE, 1986). Krieg (1984) presents a reference stratigraphy and rock
properties for the facility horizon,
including the reference constitutive
model for time-dependent salt deformation (creep). Permeabilities of the
Salado rocks calculated from tests made
from 3urface wellborcs arA generally
in the range of 10-18 In` or lower
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(Mercer, 1986; Peterson et al., 1979).
Numerous gas permeability measurements
have been made from the facility horizon. At locations well removed from
the excavations, the inferred „permtabili ties are very low (<10' m`);
close to the excavation the permeability can increase 3 orders of magnitude or more (Stormont, Peterson, and
Lagus, 1987). Brine testing from the
facility horizon indicates permeabilities consistent with the gas test
values, but also a substantial pore
or formation pressure (Peterson, Lagus,
and Lie, 1987a).

The Castile extends from the bot,
of the Salado to 1220 m below the s.
face. It consists principally of th)
anhydrite beds with some interbedd
halite. Pressurized brine has been e
countered several times in the uppt
most Castile anhydrite, and is belie%
to be contained within localized, is
lated reservoirs that are chemical
and hydraulically in equilibrium wi
their environment (Popielak et a
1983).
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3. FACILITY DESIGN
The WIPP waste emplacement rooms roof of the disposal horizon. The straare being developed approximately 650 m tigraphy associated with the two levels
below the surface in the Salado Forma- is giv,1 in Figure 3.2. Informaticn on
tion, about 400 m below the Rustler/ the underground construction, completed
Salado contact, and 200 m above the and planned, is given by the US DOE
Salado/Castile contact. The three (1986).
shafts which currently afford access to
the repository are:
Experimental
Arc.

D

The Cons t ruct i on and Sal t Handling Shaft (C&SH), 3.7 m
drilled diameter

_JUL_
..s7)

Experimental
Are.

[1
11_
Radlos.th.

o

o

The Waste Shaft, 6.1
diameter

m slashed

T'et Ar"

rj q f
Nil

•
Planned

The Exhaust Shaft, 4.6 m slashed
diameter.

t__J L..1

Waft.
Shalt

All three shafts are lined through
the overlying Dewey Lake Red Beds and
the Rustler Formation, and have a liner
key or foundation located nominally
18 ir into the Salado. The liners in the
waste and exhaust shafts are concrete,
while the C&SH shaft incorporates a
steel liner cemented in place. Details
regarding the design, construction, and
maimenance of the shafts are given in
the Final Design Evaluation Report (US
DOE, 1986). A fourth shaft, nominally
6.0 m diameter, is presently being constructed by up-rearning.
Excavation at the facility horizon
began in 1982. With the exception of
the C&SH shaft station, which was excavated by drilling and blasting, excavations have been created by mining
mach, nes (continuous miners). A plan
view of the underground development is
given in Figure 3.1, and can be divided
into :he experimental area to the north
of the shaft stations and the waste
storage panels to the south. Within
the experimental area, the drifts are
at two levels: to the west drifts have
beer developed at the disposal horizon;
to thc east drifts have been developed
so their floor is about 2 m above the

I— -7'

CASH
Shalt

1

1
4

L

Exhaust
Shhtt

ELT

rriLlidEEno
'1[111-11

17-q
LiLliLLILJJJ4

Storage
Area

110111:
MOLL

[
Figure 3.1. Plan View of the
Proposed WtPP
Facility.
Waste to be stored/disposed at the
WIPP will be contact handled transuranic (TRU) wastes in 55-gal drums and
remote handled TRU waste in canisters.
]t is presently planned that the contact handled waste will be packaged and
handled in groups of seven drums which
will be stacked three high within the
storage rooms. The remote hancled
waste will be emplaced in 91 cm diameter horizontal boreholes in the - ibs
RU taorof some of the contact handled
age rooms.
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I

Clear to grayish orange-pink halite, trace of dispersed polyhatite and intercrystalline clay.
•

Clear to grayish orange-pink halite, trace
polyhalite and discontinuous clay stringers.

Gray clay seam
locally with
anhydrite

Clear to moderate reddish-brown halite, trace to
some polyhatile and trace of clay.

2 76 n
_
—
Clear to moderale reddish-brown- halite, trace
some polyhalite. anhydrite stringers near bottom
of unit.

Anhydrite underlain by clay seam (anhydrite a
Clear to moderate reddish-brown halite, trace to
some polyhalite and discontinuous clay stringers.
"• •'
'•"
• • • • • •"• • • • •"• •"
Clear to grayish orange-pink halite.

Typical 5.6 m High
Simulated-Waste
Experimental Room

1.79 r
Anhydrite underlain by clay seam (anhydrite "b").

°
I
— 0 66 r

Clear to moderate reddish-brown to medium gray
halite, trace polyhalite and some clay stringers.

2.12
Clear to reddish-orange halite. trace polyhalite.

ti
Clear halile, trace argllaceous material.
Clear to reddish-brown argillaceous ...—
halite wlth discontinuous clay partings
ln upper hall.
Clear to reddish-orange halite. trace
polyhalite.

1

2 12
• * • •

Typical 4.3 m High
Test Room
Top of
orange
band

Reddish-orange halite, trace
polyhaiite.

1 82

Reddish-brown to bluish-gray
argillaceous halite.

Clear to reddish-orange and reddish-brown halite, argillaceous in upper part, trace polyhalite.

1 39
Clear to reddish-orange pnlyhalltic halite, locally grading downward to polyhalite.

0 76
Anhydrite underlain by clay seam.
\ Marker bed MB 139.
Clear to gray and reddish-orange hallte, trace polyhalite and argIllaceous material.

Figure 3.2. WIPP Facility Stratigraphy.
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4. FUNDAMENTAL SEALING CONCEPTS
creeps or flows under deviatoric
stresses, which results in the
lime-dependent closure of the
excavations and the "healing" of
fractures under some conditions.
1 ntact salt also possesses a low
permeability.

The basic goal of the sealing system is to minimize the release of radionuclides from man-made penetrations in
the WIPP by limiting fluid migration
in, through, andl out of the repository
(Storrront, 1984).
The most challenging aspect of
sea a design is the requirement that
it be effective for hundreds to thousands of years, greatly exceeding
common engineering and construction
demands or experience. Processes will
have to be modeled well beyond periods
of ii ne for which direct observations
can be made. Therefore, extrapolations
of relatively short-term data using
time- iependent models (whether simple
or sophisticated) is inherent in the
seal .iesign process.

o

Emphasis on the chemical and mechanical compatibility between
the host formation and the seal
in order to increase long-term
stability of the seal system,
reduce the burden on predictive
modeling, and add confidence to
long-term waste isolation. The
use of crushed salt maximizes
compatibility in the salt formation.

o

Multiple component seal systems.
ik multiple component seal design
allows individual seal components to serve different functions, to be effective over
clifferent time spans, and to
exist in different locations and
formations in order to ensure
sufficient redundant barriers
are in place at all times.

o

Designs are to be practical.
Some of the seal system will be
emplaced by commercial contractors and the chance for success
will be increased by the simplicity of the designs, and by utilizing
modifications of and
extrapolations from current industrial capabilities.

There are a number of factors which
ser vc as the foundat ion on which
des] gns are based. These include
(Storrncnt, 1984):
o

o

The consolidation of crushed or
granular salt. This material,
which is a by-product of mining
the repository, is expected to
consolidate into a mass comparable to intact salt under appropriate conditions, restoring the
excavation to a condition approaching its undisturbed state.
Seal designs incorporate crushed
salt as the principal long-term
seal material.
The time-dependent plastic behavior of the host salt. Salt

a Sea 1 s are not implied, defined or
considered to be completely impervious
structures. "Perfect" seals may not be
praciical or attainable, they are not
veriCiable, and they will undoubtedly not be necessary--as indicated
by previous consequence assessments
(StormDrit, 1984).

The seal systems for the WIPP can
be grouped into shaft seals, panel
entryway seals, non-waste room backfill, and borehole seals. Because the
requirements, functions, and designs of
these subsystems differ, they are considered as separate entities in this
report. The backfill for the wastecontaini ig rooms is presently not cDnsidered p2rt of the sealing system.
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5. SEAL FUNCTIONS AND REQUIREMENTS
In order to develop a rational seal scenarios: the "undisturbed" scenF
design, quantitative requirements for and various human intrusion scenar
seal system performance must be known. The undisturbed scenario involves
dispc
At this stage of assessment, specific predicted response of the
requirements for sealing the WIPP have system without disruption by hur
not been established. In this chapter, intrusion or unlikely natural evei
a perspective for how well the WIPP The human intrusion scenarios invc
needs to be sealed is developed from the disposal system response to
estimates of seal functions and require- drilling of exploratory boreholes
ments.
the repository site, some of wh
provide fluids for the dissolution
The required performance of the waste or a pathway for the transport
seal system and its components must radioactivity to the biosphere.
ultimately be developed from the performance assessments of the WIPP site sys- 5.1.1 Undisturbed Scenario
tem. These assessments will evaluate
the system response of the repository
The undisturbed scenario invol
to various scenarios and conditions and numerous time-dependent processes wt
will compare the predicted radioactive will impact the performance of the
releases to the applicable environmen- tire repository, and the seal system
As these performance particular. Predominant processes id
tal standards.
assessments are not yet available, the tified to date include:
preliminary designs and design concepts
considered here have been developed in
o Closure of the excavations
the absence of quantitative performance
the halite formations. This c
sure tends to densify and ci
requirements. However, some insight
may be gained by considering the scesolidate backfills, and indu
narios which have been developed for
buildup of stresses in the vic
possible site performance assessments.
ity of stiff seal components.
Other factors, including the design philosophy for long-term waste isolation
o Br i ne i nf 1 ux f rom t he ho
and binding agreements with the State
rock salt into the excavatit
Tl
of New Mexico, also contribute to prein halite formations.
naturally-existing brine se(
sent estimates of seal functions and requirements. In order to quantify seal
into excavations and, giv
enough time, will accumull
performance requirements, a working
criterion pertaining to effective salt
in the void spaces remaining
consolidation has been developed. This
the excavations. The brine r
criterion allows relevant seal design
affect backf ill consolidatic
corrode waste packages, and,
analyses to be conducted for both salt
and nonsalt seal components.
present in discrete pocke
become pressurized in respoi
to closure.
5.1 Seal Functions and Reauirements
Inferred from Site. Performance
Assessment Scenarios
o Water inflow from the wate
bearing zones overlying the s
vertically down the shafts. 1
Following Hunter's scenario development work for the WIPP site (Hunter,
amount and rate of water infl
presently observed is govern
1987), seal performance may be considered in the context of two classes of
by the performance of the slliners, but ultimately will
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dependent on the performance of
the shaft seal system. In addition to the possibly deleterious
effects of bri ne ment ioned
above, this water, being unsaturated in halite, may dissolve
substantial quantities of salt.
o

The creation of a disturbed zone
surrounding excavations. The potential for flow in these zones
can be significantly greater
than in the undisturbed rock,
and seal bypass can occur.

o

Gas generation by the waste.
This gas may accumulate in waste
rooms, potentially slowing room
closure and backfill consolidation.

The undisturbed scenario includes
thete processes, and their synergism
and extrapolation to long periods of
time. There is presently sufficient
uncertainty associated with this scenario that a wide range of site performances can be postulated depending
basically upon the efficacy of the sealing systems. Hunter (1987) proposed an
undisiurbed scenario that will be evaluated for its potential to provide a
radioactive dose to members of the public. First, water from leakage through
the s lafts or from the Salado formation nto the repository is postulated.
Wate r in contact with the waste then
dissolves radioisotopes, producing a
solution of radioactive brine that
occupies the remaining available void
space in the repository. The continued
closure of the excavations may then
pressurize the brine pockets if they
exist and force fluid from the repository through available paths to the
biosphere. Possible paths are through
the host rock (salt and/or clay and
anhydrite seams) and the shaft seal
system.

may be preferential paths for water
movement. The amount of water they can
allow in and out of the repository and
not violate the applicable standards
will be the subject of the eventual
performance assessments. Effective
panel seals separating volumes of waste
from one another and from the shafts
will also provide substantial re3istance to flow through the reposi tory
and therefore represent another significant barrier to waste release. Nonwaste e'rift backfills would eventually
serve a function similar to that of
panel seals after sufficient reconsolidation.
A variation of the undisturbed scenario that could result in the rel'!ase
of radioactivity from the repository involves existing boreholes, which would
serve as the source of water and/or the
path for contaminated brine. No existing boreholes penetrate the repository,
so they are inconsequential unless i:hey
facilitate introduction of water to the
repository. To do so, the flows esrablished in the boreholes must dissolve
the salt that separates the boref,ole
and the repository. In boreholes that
intersect the water-bearing strata only
above the repository there is no circulation of water, consequently the diisolution is controlled by diffusion and
proceeds so slowly as to pose no threat
to the WIPP even if the boreholes remain open (Stormont, 1984). Boreholes
connecting water-bearing strata above
and below the repository can dissolve
salt faster because of the circulation
establislled between them. Conservative
calculations reveal that open boreholes
of this type 300 m horizontally f -om
the bounds of the repository will not
intercept the repository for millions
of years (Stormont, 1984). Sealing
will further slow or prevent flow i n
the boreholes.
5.1.2 Human Intrusion Scenarios

In such a sequence of events, if
the sealed shafts are substantially
more permeable than the formation, they

Numerous scenarios that involve
human intrusion can be postulated. The
E-311

Environmental Protection Agency (EPA)
regulations suggest that future inadvertent intrusion by exploratory drilling
for resources can be the most severe
scenario assumed in a performance assessment (US EPA, 1985). These exploratory boreholes, assumed to be drilled
between 100 and 10,000 years after the
decommissioning of the repository, can
be combinations of holes that may or
may not penetrate the repository and/or
intercept pressurized brine reservoirs
or other water-bearing strata underlying WIPP. The boreholes that do not
penetrate the repository may serve as
shortened flow paths between the repository and the overlying water-bearing
zones (Hunter, 1987).

5.2 Discussion of Seal Functions and
Requirements

Consideration of hypothetical sc
narios that may result in radioacti
releases to the public provides so
concept of seal requirements. Sh
seals may be required to limit the vi
ume of water introduced to the repo
tory from the overlying water-beari
zones. A further requirement may be
limit the amount of contaminated br
that could move up the shaft to eitl
the surface or the overlying wate
bearing zones. Regardless of huir
intrusion scenarios, shaft seals w
require a relatively rigorous desi
because: (1) shafts serve as a dir,
connection between the overlying wat
When a borehole intercepts the re- bearing zones, the surface, and t
pository, the conditions and properties repository; (2) shaft seals have to pi
existing in the repository at the time form immediately after installation
of intrusion will govern the resulting limit the inflow; (3) shaft seals exr
response. Depending on the condition rience decreasing benefit from creep
of the waste and surrounding backfill, the upper portions of the shafts;
radioactive cuttings and drilling mud shaft seals must be effective in the
may be released to the surface, or the verse geologic conditions through wh
penetration may go undetected. Con- the shafts pass; and (5) there is a li
tinued drilling into underlying strata ited opportunity for full-scale expe
may allow the introduction of pressur- mental design validation.
ized brine into the repository. Panel
The role of the panel seals is l
seals will limit ef!'ect to one panel
a nd will isolate this panel from sub- obvious. Their performance may r
sequent intrusions in other panels. In be required unless the repository
addition to the possibility of future breached by future exploratory boi
boreholes penetrating the affected holes, at which time they will ser
waste panel(s) and allowing releases, to isolate volumes of waste from o
contaminated brine leaving the reposi- another and the shafts. However, th
tory through the shaft seal system must contribution as a redundant barri
be considered.
should not be overlooked, especia
because the results of direct experime
In the human intrusion scenarios, tation and observation are available.
the panel seals may have a role in limiting the consequences of intrusions by
The necessity for non-waste dr
isolating volumes of waste from one backfill is not immediately obvio
another. The shaft seals have not been from the previously considered scent
explicitly iincluded in these particular ios. However, regardless of the sc
scenarios. However, because the condi- nario, non-waste drift backfill w
tion of the repository is in part depen- serve as a redundant barrier to fh
dent on the performance of the shaft migration, limit damage around excal.
seals, thei:r performance is implicitly tions, shorten the time until t
included in all the scenarios.
repository is returned to a conditi
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comparable to intact rock, limit subsidence and its accompanying effects,
and serve as a disposal location for
mined salt.
The requirements for seals in existin g boreholes are expected to be minimal. Conservative calculations reveal
that even open existing boreholes would
not be expected to result in a significanr. radiological dose to the public
basi:ally because they do not penetrate
the repository.
Because the performance assessment
activity is not complete, new scenarios
or processes may conceivably arise that
place more or clifferent requirements on
one or more. co:mponent of the seal systen. Furthermore, regardless of the
outcome of the performance assessments,
the WIPP should be sealed to the extent
deemed effective and practical at
the time of decommissioning because
(Stormont, 1984):
o

A cautious and conservative
approach is appropriate when
public health and safety are
involved

o

Seal i ng will add confidence
in the long-term isolation of
waste, and reduce public concern
regarding long-term hazards

o

Sealing the penetrations is consistent with the multiple barrier approach mandated by EPA
standards.

Finally, the Department of Energy
and the State of New Mexico have entere d into a binding agreement that
requires the inclusion of certain seals
in the WIPP: "DOE shall use both engineered and natural barriers to isolate
the radioactive waste after disposal in
compliance with the Environmental Protection Agency standards. The barriers
shall include, at a minimum, properly
designed backfill, plugs, and seals at

the drifts and at panel entries, and
plugs and seals in the shafts and drill
holes" (US DOE and State of New Mexico,
1981). Thus, there is a legal DOE
commitment to seal the WIPP in addition
to technical considerations and EPA
standards.
5.3 Working Criterion
In order to conduct meaningful analyses in the absence of final performance requirements derived from site
performance assessments, a preliminary
"working" criterion is required. For
this purpose, the preliminary design
criterion has been defined as the requirement for effective crushed salt
consolidation at panel entries and in
portions of the shafts. A crushed salt
criterion was selected because it is
the fundamental element of the longterm sealing strategy: if salt consolidates to a condition comparable to
the intact salt, the result is considered to be the ultimate long-term
seal. Further, salt consolidation
analyses embody many of the repository's time-dependent processes and
will provide an opportunity to model
these processes. A consolidated salt
seal design criterion also perrnits
requirements for other seal components
to be estimated by determining the
time and degree of isolation from water
necessary to allow crushed salt to :onsolidate ,effectively.
The criterion is considered satisfied when the porosity of the crulhed
salt decreases to 5 percent or less.
Available data suggest that as the porosity decreases to about 5 percent,
the permeability of the crushed salt
is reduced to submicrodarcy values
(Holcomb and Shields, 1987; IT Corp.,
1987). Such a low permeability flukes
the crushed salt a relatively good
barrier to fluid flow. In fact, at
this porosity the permeability of the
crushed salt approaches that of intact
salt. Thus, this preliminary criterion
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is probably conservative, as future
requirements cannot reasonably require
a seal system to have a lower permeability than the intact host rock. The
5 percent specification has an important practical application. The present constitutive model for crushed
salt consolidation indicates that the
crushed salt will offer very little
resistance to the continued closure of
the excavations until the porosity of
the crushed salt decreases to 5 percent
or less (Sjaardema and Krieg, 1987).
Thus, as an analytical convenience,
drifts and shafts containing crushed
salt backfill can be modeled as open
drifts until they become effective
seals.
Obviously, the estimated time required for the crushed salt to achieve
satisfactory consolidation is of interest. Also important is the time
and condition (porosity) at which the
crushed salt becomes saturated with
water liberated from the intact salt
or with that flowing along the penetration. The water in the pore space
could resist or retard further consolidation, and if the porosity is greater
than 5 percent, significant connected
porosity may persist. If so, the partially saturated crushed salt could
become a preferential flow path, degrading a component of the long-term sealing strategy.

A design criterion that invol
salt consolidation allows requireme
for other seal components to be
ferred. The principal function of rr
non-salt seals is to limit the amo
of water that reaches the crushed :
while it's consolidating. As will
subsequently discussed, present es
mates of times to achieve effect
salt consolidation are <100 years
the disposal horizon and in the 10
Given i
portions of the shafts.
present inability to predict durabi
or longevity for seal materials ot
than salt, limiting the timeframe
the required performance of these st
to periods within reasonable engine
ing experience is crucial for the cre
bility of the design. In addition
the need for other seal compone
to protect salt during consolidati
other seal materials are included
seal designs because: (1) crushed
will not be consolidated by creep c
sure in those portions of the sha
which pass through nonsalt formatit
(2) crushed salt is not an effect
short-term barrier; (3) other s
materials may have desirable proper
not possessed by crushed salt; and
redundancy in the design can be proN
ed by including other seal materials.
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6. CANDIDATE SEAL MATERIALS
Following is a discussion of the
va -ious candidate seal materials: salt,
bentonite, cementitious materials, and
asphalt. The best possible seal material would return a penetration to a
condition comparable to its undisturbed
state within a predictable period of
time.
6.1 Salt.
Salt has the potential to be an effective, simple seal material. Experimental evidence suggests that granular
or crushed salt consolidates under certain conditions, resulting in a porosil y and permeability that decrease
toward values comparable to intact
sali. For crushed salt emplaced in an
op( ning in a rock salt formation, the
corsolidation is driven by the creep
closure of the adjacent host rock.

ably described by (Holcomb and Hannum,
1982; Holcomb and Shields, 1987)
dV/V0 = a log t + b
where a and b are fitting constants and
t is time in seconds. The constant, b,
is a measure of the initial condition
of the sample (Holcomb and Shields,
1987). To compare times to achieve the
same volumetric strain for tests under
similar initial and loading conditions,
Equation (1) can be rewritten as
t2(a2/a l)= tl.

(2)

The constant, a, for wet test data is
five to ten times greater than from a
comparable dry test. Therefore, for
dry crushed salt to experience the same
strain under similar test conditions
requires a time five to ten orders of
magnitude greater than that for the wet
samplc.

The time-dependent properties of
crushed salt have been measured by
numerous laboratory researchers. At
Sjaardema and Krieg (1987) devela given stress, the single most impor- oped and implemented a constii utive
tant parameter in the consolidation of relationship for the consolidation of
cru3hed salt is the presence of a small crushed salt based on the laboratory
amount of water. Small amounts of data cf Holcomb and co-workers. Numeriwater accelerate consolidation and the cal calculations of wet crushed salt
accompanying permeability decreases consolidation in WIPP shafts and drifts
in comparison with dry crushed salt were then conducted to determine the in(Holcomb and Shields, 1987; IT Corp., fluence of the presence of the crushed
1987; Shor et al., 1981; Pfeifle and salt on the closure of the shafts and
Senseny, 1985). The effects of other drifts. Up to a fractional dens ty of
v2 riables, such as particle size, are
0.95 (the extent of the laboratory data
secondary and not as obvious.
the rnodel was based on), the results
indicate that no substantial backstress
The dependence of salt consolida- (resistance) develops in the crushed
tion on added water can be illustrated salt. That is, the closure is largely
by considering the experimental results unaffected by the presence of crushed
of Holcomb and co-workers (Holcomb and salt.
Hannum, 1982; Holcomb and Shields,
1987). The 1982 tests were conducted
As expected, as consolidation proon dry (no additional water) crushed ceeds, the permeability of the crushed
salt, whereas the 1987 tests involved salt decreases. In general, permeabilismall amounts (<3% w) of additional ty values for samples with a fractional
water. The volume strain data, dV/V0, density of 0.85 or less are
from both sets of data can be reason- darcy or greater values (10-1) m 2
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or greater). Between fractional densities of 0.85 and 0.95, however, the permeability drops dramatically. By 0.95
fractional density, the permeability
of the crushed salt is on the order of
that of intact salt. Figure 6.1 shows
permeability versus fractional density
for two tests that
proceeded to high
fractional densities (Holcomb and
Shields, 1987; IT Corp, 1987). A similar trend of a dramatic permeability
decrease at 0.95 fractional density has
been observed in experiments on calcite
to simulate the alteration of permeability and porosity of rocks by plastic
flow processes (Evans, 1983).
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1
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Log ol Permeability (m2)

-13
IT Corp.(1987)

-14
-15
-16

Holcomb
and Shields
(1987)

_

mechanisms of creep as a primary mec
nism of consolidation of wet salt,
suggest pressure solution and/or t
Joffe effect as the dominant mech
nism(s). Holcomb and Shields (191
discuss the possibility of a presst
solution mechanism for consolidation
view of their experimental data, a
conclude that further investigation
required. Post-test analyses we
conducted on consolidated samples
Corp, 1987), and it was concluded t
water played an important role in s
consolidation (and the accompanyi
permeability decrease) by facilitati
pressure solution. Zeuch (1987) ada,
ed a model for isostatic hot-pressi
to the consolidation of nominally c
crushed salt, and found good agre
ment between the model and Holcomb
Hannum's laboratory data. Interestii
Iy, this model predicts consolidati
approaching intact salt densities o'
periods of less than 50 years unc
approximate repository conditions,
contrast to simple extrapolations
laboratory data. The model is prese
ly being expanded to include the inf
ence of water.

-17

While small amounts of water ht
been
determined to benefit consolic
-18
tion, larger amounts may be dett
mental. It is conceivable that if t
-19 —
salt becomes saturated while substa
-20 —
tial porosity remains, further co
solidation could be impeded by the I
-21 —
I
1
compressibility of the entrapped br
0.75
0.80
0.85
0.90
0.95
(Nowak and Stormont, 1987). Previ,
tests by Baes et al., (1983) indic•
Fractional Density
that brine can be readily squeezed
of salt so as to not impede conso
dation even to low permeabilitie
Figure 6.1. Permeability Versus
Preliminary results by Zeuch (19F
Fractional Density
suggest that saturated crushed s
for Two Consolidation
consolidates similarly to crushed s
with much less water. However, th
Tests on Wetted
Crushed Salt.
laboratory tests have been on venl
samples; it is not obvious to wt
The exact mechanism(s) of consoli- degree brine in large emplacements
dation are not understood. Clearly, be expelled during consolidation.
water plays some important role. Yost
and Aronson (1987) dismiss dislocation
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ples brought to the laboratory from
the rield. Initial permeabilities are
relatively great due to sampling damage; after application of hydrostatic
pressure for only a short period of
time, permeabilities decrease to low
values (Sutherland and Cave, 1980).
The interfaces between blocks may heal
readily, as evinced by fracture healing
Because the time required for studies in salt (Costin and Wawersik,
crushed salt to become an effective 1980; IT Corp, 1987). Salt is easy
sea 1 is dependent on its initial den- to cut and machine, and blocks have
s ty, the emplacement method can have already been fashioned from 41 cm dia large impact on the sealing function. ameter cores simply using a band saw.
The options for emplacement include Seals constructed of intact salt blocks
clumping, dumping with compaction via vi- require stock material, and block mabrating tampers or rubber-tired trucks, chining would be labor intensive; therepneumatic stowing, or the placement fore these alternatives are presently
or pre-compacted blocks. With the ex- envisioned for limited applic2 tions
ception of the blocks, commercially- where time to effect a salt seal must
a
ilable equipment exists for these be minimized.
ernplacement techniques. Based on adobe
tec.nnology, Sandia has developed a pro6.2 Bentonite
tot ype machine that presses blocks of
salt (and other materials) for use as a
Clays have found many applications
seal material (Stormont and Howard, as fluid barriers in underground excava1 98 7). For the possible emplacement tions (e.g., National Coal Board, 1982;
tec nniques mentioned above, a reason- Sitz, 1981), as components of earth
able range of fractional densities is dams (e.g., Sima and Harsulescu, 1979),
from 60 to 85 percent. The 60 percent and in containment of hazardous wastes
fractional density was obtained from (e.g., Johnson et al., 1984; Leppert,
crushed salt poured into molds in the 1986). In particular, sodium beritonite
laboratory (Holcomb and Hannum, 1982). is under consideration as a seal mateThe 85 percent fractional density is rial for geologic nuclear waste r,mosiachievable with the Sandia f3lock Ma- tor ie s (e.g., Pusch, 1987; Stormont,
chine (Stormont and Howard, 1987). In- 1984; Lopez, 1987; Kelsall et al.,
terestingly, it was necessary to add I 1982). Bentonites are composed princito 3 percent water to produce coherent pally of montmorillonite, a smE.,ctite
blocks. Block properties are given by mineral responsible for their characGerstle and Jones (1986) and Stormont ter is tic swelling.
Bentonite rnixed
and Howard (1987).
with filler or ballast material is
being considered as a seal material as
An alternative to crushed salt as a maner of economy, as well as to minia seal material is intact or quarried mize the loss of the bentonite through
salt blocks. These intact blocks have small fractures or cracks. Sitz (1981)
hig ler fractional densities than pre- found that the sand in a bentonite/sand
compacted blocks of granular salt, and mi xt ur e s t opped bent oni t e losses
the time required for them to become through fractures with a maximum width
an effective seal is correspondingly of 2 to 4 mm.
red jced. The permeability decrease
expected in a quarried salt seal as the
The permeability of mixtures of benadjacent rock tends to creep in may be tonite and various filler materials has
similar to the "healing" of salt sam- been rneasured by numerous investigators
Another advantage of crushed salt
is its availability and low cost. Granuk, r salt is a by-product of the excava tion of the WIPP Facility, and is
therefore in plentiful supply. Future
ovrations may wish to consider underground stockpiling to limit handling of
the mined salt.
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in the laboratory (e.g., Radhakrishna
and Chan, 198 5; Wheelwright et al.,
1981; Peterson and Kelkar, 1983; Stroup
and Senseny, 1987). There is considerable variability in the data due to
differences in test methods, sample density, workiing fluids, etc. In general,
the permeability of the mixtures to
water and brine was found to fall off
to microdarcy or lower values somewhere
between 25 to 50 percent bentonite by
weight, probably coincident with the
bentonite becoming the continuous phase
of the mixture (Nowak, 1987). Pusch
(1987) determined that the permeability
of bentonite to brine is about an order
of magnitude greater than that to fresh
water.
Another important property for mixtures containing bentonite is the swelling pressure developed when the mixture
is confined and saturated with water.
Swelling is expected to fill voids and
heal fractures within the bentonite
seal and perhaps to a limited degree in
the adjacent host rock. The average
swelling pressure of confined 100 percent bentonite in salt water was given
by Pusch (1980) as
ps
— e

11.5(rho-1.87)(MPa)

(3)

where ps is the swelling pressure
and rho is the bentonite bulk density
between 1.8 and 2.1 g/cc. Gray, Cheung,
and Dixon (1984) demonstrated that
swelling pressures of bentonite mixtures are dependent on the effective
clay density, that is, the mass of the
bentonite divided by the volume of the
bentonite and any voids. Thus, the
sand or other filler material is merely
an inert filler.
Bentonite/sand or bentonite/salt
mixtures could be emplaced in much the
same way as crushed salt: mechanically, pneumatically, or in pre-compacted
blocks. Blocks
50 percent bentonite/50 percent salt and small amounts
of water have been pressed to a dry density of about 1.97 g/cc, and an effec-

or

tive clay density of 1 6 g/cc (Storn
and Howard, I 9 87). At these con(
tions, a swelling pressure of about
MPa and a brine permeability of abl
10-19 m2 are expected.
Drift e
placements of bentonite mixtures in
Stripa Facility were accomplished w
vibrating tampers and a robotic pnE
matic machine (Pusch, 1987). Bentor
has also been emplaced and tested a!
borehole seal (Pusch, 1987; South a
Daemen, 1 9 86; Kimbrell, Avery, a
Daemen, 1987). Bentonite slurries Iv
been suggested as a rock mass grout
material (Meyer and Howard, 1983).
Soil structures (including cla:
can fail in the presence of seepa
by erosion along pre-existing crac
or piping (internal retrogressive et
sion). The predominant factors i
volved in failure by both mechanis
are (Resendiz, 1976) loosening of int
particle coherent forces upon satui
tion (dispersivity), permeability, a
swelling potential. The risk of fa
ure is increased as the first two f.
tors increase and the third decreas
Clays rich in montmorillinite (e.
bentonite) are generally too expans
to permit cracks to remain open a
too impervious to allow seepage velo
ties large enough to induce pipi
(Resendiz, 1976). Further, bentonite
relatively plastic and can withsta
considerable deformation prior to fa
ure. The tendency for erosion or pip
failures is increased at the interf
between the clay and dissimilar ma
rials (Penman and Charles, 197c
i.e., the seal/rock interface. Pus(
Borgesson, and Ramquist (1987) demc
strated the effectiveness of benton
in effecting a tight interface hy swe
ing. Pusch (1983) investigated t
possibility of the migration of bentc
ite into rock fractures, and the su
sequent erosion of the bentonite
flowing groundwater. He concluded t
bentonite will migrate a few tenths
meters into fractures wider than 0.1
over the course of thousands of ve,
and should not be significantly eroc
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by groundwater. Because swelling is a
time-dependent phenomenon, the rate of
introduction of water prior to saturation may be significant. Stormont and
Howard (1987) emplaced and tested 50
percent bentonite/50 percent crushed
sa It seals in I m diameter boreholes in
the WIPP Facility. Failure by erosion
was observed vvhen water was introduced
rapidly to one face of the seal; a relatively low permeability seal was establiaed in a similar seal configuration
whe n the water was introduced at a
slower rate to permit a gradual uptake
of water.
Clays exist naturally in geologic
formations, including bedded salt, and
are therefore appealing as long-term
seal components. Clay sealants have
beeii used by man for long periods of
timc; Lee (1985) documented the effectiveness of a clay sealant for periods
as long as 210() years. While bentonite
alteration to other clays does occur
under some conditions, at non-elevated
temperatures bentonite transformations
are expect ed to be very sl ow, on
the order of millions of years (Meyer
and Howard, 1983; Roy, Grutzeck, and
Wakeley, 1983). Krumhansl (1984) found
from experiments in WIPP-specific
aqueous solutions that bentonite is
expected to maintain its desirable mineralogic characteristics indefinitely.
6.3 Cernentitious Materials

materials have been developed and studied far the WIPP. Early work focused
on development of grouts for borehole
sealing, with more recent research
being devoted to concretes for sealing
shafti; and drifts. Research on rock
fracture grouting has been initiated
for the WIPP.
6.3.1

Grouts

Cementitious grouts have been utilized for many years to seal surfacedrilled wellbores for disposnl of
chemical and toxic wastes and to seal
abandoned oil and gas boreholes. Typically, few problems are encountered but
quant3tive measures of seal effectiveness 2,re generally not available (South
and Daemen, 1986). Emplacement technology for borehole sealing with cernentitious grouts is available (e.g., South,
1979). Recent testing has provided
more information about the effectiveness of cementitious borehole seals.
The Bell Canyon Test, conducted in borehole A.EC-7 near the WIPP site, involved
the placement of a 2-m-long grout seal
at a depth of 1370 m in anhydrite host
rock, isolating the upper portions of
the borehole from the 12 MPa Bell
Canyon aquifer. The plug reduced the
production of the aquifer by five
orders of magnitude, and analyses indicated that the predominant flow ozcurred through the plug/borehole interface
region (Christensen and Peterson,
1981). In situ tests in granite show
that cementitious plugs placed with
conventional methods reduce the hydrauI lc conductivity of the wellbore to
or less than that of the host rock
(Kimbrell, Avery, and Daemen, 1987).

Cementit ions materials have been
considered as a candidate repository
seal material because (Lankard and
Burns, 1981): (1) cementitious materials possess favorable seal properties
such as low permeability and adequate
strength; (2) there is a historical
Laboratory tests by South and
precedent for sealing penetrations with Daemen (1986) indicate the effectivecementitious materials; (3) much physi- ness of cementitious grouts as a seal
cal s- nd chemical properties data exist; material in basalt, granite and tuff.
anc (4) construction with cementitious Large flows along the interface have
materials is an established practice been observed during a laboratory test
with a large nurnber of equipped, quali- on a grout-sealed hole in anhydrite
fied and available commercial contrac- (Bush and Lingle, 1986); the sealing
tors. Since 1975, cementitious seal

E-319

effect of a grout plug in rock salt
was considered to be much better in a
companion test (Bush and Piele, 1987).
Gulick and Wakeley (1987) provide
the reference formulations and properties for candidate grouts for use in
sealing the WIPP. Both a freshwater
(BCT-IFF) and saltwater (BCT-1F) grout
have been selected. A saltwater-based
grout is necessary in the host rock
salt to preclude dissolution of adjacent rock during hydration. The proper ties of the freshwater grout are
considered somewhat more favorable. The
BCT-1FF has been emplaced in the Bell
Canyon Test, in portions of the C&SH
shaft liner, in the upper portions of
borehole 13-25 on the WIPP site, and
in an underground test bank for curing
candidate seal materials (the Plug Test
Matrix). The BCT-1F mixture has been
emplaced in borehole B-25 and in the
Plug Test Matrix. The properties of
the BCT-1F and BCT-1FF grouts have
been deterrnined under a range of conditions, and are summarized by Gulick
and Wakeley (1987). Subsequent to the
development of the BCT grouts, modifications have been proposed (e.g.,
Wakeley, Walley, and Buck, 1986; Buck,
Boa, and Walley, 1985; Buck, 1985; Buck
et al., 1983; Wakeley and Roy, 1985).
However, because there is no identifiable deficiency of the BCT grouts and
the advantages of the other formulations have not been shown, the BCT
grouts rernain the reference materials
for the WIPP.
Another potential use of cementitious grouts in sealing the WIPP is
grouting fractures in the host rock.
Grouts for this application are expected to be thinner than the BCT grouts.
Control of inflow to the existing WIPP
shafts has been attempted in part by
rock grouting with cementitious mixtures. Rock grouting with cementitious
mixtures has been used to control
inflow to shafts (e.g., Hart, 1983), in
conjunction with establishing concrete
seals in shafts and drifts (e.g., Auld,
1983; Garrett and Pitt, 1958; Garrett

and Pitt, 1961), and with dams.
complicated system of a curing g.
injected into poorly characteri:
fractures has generated a technol.
laden with ernpiricism (e.g., Dept.
the Army, 1984) and controversy o
techniques and claims of effectiven
Rock fracture grouting may be de
mental in some instances: fractu
may propagate from injection pressu
and water pressure buildup from s(
ing drainage paths may be suffici
to further fracture the host ro
Schaffer and Daemen (1987) conside
rock fracture grouting technology
repository sealing applications, ;
concluded that "considerable and wi
recognized uncertainty exists about
actual performance of grouting."
6.3.2

Concretes

Concrete has historically been u
as a seal and shaft liner mater
because of its availability, relativ
low cost, and familiarity among c(
tractors and mine operators. Furth
more, properties of standard concrt
such as strength and permeability
generally understood and conside
adequate for typical seal applicati
( Na t i ona 1 Co a I Boar d, 1982; Au
1983). Unfortunately, there is lit
documentation of the design and perf
mance of concrete seals. The few ref
ences to concrete seals in the min
industry must be considered in the c
text of their application: these sf
are usually emplaced in response
an inrush of water, and a substan
reduction in leakage is considered s
cess. In what is believed to be
only documented tests on experimer
full-sized drift seals, Garrett a
Campbell Pitt (1958, 1961) demonstra
the effectiveness of concrete seals
fluid barriers in quartzite host ro
Auld (1983) cites examples of the s
cessful placement and performance
concrete seals in a sandstone anc
gypsum and rnarl deposit. Sitz (19
provides a summary of German expr
ences with concrete seals in varit
rock types, describing both succes
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and failures of concrete seals. Concrete seals have been successfully utilized in tuff as containment structures
for underground testing at the Nevada
Te;t Site (Gulick, 1987).

as a fluid barrier (Peterson, La gus,
and Lie, 1987b) in the field tests.
Its properties have been extensively
tested in the laboratory and are given
in Comes et al. (1987), Wakeley and
Walley (1986), and Wakeley (1987). The
The single consistent conclusion FWC is based on an expansive concrete
from historical experience is that con- developed by Buck (1985) for nonsalt
crete itself is relatively impermeable, host rock applications.
anð that observed leakage is predomiA thermomechanicai model for the
nani ly attributable to the concrete/
rock interface and the near-field rock. ESC was developed based on the results
Prot able causes for flow at the inter- of the in situ seal tests (Van Sambeek
face are concrete shrinkage, poor rock and Stormont, 1987; Labreche and Van
quality, and interaction between the Sambeek, 1987). The model results show
conc rete structure and the host rock. excellent agreement with the measured
In r on salt host rock, there are two temperature changes from hydration
potential remedies to ensure a tight and fair agreement with the measured
interface: the use of an expansive con- strain.; and stresses in the seal and
crete and contact or interface pressure the adjacent rock. The assumed e,,pangrot. ting. Expansive concretes have si vity of the concrete was found to
been developed in the laboratory (e.g., be the parameter that influences the
Buck , 1985); however, experience with short- term model results the most and
placement of numerous full-size drift is the least well understood. Nurneriseals in tuff with supposedly expansive cal modeling of panel seals has uticoncretes is inconclusive with regard lized the elastic properties of the ESC
to net expansion (Gulick, 1987). Pres- (Arguello, 1987; Arguello and Torres,
sure grouting along the concrete/rock 1987); both the ESC and FWC t; mecontact has been demonstrated to be dependent properties have been applied
effective in substantially reducing the to nurnerical studies of shaft seals'
leakage along the interface, and is structural interactions and stability
considered standard practice in the (Van Sambeek, 1987).
plac ement of concrete seals (Garrett
ancl Pitt, 1958; Garrett and Pitt, 1960;
Large volume pours of concrete will
Auld, 1983; National Coal I3oard, 1982; be required for drift or shaft seals.
Gul ick, 1987; Defense Nuclear Agency). This existing emplacement technology
In hal i te, creep of the adjacent uses standard commercial equipment and
host rock rnay result in a tight rock/ techniques (e.g., Defense Nuclear
concrne interface.
Agency). In situ seal tests condEcted
at the WIPP have successfully employed
Reference formulations and proper- gravity-feed by tremmie for small-scale
ties of candidate concretes for the shaft seals and pumping into a formed
WIPP are given by Gulick and Wakeley interv11 for small-scale drift seals
(1987). A saltwater-based concrete (Stormont, 1986; Stormont and Howard,
(ESC) and a freshwater concrete (FWC) 1986).
were selected. The ESC is an expansive
(in laboratory tests), salt-saturated
A principal concern regarding the
conzrete which has been emplaced in two use of cementitious materials as a seal
seal tests in the WIPP (Stormont, 1986; materia 1 for nuclear waste repositories
Stormont and Howard, 1986) and in the are their durability or longevity. CePlug Test Matrix. The performance of me ntitious materials will not be in
the ESC material has been adequate chemical equilibrium with their environstructurally (Stormont, 1987; Labreche ment (Lambert, 1980a). Potential minerand 'Jan Sambeek, 1987) and exceptional alogic phase changes could manifest
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themselves as: (1) the formation of a
soluble, friable, or permeable phase in
the plug or nearby rock; (2) shrinking
or degradation of adhesion, opening the
interface between the seal and the rock
(Lambert I980a, Lambert, 1980b). On
the other hand, there is evidence for
the longevity of cementitious materials
in certain environments. Evaluation
of some ancient cementitious materials
reveals they have survived in apparently good condition for centuries
(Malinowski, 1981; Monastersky, 1987).
Research on the durability of cementitious mixtures applicable to the WIPP
is generally favorable with regard to
expectations or speculations about the
maintenance of long-term properties
(Buck, 1987; Wakeley, 1987b; Burkes and
Rhoderick, 1983; Wakeley and Roy, 1986;
Roy, Grutzeck, and Wakeley, 1983). Yet
it is known that concrete is susceptible to degradation, especially in environments with high sulfate contents
(Lea, 1971) such as Culebra formation
water (Mercer and Orr, 1979). Hart
(1983) reports that concrete Iiners
which pass through the formations above
salt mines in the northeastern U.S.
degrade or corrode from formation water
leaking through the liner, resulting in
a reduction of the concrete thickness
of about 3 mm per year. An examination
of a 20-year old shaft liner in the
Carlsbad potash district suggests that
the concrete liner has appreciably
deteriorated from sulphate attack
(D'Appolonia, 1981). Heimann et al.
(1986) dernonstrated that the presence
of clay accelerates the dissolution of
some cements.

Therefore, reliance on cementit
materials as long-term seal mate
should be minimized. Emphasis on
solidated salt as the long-term
will relieve the requirement for c
crete effectiveness to perhaps a
hundred years.
6.4 Asphalt
Asphalt is a bituminous mate
produced by the distillation of c;
oil. In the construction indus
asphalts have a wide variety of app
tions because they are durable, hi
waterproof, strong, and highly re
tant to the action of most acids, a
lies and salts (Herubin and Maro
1977). Bacterial degradation requ
microorganisms and moisture; eve;
these conditions are present, the c
radation is expected to be very
(ZoBell and Molecke, 1978). Many p
erties of asphalt, including den
and viscosity, can be tailored by
distillation process and by the ac
tion of weighting materials and blf
ing and dissolving agents.

Liquid asphalt has been utilize(
a key component in the constructiot
waterproof liners in strata overl)
salt and potash deposits (Hart, 1!
Wegener, 1983). A method successf
employed in German mines is descri
by Wegener (1983). A precast conc
block liner is fixed to the rock c
current with shaft construction.
steel cylinder is then emplaced in
shaft so as to leave a gap or anni
between the concrete blocks and
steel. A reinforced concrete line;
There is presently no comprehensive then cast on the interior of the s
model of the complicated system of cylinder. Finally, asphalt with a s
cementitious materials, the host rock, cific gravity 30 to 40 percent gre;
the formation water, and their inter- than water is poured into the annt
actions sufficient to make reliable up to the surface, so asphalt tends
predictions of long-term (thousands of move out into the formation rather t
years), time-dependent performance. In- formation water tending to move i
deed, the problem is so multi-faceted, the shaft. Asphalt is added at the 5
large, and diverse (involving kinetics, face to replace that which moves i
thermodynamics, and chemistry) that the formation. Wegener (1983) rep
resolution of all issues seems remote. that two such shaft liners recen
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installed are ". . . absolutely impermeable to the water from surrounding
strata." Such a liner design is being
used in the sh:afts of Germany's proposed radioactive waste disposal facility at Gorleben. Sitz (1981) describes
the Ise of asphalt as a component of an
elaborate seal for an underground gas
storLge facility in domal salt. Overpres:,ure of the asphalt is achieved by
pipes from the surface in contrast to
an Open volume of asphalt.

to seal the liner at the key, including the use of asphalt cement (e.g.,
Wegener, 1983; D'Appolonia, 1981).
Solid asphalt has also been used in conjunction with drift and shaft seals in
salt or potash mines in Germany (Sitz,
1981).

Previous WIPP seal concepts have
not included asphalt, and the experimental program has not evaluated asphalt
as a candidate seal material. However,
a large experience and data base exist
Solid asphalt, or asphalt cement, from applications at other facihties
has also been used in waterproof liners and could be readily applied to the
and drift seals. The liner key is WIPP situation. Asphalt warrants conoften located in the saliferous forma- sideration as a possible seal material
tion, and it is imperative that water based on its successful applications,
does not flow behind it or the entire especially in Germany. Its present
shaft liner may fail by washout or role in WIPP seal concepts is as a podissolution. Special care is taken tential redundant component.
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7. DESIGN EVALUATION OF SHAFT SEALS
Shaft sealing strategy and designs
are considered separately for the
Rustler and Salado formations. Bentonite and concrete are the principal seal
materials in the Rustler, where treatment of the disturbed rock zone may be
the most difficult sealing problem. In
the Salado, salt is the principal longterm seal material.

as the long-term seal. The crus
salt could be protected from the OA
lying water-bearing zones by seals
the top of the Salado, seals in
lower portions of the Rustler, or both.

Placing seals in the lower porti
of the Rustler is intuitively obvic
because these seals would be as cl
as possible to the source of water
7.1 Shaft Sealing Strategy
Culebra and Magenta dolomites, and
sibly the Rustler/Salado contact). H
The fundamental strategy for seal- ever, the Rustler lithology is v
ing the WIPP shafts is to maximize the diverse, being composed of carbona
amount of consolidated salt between the sulfates (gypsum, andhydrite, and pc
repository horizon and the top of the halite), clastic rocks, and halite
Salado Formation. In this way, the DOE, 1983; US DOE, 1984). Such v
long-term seal is essentially identical ability may be troublesome if,
with the host rock, and the otherwise example, seal design requires a cer
very difficult issue of seal longevity length of seal in the same rock ty
is averted. Shaft seal performance can or if a detailed understanding is ne
then be evaluated in the context of ed of the interaction between the
salt consolidation; that is, the time material and multiple host rocks. S
to achieve satisfactory consolidation of the weaker rocks in the Rustler
can be used to estimate the type, num- be adversely affected by the excava
ber, and required performance of other and subsequent redistribution of str
seal components. Furthermore, effec- es, resulting in seal locations wh
tive salt consolidation achieved prior are weak and a potential source of
to 100 years after decommissioning is pass. Further, some of the clas
independent of breach scenario assump- rocks such as siltstones and sandstc
tions.
in the Rustler are susceptible to e
sion, which could result in relativ
To ensure effective consolidation, large flow along the seal/rock int
unacceptable amounts of water must be face.
prevented from accumulating in the
crushed salt. There are three possible
The Salado formation may be a n
sources of water: the overlying water- favorable environment for sea
bearing zones, the host rock salt, and because it has a more uniform str:
the repository.
Water, if present, graphy and the stratigraphic units
could be forced up the shafts from the thicker than the ones in the Rust
repository horizon by closure or by The predominant rock type is hal
some breach event. This suggests a which has many properties conside
seal at the base of each shaft to elimi- favorable for sealing (low permeab
nate a preferential flow path up the ty, fracture healing, and plastic
shafts prior to effective salt consoli- formation). Moreover, the experie
dation. Water influx from the host and data base for salt is large, '
rock salt will be difficult to limit cause the vast majority of the s
along the entire length of the shaft in tests are being conducted with ha
the Salado Formation. An annular seal as the host rock. The principal c,
may limit the flow into the crushed cern with sealing in the Salado F
salt, but it would be at odds with the mation is the solubility of hali
fundamental strategy of monolithic salt The water of the Culebra and Mage
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dolomites is not saturated with respect
to NaCI and is therefore able to dissolve salt. Even brine which is saturat!cl at standard conditions may be
capable of dissolving salt due to the
pressure and temperature dependence
of salt solubility. Concern that the
initial seepage behind WIPP waste and
exhaust shaft liners could progress
enough to threaten the stability of the
r keys (located in the top of the
Salado) has led to remedial grouting
provams in these shafts. In the waste
sha 't, drill holes that penetrated the
line r/salt coqtact produced an esti0.03 ny'/hr (Sauliner and Avis,
mat
in preparation). In the exhaust shaft,
pre-grouting activities indicated some
fluids at the concrete/salt contact (US
DOE, 1987). Salt dissolution behind
liners in US Gulf Coast mine shafts
requires more than half of all shafts
to undergo maintenance (principally
grouting) to preclude unacceptable inflcms (Hart, 1983). Sitz (1981) reviews
attempts to seal salt and potash mines
in Germany, and concludes that "due to
the solubility of the saliferous system. the greatest problems occur in
the construction of plugs and dams in
potash and rock salt mining."
The preceding discussion indicates
that there are advantages and also problems to overcorne in sealing either the
sa: ado or the Rustler to limit inflow
down the shafts into the crushed salt
seil;. A prudent approach is to not
place total reliance on either system,
but to include seals in both regions.
This approach is consistent with the
concept of multiple barriers.

and the adjacent rock (the so-called
disturbed zone) at 14 intervals between
the Magenta and the top of the Salado.
Concrete and bentonite-based materials
were input as the seal components Also
input were various cases of seal material and rock performance (principally
permeability) estimated from available
measurements. Combinations of seals
with varying seal and rock performance
were examined via the model, ani the
flow rate through the seal systern was
compared wit.h estimates of allowable
flow into the lower portions ol the
shaft in the Salado (the allowable
inflow was based on a study of salt
consolidation in the lower portions of
the shafts, and is discussed further
in Section 7.3). The analysis provided
the following conclusions:
o

The quality (essentially the permeability) of the rock adjacent
to the seal is the single most
important factor in maintaining
a low flow rate through the seal
system. Even with perfect sealing of the shaft itself, large
flows bypassing the shaft seals
through the adjacent rod,. are
possible, especially if verically persistent fractures exist.

o

A very small gap at the concrete/rock interface can allow
substantial flow through concrete seal systems.

o

The assumed degradation of concrete seals may render concrete
structures ineffective as flow
barriers even when their initial
permeability is low.

o

Including bentonite in the
design can obviate the above
cerns over concrete seals
bentonite is located in a
permeability host rock and
not appreciably degrade
time.

7.2 Shaft Seals in the Rustler
A simple model of flow through seal
systcms in the Rustler was constructed
by Stormont and Arguello (in preparation I to providle information relevant
to s laft seal design. The model provide:, one-dimensional flow through the
seal material, the seal/rock interface,
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seal
conthe
low
does
with

The conclusions from this study suggest that emphasis should be placed on
establishing seals of low permeability
and long-term durability against rock
which has little potential for vertical
flow or seal bypass. This approach is
consistent with the undisturbed state
of the Rustler: the rocks between the
water-bearing zones and the top of the
Salado have low vertical permeabilities
(Saulnier and Avis, in preparation).
Thus , t he intent for seals in the
Rustler is to reestablish the natural
low permeability of portions of the
formation. Bentonite-based seals, if
adequately confined, should be satisfactory. Anhydrite and claystone are two
potential rock types in which such a
seal can be located. The low vertical
permeabil it y of the Rustler has been
attributed in part to anhydrite (Barr,
Miller, and Gonzalez, 1983). Anhydrite
is a strong rock, and its disturbed
zone may be limited and well defined.
Claystone is more similar to the seal
material than is anhydrite, and therefor e increases compatibility. Low
permeabilities have been measured in
Rustler claystone within 2 m of the
shaf t wall (Saul ni er and Avis, in
preparation).
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Salado Seal System

Begins
A schematic of the design concepts
for sealing the Rustler is given in
Figure 7.i. The principal seals are
Figure 7.1. Schematic of Design
constructed from bentonite-based and
Concepts for Sealing
cementitious materials. Above the top
the Rustler.
of the Magenta dolomite, the shaft with
the existing liner left in place is system, and acts as a redundant f
filled with locally plentiful material, barrier. Grouting of the concrete/r
including a clay fraction to reduce interface or contact is specified. F
the permeability of the mixture, if mation grouting is provided in sc
desired. Owing to the relatively high locations to seal disturbed zones ad
transmissivity of these strata, there cent to the shafts, where possible.
is little motivation to establish a low is expected that the shaft liner
permeability seal in this location. Be- have to be removed at locations ad
tween the Magenta dolomite and the top cent to the bentonite seal locations
of- the Salado are three bentonite-based permit removal of damaged rock and r
seals that abut against anhydrite and vent the degraded liner from becom
claystone layers. These are the prin- the predominant flow path through
ci pal fluid barriers in the Rustler. seal system. Whether or not the
Concrete in the shaft between the ben- of the liner can remain in place
toni te seals confines the bentonite, depend on the function and shape of
provides structural strength for the adjacent seal and the condition of
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liner. Note that there is no intent to
establish a tight seal in the waterbearing zones themselves because this
wot ld require very extensive and difficult treatment (grouting the rock),
which would probably divert the water
aro Ind the seals into lower portions of
the ;hafts.
7.2.1

Bentonite Design

The lengths of the bentonite-based
seals are more than 4 m, and exceed
an empirical guideline for a minimum
leng th of 2 m for clay seals (National
Coa' Board, 1982). The shape of the
sea, s is expected to be cylindrical,
with a diameter determined by the
removal of fractured host rock. The
ben:onite will be mixed in approximately equal proportions with a filler
material to increase its strength
and limit losses through cracks or
fractures. The filler could resemble
Pfeifle's (1987) silica sand used as a
filler w ifth kentonite. A permeability
of 10 - 1 7 mi was shown to dramaticall) reduce the flow through a model
seal system in the Rustler (Stormont
and Arguello, in preparation), and
should be achievable for such a mixture. An in place density of about 1.8
g/cc for a 50/50 mixture should result
in a swelling pressure of less than 3
MPa, limiting the potential for damage
to the confinernent (rock or concrete)
ancl the bentonite's propensity to migrate from the seal interval through
fractures in the rock or along the
rock/concrete interface. The water
content should be on the order of 10
percent, to reduce the likelihood of
pipilg failure and to limit drying
shrinkage.
7.2.2

Concrete Design

Two obvious design considerations
are the shape and length of concrete
seals
As shown in Figure 7.2, there
are rnany possible shapes for concrete
seals in the Rustler, from simple cylindrical or parallel shapes to multiple
elerne nt, truncated-cone shapes. For

stren3th considerations, the parallel
shape is generally considered adequate
(National Coal Board, 1982; Auld, 1983)
and is the most often employed. However, Sitz (1981) argues that parallel
shape will result in an unfavorable
stress state upon loading sufficient to
cause failure of the seal. In fact, he
attributes some noteable failures to
the parallel shape. Nevertheless, more
recen1 and complete analyses have not
confirmed his results (Van Sambeek,
1987).
Parallel Abutments

Single-Peelle!

interlocked Abutments

Single.
lnlettoc ked

V.Shae ed
MOHO e
interlocked

Interlock ed

Trunesled-Cone-Shaped Abutments

$Ingle.Truncaled-Cone.
¡board

Multiple Truneette-Conti.
Shaped

Colette Shells

Moyle
Calotto

Multiple
Celettle Shell

Combine0
Culotte 11101

Figure 7.2. Possible Shapes for
Concrete Seals (from
Sitz, 1981).
Seal length can be determined by
means of leakage or structural considerations. From their tests on drift
seals, Garrett and Pitt (1958; 1961)
regard length as governed by leakage,
rather than by structural considerations. Garrett and Pitt developed
concrete seal length criteria to establish the point at which leakage becpmes
excessive, based on allowable pressure
gradient across the seal and given as a
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function of the contact (interface) and
adjacent rock grouting associated with
the concrete seal (see Table 7.1).

overlying seal materials and water,
possibly the load generated by ext
sive bentonite seals directly adjac
to the concrete seals. Simple formi
for determining the necessary len
which assume a frictional contact al
the interface or direct bearing on
inclined surfaces of asperities al,
the contact are of Iimited practi
value, as they bear little resembla
to the actual state of stress in
concrete and adjacent rock (Si
19 81). Numerical studies offer
potential for a more rigorous tre
ment of the strength anci stability
concrete shaft seals.

Garrett and Pitt stressed that
these criteria are applicable only to
the particular rock conditions under
which the test was conducted (relatively strong and intact quartzite). They
recomrnended that safety factors of at
least four and up to ten be applied to
these criteria to account for uncertainties in rock conditions and the design
function of the seal. They concluded
that the principal factor in a seal's
performance is the condition of the
host rock. This is borne out by the
Van Sambeek (1987) conducted a
dramatic increase in the allowable pressure gradient across a seal when the merical analysis of an unsupported lt
host rock is extensively grouted. Auld long, 7 m diarneter concrete shaft
(1983) recommends grouting at pressures located at the base of the Rustler.
up to one and one-quarter times the host rock for the seal was assumed
hydrostatic pressure for contact with be sandstone, and neighboring la)
weaker rocks. The most important point of anhydrite and salt were inclu
is the dramatic influence of interface (Figure 7.3). The modeling of the c
contact and adjacent rock grouting on crete (FWC, see Chapter 6) accoun
concrete seal performance.
for the time-dependent elastic modu
thermoelastic expansion, time-depenc
The concrete seal has to be able to chemically induced expansion, and c
support the imposed axial load, which of the concrete. The general mc
will be a combination of the weight of of the concrete behavior was based

Table 7.1. Concrete Seal Length Criteria (from Garrett and Pitt, 1958).

minimum p/1 ratio
where p is hydraulic pressure
and I is seal lepgth
ft-I)
'
MPa m-I (lb inNo grouting of interface
or adjacent rock

0.21 (10)

Interface only grouted
at hydrostatic pressure

4.72 (228)

interface grouted at hydrostatic
pressure, and adjacent rock grouted
at twice hydrostatic pressure

8.28 (400)
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Depth
(m)
— 181.7

121 m

— 189.1

— 215.4
— 221.9
227.2
234.4

— 258.0

73».

— 310.6
— 315.2

43-

Figure 7.3. Finite Element Mesh and Stratigraphy for the Nonsalt Seal
(from Van Sambeek, 1987).

Temperature r C)

laboratory data that had shown fair
80
1
I
i
I
agreement with in situ test results
Filth (lop) Lill
Fourth Lift
( Van Sambeek and Stormont, 1986;
70
—•••— Third (center) Lift —
Labrecthe and Van Sambeek, 1987). ReferSecond Lift
—•— First (bottom) Llfl
ence properties were used for the rock
60
(Krieg, 1984) or estimated from available literature. Thermal analyses were
•
•
50
first used to calculate the temperature
"L.
rise in the concrete and the adjacent
40
/
host rock resulting from the exothermic
hydration of the concrete. The peak
• if
30
temperature for the concrete was esti1
mated to be about 60° C (Figure 7.4),
I
20
1
l
1
I
1
and the maximurn penetration into the
0.0 1E1
0.1
0.2
0.2
0.3
0.3
0.4
0.4
0 5 0.
rock of the 3° C contour was about
Time After Seal Emplacement (yr)
4 m from the seal edge. Thermomechar
analyses were then conducted
Figure 7.4. Lift Temperatures in
to cetermine the state of stress and
the FWC Nonsalt Seal
strain in the concrete and the adjacent
(from Van Sambeek,
rock from thermal expansion/contraction
1987).
of the rock and concrete, chemical
expamion of the concrete, and creep of tensile stresses within the concrete
the szlt rock and the concrete. Radial were satisfactory with respect to
and s lear stresses at the contact and preliminary criteria to judge :he
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Radial Stress (PARa)

effectiveness of the concrete seal.
For example, the radial stress at the
interface was compressive from emplacement on, indicating a tight interface
(Figure 7.5). The concrete seal was
then exposed to a 10 MPa axial load
(simulating the swelling pressure of an
adjacent bentonite seal), and the seal
remained stable. However, when the
assumed expansion of the concrete was
neglected, the seal was not stable,
even without the axial load.
1

1111111

1

1

1111111

1

1

11111

1

1 1 1 1 1 11

1

1

1 1 1 1111

1

1

1 1 1111.

fi

.10

11

0.01

0.1

1

1

10

Time After Seal Emplacement (yr)

Figure 7.5. Contact Radial Stress
in the FWC Nonsalt Seal
(from Van Sambeek,
1987).

tact in these non-creeping host roc
could be provided by an expansive col
crete, extensive interface contac
grouting, or constructing the seal i
some favorable shape.
The condition of the adjacent roc
is another significant consideration i
the performance of concrete seals. 1
addition to the influence of the adjf
cent rock as a significant flow pat
which can bypass the concrete sea
the strength of the seal system ma
be developed by direct bearing on th
inclined surfaces of asperities alon
the contact. Thus, the strength o
the host rock may be a factor in th
stability of a concrete seal. Keyin
or recessing the concrete seals int
the rock may provide a better seal b
removing heavily damaged (fractured
rock, to provide a stronger bearin
surface if required, or even to crea(
a more favorable seal geometry i
desired. Limitations of such second
ary excavation are given in the ne)
section.

100

ln summary, the first choice fo
the shape of the concrete seal remair
a cylindrical or parallel seal shape
The shapes of concrete seals shown i
Figure 7.2 are conceptual, to indicat
that the shape may be something othe
than cylindrical, if necessary. Th
lengths of the concrete seals (>10 ir
are well within Garrett and Pitt's cri
terion with a safety factor of 10, an
should be adequate if the concrete i
expansive or the interface is groutec
Creating bearing surfaces by secondar
excavation is a further option.

It is apparent from the preceding
discussion that the nature and condition of the contact between a concrete
seal and the host rock is an important
factor in the strength and stability of
a concrete seal in rock. If a good contact is provided (that is, if a substantial normal stress exists across the
interface), then substantial strength 7.2.3
Sealing the Rustler Rock
in response to axial loads will be developed. This conclusion has been subWater seepage into the WIPP shaft
stantiated by laboratory push-out tests in the Rustler has been observed to
on borehole seals in rock (Stormont, varying degree essentially from con
1983) and in interrnediate, in situ seal struction on (US DOE, 1986). The uppe
tests (Stormont, 1987; Labreche and Van range of these rates tcnds to be be
Sambeek, 1987). Further, as previously tween 1000 and 2000 m --7year (US DOF
discussed, fllow through concrete seal 1986; Haug et al., 1986). It has bee
systems is reduced when a good contact estimated that these observed inflo ,
has been provided. A satisfactory con- rates would have to be reduced by
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factor of up to 1000 to limit the satu- farther into the rock. An overpresr a tion of crushed salt seals in the sure system involves placement of a
SalaJo so as to not impede consolida- fluid in the shaft that is at a greater
tion (Nowak and Stormont, 1987). If a pressu re than the water; flow is then
supstantial portion of the observed from the shaft out into the rock, -athinflow is through the damaged zone of er than the other way. These sys-ems,
the adjacent rock, effective sealing employing viscous asphalt in the annuwill require limiting flow through this lar space between the rock and liner,
damaged zone. In other words, no matter have been used with success in German
how well the penetration or shaft open- salt mines. Limitations of this method
ing itself may be sealed, the potential for long-term sealing applications infor flow in the adjacent rock must clude assuring that the overpressure is
still be addressed to limit flow to the maintained and that an adequate supply
top of the Salado. This conclusion is of the sealing fluid is available, as
consistent with the shaft seal model it will flow out into the rock.
stud,' of Stormont and Arguello (1987),
as v,e11 as with case studies of effec7.3 Shaft Seals in the Salado
tive sealing (e.g., Garrett and Pitt,
The design concepts for sealing the
1958).
Salado are given in Figure 7.6. Mo;t of
Today's approach for reducing fluid the shaft will be filled with crushed
seepage from the water-bearing strata salt consistent with the long-term
into the shafts through the existing shaft sealing strategy of maximizing
linr.,•rs has been the application of ce- the amount of consolidated salt bement and chemical grouting. However, tween the repository and the top of the
ther, may be clifficulties and limita- Salado. Other seal materials are contion3 for grouting applications with crete and hentonite/salt mixtures. At
pres:mt technology in support of the the too of the Salado, salt/bentonite
eventual sealing of the WIPP shafts. fill is to be placed as a flow barrier
Validated techniques for remote identi- and to saturate water moving down the
fication of fractures and positive con- shaft 'with salt. Salt/bentonite mixfirmation of grouting effectiveness tures are also to be placed against the
do not presently exist. Experience, few layers which are predominantly anhynotably at the WIPP, has shown that dr i te and thicker than 3 m because
grouting often has to be repeated these intervals will not close from
to obtain or maintain effectiveness. creep and crushed salt would not conFinally, grouting may have to be effec- solidate in these intervals (if axial
tive for up to 100 years, well beyond consolidation is ignored). Salt/ben tonthe ,:..urrently dlesigned longevity for i te mi ktures will act as a redundant
typical materials and applications.
flow barrier, and will perhaps seal the
fractutes which may result along the
Alternatives for the sealing of contact between halite and anhydrite,
this region of rock include large cut- where large differential strains are
outs and overpressure systems. A suf- expected. Salt/bentonite mixtures could
ficiently large cut-out would remove also be placed to limit downward d -ainthe camaged rock, and replace it with a age of water added to the large volumes
material such as concrete. This con- of crushed salt if necessary. While
cept has several difficulties, includ- salt/bentonite mixtures are expected to
ing determination of the distance into be an excellent shaft fill material,
the lock such a structure should ex- their applications are limited to
tend, the actual construction if the select locations because conso lidated
damaged zone is large, and assuring salt will be an even better long-term
that the excavation for the cut-out seal and to preclude a substantial
does not just extend the damaged zone continuous phase other than monolithic
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Figure 7.6. Design Concepts for Sealing the Salado.
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salt in the shaft. There are two
bul khead-t ype or composi te seals
located within the Salado. The first
is located nominally 15 m into the
Salado, and it is the Salado counterpart to the seals in the Rustler; that
its principal function is to limit
the flow of water down the shaft from
the overlying water-bearing zones. The
cpmposite seal consists of concrete,
bentonite/salt mixtures, and a salt
component. The salt component may be
quarried or intact machined salt to
h isten its return to a state comparable
A similar composite
to intact salt.
seal is located approximately 150 m
a bove the repository horizon. This
scal separates the crushed salt that is
et,timated to consolidate in 100 years
or less (and is therefore independent
or breach scenarios) from the overlying
crushed salt, which will require longer
periods of time. This depth is based
on a study of salt consolidation discussed in Section 7.3.1. A seal structure is located
at the base of the
shaft to preclude substantial settlement or movement of the overlying backfill. In addition to concrete, the
base seal will have other components
to restrict flow either up the shaft or
down into the repository horizon.
7.3.1

St Seals
Scopi ng

model

cal cul at i ons

of

that the greater rate of closure at
depth may force fluid upward, ;o water
sat uration will not necessari y preclude consolidation. Future experiment al st udi es will address this
issue. Effective consolidation was
assu med to be achieved when the porosity of the crushed salt decreased to 5
per:ent or less. The model provides
conservative estimates of the final
condition of crushed salt (saturated
porosity) and the corresponding time
needed to achieve its final condition
as El function of depth. The representations of closure, brine influx, inflow
frorn the overlying water-bearing zones,
initial porosity of the crushed salt,
and time of emplacement after excavation were varied in order to assess the
sensitivity of the model to these parameters. Over and above revealing the
sensitivity of the model to parameters
such as closure and brine influx, concl us ions regarding the shaf t seal
design were reached. First, a preliminary criterion for the allowable or
target flow from the overlying waterbearing zones was developed. Figure
7.7 reveals the influence of inflow
down the shafts on the length of the
effectively consolidated salt column
at the bottom of the shaft. Baseline
values representing best estimates were
selected for the other paranrters. If
the flow is limited to 1 mi/year or
less, at least 100 m of salt will reach

:rushed salt consolidation in the WIPP 5 percent or less porosity within 100
hafts conducted by Nowak and Stormont years. Another conclusion from this
:
, 1987) utilize the working criterion study is that the initial density of
fcr salt consolidation given in Section the crushed salt in the shafts should
5.3. The model couples simplified and be as great as practicable to minimize
idealized representations of shaft clo- the time to consolidation. In fact,
;a. re, salt consolidation, brine influx the 100 m of consolidated salt in 100
from the host rock, and inflow from years requires an initial density
the overlying water-bearing zones. The achievable only by salt blocks. lt
rn)del predicts the porosity decrease of should be emphasized that the model is
the crushed salt due to closure con- believed to be conservative; that is,
current with the filling of the poros- the actual amount of consolith tion is
iti from brine influx and inflow down expected to be greater than the model
the shafts. As a worst case, consolida- preclicts. However, it provides quantition was assumed to cease when the salt t at i ve results that can be used to
1D€ came saturated. This assumption was provide guidance for the experimental
made to allow simple, conservative program, as well as design-relevant
calculations. In fact, it is expected information.
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Figure 7.7. Sensitivity of Salt Consolidation in the WIPP Shafts to
Brine Inflow from Overlying Water-Bearing Zones (from
Nowak and Stormont, 1987).
There are presently no estirnates
of the time required for quarried salt
to achieve its final condition, but
it is assurned to be less than that for
crushed salt blocks.
7.3.2

Bentonite Design

The bentonite mixtures in the
Salado could contain salt or sand as
the filler material. A 50/50 mixture
of bentonite and a filler with an in
place density of about 1.8 g/cc will
result in a low permeability seal which
generates rnoderate swelling pressures.
The minimum seal length should be 4 m.
Emplacement of bentonite mixtures in
block forrn offers good control over
the in place properties. The discussion regarding shape and length of
bentonite-based seals from Section
7.2.1 applies to the bentonite compo-

nent in the composite seal. For
bentonite mixtures at the top of
Salado and against anhydrite laye
confinement by crushed salt bloc
rather than concrete is specified. pores in the crushed salt blocks ht
been sufficiently small to prevent st
stantial loss of bentonite in interme
ate size tests in the WIPP (Storm(
and I(oward, 1987).
7.3.3

Concrete Design

Results from the Small-Scale S
Performance Tests have been ve
favorable with regard to the establi,
ment of tight, stable concrete se
in salt. Test Series A involved t
placement of six concrete seals
vertically-down boreholes, and there
simulated shaft seals in halite h
rock (Stormont, 1986). Three differ
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sizes were emplaced: 15.2 cm dia, 30.4
cm length; 40 cm dia, 61 cm length;
91 c-n dia, 91 cm length. The concrete
was the ESC mixture. Measurements of
strains and stresses in the concrete
seals and the adjacent rock revealed
that the strains and stresses are compressive in nature, and are tending
toward equilibrium. Creep of the adjacent host rock was identified as the
predcminant mechanism for the developmer t of stresses and strains in the concrete (Stormont, 1987). The stability
of ale seal system was not threatened
by permeability measurements, which
imparted a 2 MPa axial gas pressure on
one face of the seals, implying that
the concrete/rock interface has substantial strength. Fluid flow measurements
indicate that the seals are excellent
barr iers to fluid flow (Peterson,
Lagus, and Lie, 1987b). Both brine and
gas flow tests determined that five of
the 5. ix seals hdad permeabilities of
les!, than IV" m`. There was no
breakthrough of brine during a 140-day
test at 3.5 MPa driving pressure on the
60 cm long seal (Peterson, Lagus, and
Lie, I987b).

Figure 7.8. Configuration of Modeled
Concrete Seal in Top
of Salado (from Van
Sambeek, 1987).
80

- — Filth (top) Lilt
As part of the numerical analyses
Fourth 1.111
70
--••— Third (center) 1111
of shaft seals described in Section
— Second Lill
7.2.2., Van Sambeek (1987) evaluated a
—•— First (bottom) 1111
6
10 tn long, 7 m diameter concrete shaft
seal located in the top of the Salado.
50
The seal was slightly recessed into the
formation to account for the removal of rsE
40
the shaft key and any remnants of the
chernical seal material that had been
behind the key (Figure 7.8). The con30
crete was modeled as the ESC, using the
best .1 vailable representations of the
1
1
1
1
►
20
1
1
I
0.00 0.1)5 0.10 0.15 0.20 0.25 0.30 0.35 0.40 0.45 0.50
concrte properties. The temperature
Time alter Seal Emplacement (yr)
rise in the concrete was 72°C (Figure
7.9), and the maximum penetration of
the 3°C temperature rise contour was
about 5 m from the seal edge. The subFigure 7.9. Lift Temperatures in
segue -it therrnomechanical modeling of
the ESC Salt Seal
the seal system accounted for the time(from Van Sambeek,
dependent properties of the salt, as
1987).
well tts those of the concrete. The
rnodel results imply that the seal sys- concrete interface given in Figure
tem is structurally stable. Consider 7.10. The stress buildup within the
he
the modeled radial stress at the rock/ first 0.2 year is a result of
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given in Figure 7.6 is conceptr
to indicate that a shape other d,
simple cylinder may be required.
length of approximately 10 m should
adequate.

o

— — — With Slidelinet
— Bonded Conlacte

7.3.4

Sealing the Salado Rock

•

-5
0.01

0.1
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10
Time after Seal Emplacement (yr)

1C0

Figure 7.10. Contact Radial Stress
in the ESC Salt Seal
(from Van Sambeek,
1987).
chemical expansion of the concrete and
thermal stresses resulting from the
heat liberated during hydration. The
subsequent decrease in radial stress is
due to the cooling of the concrete and
the salt. The stress increase after
about one year is a result of creep of
the host rock; eventually, the radial
stress would approach the lithostatic
value of 6 MPa. Axial loads of 10 MPa
to simulate the swelling of adjacent
bentonite-based seals produced tensile
stresses in the concrete that were
largely attributed to the artificial
modulus of the salt (one-twelfth of the
measured value) used to improve creep
closure calculations (Van Sambeek,
1 98 7). Due to the dominant effects
of salt creep, when the concrete was
modeled without expansion the stresses
in the seal systern tended toward the
same values as with expansion.
Both the in situ tests and the numerical study indicate that the biggest
advantage of concrete seals in salt is
the tendency of the rock to creep in
on the seal to effect a tight, stable
interface that results in an early,
positive seal without waiting for extensive salt creep. The shape previously

Placing seals in halite will
time reduce permeability in the s
rounding formation and the interf
When a relatively stiff inclusion (s
as concrete immediately after empl2
ment and crushed salt after it apr
ciably consolidates) is located in
opening in rock salt, the tendency
the rock to creep will cause the ra
and tangential stresses in the vicit
of the inclusion to approach the lit
static stress. These stresses
expected to reverse the disturba
(including a decrease of permeabil
in the adjacent rock by literally fc
ing the rock back together. Furtl
the stresses at the seal/rock interf
are expected to become great enougl
render the often-troublesome interf
tight. Thus, emplacing certain st
may not only seal the excavation,
may also return the adjacent rock
near pre-excavation condition.
"Disturbance reversal" as descri
above has been observed in laborat
testing of halite, and has been
ferred to as "healing." When sami
of salt are brought from the field
a disturbed condition), their perm
bili ties are usually great.
Af
application of hydrostatic pressu
permeabilities decrease to a low v2
and remain fairly insensitive to st,
changes (Sutherland and Cave, 19'
Healing is generally attributed to
creased porosity from plastic defor
tion at the grain boundaries. Anol
type of healing that may occur
halite is macroscopic fracture heal
Limited tests of f racture toughn
suggest that fractures in halite tappreciably when subjected to mode
pressure and temperatures (Costin
Wawersik, 1980). IT Corporation (1‘
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founi that confining pressure and elevatec temperatures reduced the permeabil it y of fractures in salt with time
to a level comparable to that prior to
fracturing.
Healing has also been observed in
in situ tests. Test Series B of the
Small-Scale Seal Performance Tests
invplved I-m-long horizontal concrete
seals emplaced in 1-m-diameter boreholes (Stormont and Howard, 1986). Approximately 30 days after seal emplacement, tracer gas and flow measurements
indicated that while the volumetric
flow rates were quite small, very fast
travel times (<10 minutes) through the
seals were measured. In one case, the
flow path was identified as a fracture
either along the interface or in the
adjacent rock; in the other two cases,
the flow paths were assumed to be along
cabling routes within the seal. Followup measurements approximately one year
after seal emplacement revealed that
the flow paths previously observed had
shut down—no tracer made it through
any or the seals even after being introduced behind the seals at 2 MPa for 12
days I Peterson, Lagus, and Lie, 1987b).
Pressure measurements within the concrete seals indicate the development of
relatively high radial stresses near
the interface over the course of the
year (Labreche and Van Sambeek, 1987),
consistent with the concept of concrete/rock healing.

grouting may be difficult due to the
small size of the fractures and the tendency for movement of the host rock. At
present, the best design option is to
utilize the potential of the rock to
heal itself under certain conditions.
7.4 Design Options Including Asphalt
Asphalt could be used as a component in the shaft seals if the redundancy that it can provide was thought
necessary. Asphalt must be suitably
confined to prevent its loss through
cracks or fractures; therefore, the
adjacent host rock must be without !libstantial fractures. A material should
be placed above and below the asphalt
that does not allow the asphalt to
travel along its interface with the
host rock. Sitz (1981) demonstrated
the ability of clay/sand mixtures to
retain asphalt. Sitz also determi ned
that the asphalt layer should be more
than 1.5 m thick to achieve a good
seal.

The designs given in Figures 7.1
and 7.6 could be modified by specifying
a layer of asphalt in the middle of
the bentonite-based seals. It may be
difficult to locate a sufficiently unfractured section of host rock in the
Rustler without displacing the position
of the bentonite-based seals. In the
Salado, there is ample space. Also,
the creep of the adjacent rock salt inay
produce a natural overpressure sys
Grouting of the Salado is possible, with the viscous asphalt, increas ing
but is neither desirable nor thought its sealing ability.
necessiry as a primary seal. Effective
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8. DESIGN EVALUATION OF PANEL SEALS
Due to its predicted rapid consolidation, quarried or crushed salt is the
principal seal material for storage
panel seals. Special care, or actions
such as overexcavation, will be necessary to address the disturbed rock zone
problem.
8.1 Panel Sealing Strategy
The strategy for panel sealing is
to prevent the seal location from providing a preferential flow path out of
the storage panel. In this way, pressurized fluid within a storage room (if
there were any) would be equally likely
to move out through the host rock as
it would through the sealed drift and
shaft, greatly decreasing the amount of
fluid that might reach the biosphere if
the sealed penetrations were the predominant flow path. Such a strategy
again suggests emplacing a seal that
becomes virtually identical with the
host rock (that is, a salt-based seal).
As will be shown, effective salt seals
are expected to be established well
within WO years, consequently their
development will not be impeded by
human intrusion. The effect of brine
influx from the host salt into the
consolidating salt is expected to be
of less concern than in the shafts.
Loading of the panel seals by wastegenerated gas has not been explicitly
considered in design activities. The
seals as presently designed will allow
gases to pass through them fairly
easily until they consolidate, at which
time the seal will be essentially identical to the host rock. Further, as
waste will be emplaced on either side
of most panel seals, the loading will
be nearly symmetric and will not tend
to displace the seals. Gas generation,
dissipation, and pressure buildup must
be evaluated in the context of the entire storage system, not just the panel
seals. Once a satisfactory model of
gas generation exists, the room response, including panel seals, can be
evaluated.

The condition of the host roc
a critical consideration in the st
egy, design, and performance of r
seals. As previously discussed,
flow through a seal system is part
dependent on host rock permeabi
This becomes even more important
panel seals because the seal axi
aligned with that of the formation
ding and discontinuities, increa
the opportunities for seal bypass.
thermore, the rectangular shape of
excavations at the facility horizo
expected to result in more disturt
than a circular or elliptical sh
The panel seal designs will hav
take the adjacent disturbed rock
into account.
The current sealing concept
for panel seals in main access d
and in the panel entries (Figure
These seals will isolate the disr
area from the shafts, and the pi•
of waste from one another. The
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Figure 8.2. Cross-Sectional View of Panel Seals.
7acility design calls for reduced width
n the 60 m long panel entries (from
m high by 9.9 m wide in the storage
irea t) 3.9 m high by 4.0 m wide in
Ine en:ry and 3.9 m high by 6.0 m wide
n the other), and for 30 m of the
.ntry dedicated for a panel seal (US
)OE, 1986). Panei seal designs will be
leveloped within the 30 m length contraint if possible. The dimensions of
he main access drifts are 3.9 m high
)N,, 4.3 n: wide, and the remaining one is
1.9 m high by 7.5 m wide.
8.2 Panel Seal Design
T:c panel seal design is given in
7igure 8.2. A center or core of guaried Di crushed salt is the principal
ong-te,rm seal component. At this

location, the design calls for the rock
to be overexcavated just prior to seal
emplacernent to remove damaged rock.
Salt/bentonite mixtures in block form
or pneumatically emplaced will be
located on either side of the core
principaily as a short-term seal component. Pressed salt blocks are the
exterior components to confine the
bentonite and to serve as a reduncknt
long-term seal. The shapes and si::es
of the seal components and the overexcavation in Figure 8.2 are conceptual.
8.2.1

Sa t Seal Design

Test Series C of the Small-Scale
Seal Performance Tests is providing
data on t he st ruct ural and fluid
flow performance of block-type seals
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that simulate panel seal components up to a fractional density of C
(Stormont and Howard, 1987). Eight (Sjaardema and Krieg, 1987); theret
seals, 92 cm wide, 92 cm high, and the crushed salt seal was indirec
92 cm long, were emplaced in boreholes modeled as an open drift. The st
drilled in the rib (wall) of the WIPP parametrically varied the initial d
Facility. Four seals are composecl of sity of the crushed salt and the t
salt blocks, and four seals are com- of seal emplacement after excavati
posed principally of salt/bentonite Results showing the change in fracti
blocks. There are four seals instru- al density with time, for various
mented with pressure and closure (dis- tial fractional densities and for ti
pl a cement) gauges: two salt block of emplacement after excavation of
seals and two salt/bentonite block and 10 years, are given in Figures
seals. The remaining four uninstru- and 8.4, respectively. Clearly,
me nted seals (two salt and two salt/ time required to reach 0.95 fractic
bentonite) are for permeability or density (the working criterion of ef
fluid flow testing. In order to in- tive salt consolidation as discussed
stall the block-type seals in cylin- Chapter 5) decreases with increas
drical horizontal bore holes, the seal initial fractional density. FurtF
intervals were "squared" into rectangu- for the same initial density, the I
lar parallelepipeds and therefore have to reach 0.95 fractional density is
a shape similar to a drift. Methods of creased the longer after drift exca
block production and seal emplacement tion• that the seals are emplaced.
devised suggest that block-type seals conclusion from this study is that
are viable full-size seal structures. an opening 10 years old or less,
Structural measuremcnts include hole initial fractional density of 0.8
closure in open and sealed portions of greater is required to achieve the w,
the boreholes, pressure changes at the ing criterion of 0.95 fractional c
seal/rock interface, and axial displace- sity in less than 100 years, and
ments of the seals. These measurements therefore be established prior to
provide data to test laboratory-based breach scenarios. Such a fractic
models of salt consolidation. To date,
the measurements are consistent with
1.0
the conclusion of Sjaardema and Krieg
(1987) that crushed salt seals should
provide little resistance to hole clo0.9
sure until they become ver) dense.
The consolidation of a crushed salt
panel seal has been modeled by Arguello
and Torres (1987). A two-dimensional
plane strain geomechanical model of the
panel entryway and seal component was
used to numerically simulate the seal
system response. The drift was modeled
as 3.7 rn wide by 6.1 m high, and the
seal was assurned to be infinitely long
in the out-of-plane direction. Reference stratigraphy and rnaterial properties were used for the formation, with
the exception of ar artificial reduction in the elastic modulus for the
rock salt to better simulate measured
closures. The crushed salt was assumed
to provide no backstress to closure
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Figure 8.3. Fractional Density with
Time for Seal Emplaced
at 0.5 Years After
Excavation (front
Arguello and Torres,
1987).
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A salt/bentonite seal component
would add a short-term flow barrier
function to the panel seal. Such a
seal component would remain effective
even if it did not consolidate substantially as a result of the "bridging” of
closure from the relatively stiff ac jacent quarried salt block compone nt.
The bentonite would be confined by the
pressed or quarried salt blocks on
either side of it. The bentonite may
seal fractures in the anhydrite or salt
rock if they are not too large.

Time (yr)

Initial fluid flow testing of the
salt/bentonite seals in Test Series
C suggested that the salt/bentonite
blocks can be effective barriers to
brine flow if interface erosion is prevented. Salt blocks provided adequate
confinement for the salt/bentonite
density is achievable by pressed blocks blocks under these test conditions
(Stormont and Howard, 1987).
(Stormont and Howard, 1987).
Figure 8.4. Fractional Density with
Time for Seal Emplaced
at 10 Years (from
Arguello and Torres,
1987).

Once its fractional density exceeds
D.95 , crushed salt will develop a stiffness approaching that of intact salt.
Therefore, stress build-up and the ac:ompa nying disturbance reversal is
?,xpected in the rock adjacent to a relatively cense crushed salt seal.

8.2.3

Bock Sealing

The formation could provide a path
for fluid to bypass the panel seoils.
The inherent low permeability of farfield or intact salt will probably
preclude unacceptable bypass, but the
disturbecl zone may be troublesome. In
Extrapolation from the shaft salt a bedded deposit, especially when the
;ons ol i dat i on s t udy by Nowak and predominant rock (salt) continues to
;torrnont (1 98 7) reveals that the ex- deform in a nearly stable stress-field,
)ectIc rates of brine influx will not separations or fractures associated
;aturate a mass of crushed salt at the with the interbed layers are to be ex- epository horizon until its fractional pected. The relatively thin Iayer of
lensity is well above 0.95. Therefore, salt on the roof and invert between the
Prine influx should not prevent salt excavation and the interbed layers nay
'rorri consolidating adequately as a also fracture. The fractures could
panel seal component.
become a network of connected porosity
throughout the storage facility. The
An effective seal should be a- fractures may be confined to immediate;hieved faster with quarried salt. Quar- ly above and below the excavation, or
- ied sllt would also limit disturbance may extend some distance. Such fracn the adjacent rock, as it would take tures could ultimately connect waste
ess closure to effect a seal, and it disposal areas with other portions of
pecornes stiffer faster, resulting in a the facility.
;tress buildup in the vicinity of the
;eal.
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The most direct method of detecting and measuring disturbance surrounding WIPP Facility excavations has been
gas flow or gas permeability tests
(Stormont, Peterson, and Lagus, 1987).
Results of these gas flow tests in test
intervals composed of rock salt are
given as a function of distance of the
test interval from the excavation in
Figure 8.5. Beyond 1 m the flow rates
are consistently small, and within 1 m
of the excavation flow rates vary by
many orders of magnitude. When the
test interval containing an interbed
layer was distant from the excavation,
the measured flow rates were low;
relatively high flow rates occur when
the interbed is within about 2 m of the
excavation and the measurement has been
made near the center of a drift or
intersection (Figure 8.6). As shown in
Figure 8.7, the wider the drift, the
more flow is measured in the interbed
when measured from the center of the
drift.
Tests conducted in the first panel
entries provide a good illustration of
the dependence of disturbance on time
and size. Gas flow measurements conducted in the rock immediately above
and below these drifts began about 1
month after excavation and were periodi ca 1 1 y repeated.
The following
conclusions are drawn from these measurements: (1) at all times, the flow
rates in the wider (6.0 m) drift are
substantially greater than in the
narrower (3.9 m) drift; (2) the flow
rates in the wider drift increase more
dramatically with time (Borns and
Stormont, 1987). Contours of gas flow
rates measured around a 5 year old WIPP
drift similar in size to a panel entry
are given in Figure 8.8 (Borns and
Stormont, 1987). Tracer measurements
imply that vertical and horizontal flow
paths (both microscopic and macroscopic
fractures) exist above and below the
excavations, and are located in Marker
Bed 139 below, Seam B above, and the
salt that separates these layers from
the excavation (Stormont, Peterson, and
Lagus, 1987).

Visual observations of fracturr
boreholes in the rock surrounding
vations have also provided direct ii
mation regarding the disturbed
zone. The observations are summa
in Figure 8.9's idealized cross-se(
of a storage room (Borns and Storr
1987). Reexamination of existing I
holes by Franke (1987) suggests a
strong dependence of fracture freqt
on drift span and time after exc
tion.
Continuing deformation is likel
result in increased flow or perme:
ity in the rock ad jacent to seal I
tions, so it appears prudent to ir
seals to limit the deformation as
as possible after excavating and
ing the rooms with waste. It rna
feasible to install some of the p
entry seals within a few years after
cavation, but the main access ways
be open for 30 years prior to decon
sioning. A different seal design
be required in locations that have
open for long periods of tirne.
A fundamental issue is whethE
overexcavate the rock at the panel
locations. Some overexcavation is
sently believed necessary because
turbance (i.e., fractures) is expe
to develop quickly after excavation
get progressively worse, and it s
unlikely that healing can revers(
of this disturbance within 100 },
Within one year after excavation,
anhydrite layer beneath the floo
the first panel entry way had fract
extensively (Borns and Stormont, 1
While healing of halite in the vic
of panel seals may reverse some
turbance once the seal components
sify sufficiently to exert appreci
backstress, fractures in anhydrite
not expected to readily heal, and
if they are forced back together
likely that the surfaces will not n
perfectly and the fracture will re
open. Overexcavation rnay allow
drift to possess a more favorable F
etry that will minimize post-sea
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damage. However, the limitations of instrurnentation, and one is unins truoverexcavation should be recognized: it mented. The concrete was pumped into
wi;1 entail additional costs, there place, and the resulting seals had an
is n ) experiience with or data from the excellent contact with the host rock.
overexcavated drift configuration, and Structural results indicate that the
as the effective diameter of the open- seals are stable, even when axially
ing increases, the disturbed zone may loaded to 2 MPa during flow testing
(Labreche and Van Sambeek, 1987).
propagate further into the rock.
Trends indicate that axial stresses may
be
done
become, tensile about two years after
should
The overexcavation
if
posemplacement,
perhaps eventually re3ultjust prior to seal emplacement
in
fracture.
As with Test Series
utiing
minimize
disturbance
and
sible, to
adjacent
rock was the
A,
the
creep
of
rates
of
the
increased
creep
lize the
host salt just after excavation. It is predorninant mechanism of stress and
likely that portions of Marker Bed 139 strain development in the concrete
and Seam B will have to be removed. The and the adjacent rock after transient
most favorable shape may be elliptical, effects diminished. The results of
rather than rectangular. Limited grout- fluid flow tests of these seals indiing of Marker Bed 139 in the vicinity cated that they were excellent barriers
of tF e overexcavation may be required to fluicl flow and become more effective
with time, due to the healing effect
to f 11 large voids.
(Peterson, Lagus, and Lie, 1987b) discussed in Section 7.3.4.
8.3 Desigq Options Including
Concrete
Arguello and Torres (1987) conductMany alternative designs for panel ed analyses of concrete panel seal comsea s can be generated by including ponents. The model was identical to
concrete as a cornponent. Concrete com- that previously used for their analyses
ponents are presently not thought nec- of the crushed salt component (Section
essary to establish effective panel 8.2.1), except the crushed salt was
seals, but they are retained as a secon- replaced with a concrete seal. The condary design option. Concrete could be crete was modeled as linearly elastic,
used for many reasons: (1) if salt con- and the material constants were those
solidation assumptions are not substan- for the ESC (Gulick and Wakeley, IS87).
tiated; (2) for confinement of salt or The analyses were carried out to 50
bentonite-based seal components; (3) to years, where the seal system response
revel-3e formation disturbance; (4) as a is assumed to be dominated by salt
short-term flow barrier; (5) as a redun- creep. Previous modeling by Van Sambeek
dant component. Due to the length of (1987) and Van Sambeek and Stormont
time that they will be open, the seals (1987) suggests that the effects of
in th.-!. main entries may require con- hydration and expansion diminish with
crete components. The shaft base seal time for a concrete seal in salt be(introduced in Chapter 7) is likely to cause or the dominant long-term effect
includ€ concrete.
of salt creep. When the concrete was
loaded by the creep of the adjacent
Tc.st Series B of the Small-Scale rock, the calculations predicted that
Seal Performance Tests involved three essentially no tensile stresses devel92 c ni diameter, 92 cm long concrete oped in the concrete, and the com(ESC') seals emplaced horizontally in pressive stresses were well .below the
the Tit of Room M (Stormont and Howard, strength of the concrete. Tensile
1986). These seals simulate panel seals stresses which exist in the rock pi ior
in an idealized (circular) geometry. to seal emplacement (which indicate
Tv,o seals contain thermal/structural potential locations for fractures) v,ere
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predicted to disappear and become compressive soon after seal emplacement;
within five years after seal emplacement no tensile stresses exist. Thus,
a concrete component is expected to
generate a stress field in the adjacent rock that is conducive to healing
or tightening of the halite host rock.
Results frorn Test Series B that substantiate this prediction are discussed in
Section 7.3.4.
A composite panel seal consisting
of a central crushed salt core with concrete end caps was analyzed by Arguello
(1 98 8). A two-dimensional, axisymmetric geomechanical model was used to
estimate the effect of a finite length

composite seal and the influence of t
stiff concrete end caps on the conso
dation of the central core (bridging
The concrete seals were 5.4 m in diar
eter and 5.3 m long, and the salt co
was 5.4 m in diameter and 19.8 m lon
The composite seal was assumed to I
emplaced two years after excavatio
Fractional densities of the crushf
salt core as a function of time aft
emplacement are given in Figure 8.
for an initial salt fractional densi
of 0.8. The effect of the concrete
largely confined to within 2 m of tl
concrete/crushed salt transition. Da
from Test Series B imply that the c1(
sure of a borehole is largely unaffec
ed by a concrete seal within one-ha
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10.0

of a hole diameter away from the concrete face (Labreche and Van Sambeek,
1987), and are therefore consistent
with this rnodeling study. Arguello
also predicted that unacceptably high
axial tensile stresses develop in the
:oncrete soon after seal emplacement,
lnd suggested that reinforcement or

seEil geometries other than simrle cylindrical ones may be necessary. Test
Series B data indicate that tensile
stiains develop in the concrete, but
there is uncertainty over the stress
measurements (Labreche and Van Sambeek,
1987).
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9. DESIGN EVALUATION OF NON-WASTE ROOM SEALS
The non•-waste rooms are to be
sealed by backfilling with crushed
salt.
9.1 Non-Waste Room Sealing Strategy
Non-waste rooms or drifts are all
excavations not presently dedicated to
eventual waste disposal, including the
experimental areas. It is presently
planned to seal non-waste rooms by backfilling with crushed salt. The purpose
of backfilling these areas is to provide a redundant barrier to fluid migration, limit the damage around these
excavation, shorten the time until the
repository is returned to a condition
comparable to intact rock, and serve as
a disposal location for mined salt.
9.2 Non•-Waste Room Seal Design
The non-waste rooms should simply
be backfilled with crushed salt.
No

secondary excavation is anticipated
Pneumatic stowing or backfilling
be the emplacement method of choic(
because: (1) relatively high initia
densities can be achieved; (2) there i
good control over the consistency ol
the emplacement; (3) it is relativel!
inexpensive; (4) emplacement can b(
achieved remotely to avoid regions o
possible danger.
The time to achieve effective con
solidation can be inferred from analyses for consolidation of panel sea
components (e.g., Arguello, 1988;
Arguello and Torres, 1987). Based oi
these analyses, consolidation should b4
complete in less than 200 years. Because of the time the excavations wil
be open prior to sealing and the lacl
of preparation or treatment of the adja
cent disturbed zone, substantial addi.
tional tirne may be required to reversi
the adjacent formation damage.
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10. DESIGN EVALUATION OF BOREHOLE SEALS
Cementitious grouts will be used to
sea boreholes in the vicinity of the
W]PP, probably without removing the
hole casing. Present analyses suggest
that crushed salt may not be effective
fo- borehole sealing.
10.1 Borehole Sealing Strategy
Previous assessments have indicated
thar. open existing boreholes in the
vicinity of the WIPP pose little or no
threat to the public (Intera, 1981;
Christensen, Gulick, and Lambert, 1981;
Stormont, 1984), principally because no
existing boreholes penetrate the WIPP
Facility and salt must be dissolved in
the boreholes before penetration could
occt r. Such dlissolution is calculated
to proceed slowly, and the requirements
for borehole sealing are therefore expect,?,c1 to be minimal. Because concerns
regarding long-term performance are
alleviated for borehole seals, cementiHow. mixtures can be used as the principal seal material.
Cement-based materials (grouts) are
prefl!.rred as borehole seal material for
their emplacement characteristics. Borehole sealing entails remote emplaceme at, and confidence is required that
the sealing material completely fills
the borehole and makes good contact
with the borehole wall. This may be
particularly irnportant in boreholes
perCrating rock susceptible to substantial washouts (Christensen, Statler,
ancl Peterson, 1980). Cement grouts
have known flow properties and estabI is he d emplacement techniques that
allcw good rock/seal contact. Even if
the grout degrades into its constituent.; (principally sand), adequate resistance to flow should exist (Stormont,
1984)
10.2 Borehole Seal Design
The saltwater BCT-1F mix (Section
6.3.1) should be placed in the salt
zones to preclude dissolution of the

host rock by the cement water. Cn the
other hand, the freshwater BCT-1FF mix
is preferred in nonsalt zones because
of its slightly better performance characteristics.
A fundamental issue concerning borehole sealing is whether or not the casing should be removed prior to sealing.
Iron casing will corrode over long periods of time, leaving a more pet meable ccnduit through the seal (Tremper,
1966; Tonini and Dean, 1976). However, because all boreholes which penetrate the Salado are unlined below the
Rustler contact with the exception of
ERDA- 9, a seal of substantial length
which has a good bond with the host
rock will be emplaced even if the hole
is left cased. Very short borehole
seals emplaced in salt in Test Series A
of the Small-Scale Seal Performance
Tests have exhibited permeabilits toq
gas arid brine of less than 10-'5 m4
(Peterson, Lagus, and Lie, 1987b). The
Bell Canyon Test demonstrated the effectivene3s of short grout borehole seals
in anhydrite host rock (Christensen and
Peterson, 1981). Given the probable
minimum sealing requirements for boreholes, it is believed that adequate
seals can be achieved with the clsing
left in place above the Salado.
10.3 DesiRn Options Including
Crushed Salt
While it would be desirabl
to
achieve a salt seal in boreholes, present concerns regarding emplacement techniques and brine saturation prior to
achiev.ng high fractional densities do
not make it a first choice materia for
borehole seals. Bridging of a granular
material during remote emplacement in a
relatively small diameter is possible.
Concerns over bridging and the complete
filling of the borehole can be partially alleviated by first screening the
salt to eliminate large grains, perhaps
to a d istribution similar to sand, and
then emplacing it through tubing that
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is withdrawn during filling. Screening
may also help to obtain the highest poss ible initial density of the crushed
salt.

proportional to its diameter. The fr
tional density of a crushed salt s.
with time is therefore independent
the opening diameter, as long as t
initial fractional density is the sar
Even if the crushed salt could be Thus, the results of Torres (1987) sho
emplaced effectively, the consolidation ing the change in fractional densi
may be impeded by saturation of the with time for an initial fractional de
crushed salt by brine from the host sity of 0.60 (see Figure 10.1) api
rock salt. Salt consolidation calcula- to salt consolidation in boreholes,
tions for shafts (Torres, 1987) can be well as in shafts. The present bt
related to salt consolidation in a estimates of brine influx, however, pi
borehole by applying the "pseudostrain dict that once short-lived transier
concept" (Munson, Torres, and Jones, diminish, the volumetric flow rate
1987), which in essence states that independent of excavation diameter,
closure in homogeneous salt is directly stated differently, that the flux
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Figure 10.1. Backfill Density for a 3.66-m-Diameter Shaft (initial
density = 0.60; from Torres, 1987).
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inv(!rsely proportional to the opening
diameter (Nowak and McTigue, 1987).
Therefore, for the expected rates of
con3olidation and brine influx in bore-

holes, the crushed salt will become
saturated prior to consolidating appreciably and the working criterion of
Chapter 5 is not satisfied.
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1 I. CONCLUSIONS
Salt consolidation is the key ele- system, as demonstrated by model st
ment of the design concepts for sealing ies and in situ test results. In
the WIPP. To date, all indications shafts, rock in the Rustler Format
are that the behavior of crushed salt may be of particular concern due tc
is amenable to constructing long-term diversity and relative inaccessibil
seals. There are many options for em- At the disposal horizon, the anhydr
placement, and all of them are avail- clay interbed has been observed
able, practical and not excessively contribute substantially to a distur
costly. The recently developed and rock zone. In halite, the tendency
demonstrated block technology is a sig- the host rock to creep has positive t
nificant advancement in emplacement of efits. First, the closure consolid;
crushed salt. Small amounts of mois- the seal material. Once the seal ml
ture have consistently and dramatically rial resists continued closure,
increased consolidation rates in labora- rock stresses increase and tend
tory tests. In addition, permeabil- tighten the seal/host rock interfa
ities were shown to drop markedly at a This effect, known as healing or dis
fractional density of 0.95. The con- bance reversal, has been simulated
stitutive relationship for crushed salt merically and observed during in
based on the laboratory tests reveals tests.
that the salt will provide little resistance to closure until fractional denBentonite-based seals have nil
sities exceed 0.95, at which point they favorable properties, including low r
have becorne effective barriers to flow. meability and moderate swelling pot
A working criterion developed for satis- tial. Model results suggest bentoni
factory consolidation was a fractional importance in effecting adequate st
density of 0.95 or greater prior to seals in the Rustler. Bentonite can
saturation. Model studies of salt con- tailor-mixed with other materials, s
solidation in shafts show that under as sand or crushed salt, and empla
conservative assumptions a >100 m long in many different ways, inclucl
seal of consolidated salt at the base blocks. Initial results from in s
of the shafts can be expected if exces- tests are favorable for bentonite/5
sive water from the overlying water- mixtures as barriers to fluid fl(
bearing zones is ruled out.
Finite Bentonite-based materials are be
element modeling of salt consolidation used in other experimental progr2
in panel seal components shows that throughout the world, and the data h
ef fective salt consolidation is ex- is therefore growing rapidly. The lo
pected in less than 100 years at these term physical and chemical stability
locations. An alternative for emplac- bentonite in WIPP environments is prc
ing salt seals is the use of quarried ising, but largely unsubstantiated.
salt blocks. This technique, while not
yet as advanced as crushed salt consoliCementitious materials have bc
dation, could substantially reduce the developed for placement in differ,
time required to achieve an effective, WIPP environments (salt and nonsc
long-term salt seal should that be with adequate material properties
desirable.
emplacement characteristics. These r
terials have been emplaced and tes
The design evaluation reveals that in situ in numerous configurations, 2
the host rock is expected to signifi- have demonstrated exceptional seal
cantly influence the adequacy of seal ability. Structural and thermal mf
systems. The adjacent rock can be the surements have been used to impr(
predominant flow path through a seal numerical models of concrete/s
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interaction. Numerical simulations of
concrete seals in shafts and panel seal
locations have indicated that stable
seals should be achievable, but indications of tensile stresses in concrete
seals emplaced in halite have been
noted.
There is presently no known fundamental obstacle to effectively sealing
the WIPP by implementing the design concepts contained herein. Therefore, the
pre1ent long-term sealing considerations support waste isolation at the
The designs, however, are not
%VIP
cornplete. Much work will be required
to confirm these design concepts prior
to the WIPP conversion from a pilot
plant to a repository in about 1992.
Key elements of the ongoing experimental program are given below.
11.1 Materials Development
,...aboratory testing of salt consolidation and permeability will continue,
with emphasis on developing a mechanist [c model of consolidation. The
recently developed constitutive model
will be tested against new laboratory
data, and applied to potential seal
configurations.
he quarried salt concept will be
evaluated to determine its feasibility.
Emplacement technology, laboratory testing, and model simulations will be developed if warrante:d.
The long-term physical and chemical
stability of bentonite-based seal material!. will be investigated.
Ilasic properties and efficacy of
asphalt seals will be obtained from
existing literature.
C'ontinued testing
ples. of cementitious
tinue, with emphasis
long-term stability.

of laboratory sammaterial will conon indications of
Grout development

for formation grouting in the shafts
will be pursued if necessary.
11.2 Formation Hydraulic Properties
Measurements of permeability, pore
pressure, and brine influx will be made
in the soon-to-be-excavated Air Intake
Shaft.
Measurements to characterize the
time-dependent development of the disturbed rock zone surrounding excavations at the facility horizon are being
conduc:ted. These measurements include
gas permeability and dye injection
tests.
Further tests to determine brine
influx size effects and the pressure
regime in the vicinity of the WIPF' Facility are being implemented. A driftscale. test is planned.
11.3 Seal Tests
The Small-Scale Seal Performance
Tests have provided a wealth of practical information and data in return for
a modest investment. The existing test
series will be maintained to provide
data on time-dependent effects, and
future test series are being designed
and implemented to simulate shaft seal
components.
A full-size test of a seal component will be required to provide reasonable assurance that the concepts
developed on a relatively small-scale
can be extrapolated to their intended
application. Present plans are for a
test of crushed salt block and quarried
salt seals to be installed in conDriction with a drift-size brine influx
experiment.
11.4 Seal Design and Modeling
The models of crushed salt consolidation in the Salado portion of the
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shafts anci the flow through the seals
in the Rustler portion of the shafts
are being coupled to provide a more
realistic model for the progressive
consolidation and saturation of the
crushed salt column in the shafts.
Various loading conditions and geometries will be investigated to develop
a stable concrete seal design for salt
and non-salt host rocks. The necessity
of concrete expansivity will be investigated.

11.5 Svstem Integration
An adequate and defensible deß
will require the integration of labc
tory data, in situ data, and model
results. Results from other expe
mental programs must also be COM
ered, including performance assessn
activities. A system analysis apprc
for the entire seal system and its s
systems will be implemented to ens
that the design is adequate.
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F.1 INTRODUCTION

This appendix provides information concerning the radiological dose assessment
modeling used to evaluate the risks associated with WIPP operations. A discussion
of the AIRDOS-EPA computer model and its input parameters is provided, the concept
of plutonium equivalent curies is explained, and descriptions of accident scenarios are
presented. In response to numerous comments on the draft SEIS accident analysis,
variations to the accident scenarios have been postulated in F.3 to consider alternate
assumptions which result in more severe but less likely consequences. The crodible
accident scenario having the highest projected consequences is that of a postulated
drum fire in the underground waste disposal area.

F.1.1 OVERVIEW OF AIRDOS-EPA
AIRDOS-EPA (Moore et al., 1979) estimates tho radiation dose to either a maximally
exposed individual or to an exposed population from the release of a specified quantity
of radionuclides to the atmosphere. The code estimates concentrations of radioaptivity
in air, deposition buildup on ground surface, and ground surface concentrations based
on release information, characteristics of the area surrounding the release site (e.g.,
agricultural productivity and land use), and specified• meteorological conditions. These
estimates, combined with intake rates for man, were used to estimate the radiation dose
to an exposed adult human from potential exposure pathways for routine and acciclental
releases.

F.1.2 METEOROLOGICAL MODELING
The WIPP site area was modeled as a 50-mile-radius circular grid system with the site
located at the center. Site-specific meteorological data, typical of annual average
conditions, were specified for the assessment of routine annual releases. The annual
frequency of wind direction was first determined for each of the 16 principal compass
directions. The frequency of each Pasquill stabrity category, ranging from category A
(very unstable) to category G (extremely stable), was then determined for each of the
16 directions. The average wind speed was entered for each wind direction and
Pasquill category. The average depth of the atmospheric mixing layer (lid) for the area
was specified to limit the vertical dispersion of the plume after it travels some distance
downwind of the source. The lid value used app'ies to routine and accidental releases.
For the assessment of accidental releases from the WIPP, stable meteorological
conditions that allow minimal dispersion were assumed: a wind speed of 2 m/s uilder
stability class F (very stable) conditions with wind direction constrained to a single
direction for the maximum individual and annual average conditions with wind direc:tion
constrained to the direction having the highest consequences for the general
population.
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F.1.3 STACK EFFLUENT MODELING
The waste handling building stack and/or the exhaust shaft are the two possible release
points for routine and accidental releases (release points are referred to as "stacks" for
modeling purposes). AIRDOS-EPA requires input describing each area or point of
release.
Because the air will be discharged from the "stacks" at a relatively high velocity, the
release will effectively take place at a height above the physical stack. Models for
momenturn-dominated plumes (Rupp et al., 1948) were used to estimate effective stack
heights for releases associated with routine operations and projected accidents. This
method employed an effective "stack velocity" in the vertical direction to determine the
effective height of the release since the discharge from the stack will be angled. The
effective point of release was also offset to account for the angled discharge. For
releases associated with postulated accidents, the effective stack heights were
estimatecl using Rupp's equation and reflected actual stack velocity measured during
the postulated accidental release.

F.1.4

DISPERSION MODELING

The Gaussian plume model of Pasquill (1961), as modified by Gifford (1961), estimates
plume dispersion in the downwind direction. The values recommended by Briggs
(1969) for the horizontal and vertical dispersion coefficients were used for dispersion
and depletion calculations. The code permits consideration of dry deposition and
scavenging for determining deposition of radionuclides on ground surfaces. Dry
deposition is the process by which particles are deposited on grass, leaves, and other
surfaces by impingement, electrostatic deposition, chemical reactions, or chemical
reactions with surface components. The rate of deposition on earth surfaces is
proportional to the ground-level concentrations of the radionuclides in the air (Slade,
1968).
Scavenging is primarily due to washout of particles from a plume by rain or snow and
is, therefore, a function of the precipitation rate. The scavenging coefficient was
averaged over an entire year, including periods during which rain or snow would not
fall. Scavenging can thus be described as a continuous removal of a fraction of the
plume per second over the entire year.
The value for the total ground deposition rate used in assessing routine releases was
the sum of the dry deposition and the scavenging rates. The code removes the
deposited fraction and maintains a mass balance along the plume as the concentration
of the plume decreases. For the accidental release assessment, scavenging due to
precipitation was conservatively ignored.

F.1.5 TERRESTRIAL MODELING
As previously stated, the area surrounding the WIPP site was modeled as a 50-mile
radius circular grid system with the WIPP facilities located at the center. Within the
grid, 20 distances were specified in each of the 16 compass directions. Each distance
F-2

represented the midpoint of a sector. Eleven distances were specified within a 5-mile
radius of the WIPP. The remaining nine dis•:ances were specified at about 5-mile
incremental distances from the center of the site. Within each sector formed by the
grid system, WIPP-specific data were used for population, agricultural area, surfacewater area, and numbers of beef and dairy cattle. These data are summari2:ed in
Section 2.1 of the draft Final Safety Analysis Report (DOE, 1989).
Other factors used in modeling terrestrial and food crop transport are provided in U.S.
Nuclear Regulatory Commission (NRC) Regulatory Guide 1.109 (NRC, 1977). One-half
of the anticipated operational life of the facility, 12.5 years, was specified as the period
of tirne allowed for long-term buildup of radioactivity on surface soils.

F.1.6

DOSE MODELING

The AIRDOS-EPA computer model estimates radiological intake rates at specified
environmental locations. Resultant doses are then calculated through various exposure
modes, using the ground-level concentrations in air and ground deposition rates
computed from the meteorological input. To e:stimate the collective population ,dose,
average values in the crosswind direction over each sector were used for the air
concentrations and ground deposition rates. The average individual dose was
determined by dividing the population dose by the number of individuals in the exposed
population. The dose to an individual receiving a maximum dose (maximally exposed)
was deterrnined directly by the code.
For accident assessments, it was assumed that the maximally-exposed individua was
located on the center line of the discharge plume. at the point of highest off-site groundlevel concentration for the entire duration of the accident. The population dose for
accident assessments was calculated using annual average meteorological conditions
(wind speed and stability class frequency dist lbution) with a constant wind in the
direction which maximizes the collective population doses.
Exposure pathways, primarily the air pathway, are. discussed in Subsection 5.2.3.2. The
model calculates doses to total body, lungs, red bone marrow, lower large intestine
wall, stomach wall, kidneys, liver, endosteal cells, thyroid, testes, and ovaries. The
doses calculated are 50-year Committed Effective Dose Equivalents (CEDE) resulting
from a one-year exposure for routine releases or one-time exposure for accidental
releases.
The internal dose conversion factors used in the calculation were those reported in
Dunning (1986). The inhalation factors were based on the ICRP Task Group Lung
Model, which simulates the behavior of particulate matter in the respiratory tract. The
inhalation factors used correspond to a median aerodynamic diameter of 1 micron. The
ingestion factors were based on a four-segment catenary model with expone ntial
transfer of radioactivity from one segment to the next. Retention of nuclides in other
organs was represented by linear combinations of decaying exponential functions. In
the inhalation and ingestion models, cross-irradiation (irradiation of one organ by
nuclides ccntained in another) is included,
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The Dunning dose factors are based on the ICRP and NCRP models endorsed by the
DOE in its August 5, 1985, Vaughan memorandum (DOE, 1985). Further, Dunning
calculated dose factor using the same organ uptake fractions for daughter products
as for the parent, as recommended in more recent ICRP guidance. Comparison of the
Dunning dose factors with those recommended by the Vaughan memorandum (DOE,
1985) indicates that Dunning's approach is slightly more conservative. External dose
rate conversion factors developed by Kocher (1981) are used.
Where the chemical form and solubility of nuclides in the source term was not known,
the solubility class which yielded the highest effective dose commitment was used in
the model. For the alpha emitters, a quality factor of 20 was used in the calculation
as recomrnended in ICRP Publication 26 (ICRP, 1977).
Input parameters to the AIRDOS-EPA model specific to the WIPP site are documented
in Tables F.1 through F.11.
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TABLE F.1

Meteorological data: assessment of routine releases

Parameter

Value (units)

Lid height

1,435 (m)

Average temperature

288.8(°K)

Average rainfall

24.13 (cm/y(1

Frequency of atmospheric stability
classes for each direction

Table F-2

Frequencies of wind directions and
true-average wind speeds

Table F-3

Frequencies of wind directions and
reciprocal-average wind speeds

Table F-4

Pasquill Category Temperature Gradientsa
E
F
G

0.0055(°K/m)
0.0280(°K/m)
0.0400(°K/m)

a Categories A-D are not utilized in the AIRDOS-EPA Code; Categories E-G are AIRIDOSEPA Cocle default values.
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TABLE F.2 Frequency of atmospheric stability ciasses for each direction

Fraction of tirne in each stability class

SECTORa

A

B

C

D

E

F

G

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16

0.5740
0.3376
0.2030
0.1869
0.2813
0.2627
0.2320
0.2981
0.3701
0.4469
0.5295
0.4420
0.5465
0.5657
0.5731
0.6558

0.0084
0.0084
0.0071
0.0098
0.0246
0.0208
0.0044
0.0154
0.0168
0.0163
0.0153
0.0122
0.0178
0.0046
0.0134
0.0061

0.0042
0.0038
0.0034
0.0045
0.0086
0.0091
0.0132
0.0154
0.0037
0.0041
0.0088
0.0020
0.0076
0.0061
0.0134
0.0048

0.0391
0.0287
0.0240
0.0548
0.1044
0.1053
0.0485
0.0615
0.0299
0.0265
0.0306
0.0326
0.0293
0.0428
0.0403
0.0400

0.0705
0.0738
0.0907
0.1209
0.1597
0.1756
0.1498
0.1231
0.1252
0.0898
0.0722
0.0570
0.0561
0.0413
0.0538
0.0461

0.0517
0.1937
0.1979
0.1794
0.1413
0.1144
0.1175
0.0712
0.1121
0.0714
0.0481
0.0855
0.0726
0.0428
0.0336
0.0218

0.2521
0.3540
0.4740
0.4437
0.2801
0.3121
0.4347
0.4154
0.3421
0.3449
0.2954
0.3686
0.2701
0.2966
0.2723
0.2255

a Wind directions are numbered counterclockwise beginning with 1 for due north.

TABLE F.3 Frequencies of wind directions. and true-average wind speeds

Wind speeds for each stability class
(meters/sec)

Wind towarda

Frequency

A

B

C

D

E

F

C

1

0.091

3.90

2.62

2.62

3.69

3.29

3.58

2.40

2

0.151

4.36

3.91

3.25

3.94

4.79

5.54

3.0,3

3

0.188

3.94

3.77

3.85

3.86

4.18

4.54

2.94

4

0.085

3.28

4.00

3.87

3.95

3.93

3.32

2.45

5

0.052

4.46

5.32

6.61

5.33

5.39

4.80

3.01

6

0.049

4.67

5.10

6.25

5.65

6.18

5.16

2.93

7

0.043

4.40

2.98

3.05

4.17

4.90

4.04

2.65

8

0.033

4.06

3.38

4.36

4.23

4.29

3.57

2.65

9

0.034

4.25

4.28

3.15

3.87

4.40

3.74

2.7()

10

0.031

4.02

2.26

2.25

3.16

3.52

3.97

2.94

11

0.029

3.57

2.26

2.76

3.31

3.41

4.54

2.79

12

0.031

4.28

3.18

0.85

3.08

4.88

5.21

3.36

13

0.050

5.64

3.37

5.11

4.74

5.10

6.01

3.57

14

0.042

4.84

0.85

4.10

3.73

3.40

5.39

3.01

15

0.038

3.75

3.60

4.08

2.73

3.58

2.90

2.62.

16

0.053

3.54

2.27

3.15

2.74

2.75

2.11

2.2.1

a Wind directions are numbered counterclockwise starting at 1 for due north.
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TABLE F.4 Frequencies of wind directions and reciprocal-average wind speeds

Wind speeds for each stability class
(meters/sec)

Wind towarda

Frequency

A

B

C

D

E

F

G

1

0.091

3.11

2.00

2.00

2.71

2.58

2.78

2.40

2

0.151

3.46

2.74

2.99

2.76

3.35

4.45

3.03

3

0.188

3.04

2.46

3.21

3.09

3.04

3.55

2.94

4

0.085

2.51

3.20

3.37

2.84

2.93

2.50

2.45

5

0.052

3.31

4.09

5.99

4.08

3.68

3.64

3.01

6

0.049

3.11

3.59

5.55

3.81

4.16

3.69

2.93

7

0.043

3.12

1.80

2.80

2.85

3.46

2.57

2.65

8

0.033

2.84

2.28

2.84

2.75

3.21

2.34

2.65

9

0.034

3.00

2.12

2.89

1.99

2.70

2.08

1.91

10

0.031

2.75

1.47

2.25

1.71

2.04

2.51

2.02

11

0.029

2.52

1.40

3.10

1.99

2.30

2.76

2.01

12

0.031

2.68

1.96

0.85

1.47

1.94

2,55

2.11

13

0.050

3.57

1.76

2.64

2.39

2.71

4.35

2.15

14

0.042

3.14

0.85

2.02

1.99

1.71

4.23

2.11

15

0.038

2.50

2.42

2.05

1.62

2.19

1.76

1.83

16

0.053

2.70

1.21

2.89

2.04

1.83

1.46

1.63

a Wind diirections are numbered counterclockwise starting at 1 for due north.

F-8

TABLE F.5 Stack information

Waste handling
building

Storage exhaust
filter building

1

2

Physical stack height

14.9 (m)

8.2 (m)

Stack diameter

2.4 (m)a

4.4 (m)

Velocity of stack gas

9.5 (m/s)

6.7 (m/s)

Pararneter

Number of stacks

a Equivalent diameter.
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TABLE F.6 Terrestrial modeling assumptions

Parameters

Value (units)

Buildup time for surface deposition

4,562.5 (day)

Basis

Fraction of locally grown produce

1.0

Conservatism

Fraction of radioactivity retained on
leafy vegetables after washing

0.5

NRC, 1977

Time delay for ingestion:
Pasture grass by animals
Stored feed by animals
Leafy vegetables by man
Produce by man
Removal rate constant for physical
loss by weathering

0 (hr)
2160 (hr)
24 (hr)
24 (hr)

NRC, 1977

2.1 x 10-3 (hr-1)

NRC, 1977

Period of exposure during growing season:
Pasture grass
Crops and leafy vegetables

NRC, 1977
720 (hr)
1440 (hr)

Agricultural productivity per unit area:

Baes and
Orton, 1979

Grass-cow-milk pathway
Produce and leafy vegetable

0.28 (kg/m2)
1.9 (kg/m2)

Effective surface density of soil

240 (kg/m2)

Fraction of yearly and daily
feed from pasture

1.0

Consumption rate of contaminated feed
or forage by animals (fresh weight)
Transport tirne from animal
Feed-milk-man
Average time from slaughter of
meat to consumption
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Moore et al.,
1979

Conservatism

15.6 (kg/day)

Baes and
Orton, 1979

2.0 (day)

NRC, 1977

20.0 (day)

NRC, 1977

TABLE F.6 Concluded

Value (units)

Parameters

Fraction of meat-producing herd
slaughtered each day

2.74 x 10-3

Basis

Conservatism

Muscle mass of meat-producing animal

200 (kg)

Site-speicific
evaluati Dn

Milk production of cow

11 (I/day)

Site-specific
evaluation

0.57
0.20

Miller, 1979
NRC, 1977

Fallout interception fraction:
Pasture
Vegetables
Fraction c>f food grown in local gardens:
Produce
Leafy vegetables

Conservatism
0.76
1.00
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TABLE F.7 Bioaccumulation factorsa

Concentration factor

Uptake fraction

Milk
(days/l)

Meat
(days/kg)

Pasture

Crops

2.0 x 10-5

2.0 x 10-2

2.0 x 10-2

3.1 x 10-3

Strontium

1.5 x 10-3

3.0 x 104

2.5 x 10°

1.1 x 101

Ruthenium

6.0 x 10-7

2.0 x 10-3

7.5 x 10-2

8.7 x 10-3

Antimony

1.0 x 104

1.0 x 10-3

2.0 x 10-1

1.3 x 10-2

Cesium

7.0 x 10-3

2.0 x 10-2

8.0 x 10-2

1.3 x 10-2

Cerium

2.0 x 10-5

7.5 x 104

1.0 x 10-2

1.7 x 10-3

Plutonium

1.0 x 10-7

5.0 x 10'7

4.5 x 104

2.0 x 10-5

Ii Element
I1 Cobalt

a From Baes et al., 1984.
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TABLE F.8 Dose receptor assumptions

Value (units)

Parameter

Breathing rate of man

1.25 x 106 (cm3/hr)

Basis

Conservatism

Depth of water for immersion dose

244 (cm)

Conservatism

Fraction of time spent swimming

0.01

Conservatism
NRC, 1977

Rate of human ingestion
Average individual:
Produce
Milk
Meat
Leafy vegetables

190 (kg/yr)
110 (l/yr)
95 (kg/hr)
18 (kg/yr)

Maximum individual:
Produce
Milk
Meat
Leafy vegetables

520 (kg/yr)
310 (l/yr)
110 (kg/yr)
64 (kg/yr)
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Table F.9 Dose rate conversion factorsa

Photon dose rate conversion factors

I RadioIi nuclide

Decay constant
(day-1)

Surface
Immersion in air Immersion in water
(rem-cm3/µCi-hr) (rem-cm3/yCi-hr) (rem-cm2//iCi-hr)

Co-60

4.96 x 10-4

2.465 x 103

5.360 x 100

4.305 x 10-1

Sr-90

8.98 x 10-5

0

0

0

Ru-106

1.88 x 10-3

0

0

0

Sb-125

2.50 x 10-1

4.204 x 102

9.159 x 10-1

8.948 x 10-2

Cs-137

8.72 x 10-5

0

0

0

Ce-144

2.44 x 10-3

1.785 x 10

4.124 x 10-2

4.558 x 10-3

Pu-239

7.78 x 10-9

5.655 x 10-1

1.431 x 10-3

1.27 x 10-3

a From Kocher, 1981.

F-14

I
I

TABLE F.10 Organ dose correction factors (unitless)a

'I Radio1i nuclide

...
cil

T.body

R.mar.

Lungs

Endost.

S.wall

LIi wall

Thyroid

Liver

Kidneys

Testes

Ovaries

Co-60

.570

.540

.530

.560

.490

.490

.660

.500

.530

.700

.480

Sr-90

0

0

0

0

0

0

0

0

0

0

0

Ru-106

0

0

0

0

0

0

0

0

0

0

0

Sb-125

.539

.511

.502

.582

.461

.451

.631

.467

.489

.678

.447

Cs-137

0

0

0

0

0

0

0

0

0

0

0

Ce-144

.515

.388

.459

.721

.407

.390

.655

.414

.440

.674

.355

Pu-239

.074

.039

.049

.077

.042

.041

.068

.041

.042

.087

.037

'i a From Kocher, 1981.

TABLE F.11 Radionuclide specific parameters 50-year commited dose factorsa

71
8

Solb

Radionuclide

Effective

Red
marrow

ye

Co-60

2.2 x 10-1 6.4 x 10-2 1.3

5.0 x 10-2 1.0 x 10-1 3.0 x 10-2 6.0 x 10-2 1.2 x 10-1 5.8 x 10-2 9.9 x 10-3 1.8 x 10-2

Y

Sr-90

1.3

2.5

Y

Ru-106

4.8 x 10-1 5.1 x 10-2 3.8

W

Sb-125

1.2 x 10-2 2.2 x 10-3 8.0 x 10-2 1.2 x 10-2 2.3 x 10-3 1.2 x 10-2 1.2 x 10-3 3.9 x 10-3 1.2 x 10-3 9.0 x 10-4 1.3 x 10-3

D

Cs-137

3.2 x 10-2 3.1 x 10-2 3.2 x 10-2 3.0 x 10-2 3.2 x 10-2 3.3 x 10-2 2.9 x 10-2 3.2 x 10-2 3.2 x 10-2 3.2 x 10-2 3.0 x 10-2

Y

Ce-144

3.8 x 10-1 9.5 x 10-2 2.9

1.7 x 10-1

1.0 x 10-2 1.3 x 10-1 6.9 x 10-3 9.4 x 10-1 8.2 x 10-3 6.9 x 10-3 7.1 x 10-3

W

Pu-239

5.2 x 102

9.1 x 103

5.6 x 10-3 1.1 x 10-1 3.3 x 10-3 2.0 x 103

1.1

7.3 x 102

Lungs

1.1 x 10

1.2 x 103

Endosteal

Stomach
wall

Lli
wall

Thyroid

Liver

Kidneys

Testes

Ovaries

8.6 x 10-3 7.6 x 10-2 8.5 x 10-3 8.8 x 10-3 8.5 x 10-3 8.5 x 10-3 8.5 x 10-3

5.1 x 10-2 5.3 x 10-2 1.4 x 10-1 5.1 x

io-2 5.2 x 10-2 5.2 x 10-2 5.2 x 10-2 5.2 x 10-2

3.4 x 10-3 1.2 x 102

1.2 x 102

a Dose factors are presented in rem per microcurie inhaled. (Dunning, 1986).
b

Solubility class yielding highest effective dose for particle size of 1 micron. All other organ dose factors are those yielding highest
dose irrespective of solubility class.
D, W, and Y refer to lung clearance rate in days, weeks, or years.

F.2 PLUTONIUM-EQUIVALENT CURIE

The PE-Ci is intended to eliminate the dependency of radiological analyses on the
specific radionuclide composition of a TRU waste stream. A unique radionuclide
composition and/or waste disposal distribution is associated with each TRU waste
generator and storage facility. By normalizing all radionuclides to a common radiotoxic
hazard index, radiological analyses can be conducted for the WIPP which are
independent of these variations. Plutonium-239, as a common component of defense
TRU wastes, was selected as the radionuclide to which the radiotoxic hazard of other
TRU radionuclides could be indexed. Since TRU radionuclides primarily represent
inhalation hazards, a valid relationship can be established which normalize the inhalation
hazard of a TRU radionuclide to that of Pu-239.
To obtain this correlation, the 50-year CEDE or dose conversion factor (DCF) for a unit
intake of each radionuclide is used. These DCFs have been determined by the method
described in International Commission on Radiological Protection (ICRP) Publications
26 arid 3C) (ICRP-26, 1977; ICRP-30, 1979).
For a known quantity of radioactivity and radionuclide distribution, the Pu-239 equivalent
activity is determined using radionuclide-specific weighting factor. The Pu-239
equivalent activity (AM) can be characterized by:
K
AM =
i1

Ai
—
WF

where:
K
= the number of TRU radionuclides
Ai = the activity of radionuclide i
WFi = the PE-Ci weighting factor of rad onuclide i.
WF1 is further defined as the ratio:
E0
F

=

where:
Edrern/Ci) = the 50-year effective whole-body dose commitment due to the
inhalation of Pu-239 particulates with a 1.0 gm AMAD (activity
median aerodynamic diameter) and a W pulmonary clearance
class.
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Ei(rem/Ci) = the 50-year effective whole-body dose commitment due to the
inhalation of radionuclide i particulates with a 1.0-ym AMAD and
the pulmonary clearance class resulting in the highest 50-year
effective committed dose equivalent.
The values of E0 and Ei can be obtained from Dunning (1986, Appendix l). Weighting
factors calculated in this manner are presented in Table F.12 for selected radionuclides
of interest.

TABLE F.12 PE-Ci weighting factors for selected radionuclides

Radionuclide

Pulmonary clearance classa

Uranium-233

Y

4.0

Neptunium-237

W

1.0

Plutonium-236

W

3.1

Plutonium-238

W

1.1

Plutonium-239

W

1.0

Plutonium-240

W

1.0

Plutonium-241

W

52.0

Plutonium-242

W

1.1

Americium-241

W

1.0

Americium-243

W

1.0

Curium-242

W

29.0

Curium-244

W

1.9

Californiurn-252

Y

3.5

a W = Weekly; Y = Yearly.
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Weighting factor

F.3 DESCRIPTIONS OF ACCIDENT SCENARIOS ANALYZED IN THE SEIS

Operations at the WIPP and accident scenarios postulated in the FEIS have been reevaluated. This SEIS, consistent with the draft FSAR (DOE, 1989), discusses oleven
potential accidents involving CH waste (accidente CO through C10) and six involving RH
waste .(accidents R1 through R6). These acciclents are derived from potential human
error or equipment failures. Additional information concerning the accident scenarios
described' below appears in Section 7.3 of the draft FSAR. The potential extent of
damage to the waste containers involved and the amount of activity released as a resutt
of the accident scenarios are provided below.
The SEIS maintains the assumptions used in Se:lion 7.3 of the draft FSAR (DOE, 1989)
except in two areas: the SEIS considers a range of assumed waste container
radioactivity content for all accident scenarios where a radioactive material release is
postulated; and the SEIS evaluates worker dose assuming that workers will remain at
their stations for the full duration of the postulated accidents. Consistent with
established operational plans that require workers to wear respirators when handling
a waste container with greater than 100 PE-Ci, worker exposure for accidents involving
waste containers at higher radioactivity loadings is assumed to be mitigated by a
respiratory protection factor of 50.
F.3.1 ACCIDENTS INVOLVING CH WASTE
CO: Forklift Tine Strikes TRUPACT-II in Radiological Control Area. The new TRUPACT-11
design necessitates the removal of the TRUPACT-II from the transport trailer in the
Radiological Control Area prior to moving the TRUPACT-II into the waste handling
building. tt is postulated that the forklift may be misaligned and that the forklift tine may
strike the TRUPACT-I1 and cause it to fall off the transporter. Such a fall is not
postulated' to cause any release because the test conditions for the TRUPACT-11 are
more severe than this accident.
C1: \/ehicle Collision with a Shipping Container in Off-Loading Area. Vehicles
transporting waste from offsite will travel at a very low speed (5 to 10 miles/hour) in the
off-loading area. A vehicle collision accident would cause less damage to shipping
containers on the vehicle than if the containers fell 30 ft, since a 30-ft free fall would
result in an impact velocity of 30 mile/hour. DOE regulations specify that a Type B
package rnust be capable of withstanding a 30-ft drop without releasing radioactive
material. Since the shipping container is a Type B package, no activity is postulated
to be released in this vehicle collision accident.
C2: Drum Drop from a Forklift in the Inventory and Preparation Area. It is postulated
that during the handling process a bundle of CH TRU waste drums is dropped fr pm a
forklift in the inventory and preparation area. Since the waste drums are Type A
packages (per 49 CFR), they are designed and tested to withstand a 4-ft drop onlo an
unyielding surface without being damaged enough to release any activity. However,
since the vertical lift exceeds the rated design, it is assumed that the drop and
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subsequent crushing by the weight of the drum bundle causes the lid of one drum to
be knocked off and the inner plastic liner to tear.
Because of the short distance of the drop, it is assumed that 25 percent of the drum
contents is spilled. Of the spilled fraction, 0.1 percent is assumed to be resuspended
in the room air. It is conservatively assumed that 5 percent of the total radioactivity
contained bn the drum is contained in the allowed fraction (1 weight percent) that is less
than 10 microns in diameter. Consistent with the assumed frequency of this event, the
drum is assumed to contain the average drum content of 12.9 PE-Ci of radioactivity.
Since depletion of activity in the room air was considered to be equivalent to
resuspension, the total amount of suspended radioactivity in the room air is 1.6 x 104 PE-Ci. Credit was taken for the permanently installed on-line high-efficiency particulate
air (HEPA) filters, which reduce the total source term to the environment by a factor of
106. Thus, the total activity released to the environment is 1.6 x 10-io PE-Ci.
To assess the adequacy of facility design and operating procedures with respect to
worker safety, the dose consequences to workers have been estimated. Workers in the
immediate vicinity of the postulated accident were assumed to respond as trained and
immediately exit the work area. Due to the expected slow rate of contamination spread,
internal deposition was therefore not estimated for these workers. Although it is unlikely
that other workers in the inventory and preparation area would not be made aware of
the accident, it was assumed that a worker would remain. The total activity inhaled by
this worker is, therefore, related to how long he/she remains in the area before
becoming aware of the incident and exits, the distance from the location of the accident
and how rapidly the release spreads. For the purpose of this analysis, the spread of
activity was modeled as a hemisphere with an initial volume corresponding to that of
a 55-gal clrum. The hemisphere is assumed to expand in all directions at a rate
equivalent to the ventilation flow rate for the inventory and preparation area (about 25
cm/s). This expanding "cloud" was assumed to spread to a worker in the neighboring
work area, conservatively estimated to be about 20 ft away and to remain at that
location indefinitely. At an assumed breathing rate of 20 liters per minute (ICRP-23,
1974), the total activity calculated to be inhaled by the worker is 1.4 x 10-9 PE-Ci.
Because workers are trained to leave the work area in the event of an accident that
could damage a waste container, this estimate is considered to be conservative.
To evaluate more severe but less likely accident scenarios involving a drum drop, two
variations on the above scenario have been postulated. These scenarios assume that
the drum involved contains 100 PE-Ci of activity and 1,000 PE-Ci of activity, respectively.
These are considered to be Iimiting events, i.e., not expected to occur during the
operational lifetime of the WIPP. The 1,000 PE-Ci case is based upon the maximum
allowable activity content of a waste container, as provided by the WIPP Acceptance
Criteria (see Appendix A). The former case results in an environmental release of 1.3
x 10-9 PE-Ci of activity from the waste handling building and a maximum theoretical
exposure to a worker of 1.1 x 10-8 PE-Ci inhaled. The latter case results in an
environmental release of 1.3 x 10-8 PE-Ci, and a maximum theoretical exposure to a
worker of 2.1 x 10-9 PE-Ci inhaled, reduced as a result of the protection factor of 50
offered by his/her respirator.
C3: Drum(s) Punctured by a Forklift in the Inventory and Preparation Area. An operator
error may result in a forklift hitting a stack of CH TRU waste drums. It was
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conservatively assumed that two drums were punctured as a result of the collision, and
that the lid of a third drum was knocked off as it fell from the stack. Operating
procedures caution the operator not to back away from a puncture, but it was assumed
that the drums would become disengaged and spill some of the waste. Since not all
of the waste would fall out of the damaged drums, it was assumed that 10 per:ent of
the radioactive content was released form each punctured drum and 25 percent of the
radioactive content was released from the drum that lost a lid. As for accident C2, of
the spilled fraction that is less than 10 micron:3 in diameter, 0.1 percent was assumed
to be resuspended in the room air. Consistent with previous analyses, it was assumed
that 5 percent of the total radioactivity contaiied in the drums was contained int he
allowed traction (1 weight percent) that is less than 10 microns in diameter. Consistent
with the frequency of the event, it was further assumed that the drums would contain
an average loading of 12.9 PE-Ci each. Therelore, 2.9 x 104 PE-Ci of radioactivty was
suspended in the room air. Credit was taken for the continuously operating pn-line
HEPA filters, which reduced the total release to the environment by a factor of 10')
. The
consequence of this postulated accident was a discharge to the environment of 2.9 x
10-10 PE-Ci.
A worker in an adjacent area could inhale 2.5 x 10-9 PE-Ci based on the exposure
model described in C2. Again, the worker's dose commitment is expected to be much
smaller than that projected in the SEIS because workers will be trained to evacuate the
work area immediately after any accident that could damage a waste container.
As with accident scenario C2, more severe and less likely variations on accident
scenario C3 have been evaluated for this SEIS. These variations assume that thE drum
with the highest release fraction, the one that loses its lid, contains 100 PE-Ci and 1,000
PE-Ci, respectively. The other two drums are assumed to contain an average activity
content ?f 12.9 PE-Ci per drum. For the 100 PE-Ci case, an environmental release of
1.4 x 10-3 PE-Ci is calculated with a worker exposure of 1.2 x 1043 PE-Ci inhaled. The
1,000 PE-Ci case results in an environmental release of 1.3 x 10-9 PE-Ci and a worker
exposure of 2.2 x 10-9 PE-Ci inhaled.
C4: Transporter Hits a Pallet in the Underground Waste Disposal Area. Operator error
may result in the transporter striking a pallet of CH TRU waste drums n the
underground waste disposal area causing the clrums to fall. Although it is unlikely that
such an incident would cause sufficient damage to the drums to result in an activity
release, it was conservatively assumed that the lid of one of the drums would be
knocked off because of the fall and the inner liner tears.
This accident scenario results in a release frorn the drum identical with the release for
acciclent C2, with the exception that it occurs within the underground waste disposal
area. Because of the long distance from the location of the accident to the release
point, particle deposition and resuspension were considered. The net result is a
conservative estimate of depletion of the released activity by only 20 percent prior to
reaching the outside environment. Although they are designed to be activated in case
of an accidental release of radioactivity underground, no credit was taken for HEPA
filters because they are not continuously on-line and require activation manually or by
radiation detection instruments. For the purpose of this analysis, the det action
instruments were not assumed to activate the HEPA filters. Occurrence cf this
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postulated accident resulted in a release of 1.3 x 10-4 PE-Ci from the exhaust shaft
stack.
Due to the longer distance of travel between the point of release and the worker and
the higher rate of airflow within the mine, the release and subsequent exposure were
modeled somewhat differently than a release in the waste handling building. For this
accident, the release to the drift was assumed to be homogeneously distributed within
a seQment of the mine volume equivalent to a 4.0 x 3.4 x 6.1 meter cloud volume (8.3
x 10' cm3). The worker was subject to exposure during the cloud passage time,
approximately 15 seconds based upon a linear ventilation flow rate of 300 cm per
second. As a result of this postulated accident, this worker could inhale 8.6 x 1010 PECi. This was considered conservative since the area downstream of the active waste
disposal room would normally be unoccupied.
More severe, but less likely, variations of this scenario have been evaluated in this SEIS.
These result in an environmental release of 1.0 x 10-3 PE-Ci of activity, and a worker
exposure of 6.7 x 10-9 inhaled under the assumption of a 100 PE-Ci drum being
involved. For the 1,000 PE-Ci drum variation, the environmental release would be 1.0
x 10-2 PE-Ci, and a worker exposure of 1.3 x 10-9 PE-Ci inhaled.
C5: Drum Drop from a Forklift in the Underground Waste Disposal Area. This accident
and its consequences are bounded by the accident described in C4.
C6: Drums are Punctured by a Forklift or Other Machine in the Underground Waste
Disposal Area. The conditions for this accident, including drum inventories and
releases, were the same as described in C3 except that no credit was taken for HEPA
filters. However, since the environmental release actually occurs at some distance from
the location of the accident, depletion of the released activity in the underground was
considered. As discussed for accident C4, depletion accounts for removal of 20
percent of the activity released from the drums.
The release to the environment from this accident was 2.3 x 10-4 PE-Ci. Worker
exposure is modeled as for accident C4. The worker was calculated to inhale 1.6 x 109 PE-Ci. More severe, but less likely, variations on this scenario result in environmental
releases of 1.1 x 1.0-3 PE-Ci and 1.0 x 10-2 PE-Ci and worker exposures of 7.4 x 10-9
PE-Ci inhaled and 1.4 x 10-9 PE-Ci inhaled for the 100 PE-Ci and 1,000 drum variations,
respectively.
C7: Spontaneous Ignition in a Drum iWaste Handling Building). Although the WIPP
WAC controls the types/quantities of pyrophoric materials that could be shipped to the
WIPP, and therefore reduces the likelihood of fire in a waste container, the annual
probability of a spontaneous ignition occurring during the processing of a container
through the waste handling building was estimated based on past operational
experience. The operational database indicated that for roughly 1.8 million containeryears of operation with TRU-type waste similar to that to be handled at the WIPP, there
has been only one recorded instance of a container fire. Contributing circumstances
to this occurrence included the drum being painted black, exposure to direct sunlight,
and improper packaging material. At the WIPP, the containers are painted white, not
exposed to direct sunlight, and would be certified to WAC requirements. Due to these
reasons, the low historic probability of a spontaneous ignition, and the short residence
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time of waste containers in the waste handling building, this accident was not
considered to be a reasonably foreseeable event at this location. Off-site impacts of
this accident are bounded by accident C10.
C8: Hoist Cage Drop. The design features of the waste hoist and cage are discussed
in Section 4.3 of the draft FSAR. The hoist cage is equipped with multiple cables,
providing a safety factor that makes its failure a very unlikely event. In the absence of
a detailed assessment of the probability of a hoisting system failure, the WIPP Final
Environmental Impact Statement evaluated the consequences of a hoist drop accident
scenario. A review of Mine Safety and Health Administration reports on hoisting
systems has since been conducted. The review concludes that hoisting system failure
resulting in dropping waste down the shaft has an annual probability of 1.7 x 10•8 or
about one catastrophic hoist accident in 60 million years of operations. Undar the
complete sequence of events (see below), the DOE does not consider this scenario to
be reasonably foreseeable or the exposure risks to be significant. Nevertheless,
because of commenters' interest (in particular the Environmental Evaluation Group), the
SEIS has evaluated the consequences of such an accident.
In order to evaluate this event, a complete scenario must be postulated which describes
the details of the accident. These details include:
• whether the hoist has waste on the conveyance at the time of the accident,
• the size of the radioactive payload,
• the fraction of the radioactive material which is respirable,
• the percent of the radioactivity released in the accident,
• the percent of the radioactivity which plates out or deposits on surfaces of
the mine and shaft during its passage to the atmosphere,
• whether the HEPA filtration system is activated,
• the meteorological conditions including wind speed, direction, and
atmospheric stability class (relates to dispersion and mixing of materials in
the air), and
the location of the individual receiving the exposure.
The specific assumptions are critical in estimating the severity of the accident
consequences. The complete scenario can use assumptions ranging from very
conservative to "nominal". In general, the more conservative the assumptions, the more
severe the estimated consequences and the less likely the scenario is to occur.
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For example, as shown in Table F. 13, the estimate of dose to the hypothetical
maximally exposed individual could range from 190 rem using very conservative
assumptions to about 7 millirem using more likely or "nominal" assumptions. The
likelihood of these scenarios is estimated to range from a probability of about 1 x 10"
17
for the 190 rem to about 1 x 10-9 for the 7 millirem exposure.
C9: Diesel Fuel Fire in CH TRU Waste Disposal Area. In the interest of improved
safety, engineering changes have been incorporated that render the underground
diesel-fuel fire scenario in the CH TRU Waste Disposal Area a scenario that is not
reasonably foreseeable. These design changes can be summarized as follows:
1) All underground diesel vehicles will have a governor that limits speed to 20
mph. This effectively limits the impact energy associated with a vehicle
accident.
2) All diesel fuel tanks will comply with specification SAE J703a. This
specification requires that the fuel tank survive a 30-ft drop test onto a flat
nonyielding surface. (The 30-ft drop is equivalent to a 30-mph impact.)
Further, all fuel tanks will be located within the vehicle structure so that they
are protected from puncture.
3) All non-steel fuel lines will have braided steel armor and be mounted such
that they are protected from abrasion, impact, and operating damage.
4) The fuel tank size will be limited to 60 gallons.
010: Fire Within a Drum Underground. This postulated accident was similar to C7,
previously described. However, due to the length of time the drums would be present
in the underground relative to the time spent in the waste handling building,
spontaneous ignition within a drum was more conceivable following emplacement within
the waste disposal area. Should a fire occur within a drum within a waste disposal
area, it is not expected to propagate to adjacent waste containers.
Since waste containers will spend essentially all of their time in the waste disposal area,
the probability of a drum fire will be highest in this area and will subsequently be
evaluated.
For the purpose of bounding all reasonable foreseeable accident
consequences, the drum involved was assumed to contain 1,000 PE-Ci of radioactivity.
Since only a small fraction of drums in the existing stored waste inventory have a
radioactivity content that exceeds 100 PE-Ci, the probability that a 1,000 PE-Ci drum
Based upon empirical data (Mishima and
would be involved is very small.
Schwendiman, 1973), the spontaneous ignition was assumed to aerosolize 0.25 percent
of the radioactivity content and this entire aerosolized fraction was released to the
underground drift. This release was subject to a high amount of deposition due to the
heated aerosol reacting with the relatively cool surfaces within the facility. This
deposition was estimated to result in a depletion fraction of approximately 80 percent
(Mishima and Schwendiman, 1973). As modeled in accident C4, although the HEPA
filtration system is designed to be activated in response to an accidental release of
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TABLE F.13 Catastrophic hoist accidenta

Event

Hoist drop
Radioactive Payload (PE-Ci)
Percent respirable (%)
Percent released (%)
Percent deposition (%)
Meteorology (class, speed)d
Receptor location
Probability (per year)
Maximum Individual
doseg (rem)

Very Conservative

Nominal

Assumption

Probability

Assumption

Prc bability

1,350b
5
100
20
F,2
Boundarye

1.7 x
1.0 x
2.0 x
1.0 x
2.5 x
5.0 x
1.0 x

360d
0.1
10
80
C,2
Mills Ranchf

1.7 x 10-8
1.0
1.0
1.0
1.0
1.0
4.:3 x 10-2

10-8
10-2
10-2
10-1
10-1
10-2
10-2

4 x 10-17
1.9 x 102

7 x 10-10
7 x 10-3

a For consistency throughout the document no credit is taken for the HEPA filters, from
the underground. It is also assumed the hoist is loaded with TRU waste at the time
of the accident.
b One maximum loaded drum (1,000 PE-Ci) and 27 average drums (1 2.9 PE-Ci)
d Twenty-eight average drums.
d Meteorology is expressed in terms of atmospheric stability class and wind speed in
meters per second.
e WIPP secured area boundary.
f Nearest permanent residence.
g Committed effective dose equivalent.

radioactive materials underground, no credii: for filtration was assumed in this
assessment. The environmental release frorn the waste disposal exhaust shaft
assurning the absence of HEPA filtration was 0.5 PE-Ci. Waste is emplaced and stored
downstream of workers and, therefore, no dose consequence to an underground worker
is postulated for this event.

F.3.2 ACCIDENTS INVOLVING RH WASTE
R1: Crane Impacts on a Shippinq Cask in the Feceivinq Area. Since the crane velocity
and travel distance are limited, and the distance available for a shipping cask drop is
less than 30 ft, a postulated accident involving a crane hitting a shipping cask is less
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severe than that of a cask free-falling 30 ft to an unyielding surface. A Type B package
must withstand a 30-ft free-fall without significant damage. Since the shipping cask is
a Type B package, no significant activity was considered to be released as a result of
this postulated accident.
R2: Shipping Cask Drops in the Receiving Area. A cask dropped in the receiving area
will fall less than 30 ft. Since the shipping cask is a Type B package, no activity was
considered to be released for this postulated accident.
R3: Shipping Cask Drops in the Cask Preparation Area. A cask dropped in the cask
preparation area will drop less than 30 ft. Since the shipping cask is a Type B
package, no significant activity is considered to be released for this postulated accident.
R4: RH TRU Waste Canister Drops from Hot Cell into the Transfer Cell. It is possible
that a canister containing RH TRU waste could be dropped into the transfer cell from
the hot cell (a distance of about 36 ft) in the event that a grapple fails. Even with a
drop over this distance, it is unlikely that a canister would be damaged enough to result
in any release of radioactivity. However, for this SEIS analysis, it is assumed that the
canister does breach and one percent of its total radioactive contents is released. Five
percent of the radioactivity released is assumed to be less than 10 microns in diameter
and 0.1 percent of this is assumed to be resuspended in the transfer cell. Depletion
and resuspension are traded off equally, and the total amount of radioactivity that
becomes airborne is assumed to be reduced by the HEPA filters, which provide a 106 reduction in the source term. The canister is assumed to contain a total of 2.5 x 103
Ci of radioactivity, including 1,000 PE-Ci of transuranics. Based on these assumptions,
3.4 x 10-13 PE-Ci of fission and activation products and 5.0 x 10-10 PE-Ci of
transuranics would be released to the environment. Since the transfer cell and hot cell
are not occupied during canister transfer operations, doses to workers inside the facility
are not calculated.
R5: Hoist drop with a Canister of RH TRU Waste. As discussed in accident C8,
catastrophic failure of the hoisting system is not a reasonably foreseeable scenario. A
beyond design basis accident involving a RH TRU waste canister is considered to be
bounded by C8 because only a single canister is permitted on the hoist, and this would
be contained within a thick-walled facility cask.
R6: Fire Involving RH TRU Waste. RH TRU waste is transferred from the waste shaft
to an appropriate waste disposal area by the diesel-powered RH waste transporter. The
waste is contained within a sealed steel canister and the canister is transported inside
a shielded cask. The waste disposal operation consists of horizontally emplacing an
RH TRU waste canister into a borehole and then plugging the borehole with a shield
plug; experimental waste canisters are emplaced in vertical boreholes, which are
subsequently backfilled. One canister is handled at a time, and after emplacement in
complete, the contents are isolated from all credible accidents. Prior to emplacement,
the canister is contained within the facility cask and the combination of this cask and
the steel canister prevents the waste from becoming involved in any credible fire during
a handling accident. Therefore, a fire involving a TRU waste canister would not result
in any significant release of radioactivity to the environment or exposure to operating
personnel.
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F.3.3 ACCIDENTS INVOLVING FLAMMABLE OR DETONABLE GASES
As an extension to the question of operational safety issues that may be associated
with gas generation, an assessment was condicted of the potential mechanisms and
rates of generation of potentially flammable and/or detonable gases, the conditions
under which accumulation could conceivably occur, the ignition sources that could lead
to burning or detonation of accumulated gas, aid the implications to operational safety
of the WIPP, both during the Test Phase and Disposal Phase.
Background. The principal means of gas generation in TRU wastes are hydrogen
generated through the radiolytic degradation of organic matrix wastes and hydrogenous
materials, hydrogen generation through anaerobic corrosion of metals, and flammable
gas production (principally methane) by micnDbial activity. These methods of gas
generation are highly variable and closely associated with the composition of waste in
individual waste containers and the environmental conditions to which the wastes and
containers are subjected. Hydrogen generation through anaerobic corrosion of rnetals
in the wastes or the waste containers is predominantly of concern in the long terrn and
only if brine has accumulated in sufficient quantity within the decommiss ioned
underground. However, gas generation associated with radiolytio and microbial
degradation of the wastes is expected during the Disposal Phase, as well as in the long
term.
Based upon existing laboratory data, it is estimated that radiolysis would produce
hydrogen in CH TRU wastes at a rate of about 0.05 moles per drum per year.
Microbial degradation realistically would produce gas at an average rate of 0.5 moles
per drum per year, one-half of which is conservatively assumed to be methane.
Therefore, for the purpose of assessing operational safety concerns with handling and
storage of waste containers, flammable and/or explosive gas generation rates of 0.05
and 0.25 moles per drum per year were used to evaluate radiolytic and microbial
degradation mechanisms, respectively (Slezak and Lappin, 1990).
Accumulation of flammable or detonable gases is principally of concern when sulicient
oxygen is also present, i.e., at least 5.0 percent oxygen by volume in the cEise of
hydrogen and 12.1 percent oxygen in the case of methane. If insufficient oxygen exists,

a fire or detonation of the gas mixture is not a reasonably foreseeable event.
Significantly, the very mechanisms for generation of hydrogen can also consume
oxygen as is the case with radiolytio- and corrosion-produced hydrogen, and anaerobic
production of methane requires the near absence of oxygen. Flammability and
detonability of these gases also requires the presence of an ignition source. Since
the presence of any potential ignition source such as a static electric charge cannot be
completely ruled out, the assessment was conducted assuming that an ignition source
could exist.
Individual Containers. All containers of CH TRU waste proposed to be shipped to the
WIPP would be fitted with a carbon composite filter vent to preven t the
overpressurization of the containers due to gas generation. Measurements of the
diffusion rate of hydrogen throuh these vents have been conducted, the bwest
measured rate being 1.9 x 10-b moles per mole fraction per second. These
measurernents indicate that hydrogen generation rates below 2.4 moles per drum per
year will rnaintain the hydrogen content of a container below the lower flammability limit
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for hydrogen, 4.0 percent by volume. This rate exceeds the expected upper generation
rate due to radiolysis in WIPP waste. The lower detonability limit for hydrogen gas is
approximately four times higher and, thus, is of even lesser concern.
The lower flammability limit for methane is 5.3 percent by volume. A methane
generation rate below 3.2 moles per drum per year is sufficient to preclude a potential
methane-induced fire. This rate exceeds any methane generation rate observed for TRU
waste. The lower detonability limit for methane gas is slightly higher than the
flammability limit and, thus, is also of lesser concern.
Detonation of methane gas within a waste container is further precluded by the
geometry requirements for a methane detonation, i.e., detonation requires the existence
of an unobstructed open space at least one-half the volume of a 55-gallon drum in size.
More significantly, anaerobic bacteria, the principal potential source of methane gas in
CH TRU waste, cannot tolerate or thrive in the presence of free oxygen, a condition
guaranteed by the vents. Therefore, there are no reasonably foreseeable operational
safety concerns associated with gas accumulation within drums (including during
retrieval if that becomes necessary).
TEST PHASE
The Proposed Action includes a Test Phase of approximately 5 years during which
experiments would be conducted to monitor and collect data on the rate of gas
generation under a variety of conditions. These experiments are described in
Appendix O of the final SEIS. The experiments include alcove-scale tests where drums
of waste are to be emplaced and bin-scale tests involving the equivalent of six drums
of waste per bin. By design, these tests are intended to accumulate gases within
sealed alcoves and bins for periodic sampling and analysis. As such, conditions where
accumulation of hydrogen and methane gas to levels approaching their lower
flammability limits could occur. The majority of the experiments, four out of the five
waste-containing alcoves and the preponderance of the bins, would be in anoxic
environments, that is, with little or no oxygen present. As such, these anoxic
experiments are not of apparent operational safety concern.
Alcove Tests. Calculations of the rate of accumulation of hydrogen and methane in
alcove 2, which would simulate the waste storage conditions expected during the 20year Disposal Phase and has an air atmosphere, indicate that, after 5 years, radiolyticproduced hydrogen and microbial-produced methane could be as high as 0.7 percent
and 3.4 percent by volume, respectively. These results are below the lower flammability
limits of each gas. Moreover, the alcove would be maintained at a slightly positive
pressure to prevent inflow of air. If the design basis leak rate for the alcove, 1 percent
of the volume per week, is factored into the calculations, the residual hydrogen and
methane concentrations after 5 years would be 0.004 and 0.02 percent by volume,
respectively. These calculations also conservatively ignore the depletion of oxygen
associated with the gas production. As such, alcove 2 is not considered to be of safety
concern.
Bin-Scale Tests. Gas generation calculations for individual oxic bins of test waste have
also been made. These results indicate that the radiolytic-produced hydrogen
concentration could reach 6.6 percent by volume over the approximate 5-year test
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period, even when depletion by bin sampling Eind periodic pressure relief is taken into
account. This level exceeds the lower flarnmability limit for hydrogen, although
depletion of oxygen in the process of hydrogen generation may prevent a flarr mable
or detonable mixture from occurring. (As previously indicated, methane generation by
anaerobes would not be expected in these bins, while free oxygen still exists. As such,
methane accumulation is also not believed to be a significant safety concern.)
As a prirnary purpose of the Test Phase, the irternal hydrogen, methane, oxygen, and
other gases within the bins, as well as the alcoves, would be closely monitored. Any
approach to a flammable or detonable gas mixture would be quite evident and would
be mitigated to prevent the gas concentrations from reaching that level. To minimize
possible ignition sources, all bins would also be electrically grounded. Adclitional
available mitigation measures, if deemed necessary, include purging of the atmosphere
with inert gas, the capability for which has been designed into the tests. The tests are
intended to generate data necessary for the long-term Performance Assessment of the
WIPP and to determine operational safety requirements during the Disposal Phase.
Although it is important to ensure that these tests are not prematurely terminated,
operational safety requirements and limiting conditions for operation during th a Test
Phase would be established to ensure that saiety is not compromised.
DISPOSAL PHASE
The Disposal Phase involves the emplacement of waste containers in rooms mined
within the salt formation and backfilling over the containers as emplacement proceeds.
Seven rooms are constructed within a waste panel and eight panels are suffic ent to
dispose of all CH TRU waste proposed to be disposed of for the WIPP. Operational
plans intended to minimize the potential for worker exposure require the use of
ventilation diversion bulkheads at either end of a filled room during subsequent waste
emplacement operations in other rooms within the panel. These bulkheads, while not
designed to contain pressure, could isolate a space within which gases released from
the waste containers could accumulate.
Conservatively ignoring diffusion of hydrogen and methane from the room 3, but
crediting the displacement past the bulkheads of an equal volume of the gas/air rnixture
from the open space within the room as hydrogen and methane are produced,
calculations of the gas concentrations in each of the seven rooms were made as a
function of time. At the time the panel is filled, the first room filled within the panel
would have the highest concentration of gas, estimated to be 3.4 percent methane and
0.7 percent hydrogen, by volume. The last room filled would have just been isolated
and consequently would have no accumulated gases. Both gases are well below their
respective lower flammability limits. These results are particularly conservativa with
reference to the methane percentage since ample free oxygen would still be available
to all rooms. Based on these results, accumulation of hydrogen and methane within
an active waste panel is not a significant operational safety concern.
Upon filling all rooms within a panel, it is planned to seal each entrance to the panel
with massive plugs consisting of a truncated cone-shaped concrete structure "keyed"
into the salt (see Figures 6.1 and 6.2). Salt is then used to fill most of the remaining
length of the panel access drift, and a second concrete structure is set into place. The
use of these 130-foot long panel seals would isolate a significant volume of initially
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open space within which gases can accumulate. This open space is associated with
the average void fraction within WIPP waste containers, considered to be 50 percent
void, and the headspace above the backfilled waste, approximately 1.5 feet throughout
the entire panel. Assuming the initial concentrations of hydrogen and methane to be
the average of the seven rooms at the time the panel was just filled, subsequent gas
deneration and pressurization of the panel was calculated as a function of time. These
calculations demonstrate that the concentration of hydrogen in the open space would
not reach its lower detonability limit during the 20-year Disposal Phase, but the methane
concentration could reach and eventually exceed its detonability range over years 4
through 8.
There are several factors which tend to reduce the likelihood of a gaseous detonation.
A detonation requires a mixture of oxygen and methane or hydrogen in proper
proportions. First, as discussed above, the anerobic generation of methane requires
very low concentrations of oxygen and corrosion, which could generate hydrogen,
consumes oxygen. Second, closure of the unobstructed free spaces by salt creep and
the relative smoothness of the repository walls also reduce the probability of a
detonation. Third, compaction of wastes and backfill in response to a pressure pulse
within the headspace would also tend to damp out propagation of a pressure pulse.
Finally, there are several measures such as purging with inert gas, active ventilation,
delay of seal emplacement, and the use of intentional ignitors which could be used, if
warranted, to further reduce the likelihood of a detonation.
However, in order to assess the potential consequences of a detonation within the
sealed panel, if such a detonation were to occur, the optimal concentration for methane
detonation was assumed (bounding or l'worst-case" assumption) and the resulting
pressures calculated. The ignition was postulated to occur at the farthest point from
the seal in order to calculate the maximum possible wave acceleration in the headspace
and overpressure at the seal plug. (A detonation within the backfilled waste itself would
not proceed as a single event but rather as a series of small detonations and only if
sufficient free and open voids existed throughout the waste stack.) It was also
conservatively assumed that the reaction transitioned from a deflagration to detonation
to maximize the calculated pressure, even though the surfaces of the walls, ceiling, and
backfill are considered too smooth (development of a detonation is enhanced by
turbulent flow) to allow this transition to occur. The dissipation of the energy of the
detonation that would occur through crushing of the backfilled drums below the
headspace was also ignored, since such crushing would likely terminate the detonation.
A time history of the pressure at the seal plug was developed with an initial resulting
impulse load on the exposed concrete face of the seal plug of 800 pounds per square
inch (psi) dropping to 120 psi within one-third of 1 second.
A structural evaluation of the impulse loading on the seal plug was conducted by
ignoring all but the innermost concrete structure of the seal plug. Because of its size
and material of construction, no movement even of this initial component of the plug
is predicted, and rapid dissipation of the energy of the detonation would occur within
the concrete and surrounding salt. The far face of the innermost concrete structure
would see pressures of, at most, several pounds per square inch. Minor cracking
within the first several feet of the surrounding salt is possible, as is some spalling of the
concrete, but it is unlikely that the event would even be audible to an individual in the
main access drift at the far end of the seal. Such an event would also consume the
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available oxygen within the panel, precluding the possibility of a subsequent detonation.
Based upon these results, the accumulation of hydrogen and methane following sealing
of a panel is not considered a significant operational safety issue, and releEse of
radioactive material is not reasonably foreseeable. (For further discussion, see Slezak
and Lappin, 1990.)
Long Terrn. As discussed in Subsection 4.3.2.4, fractures of 3 to 15 feet are expected
in the Disturbed Rock Zone. Although it is not certain that a gaseous explosion could
occur in the repository, the fractures that could occur as a result of gas detonatl on (1
or 2 feet) would not, therefore, pose additional long-term performance concerns
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G.1 INTRODUCTION

Toxicity profiles are provided to give the reader a brief introduction and understanding
of the chemical components and their potential health effects. It is important to
remernber that any chemical can cause health effects if individuals are exposed to high
enough doses.
The profiles are intended to provide information on:
• Physical/Chemical Properties: A description of properties that aid in
predicting how the chemical will behave in the environment.
• Fate and Transport: Indicates, where possible, what happens to the
chemical within the environment.
• Health Effect: Background information on potential health effects in hurnans
or animals from acute or chronic exposures. In addition, information is
provided on various exposure routes (i.e., inhalation, oral, or dermal).
• Effects on Wildlife: Includes a discusson of the toxic effects of the chemicals
on aquatic and terrestrial organisms.
• Regulatory Standards and Guidelines: A description of various parameters
that have been developed to protect human health and the environment.
The toxicology profiles are intended to be brief overviews of individual chemicals and
not extensive reviews. They are, however, intencled to include the major health eflects
(i.e., toxicity) and other aspects of the chemical in question.
Section G.8 includes a description of the air dispersion models used to estirnate
concentrations of hazardous chemicals relea;ed during routine operations and
accidents. The various input parameters and assumptions used in the models are
provided.
The exposure parameters and methods used to estimate the daily intakes of hazardous
chemicals are provided in Section G.9. The methodology and calculations for
determining the long-term or short-term risks associated with exposure to carcinogenic
and noncarcinogenic chemicals are given in Section G.10.
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G.2 1,1,2-TRICHLOR0-1,2,2-TRIFLUOROETHANE

SUMMARY
1,1,2-Trichloro-1,2,2-trifluoroethane (Freon 113) is a chlorine-containing, nonhydrogenated fluorocarbon. Exposure to high doses can affect the central nervous
system, heart, and liver. 1,1,2-Trichloro-1,2,2-trifluoroethane is mainly of environmental
concern due to its ability to destroy atmospheric ozone.

IDENTIFICATION
CAS Nurnber:

76-13-1

Chemical Formula:

CCI2 F CCI F2

Synonyms:

Halocarbon 113
Refrigerant 113
TTE
Freon 113
FC-113
Fluorocarbon 113

CHEMICAL AND PHYSICAL PROPERTIES
Molecular Weight
Boiling Point
Melting Point
Specific Gravity
Vapor Pressure
Solubility

197.5
47.6° C
-350 C
1.5635 at 25° C
284 torr at 20° C
Insoluble in water, soluble in alcohol, ether, and benzene

FATE ANID TRANSPORT
1,1,2-Trichloro-1,2,2-trifluoroethane is highly volatile. It is more likely to reach the
stratosphere than hydrogenated fluorocarbons (Clayton and Clayton, 1981). There it
photodissociates, producing chlorine atoms which destroy the ozone layer (National
Research Council, 1976; Council on Environmental Quality, 1975; National Science
Foundation, 1975).
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HEALTH EFFECTS
1,1,2-Trichloro-1,2,2-trifluoroethane is a weak narcotic. Impairment of psychomotor
I uman
abilities (e.g., loss of ability to concentrate, mild lethargy) have been observed in .
volunteers (ACGIH, 1986; Stopps and McLaughlin, 1967). The threshold for impairment
is approximately 2,500 ppm (Stopps and McLaughlin, 1967). Exposure to massive
doses also produces irritation of the respiratory tract and liver cell enlargement (A 3GIH,
1986). Slight diffuse degenerative fatty infiltration of the liver has been observed in rats
after seven, 19-hour exposures to 5,000 ppm (Kniskern and Pittsman, 1952).
1,1,2-Trichloro-1,2,2-trifluoroethane may cause degreasing of the skin. Frostbite can
occur which if not properly attended to, can result in gangrene (Clayton and Clayton,
1981).
1,1,2-Trichloro-1,2,2-trifluoroethane has cardiac sensitization potential (ACGIH, 1986;
Gosselin, 1984; Clayton and Clayton, 1981). At concentrations greater than 25,000
ppm, dogs, monkeys, and rats (exposed under various conditions) experienced
tachycardia, hypotension or myocardial depression (Aviado, 1975). AbLne of
fluorocarbon-containing aerosol products has led to death due to cardiac sensitization
to endogenous catecholamines, resulting in ventricular fibrillation (Gosselin, 1984).
Doses below maternal toxicity produced no charges in the offspring of pregnant rEibbits
(both oral and inhalation exposures)(Busey, 1967).
The Ames test shows 1,1,2-Trichloro-1,2,2-trifluoroethane to be nonmutagenic.
Carcinogenic studies have not been reported (ACGIH, 1986).

REGULATIONS. STANDARDS. AND GUIDELINES
Human Health
OSHA TWA

1,000 ppm

(NIOSH, 1985)
(29 CFR 1910.1000, Table Z-1)
(54 FR 12, 2923-2959, Table Z-1-A)

ACGIH TLV-T‘NA 1,000 ppm
TLV-STEL 1,250 ppm
(The ACGIH guidelines should provide a rnargin of safety in preventing systemic
effects and cardiac sensitization [ACGIH, 1986]).
Reference Dose (RfD)

30 mg/kg-day (based on an oral NOAEL of 273 mg/kgday in humans with psychomotor impairment as the
most sensitive end point [IRIS, 1989])

IDLH 34,200 mg/m3
Aquatic Organisms
No regulations, standards, or guidelines are presently available governing the
exposure of aquatic organisms to 1,1,2-Trichloro-1,2,2-trifluoroethane (IRIS, 1989).
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G.3 METHYLENE CHLORIDE

SUMMARY
Methylene chloride is irritating to the skin, eyes, and mucous membranes. Short-term
inhalation produces narcosis, and long-term exposure produces symptoms of
neurotoxicity. Methylene chloride causes liver, lung and mammary gland tumors in mice
and rats. Hepatotoxicity in experimental animals has been demonstrated.

IDENTIFICATION
CAS Number:

75-09-2

Chemical Formula:

CH2Cl2

Synonyms:

Dichloromethane
Methane dichloride
Methylene bichloride

CHEMICAL. AND PHYSICAL PROPERTIES
Molecular Weight
Specific Gravity
Melting Point
Boiling Point
Vapor Pressure
Refractive Index
Solubility

I Flash Point

84.93
1.3255 at 20° C
-96.7° C
3975° C at 76 torr
440 torr at 25 ° C
1.4237 (20° C)
2 g/100 ml water at
20° C; soluble in
ethanol, ethyl ether,
acetone
none

Log Octanol/Water
I Partition Coefficient 1.25

(ACGIH, 1986)
(ACGIH, 1986)
(ACGIH, 1986)
(ACGIH, 1986)
(ACGIH, 1986)
(Clayton and Clayton, 1981)

(Clayton and Clayton, 1981)

(EPA, 1985a)

FATE AND TRANSPORT
Because of its high vapor pressure, methylene chloride is easily volatilized. However,
atmospheric accumulation is not of great concern due to scavenging from the
troposphere by hydroxyl radicals (EPA, 1985b). This reaction produces carbon dioxide
and small amounts of carbon monoxide and phosgene. Phosgene is hydrolyzed to
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hydrochloric acid and carbon dioxide (EPA, 1979). Methylene chloride has moderate
water solubility; therefore, rain washout from ihe atmosphere may be importan: in the
fate process (ATSDR, 1987). Absorption to soil is unlikely (Dilling et al., 1975).
Biodegradation occurs aerobically and anaerobically (EPA, 1985, cited in ATSDR, 1987).
Bioaccurnulation and bioconcentration are not important fate processes (Hans;:h and
Leo, 1979).

HEALTH EFFECTS
Methylene chloride is a skin, eye, and rnucous membrane irritant (ACGIH, 1986). Upper
respiratory tract irritation occurs at levels of approximately 100 ppm in humans (Welch,
1987). Short term inhalation (300-800 ppm) leads to decreases in auditory functions
and impairment of various psychomotor task s (Stewart et al., 1972). Longer term
inhalation causes neurotoxicity, including headache, dizziness, nausea, memory loss,
paresthesia, tingling in the hands and feet, and narcosis (Welch, 1987). These central
nervous system effects could be partially due 10 the metabolism of methylene ciloride
producing carboxyhemoglobin (Cherry et al., 1983). Burns rnay result if methylene
chloiride liquid is placed on the skin (Welch, 1387).
Anirnal studies have shown methylene chloride to be hepatotoxic. Fatty infiltration of
the liver was evident in guinea pigs exposed to 5200 ppm for 6 hours (Morris et al.,
1979). Weinstein and Diamond (1972) observed transient fatty changes in the livers of
mice exposed to 5,000 ppm for 7 days. A significant increase in liver cytochrome p450 was induced in rats exposed by inhalation to 500 ppm (Norpoth et al., 1974).
Longer term exposures by inhalation cause centrilobular fat accumulation in livers of
mice (Weinstein and Diamond, 1972). Haun et al. (1972) showed cytoplasmic
vacuolation and the presence of fat droplets in the livers of rats and dogs. An
increasecl incidence of hemosiderosis, cytomegaly, and cytoplasmic vacuolization has
been reported in livers of rats and mice exposed to methylene chloride by inhalation
(NTP, 1986a). Only very high exposure concentrations will cause serious liver effects
in humans (ATSDR, 1987). Cardiac sensitization is seen in animals, but only when
given epinephrine (Clark and Tinston, 1973).
Methylene chloride causes cancer in laboratory animals. Increases in liver tumors (NTP,
1986a), lung tumors (NTP, 1986a) and mamma y gland tumors (Burek et al., 19E0 and
1984, Nitschke et al., 1982; NTP, 1986a) have been reported in rats and mice. There
have been no statistically different tumor occurrences between exposed and nonexposed humans (ATSDR, 1987). It has been concluded that rnethylene chic),ide is
weakly mutagenic in mammalian systems (EPA, 1987a,b). There is no evidence that
methylene chloride is a teratogen (an agent causing fetal malformities) (Clayto and
Clayton, 1981).

EFFECTS ON WILDLIFE
In the flow-through and static method tests, fathead minnows (Pimephales promelas)
exposed to methylene chloride experienced loss of equilibrium, melanization, nar:osis,
and swollen, hemorrhaging gills. These effects are reversible, caused by short
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I exposures to sublethal levels (Alexander et al., 1978). At concentrations of 100 pg/L,
developmental stages of sorne amphibian species may be affected. Concentrations of
1 mg/L and above may cause substantial reproductive impairment in amphibians (Black
et al., 1982). High concentrations (approximately 21 percent) of methylene chloride
reduces photosynthesis in alfalfa seedlings by 82 percent (Lehmann and Paech, 1972).

REGULATIONS, STANDARDS, AND GUIDELINES
Human Health
OSHA TWA

500 ppm
1,000 ppm ceiling(NIOSH, 1985)
(54 FR 12, 2923-2959, Table Z-1-A)
(29 CFR 1910.1000, Table Z-2)

ACGIH TLV-TWA
TLV-STEL

100 ppm
500 ppm

NIOSH TLV-TWA

75 ppm
500 ppm 15 min ceiling (NIOSH, 1985)

(NIOSH, 1985)

indefinite animal carcinogen

IARC

Group 3

EPA

Group B2 - probable human carcinogen

Reference Dose (RfD)

IDLH

0.05 mg/kg-day (ATSDR, 1987)[based on a NOAEL in
rats of 5 mg/kg-day with hepatic histological changes
as the most sensitive endpoint]

17,500 mg/m3

Drinking Water
Equivalent Level
(DWEL)

1.75 mg/L

(IRIS, 1989)

Aquatic Organisms
Lowest Effect Concentration (LEC) (IRIS, 1989)
Freshwater:
1.1 x 104 pg/L
• Acute LEC
• Chronic Toxicity No data
Saltwater:
• Acute LEC
1.2 x 104 jigs&
• Chronic Toxicity 6.4 x 103 ,ug/L
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G.4 1,1,1-TRICHLOROETHANE

SUMMARY
Exposure to 1,1,1-trichloroethane can cause central nervous system depression, as well
as damage to the cardiovascular system, lungs, liver, and kidneys. It is an irritant to
the eyes, skin, and mucous membranes. The primary process of elimination of 1,1,1trichloroethane from the environment is through photo-oxidation in the atmosphere.
Neither IARC nor the EPA classify 1,1,1-trichloroethane as a carcinogen. However,
some of the animal studies are inconclusive.

IDENTIFICATION
CAS Nurnber:

71-55-6

Chernical Formula:

C2H3CI3

IUPAC Name:

1,1,1-trichloroethane

Synonyms:

Methyl chloroform
1 ,1 ,1-TCA
Chlorothene

CHEMICAL AND PHYSICAL PROPERTIES
Molecular Weight
Specific Gravity
Melting Point
Boiling Point
Vapor Pressure
Vapor Density
Solubility

133.40
1.3376 at 20° C (Sax, 1984)
-32.5° C
74.1 ° C
100 mm at 20° C, 155 mrn at 30° C
4.63 (Verschueren, 1983)
44 mg/L in water at 25° C; soluble in acetone, benzene, carbon
tetrachloride, ether, methanol (Sax, 1984)

FATE AND TRANSPORT
The rnost important route of elimination of 1,1-1-trichloroethane (1,1,1-TCA) frorn the
environment is by reaction with hydroxyl radicals in the atmosphere (photo-oxidation).
1,1,1-TCA is eliminated from surface water primarily through volatilization. It is able to
adsorb onto organic matter in the sediment; however, this is probably not a major route
of elirnination from surface water. 1,1,1-TCA readily migrates from soil to groundwater,
the rate of transport through soil depending on the soil composition (EPA, 1987,:).
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HEALTH EFFECTS
A number of toxic effects of 1,1,1-TCA have been observed. The most common of
these is central nervous system depression manifested by dizziness, incoordination, and
impaired judgment at low concentrations, and anesthesia and death at high
concentrations. Cardiovascular effects such as cardiac arrest ventricular fibrillation, and
sensitization to epinephrine-induced arrhythmias have been observed, as well as
damage to the lungs, liver, and kidneys. 1,1,1-TCA is moderately irritating to the skin
and mucous membranes and is a severe eye irritant in rabbits (Sax, 1984). The oral
LID50 value for 1,1,1-TCA in rats in approximately 11,300 mg/kg (IRIS, 1989), and the
inhalation LC50 in rats is approximately 14,000 mg/kg for a 7 hour exposure
(Verschueren, 1983).
1,1,1-TCA has been found to be mutagenic in Salmonella typhimurium (Farber, 1977)
and to cause transformation in rat embryo cells (Price et al., 1978). Although several
carcinogenic studies have been performed, the doses administered resulted in direct
mortality or no significant increase in tumor formation (IRIS, 1989).

EFFECTS ON WILDLIFE
1,1,1-Trichloroethane has a relatively low acute toxicity in aquatic species, with LC50
values ranging from 52.8 ppm for the most sensitive species to 113.0 ppm for the least
sensitive species reported (Verschueren, 1983). In aquatic species, 1,1,1-TCA has an
elimination half-life of 2 days and a bioconcentration factor of nine, and therefore has
only a slight bioaccumulation potential (EPA, 1984).
At this time, there are no data available on the chronic toxicity of 1,1,1-TCA in aquatic
species (IRIS, 1989).

REGULATIONS, STANDARDS, AND GUIDELINES
Human Health
OSHA TWA

350 ppm (NIOSH, 1985)
(29 CFR 1910.1000, Table Z-1)
(54 FR 12, 2923-2959, Table Z-1-A)

ACGIH TLV-1WA 350 ppm
TLV-STEL 450 ppm (ACGIH, 1986)
NIOSH

350 ppm-15 min ceiling (NIOSH, 1985)

IARC

Group 3 indefinite animal carcinogen (IARC, 1987)

EPA

Group D not classifiable as to human carcinogenicity (IRIS, 1989)

G-8

Reference Dose (RfD)

IDLH

0.09 mg/kg-day (based on a NOAEL in guinea pigs of
90 mg/kg-day ,Nith hepatic histological changes as the
most sensitive endpoint (Torkelson et al., 1958)

5,429 mg/m3

MCL

200 mg/L (IRIS, 1989)

Arnbient Water
Quality
Criterion

water and fish consurnption 218.4 mg/L
fish consumption only
1,030 mg/L
(IRIS, 1989)

Aquatic Organisms
The EPA (1988a) has reported the following lowest effect levels (LECs)for 1,1,1trichloroethane on aquatic organisms:
Freshwater:
• Acute Toxicity
18.0 mg/L
• Chronic Toxicity No data
Saltwater:
• Acute Toxicity
31.2 mg/L
• Chronic Toxicity No data
These data, however are not adequate lor establishing water quality crite ria.
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G.5 CARBON TETRACHLORIDE

SUMMARY
Carbon tetrachloride is a suspect human carcinogen and is known to produce liver
tumors in laboratory animals. Carbon tetrachloride causes liver damage, as well as
damage to the kidneys, skin, and eyes. Carbon tetrachloride may be readily absorbed
through the skin. Acute exposure to carbon tetrachloride by inhalation, ingestion, or
skin absorpiion may cause central nervous system depression.

IDENTIFICATION
CAS Number:

56-23-5

Chemical Formula:

CCI4

IUPAC Name:

Tetrachloromethane

Synonyms:

Tetrachloromethane
Perchloromethane

CHEMICAL AND PHYSICAL PROPERTIES
Molecular Weight
Specific Gravity
Melting Point
Boiling Point
Vapor Pressure
Vapor Density
Solubility

153.84
1.589
-23 ° C
76.7° C
90 mm at 20° C
5.32
800 mg/L H20 at 20 ° C; miscible in alcohol, benzene, chloroform,
ether, carbon disulfide (Merck, 1983; Sax, 1984; Verschueren,
1983)

FATE AND TRANSPORT
Volatilization is the major transport process for the removal of carbon tetrachloride from
aquatic systems (EPA, 1979). Carbon tetrachloride in the troposphere degrades very
slowly by reaction with hydroxyl radicals (EPA, 1979; EPA, 1987c). It can diffuse to
the stratosphere where it is degraded by exposure to higher energy ultraviolet light to
form CCI3 radicals, chlorine atoms, and phosgene. This photolysis reaction is thought
to be the predominant environmental fate process for carbon tetrachloride. There is no
clear evidence of selective concentration (adsorption) of carbon tetrachloride in soils or

G-10

sedirnents (EPA, 1979). Carbon tetrachloride migrates readily to groundwater and may
be expected to remain there for months to years (EPA, 1987c).

HEALTH EFFECTS
Carbon tetrachloride is a suspect human carcinogen and is known to be carcinogenic
in rats, mice, and hamsters (IARC, 1979). Liver tumors are most commonly seen, but
adrenal tumors have also been observed (Weisburger, 1977). Data on mutagenicity,
teratogenicity, and reproductive effects have been inconciusive (Verschueren, 1983).
Carbon tetrachloride has been shown to produce nonmalignant liver damage as well
as kidney damage in animals and humans (ACGIH, 1986). Symptoms of liver
dysfunction may include nausea, anorexia, vomiting, stomach-ache, and jaundico, but
dysfunction may also be asymptomatic (ACGIH, 1986).
Central nervous system depression has been experienced in cases of acute and chronic
exposure to carbon tetrachloride. Atmospheric, levels of 45-97 ppm have reportedly
produced dizziness and headaches (Kazantzis, 1960).
Substances such as barbiturates and chlorinated biphenyls have been shown to
enhance the effects of carbon tetrachloride. Consumption of alcoholic beverages is
known to markedly increase the toxicity of carbon tetrachloride (Maling, 1975; Comish,
1973; Carlson, 1975).
Carbon tetrachloride is a skin and eye irritant due. to its defatting action and appreciable
blood levels of carbon tetrachloride have been reported due to skin absorption.

EFFECTS ON WILDLIFE
Carbon tetrachloride has been shown to be toxic to freshwater aquatic life at mute
exposure concentrations as low as 35,200 pg/liter, and as low as 50,000 pg/liter in
saltwater aquatic species (EPA, 1980). LC50 values ranging from 67 ppm to 150 ppm
have been reported for subacute exposures to carbon tetrachloride in aquatic spocies
(Verschueren, 1983). A bioconcentration factor of 19 has been reported for carbon
tetrachloride in fish (EPA, 1986).
No data on the chronic toxicity of carbon tetrachloride in aquatic species, or its efects
on terrestrial wildlife are available at this time.

REGULATIONS, STANDARDS, AND GUIDELINES
Human Health
OSHA TWA

10 ppm
25 ppm ceiling

(29 CFR 1910.1000, Table Z-2)
(54 FR 12, 2923-2959, Table Z-1-A)
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ACGIH TLV-TWA 5 ppm

NIOSH 1WA

(ACGIH, 1986)

10 ppm
25 ppm ceiling

(NIOSH, 1985)

IARC

Group 2B Sufficient evidence of animal carcinogenicity (IARC, 1987)
Inadequate evidence of human carcinogenicity (IARC, 1987)

EPA

Group B2 Probable human carcinogen (IRIS, 1989)

Reference Dose (RfD)
IDLH

0.0007 mg/kg-day (IRIS, 1989)

1,800 mg/m3

Drinking Water
Equivalent Level
(DWEL)
25 pg/L (IRIS, 1989)
10-6 Cancer Risk 0.3 pg/L (IRIS, 1989)
Aquatic Organisms
There are inadequate data for establishing ambient water quality criteria for
aquatic organisms (EPA, 1980).
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G.6 LEAD

SUMMARY
Inorganic lead is found in the earth's crust at about 15 ppm. Lead isotopes are the
stable products of decay of three natural radioactive elements: from the uranium series2°8Pb, from the thorium series-2°8Pb, and from the actinium series-2°7Pb. Lead forms
two series of compounds corresponding to the oxidation states of +2 and +4,the most
comrnon being +2 (Kirk-Othmer, 1985).
Lead and its compounds are persistent in the environment and are cumulative poisons.
High doses of lead result in damage to the central nervous system and loss of kidney
function (Sittig, 1979).

IDENTIFICATION
CAS Number:

7439-92-1 (lead as inorganic fumes and dust)

Chemical Symbol:

Pb

Synonyms:

C.I. 77575
Lead Flake
Lead s2

CHEMICAL AND PHYSICAL PROPERTIES
Molecular Weight

207.19

Boiling point

1740* C

Melting point
Specific gravity
Vapor pressure
Solubility

327.5 ° C
11.35
1 mm @ 973° C
Slightly soluble in H20 in presence of nitrates, ammonium salts,
and CO2

FATE ANI) TRANSPORT
Lead exhibits the +2 oxidation state in aqueous systems. Natural compounds of lead
are not usually mobile in ground or surface water since it tends to combine with
carbonate or sulfate ions to form insoluble compounds under oxidizing conditions and
forms extremely insoluble lead sulfide under reclucing conditions.
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Sorption processes are effective in reducing the concentration of soluble lead in natural
waters and result in enrichment of bed sediments near the source. The tendency for
lead to form complexes with naturally occurring organic material increases its adsorptive
affinity for clays and other mineral surfaces. Removal of lead by sorption and
precipitation occurs more rapidly in alkaline waters; therefore, lead is considerably more
mobile in acidic waters.
Benthic microbes can methyiate lead to form tetramethyl Iead which is volatile and more
toxic than inorganic lead. Biomethylation may provide a mechanism for remobilization
of lead in the bed sediments. Bioaccumulation of weakly sorbed lead phases also may
result in remobilization (EPA, 1979).

HEALTH EFFECTS
Lead enters the body through inhalation and ingestion, is absorbed into the circulatory
system from the lungs and digestive tract, and is excreted via the urine and feces.
About 90 percent of the ingested lead passes through the gastrointestinal tract
unabsorbed. About 10 percent of the ingested lead is absorbed by the body and a
portion is excreted in urine with lesser amounts in sweat, hair, and nails. Under
conditions of approximately steady state, more than 90 percent of absorbed lead in the
body is in the skeleton, where it remains in a relatively inert state (Lee, 1972).
Particle size and chemical composition affect the readiness with which lead is absorbed
from the lungs and digestive tract. Small particles and highly soluble compounds are
more readily absorbed, hence more hazardous, than larger particles and compounds
with lower solubility.
Lead and its compounds are cumulative poisons. The most common signs of lead
exposure are gastrointestinal: anorexia, nausea, vomiting, diarrhea, and constipation
followed by colic. Lead can also affect hemoglobin synthesis and red blood cell
survival as well as the central and peripheral nervous systems (Kirk-Othmer, 1985).
An early effect of lead on the kidney is the development of intranuclear inclusion bodies
in the renal tubular lining. With continued exposure, swelling and mitochondrial
changes occur in proximal tubular lining cells (Ratcliffe, 1981).
Epidemiological investigations on exposed population groups and experiments on rats
have shown that the placenta does not represent an important barrier to lead.
Experiments on female mice have shown that ingested lead may cause, depending on
the dose, a reduction of pregnancies, a decrease in embryo weight, or abortion. At
high doses of lead and low calcium diet chromosomal abnormalities were found in
primates (DiFerrante, 1979).
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REGULATIONS, STANDARDS, AND GUIDELINES
Human Health
OSHA TWA

0.05 mg/m3 (Hazline, 1989)

ACG I H TLV-TWA

0.15 mg/m3(ACGIH, 1986)

EPA Acceptable
Intake

1.40 E-03 mg/kg-day (Oral Route) (EPA, 1986)
4.30 E-04 mg/kg-day (Inhalation Route) (EPA, 1986)

Safe Drinking
0.05 mg/L (MCL)(IRIS, 1989)
Water Act (ARAAR) 0.02 mg/L (Proposad MCLG) (IRIS, 1989)
EPA Ambient Water 50pg/L (Aquatic Organisms & Drinking Water)(IRIS, 1989)
Criteria
Clean Air Act
(ARAAR)

1.5 (90-day)(mg/m3)(IRIS, 1989)

Aquatic Organisms
Bioconcentration factors for aquatic organisms range from 60 in marine and
freshwater fish to 200 in marine and freshwater plants and invertebrates ;EPA,
1979). Decreasing pH increases the availability of divalent lead, the principal
form accumulated by aquatic animals.
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G.7 TRICHLOROETHYLENE

SUMMARY
Trichloroethylene is an industrial solvent that induces central nervous system
depression, adversely affects the liver, kidneys, and hematological systems, and
sensitizes the heart to endogenous catecholamines. Lung, liver, and kidney tumors are
increased significantly in exposed rats and mice.

IDENTIFICATION
CAS Number:

79-01-6

Chemical Formula:

C2HCI3

Synonyms:

Trichloroethene

TCE
Ethylene trichloride

CHEMICAL AND PHYSICAL PROPERTIES
Molecular Weight
Specific Gravity
Melting Point
Boiling Point
Vapor Pressure
Refractive index
Solubility

131.4
1.45560 at 25/4° C
-86.8° C
87.0° C
77 torr at 25 ° C
1.4777 at 20 ° C
0.1 g/100 ml water at 20° C; soluble in ethanol and ethyl ether
(Clayton and Clayton, 1981)

FATE AND TRANSPORT
Trichloroethylene vaporizes easily. However, accumulation in the atmosphere is not of
critical importance. Hydroxyl radicals react with trichloroethylene to form hydrochloric
acid, carbon monoxide, carbon dioxide, and carboxylic acid (EPA, 1979). The
atmospheric half-life of trichloroethylene is approximately 7 days (ATSDR, 1988b). It is
highly mobile in the soil, and subject to significant leaching (HSDB, 1987; EPA, 1979).
Since biodegradation under aerobic conditions is slow, trichloroethylene is relatively
persistent in subsurface soils and groundwater (Barrio-Lage et al., 1987; Hallen et al.,
1986; Wilson et al., 1986; Fogel et al., 1986; Vogel and McCarty, 1985).
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HEALTH EFFECTS
Inhalation of trichloroethylene causes irritation of the eyes and upper respiratory tract,
as well as central nervous system (CNS) depression (Hazline, 1989; Sittig, 1985;
Gosselin, 1984; Clayton and Clayton, 1981, Nomiyama and Nomiyama, 1977). CNS
effects experienced include visual disturbances, mental confusion, fatigue (Clayton and
Clayton, 1981), and at sufficiently high concentrations, euphoria, analgesia, and
anesthesia (ACGIH, 1986).
Sensitizafion of the heart has occurred in hurnans at anesthetic levels (Clayton and
Clayton, 1981). This has also been observed in dogs (Reinhardt et al., 1973) and
rabbits (VVhite and Carlson, 1979, 1981). If trichloroethylene is left in contact w th the
skin, defatting and fissuring, followed by erythema (redness) may result (Clayton and
Clayton, 1981).
Trichloroethylene is hepatotoxic and nephrotoxic in experimental animals. Mice exposed
to 37 ppm for 30 days had increased liver weights and vacuolated hepatocytes
(Kjellstrand et al., 1983, 1981). Rats also showed an increase in liver weights when
subjectecl to 55 ppm, 8 hr/day, 5 days/week for 14 weeks (Kimmerle and Eben, 1973)
and >50 ppm continuously for 12 weeks (Norniyama et al., 1986). Other unspecified
treatment-related hepatic effects were also noted by Nomiyama et al. (1986).
Renal effects include increased kidney weights and dysfunction in rats exposed to >150
ppm for 12 weeks (Nomiyama et al., 1986) and renal tubular meganucleocytosis in rats
exposed to >300 ppm for 7 hr/day, 5 days/week for 104 weeks (Maltoni et al., 1986).
Hematological system alterations have been experienced by experimental a limals
subjected to trichloroethylene.
Rats treated for 10 days with >50 pprn had
concentration-dependent inhibition of delta-aminolevulinate (ALA)dehydrogenase activity
in the liver and bone marrow cells, increased ALA synthetase, decreased heme
saturation of tryptophan pyrrolase, and decreased cytochrome p-450 in the liver (Fujita
et al., 1984). Nomiyama et al. (1986) exposed rats to >50 ppm for 12 weeks and
observed dose-related changes in hemoglobin, hematocrit, and erythroblast count.
Myleotoxic anemia has been shown in rabbits (Mazza and Brancaccio, 1967).
Teratogenicity data for trichloroethylene in humans are inconclusive. In rat pups,
skeletal ossification anomalies were produced by dams subjected to >100 pprn for 4
hr/day on days 8 and 21 of gestation (Healy et al., 1982).
Trichloroethylene is weakly mutagenic in some microbial test systems (Clayton and
Clayton, 1981). These data are inadequate to assess human carcinogenicity caused
by trichloroethylene (ATSDR, 1988b). However, trichloroethylene has been proven to
be carcinogenic in rats and mice, causing renal adenomas and carcinomas, lung
adenomas, and hepatomas (Maltoni et al., 1986 NTP, 1986b, 1982; Fukuda et al., 1983;
Bell et al., 1978).
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EFFECTS ON WILDLIFE
The availability of data pertaining to the toxic effects of trichloroethylene on wildlife is
limited. Chlorophyll-containing algae and plants exposed to trichloroethylene lose their
color at 600 mg/L (Verschueren, 1983). LC50 values of approximately 50 mg/L were
noted for three freshwater species tested.
The EPA has reported lowest effect levels (LECs)for acute exposure to trichloroethylene
of 45 mg/L, and 2 mg/L for freshwater and saltwater organisms, respectively. No LECs
for chronic exposures have been reported.

REGULATIONS, STANDARDS, AND GUIDELINES
Human Health
OSHA TWA

100 ppm
200 ppm ceiling (29 CFR 1910.1000, Table Z-2)
(54 FR 12, 2923-2959, Table Z-1-A)

ACGIH TLV-TVVA
TLV-STEL

50 ppm
200 ppm (ACGIH, 1986)

NIOSH TWA

25 ppm (10 hr) (Hazline, 1989)

IDLH

5,400 mg/m3

EPA

Group B2

probable human carcinogen (IRIS, 1989)

IARC

Group 3

indefinite animal carcinogen (IARC, 1987)

Aquatic Organisms
There are inadequate data for establishing ambient water quality criteria for
aquatic organisms.
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G.8 AIR DISPERSION MODEL

The U.S. Environmental Protection Agency's (EPA's) Users Network for Applied
Modeling of Air Pollution (UNAMAP)6 version of the Industrial Source Complex Model
(ISC)(EPA, 1988b) was used to estimate ambient concentrations of materials released
from emission sources (stacks) at the WIPP site. Releases resulting from routine
operations (long-term) and postulated on-site accident events (short-term), aboveground
and underground, were modeled.

LONG-TERM MODEL
The long-term version of the model (ISCLT) projected the annual average aboveground
concentrations, based on the annual average of meteorological data recorded at
Carlsbad cluring the 5-year period 1950 to 1954. Input mixing heights and amIDient
temperatures were obtained from Holzworth (1972) and National Weather Service
records, respectively. The model was run in the "regulatory default" mode. For
convenience, the emission rate was assumed to be 10 grams per second (5 gms/sec
from each stack). To determine the ambient concentrations resulting from a different
emission rate, a ratio of the actual and assumed emission rates was taken and applied
to the preclicted ambient concentrations.
The receptor field consisted of a rectangular gricl extending 50,000 meters north, ,Dast,
south, and west from the originating point of the emission. The physical Iocation of the
point of origin was the centerline of the vertical ventilation exhaust duct.
Ambient concentrations for underground workers were estimated manually usinG the
following assumptions:
• Waste disposal room dimensions are 10 meters by 91 meters by 4 meters
• Air velocity is 0.4 m/sec
• Air flow is parallel to the long axis of The chamber
• Hazardous chemicals are uniformly mixed in the air stream.
Using these assumptions, ambient concentration (ug/m3
)is the quotient of the reloase
rate (ug/sec) and the ventilation volumetric flow rate (mi/sec).

SHORT-TERM MODEL
Short-term concentrations were estimated by the ISC model (ISCST) running in the
short-term mode. Short-term releases were assumed to be discharged from the
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emergency filtration system with a flow rate of 60,000 cfm to a single stack. Generic
meteorological data (48 combinations of wind speed and stability customarily used in
UNAMAP screening models) were used in the ISCST model. For each of the 48
combinations, a 1-hour duration was arbitrarily assigned. In all instances, wind was
assumed to be blowing from the south. Hypothetical exposed individuals were located
due north of the stack at distances out to 50,000 meters.
The assumptions inherent in generic meteorological data are:
• The 48 combinations cover the entire spectrum of meteorological conditions
that could be obtained.
• Each of the 48 combinations can occur at some time or other.
Thus, the highest potential short-term exposure can be identified as well as the distance
at which this exposure occurs. This is a health-protective approach, since there is a
low probability of all the necessary conditions occurring simultaneously. The emission
rate was again assumed to be 10 grams per second. To determine the ambient
concentrations resulting from a different emission rate, a ratio of the actual and
assumed ernission rates was taken and applied to the predicted ambient
concentrations.
Manual calculations were used to estimate ambient air concentrations of hazardous
chemicals affecting workers in the waste handling building and underground during
postulated on-site accidents. Some accident-specific assumptions are described in
Appendix F. For each accident event, it was assumed that the total release was equal
to the total mass of volatile organics in the void volume of breached containers.
Concentrations in the air in the vicinity of each accident were estimated using these
assumptions.
For the aboveground accidents, the release was assumed to disperse into a
hemisphere which expands at a given rate for a given time based on the air flow into
the waste handling building. Concentrations of organics within the volume of the
hemisphere were assumed to be uniform. For underground accidents, a similar
procedure was followed. However, the underground release was assumed to disperse
into an underground mined out area which was 4.0 meters x 3.4 meters x 6.0 meters
in dimension. Again, concentration within this volume was assumed to be uniform.
Estimations of particulate releases of lead during a single drum fire underground were
made based on the vapor pressure of elemental lead. The ISCST model was used to
predict the rnaximum aboveground air concentration on-site.
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G.9 EXPOSURE ASSESSMENT

Consistent with the health-protective approach to risk assessment, potential exposures
to releases of hazardous chemicals resulting from routine operations are estimated for
hypothetical workers located at the points of maximum on-site concentrations above
and below ground identified by the air dispersion modeling. Estimates of potential
exposures were also made for a hypothetical resident located at the point of maximum
concentration at the WIPP site boundary.

EXPOSURE PARAMETERS
The potential exposed individual was assumed in each case modeled to weigh 70 kg
(about 15.4 lbs). Adults are used as the model residential receptor since no actual
individual exists at the site boundary. In fact, the actual resident nearest to the f acility
is more than 3 miles from the boundary. The increased sensitivity of the elderly ol• very
young individual from considerations such as body weight is mitigated by the additional
dilution of the already very low predicted concentrations at the site boundary (see
Section 5.0).
The daily respiratory volume was assumed to be 20 cubic meters (m3) for a 24-hour
period (residential exposures)(EPA, 1986) and 1:2 m3 for an 8-hour period (occupational
exposures)(EPA, 1985c). Due to a lack of chernical-specific data for volatile organics,
a transfer coefficient of 1.00 was used to model uptake and absorption via the ungs
for these chemicals.
The rate of lead deposition in the lungs was assumed to range from approximately 30
to 50 percent of particulates inhaled, while up to 70 percent of deposited lead was
assurned to be absorbed within 10 hours of exposure (ATSDR, 1988a). To maintain a
health-protective approach, a transfer coefficieni of 0.35 (i.e., 70 percent x 50 percent)

was used to represent deposition and absorption in the exposure estimates for lead.
Potential exposures from the inhalation of hazardous chemicals during rcutine
operations are estimated for occupational and hypothetical residential individuals during
above- and belowground operations. The concentrations of hazardous chemicals in air
that are predicted at each exposed individual location are evaluated to determine if,
based on the postulated scenario, the concentrations will remain constant or increase
with time during the exposure period. The aboveground worker and hypoth etical
residential individual are continually exposed to 42-drum units from the waste handling
building during the Test Phase and the Disposal Phase and 6,000-drum units from
underground emissions during the Disposal Phase. Similarly, the underground worker
is continually exposed to 6,000-drum units during the Test Phase and the Disposal
Phase.
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The concentration of hazardous chemicals in air from underground operations does not
remain constant during the Test Phase because the rooms will not be backfilled and
sealed, During the Test Phase, the number of drums increases by 17,600 drums, or
1-drum unit, per year. The concentration of hazardous chemicals in air at the
aboveground worker and the residential individual are averaged over the 5-year period
by multiplying the predicted air concentration by a weighting factor. A weighting factor
(WF) of three was calculated using the following equation:
WF = (U1 + U2 + Ui... Un)/ n, n = 5
where:
1.11 = number of drum units present per year, i = 1,...n
This method conservatively assumes that the drums will be emitting volatile organic
compounds over the entire 5-year period. Based on calculations of the emission
period, this is unlikely. For example, the entire mass of methylene chloride would be
emitted in 2 years if it continuously diffused through the carbon composite filter at the
calculated emission rate provided in Subsection 5.2.4.2, Table 5.35. Therefore, an
additional measure of conservatism is added by assuming the organics are emitted over
the entire 5-year period.
Concentrations available to individuals potentially exposed as a result of accident events
were based on the total void volume gas concentrations and short-term modeling
employing the specific dispersion characteristics of a given accident area.

ESTIMATION OF DAILY INTAKES OF HAZARDOUS CHEMICALS
The TLV-based, or IDLH-based estimated intakes (lai) for the accident scenarios are
estimated by the following formula:
lai = (Ci)(V)(Ai)(E)(fa)
where:
lai = TLV- or IDLH-based estimated intake (mg/exposure),
Ci = concentration of constituent in air at the receptor location (mg/m3),
V = respiratory volume (m3/day),
Ai = transfer coefficient for ith chemical,
E = seconds or minutes per exposure,
fa = conversion factor.

G-22

The respiratory volume of 20 m3/day and transfer coefficients of 0.35 for lead and 1.0
for all volatile organic compounds are used in the upper-bound transportation ao:..ident
to estimate intake of a hypothetical exposed individual located 50 meters frorn the
accident. An exposure of 30 minutes is postulated during the accident. The conversion
factor is 1 day per 1,440 minutes.
The estimated intakes for the accident scenarios postulated to occur during operations
at the WIPP are also calculated using the above equation. Because the exposure to
a worker is estimated, a respiratory volume of 12 m3/workday is used in the calmilation
of intake. The transfer coefficients of 0.35 for lead and 1.0 for volatile organic
compounds were utilized as above. Each exposure period in minutes was then
converted, using the factors of 1 hour per 60 minutes and 1 workday per 8 hours.
Based on the air modeling, the exposure period for workers during accidents In the
waste handling building is 1 minute and in the underground is 15 seconds. A
conservative 30-minute exposure period is assumed during the underground fire
scenario at the WIPP. For the defined time per od of each accident, the concentration
of chemicals in air at the location of the worker is assumed to be constant.
For routine operation, the annualized averages for each chemical for both the, Test
Phase and the permanent Disposal Phase were used to estimate the chemical-specific
daily intakes for the residential, aboveground occupational, and underg•ound
occupational receptors. The daily intake was estimated by
Iri

= (C1)(\/)(Ai)/ (f)(1iV), i = 1,

6,

((1-2)

where:
Iri = estimated daily intake of the itil chemical (mg/kg-day), i = 1,...6,
Ci = concentration of the ith chemical (ug/m3),
V = scenario-specific respiratory volume (m3/day),
Ai = transfer coefficient for the ith chemical, i = 1,...6,
f

= conversion factor (1,000 pg/mg),

W = body weight (kg).
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G.10 RISK ESTIMATION

While the estimation of human health risks for this assessment employed a quantitative
evaluation of the data available on waste characterization, these estimates are more
meaningful when viewed in a relative, and therefore more qualitative sense. The
precision of these estimates was Iimited by the uncertainties associated with the size
and quality of the data base. In this assessment, these limitations were partially
mitigated by defining a range of extremes. However, overriding uncertainties still
persist. An analysis of these uncertainties is given in Section 5.0.

LONG-TERM RISK ESTIMATION FOR CARCINOGENS: ROUTINE OPERATIONS
For any Class A or B carcinogen (by the classification of the EPA's Carcinogenic
Advisory Group) that is projected to average greater than 1 percent by weight of the
waste, predicted air pathway exposures that may result from emissions associated with
routine facility operations are compared to unit cancer risks (EPA, 1986). Excess
incremental lifetime cancer risks resulting from inhalation of vapors are estirnated for the
exposed individuals associated with each scenario. These estimates are based on
guidance provided by the SPHEM and the Air Toxics Assessment Manual (California Air
Pollution Control Officers Association [CAPCOA], 1987).
Of the representative chemicals for the waste, there are three volatile organics that are
Class A or B carcinogens: carbon tetrachloride, methylene chloride (dichloromethane)
and trichloroethylene (TCE). The estimated daily intakes for these chemicals were used
to estimate the risk of the occurrence of one excess case of cancer as a result of the
estimated exposures to these chemicals. This lifetime incremental excess cancer risk
is given by
(G-3)

Ri = ch*IriLC , i = 1,...,3,
where:
Ri = excess incremental lifetime cancer risk for the

ith

chemical, i = 1,...,3,

q1* = chemical-specific cancer potency factor (mg/kg-day)-1,
in = estimated daily intake of the
(rng/kg-day), i =1,...,3,

ith

chemical for a given individual

LC = lifetime correction factor.
The cancer potency factors used for carbon tetrachloride, methylene chloride, and
trichloroethyiene were 1.36 x 10-1, 1.40 x 10-2, and 1.30 x 10.2 (mg/kg-day)-1,
respectively (IRIS, 1989).
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The lifetime correction factor was used to adjust the risk estimates to the specific length
of the exposure period. The resulting estimate was interpreted as the lifetime risk of
a single excess cancer occurrence based on tho specific exposure period. An average
lifetime is defined as 70 years (EPA, 1986). For the WIPP, four LCs were required.
These are:
• Residential: 5/70 and 20/70, because residential exposures are assumed to
be for 24 hours per day, 365 days per year for the two exposure periods.
• Occupational: (8/24)(240/365)(5/70) and (8/24)(240/365)(20/70), since
occupational exposures are assumed to be 8 hours per day, 240 days per
year for the entire 5-year and 20-year period.

LONG-TERM RISK ESTIMATION FOR NONCARCINOGENS: ROUTINE OPERATIONS
Potential risks were estimated for noncarcinogens projected to average greater than
1 percent by weight of the waste (Rockwell, 1988). Estimates of daily intakes for each
chemical were compared with acceptable daily levels for chronic intake (AIC) according
to procedures for deriving "hazard indices" described in the SPHEM (EPA, 1986).
The hazard index (HI) for a given chemical may be defined as the ratio betwee the
daily intake of that chemical and an acceptable reference level. Clearly, an HI less than
unity (one) implies that the exposure to the given chemical is acceptable.
Hazard indices were calculated for each of these based on the estimated daily intakes.
The chemical-specific hazard index was estimated as follows:
Hli =

(G-4)

/ RLi, i = 1,...,3,

where:
Hli = hazard index for the ith chemical, i = 1,...,3,
= estimated daily intake of the ith chemical for a given individual
(mg/kg-day), i = 1,...,3,
RL1 = reference level for the ith chemical (mg/kg-day), i = 1,...,3.
Here the reference level is the AIC, since, exposures for the routine operations
scenario are assumed to be over periods of 5 continuous years and 20
continuous years. The AICs for 1,1,1-trichloroethane and 1,1,2-trichloro-1,1,2trifluoroethane used in the assessment ere 6.3 and 30 mg/kg-day (IRIS, 1989).
The oral AIC was used for 1,1,2-trichloro-1,2,2-trifluoroethane because the
inhalation AIC was unavailable.
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RISKS ASSOCIATED WITH ACCIDENT SCENARIOS
Accident events as defined in Appendix F are short-term events with respect to potential
exposures and associated risks. To estimate these risks, hazard indices were
calculated as described previously. The accident scenarios during operations at the
WIPP are assumed to involve potential exposures to only the occupational population
because all hypothetical accidents occur either in the waste handling building or
underground. Because the risks to workers associated with the release of hazardous
chemicals from accidents at the WIPP are well below health-based levels, risks to the
public are not estimated. Short-term exposures to the public from these events will be
less than those to workers because of the restricted access to the facility, operational
protocols for accident control and cleanup, and the decreased concentrations of
chemicals from dilution and diffusion in air.
Estimates of intake per exposure were compared with reference levels derived from
appropriate, short-term occupational standards instead of AICs. These standards
include the tiime-weighted average Threshold Limit Values (TLVs) (ACGIH, 1986) and
Immediately [)angerous to Life and Health (IDLH) criteria (CHEMTOX, 1988). In the case
of lead, an IDLH has not been established. Therefore, lead exposures were compared
to the TLV-based allowable intake only. As before, an HI less than unity implies that
the exposure to the given chemical is acceptable.
The TLV-based acceptable intake (TLV-A11)is derived by the following equation:
TLV-Ali = (TLV)(V)(A1)
where:
TLV-Ali = TLV-based acceptable intake (mg/exposure),
TLV

= Threshold Limit Value for the ith chemical (mg/m3)(ACGIH, 1986),

V

= respiratory volume for an occupational receptor during an 8-hour
workday (12 m3/day),

Ai

= transfer coefficient (0.35 for lead (ATSDR, 1988a) and 1.0 or 100
percent absorption for all volatile organics).

The TLV and respiratory volume are based on an 8-hour workday. Therefore, the
allowable intake is considered an acceptable level for an 8-hour occupational exposure.
The IDLH-based acceptable intake (IDLH-A11) is derived by the following equation:
IDLH-Ali = (IDLH) (V) (EF) (Ai)
where:
IDLH-Ali

= Immediately Dangerous to Life and Health-based acceptable
intake (mg/exposure),
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IDLH

= IDLH for the ith chemical(mg/m3)(CHEMTOX Database, 1988),

V

= respiratory volume for a worker during an 8-hour workday (12
m3/day),

EF

= exposure period and conversion factors (30 minute; per
exposure, one hour par 60 minutes and one workday per 8
hours),
= transfer coefficient (1.0 or 100 percent absorption for aIl volatile
organics).

The IDLH is based on a 30-minute exposure. However, the respiratory rate is the
volume breathed during an 8-hour day. The exposure period and conversion factors
are used to determine the amount that can be taken into the body (i.e., acceptable
intake) during a 30-minute exposure period.
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H.1 PUBUC INFORMATION

Public information and participation activities undertaken during the preparation of the
FEIS are described in Subsection 14.4 of the FEIS. This subsection lists the public
hearings that were held and describes the notices of availability that were published.
A 141-day public comment period was held on the draft EIS.
Since the completion of the FEIS, the DOE has undertaken a range of intergovernmental
affairs and public information activities to inform the public of the development of the
WIPP, provide opportunities for interested parties to express concerns and com ments
to the DOE, and keep key government agencies and interest groups informed of issues
and progress related to the WIPP project. These intergovernmental and public
information activities are described in detail below.

H.1.1 ESTABLISHMENT OF THE WIPP VISITORS PROGRAM AND CENTER
The WIPP Visitors Center was established in 1988 to provide information to area
residents regarding the history, design, and plans for the WIPP. The center includes
a multi-room exhibit that demonstrates the need for the WIPP, plant design, plans for
waste handling, and projections for the Iife of .the WIPP. The WIPP Visitors Ce ter is
managed by the WIPP Project Office of Public Affairs in Carlsbad, New Mexico. Staff
members are available to discuss visitors' questions about the project. The center is
an extension of the WIPP project tour program so that those who are unable to go to
the site rnay receive similar information.
Interested groups may take tours of the WIPP as part of the visitors program. Between
1981 and 1984, only visits by foreign nationals were recorded as part of the tour
program: there were 23 visits from 169 foreign visitors during that period. Between
1984 and 1989, all visits were recorded; 824 tours were conducted for 9,156 visitors.
The visitors have included the Governors of New Mexico, Colorado, and Idaho and
members of Congress from New Mexico, Colorado, Idaho, Oklahoma, and Louisiana,
as well as the Secretary of the DOE.

H.1.2 IMPLEMENTATION OF PUBLIC INFORMATION PROGRAM
In implementing its public information program, the DOE has conducted public hearings;
held public awareness tours; sponsored a speakers bureau; participated in dedications;
attended professional and scientific meetings; held community update meetings;
participated in community days and fairs; responded to media inquiries; sponsored
media events; and prepared numerous publications addressing WIPP-related issues.
These activities are described below. (Activities in support of this SEIS are discussed
in Subsection H.3.)
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Public Heariings. Since the FEIS was published in 1980, the DOE has participated in
two sets of public hearings that have addressed environmental issues related to the
WIPP. The issues these hearings have addressed include:
• Site and Preliminary Design Validation (SPDV) Program. The DOE held
hearings on the results of the SPDV in Santa Fe and Albuquerque, New
Mexico, April 19 and May 16, 1983, respectively. Following the hearings, a
notice was published in the Federal Register that reaffirmed the 1981 Record
of Decision and the decision to proceed to full construction.
• The Bureau of Land Management held administrative land withdrawal
hearings for the WIPP in Albuquerque and Carlsbad, New Mexico in May,
1983.
• Land Withdrawal Bill. In 1987, Congress considered legislation that would
permanently withdraw the land to be used for the WIPP from the public
domain and assign administrative responsibility to the DOE. WIPP staff
members testified at hearings for the bill in Washington, D.C., and Carlsbad,
New Mexico. Congress did not act on this bill prior to adjournment.
Public Awareness Tours. The DOE conducted public awareness tours in 3 cities in
Utah, 2 cities in Idaho, 14 cities in New Mexico, 5 cities in Colorado, 3 cities in
Mississippi, 2 cities in Louisiana, and 5 cities in Wyoming. These tours informed
residents and community officials along waste transportation routes about the WIPP and
transportation issues. The DOE issued press releases in each of thess cities having
news media and the tours received extensive media coverage. Almost 3,000 people
attended the exhibits and discussed issues with WIPP staff members. Thousands more
were reached through press coverage.
Speakers Bureau. Since the DOE established a speakers bureau in 1987, 376
presentations have been made to 15,628 persons in civic clubs, professional
organizations, schools, and other groups. These presentations have covered issues
such as transportation of waste to the WIPP, waste handling operations, safety at the
WIPP, the WIPP environmental programs, and overviews of the WIPP for elementary and
secondary students.
Dedications. The DOE has held official dedications for the WIPP and associated
facilities ancl has invited the public to these events. These dedications have included
the following:
• The groundbreaking for the waste handling building was held in 1984 and
the facility was dedicated in 1987. About 560 persons attended the two
functions. The Waste Handling Building is the largest surface facility at the
WIPP.
• The WIPP Visitors Center was dedicated in 1988. This facility is located at
the WIPP Project Office in Carlsbad, New Mexico. Approximately 175
persons attended its dedication.
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• The Alternate Emergency Operations Center (AEOC) was dedicated in 1988.
Located near Carlsbad, New Mexico, the AEOC was developed to ryovide
another location for emergency personnel to conduct emergency response
activities if the primary Emergency Operations Center (EOC) at the WIFP site
is inaccessible during an emergency. The DOE negotiated an agreement for
joint DOE, State, county, and city use of the AEOC. About 30 pe rsons
attended its dedication.
• The Safety and Emergency Services Building, which houses the Emergency
Operations Center, the First Aid Station, the emergency equipment
(ambulance, fire truck, rescue vehicle), and Environmental, Safety and Heatth
employees was dedicated in 1989.
• The DOE developed and installed a display on the WIPP project at DOE's
National Atomic Museum at Kirtland Air Force Base in Albuquerque, New
Mexico. About 50 persons attended the 1988 opening of the display.
• The DOE provided a regularly updated display on the WIPP project fix the
Carlsbad Centennial Museum which attracted hundreds of visitors in 1988.
Professional Conferences. The DOE has provided professional conferences with
information about the WIPP project through professional conferences as follows:
• In 1988, the DOE's exhibit presented 'NIPP information to 700 radioactiva and
hazardous waste management professionals at the DOE Model Conference
in Oak Ridge, Tennessee.
• At the 1987, 1988, and 1989 Waste Management Conferences in Tucson,
Arizona, WIPP information was preseited to 1,300 national and international
radioactive waste management professionals each year.
• At Carlsbad, New Mexico, in May 1988 and Odessa, Texas, in December
1988, the WIPP Institutional Prograrn gave status updates on institutional
activities within the western and southern States to Defense Transuranic
Waste Program participants.
• In November 1988, a presentation was made on the WIPP projeci and
institutional and public affairs outreach to the American Society for Public
Administration at El Paso, Texas.
The Public Awareness display was exhibited at the National Conference of
State Legislators in Tulsa, Oklahoma in August 1989. Approximately 1,500
persons visited the display, including legislators from every State.
In 1989, the DOE provided a WIPP information booth at the annual meeting
of the National Conference of State Legislators in Tulsa, Oklahoma. More
than 6,000 legislators, legislative staff members, and other government
officials attended.
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Other Groups. The DOE has also provided information about the WIPP project to
groups whose main interest relates to an aspect of the WIPP. These meetings included
the following:
• Student Leadership Conference at New Mexico Tech's American Indian
Science and Engineering Society's Student Leadership Conference in
Socorro. The DOE participated in this 1989 activity, the purpose of which
was to interest New Mexico Indian high school students in science and
math. About 60 students attended this event.
• Operation CARE (Combined Accident Reduction Effort) in 1989 in Santa Fe,
New Mexico. The DOE provided a speaker and an information booth at this
meeting, which brought together about 300 law enforcement and highway
patrol officials from across the nation.
• Health Physics Society Annual Meeting in 1969 in Aibuquerque, New Mexico.
The DOE provided an information booth at this meeting, which brought
together about 3,000 national and international health physics professionals.
• Ninth International Symposium on Packaging and Transportation of
Radioactive Materials (PATRAM) in 1989 in Washington D,C. The DOE
provided an informational booth at this event, which drew about 800 national
and international experts in the fields of packaging and transporting
radioactive waste.
•

National Association of Governors' Highway Safety Representatives annual
meeting in 1989 in Tulsa, Oklahoma. The DOE provided an information
booth at this event, which brought together about 400 State highway safety
officials.

Community Activities. The DOE has held both regularly and specially scheduled
community update meetings with community leaders in New Mexico. Updates on the
WIPP project have been held in Carlsbad, Artesia, Roswell, Vaughn, and Hobbs.
Seminars explaining how to participate in the Federal government procurement system
have also been held in these locations for local businesses and contractors.
In the informal context of "community days," the DOE has provided the comrnunity with
opportunities to meet with WIPP staff members and tour its facilities. These events
included the following:
• WIPP Family Day at the WIPP site in 1987 and 1989. The DOE invited
families of WIPP employees to tour the site. These events provided WIPP
employees' family members with a general overview of the facility, a
demonstration and overview on transportation, an environmental overview,
and tours of the Waste Handling Building and the underground areas.
• Southeast New Mexico Community Leaders Day in 1988. The WIPP Public
Aflairs Office organized this event for elected offlcials and community leaders
in southern New Mexico. The event included surface and underground tours
and overviews of the WIPP project.
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• Southeastem New Mexico Communhy Days in 1988. Organized by the WIPP
Public Affairs Office, this event drew about 1,450 persons. The DOE provided
overviews and surtace and underground tours.
• Northern New Mexico Community Day in 1988. The WIPP Public Affairs
Office organized this event, which included a general overview, transportation
overview and demonstration, environmental overview, and tours of the Waste
Handling Building and the underground areas. The event drew about 785
persons.
• Water Fair. The DOE assisted the State of New Mexico in gathering water
samples from the Carlsbad area by co-sponsoring a Water Fair with the
Environmental Improvement Division. More than 70 samples were brought
to the fair by residents wishing to receive free water analyses.
• Eddy County Fair, 1985 through 1989. The DOE provided an information
booth and exhibit at this fair in Carlsbad, New Mexico. About 2,500 people
visited the booth.
• Lea County Fair, August 1989. The DOE provided an information booth and
exhibit at this fair in Lovington, New Mexico; almost 700 people visitad the
booth.
• Eastern New Mexico State Fair in 1986, 1987, 1988, and 1989. The DOE
provided an information booth and exhibit at this fair in Roswell, New Mexico.
About 2,000 persons visited the booth.
• New Mexico State Fair in September 1988 and 1989. The DOE sponsored
an information booth and exhibit at this fair in Albuquerque, New Mexico.
A total of approximately 18,000 persons stopped at the booth.
• Knowles Frontier Day, July 1989. The WIPP Public Affairs Office provided
an information booth and exhibit at this event which is based around fire
protection and emergency response; over 100 people visited the booth.
• Science showcase. In 1987, 1988, and 1989, the DOE participated in the
Carlsbad School System's Science Showcase program. The goal of this
program is to encourage Carlsbad's young people to view science as a
creative discipline that offers a wide range of career opportunities. Each
year, more than 1,100 students, teachers, and parents learn about the WIPP
at this event.
Media. The DOE, through its Office of Intergovernmental and External Affairs and the
WIPP Public Affairs Office, is committed to responding to press inquiries with accurate
and timely information. In addition to requests for information from southeasterri New
Mexico, information has been provided to regional media including The Albuquerque
Journal and Tribune, Albuquerque television stations, Albuquerque radio stations (KOB
and KGGM), the Boise Statesman in Idaho, ancl the Denver Post and Rocky Mountain
News in Colorado. National requests have included inquiries from The Chicago
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Tribune, USA-Today News, Newsweek and Time magazines, The New York Times,
Cable News Network, and The MacNeil/Lehrer Report.
Media events sponsored by the DOE were designed to provide the media with in-depth
information about key issues of public interest. For example:
• The DOE exhibited the TRUPACT-II testing in Albuquerque, New Mexico.
Local and national media and public officials were invited to this event. The
TRUPACT-I1 containers were dropped from 30 feet onto an unyielding surface,
dropped onto a blunted spike, and burned.
• The DOE sponsored a tour to demonstrate the TRUPACT-11 full-scale model
in Carlsbad, New Mexico; Idaho Falls, Idaho; and Portland, Oregon. The
purpose of this tour was to answer questions from interested media about
the proposed transportation routes for waste materials and about the
proposed contents of the TRUPACT-Il containers.
Publications. In addition to the public information activities described above, the DOE
has prepared numerous publications addressing different WIPP issues. The titles of
these publications are:
"Waste Isolation Pilot Plant — WIPP"
"In Situ Testing at the Waste Isolation Pilot Plant"
'Visitor information"*
"Certification Requirements"
'Transuranic Waste"
"Environmental Protection"
"Participants/Unes of Communication"
'Why Salt? Why Southeastern New Mexico?"*
"Raptor Studies and the WIPP Environment"
"Waste Handling Procedures at WIPP"
"Commonly Asked Questions"
'Transportation: A Satellite Tracking System"
'Transportation: TRUPACT-II"*
"Safety Throughout the Project"
"Waste Handling Building"
"Highway Route Selection"
"States Training and Education Program"
"Public Law 96-164"
"Where Will Waste Come From?"
"WIPP Project Speakers Bureau Brochure"
"Draft Plan for Waste Isolation Pilot Plant Test Phase: Performance Assessment
and Operations Demonstration"*
"DOE Invites Public Comments on WIPP-SEIS Document."
* Spanish translations of these publications are being prepared.
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H.2 INTERGOVERNMENTAL AFFAIRS

An irnportant function related to the WIPP Project Office of Public Affairs is to keep
interested government officials informed of key issues and progress related to the, WIPP
project. In the process, the DOE has workecl closely with numerous Federal, State,
and local government agencies. In some cases, the DOE has regularly attended
meetings of key governmental agencies, and the WIPP project staff members have
participated in the ongoing meetings of governmental groups as follows:
• The Environmental Evaluation Group (EEG) provides independent oversight
of the WIPP project. The group has a professional staff and is responsible
to the president of the New Mexico Institute of Mining and Technology.
WIPP staff members have conducted 30 quarterly reviews of the WIPP project
for the EEG and published 42 reports on their investigation and analyses
of the WIPP.
• The Radioactive and Hazardous Materials Committee (RHMC) oversees, WIPP
project activities for the New Mexico legislature. Since 1979, WIP staff
members have attended about 50 rneetings of the RHMC.
• The Radioactive Waste Consultation Task Force (RWCTF) is an executive
task force that oversees the WIPP project for the Governor of New Mexico.
In 1985, the DOE was invited to the meetings of the RWCTF and has
attended eight meetings since then.
• The National Academy of Sciences (NAS) WIPP Panel is composed of
11 prominent scientists and has met approximately 3 times a year since
1979. WIPP project staff members were available for the 30 meetings.
• The Pacific States Alliance (PSA) is a four-state committee established to
study and recommend measures to transport radioactive material safely
through Washington, Oregon, ldahc., and Wyoming. The DOE participated
in five meetings in 1988 and 1989 with the PSA and attends all PSA meetings
to identify concerns, address questions, and provide project updates.
• The Western Governors' Association (WGA) is an alliance of governors from
11 western States dedicated to uniformly representing the western governors
in intergovernmental affairs. The DOE regularly attends WGA meetilgs to
identify concerns, address questions, and provide project updates.
• Congressional support. The WIPP Project Office has responded on
numerous occasions to requests for information from different members of
Congress and has conducted briefings and tours for interested members who
have visited the facility.
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In addition to regular involvernent with these governmental groups, the WIPP Project
Office of Public Affairs has met on request and initiated meetings with other
governmentall groups interested in the project. These meetings have included the
following:
• Santa Fe Interested Citizens. Approximately 20 elected and appointed Santa
Fe, New Mexico, leaders toured the WIPP site and received briefings.
•

National Congress of American Indians (NCAI). The WIPP Project Office met
with NCAI members on four occasions. In December 1987, WIPP staff
members met with the leaders of New Mexico Indian Tribes and Pueblos.
In February 1988, WIPP staff members met with officials of Indian Tribes and
Pueblos from outside New Mexico. In December 1988, a WIPP representative
met with tribal officials at a meeting arranged by the NCAI at a transportation
coordinating group meeting. In September 1989, WIPP staff attended and
participated in the NCAI-sponsored tribal seminar on nuclear waste. This
seminar's purpose was to familiarize Federal officials with tribal cultural and
sovereignty rights.

• All Indian Pueblo Council (AIPC). After AIPC pubiicly expressed opposition
to the WIPP project, the DOE met with the AIPC in 1988 to hear concerns
and respond to questions and comments. The A1PC represents New
Mexico's 19 Indian pueblos on matters for which unity and numbers enhance
the pueblos' interests.
• Interstate Route 84 Task Force. In July 1988, WIPP staff members conducted
a public information tour in Oregon along the route of proposed Interstate
Route 84 to provide information on the transport of TRU wastes through
Oregon and to identify and address concerns. WIPP project staff members
responded to media questions, provided technical expertise, and displayed
the full-scale TRUPACT-Il model.
•

Hanford Waste Board and Advisory Committee (Oregon). This group
sponsored four public information meetings along the proposed Interstate
Highway 84 corridor in Oregon. The DOE attended these meetings to
provide the public with information on the transport of TRU wastes through
Oregon and to identify and address concerns. WIPP project staff members
responded to media questions, provided technical expertise, and displayed
the full-scale TRUPACT-II model.

• Western Interstate Energy Board (WIEB). WIPP project staff members
attended three meetings held by the WIEB on the WIPP during 1987 and
1988. The WIEB is an interstate compact group representing 16 western
States in many environmental and intergovernmental affairs.
• Southern States Energy Board (SSEB). The SSEB held a meeting on the
WIPP in 1987 which WIPP project staff members attended. The SSEB is a
non-profit interstate compact serving as the regional representative of 16
southern States in energy and environmental matters. The SSEB also held
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a meeting in Carlsbad, New Mexico and toured the WIPP site in September
1988.
• DOE Field Offices. Personnel associated with or supporting the WIPP Project
Office meet with the DOE's Idaho, Oak Ridge, and Savannah River
Operations Offices to plan, coordinate, and interface with the States within
their regions.
• Office of Civilian Radioactive Waste Management (OCRWM). The WIPP
Project Office met and worked with DOE OCRWM five times in 1987, 1988
and 1989.
During these meetings, the DOE attended OCIRWM's
Transportation Coordination Group meetings to exchange information about
transportation policy, hosted the OCRWM Transportation Institutional Support
Manager on a visit to the WIPP site, and participated in the OCRWM
Institutional Planning for Transportation Activities meeting.
• Mine Safety and Health Administration (MSHA). Pursuant to a Memorandum
of Understanding between MSHA and DOE, the MSHA conducts safety
inspections of the underground WIFP facility.
• Other State of New Mexico Agencies. The DOE met with the State Highway
Commission to discuss highway upgrading and with the Radiation Technical
Advisory Council to discuss TRU waste transportation and other agenda
items. The State Highway Commission has responsibility for maintenance
of State roads and shipments of hazardous materials over those roads. The
Radiation Technical Advisory Council is responsible for radiation protection
in New Mexico.
• Local government agencies. The DOE met with the Raton, New Mexico City
Council in 1988 to address concerns about waste transportation. Afier the
meeting, the City Council defeated a resolution to restrict the transpolation
of radioactive waste through city limits. Instead, the council voted to support
the New Mexico Municipal League's resolution. The DOE has addressed the
Santa Fe City Council on the constituents in and the handling of radioactive
mixed wastes and has participated in public forums sponsored by the League
of Women Voters, City of Santa Fe, and Santa Fe County.
• Commercial Vehicle Safety Alliance (CVSA). The DOE met with the CVSA
in 1988 to keep informed on CVSA's pilot study for the inspection of
radioactive shipments. The CVSA is an alliance of States that is try ng to
establish uniform inspection procedures for aH hazardous materials
shipments.
• Confederated Tribes of the Umatilla Indian Reservation (CTUIR). The DOE
attended a CTUIR sponsored workshop on transportation of radioactive
materials in 1988. The DOE gave a WIPP update to the CTUIR Board of
Trustees in August 1989. The CTUIR is composed of the Umatilla, Cayuse,
and Walla Indian Tribes in northeastern Oregon.
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• Eight Northeast Tribes of Oklahoma. The DOE met with this group in 1988
to inform the tribes about WIPP issues. This group is a State-chartered
forum that represents the Eastern Shawnee, Seneca-Cayuga, Ouapaw, Peoria,
Wyandot, Miami, Modoc, and Ottawa Indian Tribes on issues of common
concern.
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H.3 INTERGOVERNME NTAL AFFAIRS
AND PUBUC INFORMATION PUN FOR THE WIPP SEIS

In conjunction with the preparation of the WIPP final SEIS, the DOE Albuquerque
Operations Office has established an Office of Intergovernmental Affairs and Public
information (IAPI). The objective of the IAPI Office is to ensure that public inforniation
and public participation activities for the SEIS are in compliance with the (;EQ's
regulations implementing the NEPA and DOE's NEPA guidelines. To ensure the public
has adequate opportunities for involvement in the SEIS, the DOE implemented the
following activities:
• Intergovernmental Affairs. The DOE has met with 1) representatives of the
States of New Mexico, Colorado, Utah, Idaho, Washington, Oregon,
Wyoming, California, Arizona, Nevada, Kentucky, and Arkansas; .2) the
Westem Govemors' Association; 3) the Southem States Energy Board; 4) the
National Congress of American Indians and Council of Energy Resource
Tribes; 5) Environmental Protection Agency and the Bureau of Land Management; 6) key environmental groups; 7) the Environmental Evaluation
Group; and 8) Congressional representatives from the host and corridor
States and from oversight committeos such as the House Armed Services
Committee. The purposes of these meetings were to discuss the planned
content of the SEIS, to receive any input regarding environmental issues, and
to review the schedule for completion of the NEPA process.
These meetings provided important input into the development of the SEIS,
particularly in the focusing of transportation issues and collection of relevant
data. The meetings helped the SEIS Office of Intergovernmental Affairs and
Public Information identify information needs that government officialo and
the interested public may have.
• Federal Register Notices. A Notice of Preparation of the SEIS appeared in
the Federal Register on February 17, 1989. On April 21, a Notice of Availability for the SEIS was published that also announced the beginning of the
public comment period. Subsequently, the DOE published five more Foderal
Register Notices announcing various changes and additions to the public
hearing schedule and extensions of the public comment period (May 26,
June 12, June 26, July 7, and July 11, 1989). The total public comment
period was 90 days in length.
• Toll-Free Request Une. At the beginning of the pubic comment period, the
DOE established a toll-free telephone line connected to an answering
machine at the SEIS Project Office. This line allowed citizens from ai ound
the U.S. to call 24-hours a day, seven days a week to register to speak at
the public hearings on the draft SEIS. The line was also available to request
copies of the SEIS; to obtain fact shoets, summaries, or other informational
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materials on the SEIS; to be placed on the SEIS mailing list; or to receive
a return phone call from someone on the SEIS Project Office staff.
• Mailing Ust. The DOE developed a comprehensive mailing list for distribution
of the SEIS and other materials. The mailing list is a compendium of
approximately 2,000 interested citizens; Federal, State, and local agencies;
elected officials; tribal officials; public interest groups; and others. Sources
for this mailing list consisted of those responding to the February 17, 1989,
Federal Register notice, lists from the 10 waste generator or storage facilities,
the FEIS distribution list, telephone requests received on the SEIS toll-free
telephone line, the DOE Office of Intergovernmental and External Affairs, and
others. In response to informational materials prepared by the SEIS Project
Office during the early public information efforts on the SEIS, numerous
interested parties asked to be added to the mailing list.
• Public Hearings. During the 90-day public comment period, the DOE held
a total of nine public hearings on the draft SEIS in seven States, including:
Atlanta, Georgia
Pocatello, Idaho
Denver, Colorado
Pendleton, Oregon
Albuquerque, New Mexico
Santa Fe, New Mexico
Artesia, New Mexico
Odessa, Texas
Ogden, Utah

May 25, 1989
June 1, 1989
June 6, 1989
June 8, 1989
June 13-14, 1989
June 15-17, 1989
June 22, 1989
June 26, 1989
July 10, 1989

The DOE's approach for notifying the public of an upcoming public hearing
included public service announcements, display ads, press releases, and
press conferences. For example, prior to the public hearing in Atlanta on
May 25, the DOE sent public service announcements to 27 radio and
television stations in Georgia, South Carolina, Tennessee, Kentucky, and
Ohio. In the same States, the DOE took out display-type advertisements in
16 newspapers of general circulation. Two days before the hearing, the
DOE issued a press release, and on the day before and the day of the
hearing, the DOE held press conferences.
Similar efforts were undertaken for all of the hearings. As a result of these
types of activities, the DOE succeeded in attracting close to a thousand
commenters to the nine hearings, in addition to the almost 900 written
comments it received.
• Others. A variety of press releases and public service announcements
regarding the SEIS have been prepared and distributed to the media and to
others on the mailing list.
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1.0 INTRODUCTION

This appendix describes the analytical methods, codes, and exposure calculations used
to calculate the impacts from the postulated Icng-term release scenarios discussed in
Subsection 5.4. It also presents the basis for selecting the input data values used in
the codes.
COMPARISON WITH THE DRAFT SEIS
Two principal changes have been made for this final SEIS since the draft SEIS was
published in April 1989. In Case I, a model describing the potential for release from an
undisturbed repository, a third scenario has been added, Case IC. This scanario
assurnes a near-complete failure of tunnel and shaft seals, letting some radionuclidebearing brine move through those tunnels and shafts to the Culebra aquifers, wnence
they move to the hypothesized stock well 5 km downstream.
In addition, the earlier Cases 11A and IIC have been recalculated as Cases IIA(rev) and
11C(rev). These two were chosen for recalculation because they were the extremes of
the earlier analyses. Those scenarios were analyzed using a one-dimensional, streamtube, single-point-injection version of the SWIFT-II code. For this final SEIS, these two
calculations have been repeated with a more realistic version of that code, one. that
incorporates two-dimensional transport with lateral diffusion, allows for a time-dependent
width of the injection plume, and uses radionuclide-specific diffusivities. The codo also
had available an improved description of the transmissivity field of the Culebra based
on more data (i.e., the results of the H-11 multipad tests) than had been availat le for
inclusion in the draft. The more important inpuls used in the analyses reported in this
final SEIS are compared below with those used in the draft SEIS.
Brine reservoir. The description of the brine reservoir under the site is base d on
measurements made on the WIPP-12 brine reservoir. Somewhat higher initial pressures
have since been observed in a brine reservoir at the Belco well to the south, but the
brine reservoir description in the revised Case II has not been changed. All the other
input parameters for Case IIC are taken at the end of their ranges. Brine reservoir
pararneters will be varied in the final performance assessment.
Borehole properties. The properties of the del.eriorated drill hole are already et the
extrernes of their ranges as given in Subsection 1.2.4. No new data have come t o the
DOE's attention to warrant changing these inputs further.
Waste properties. A few changes were made in the properties of the waste and the
waste disposal panels. The quantities of radionuclides present are larger, because the
mass inventory for the whole repository has been scaled up to fill the entire repository
to its design volume (Appendix B).
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Also, the inventory was aged for 175 years instead of 100 years before starting the
calculations, this being the sum of the time to the end of the institutional control period
(100 years) and the time (75 years) until the borehole plug starts to deteriorate.
Salado brine inflow. The brine inflow to the panels was increased from 1.3 m3/yr to 1.4
m3/yr, as a result of a modification of the Salado lithostatic pressure value (from 14 MPa
to 14.8 MPa) used in estimating long-term brine inflow rates.
Brine properties and inflow into the Culebra. The density of the Castile groundwater
was increased from 1.0 g/cm3 to 1.24 g/cm3 in the calculations to be consistent with
its load of solutes. The net effect has been to decrease the rate at which brine enters
the Culebra from the borehole by 30 percent (Table 5.65). For example, in Case
IIA(rev), the inflow from the borehole at early times is reduced from 11.2 m3/yr to 8.7
m3/yr; and in Case IIC(rev) at early times from 99 m3/yr to 74 m3/yr.
Groundwater transport. An important difference from the draft SEIS has been to build
increased capabilities into the SWIFT 11 code, allowing it to make more realistic
predictions. The original Case II calculations used a one-dimensional stream-tube
approach for simulating the transport of contaminants in the Culebra. The revised
Case 11 transport calculations presented in this final SEIS use a two-dimensional system:
1) to provide estimates of breakthrough concentrations for the contaminants at the
stock well that more realistically incorporate lateral dispersion and species-specific
effects, and 2) to provide quantitative estimates of the cumulative release of
radionuclides at distances from the waste panel coincident with the present landwithdrawal boundary and with the stock well Iocation. The added capability for
calculations in two dimensions permits an explicit time-dependent size of the initial
injection disturbance shown in Figure 5.7.
Species-specific diffusivities. Separate diffusivities have been included for each
radionuclide as opposed to one figure for all. Thus in Case IIA(rev), the former figure
of 1 x 10-6 cm2/s now ranges from 1.0 to 3.8 x 10'6 cm2/s; and in Case IIC(rev) the
former diffusivity figure of 5 x 10-7 cm2/s now ranges from 5 x 10'7 cm2/s to
2.0 x 10'6 cm2/s (Tables 1.2.12 and 1.2.13). The net effect is to increase the diffusion
into the matrix on either side of the fractures.
Culebra transmissivitv distribution. The Case 11 calculations reported in the draft SEIS
used a Culebra groundwater flow model calibrated to data collected approximately
through October 1987 (LaVenue et al., 1988). An additional modeling effort has been
completed that includes an expanded area covered and an expanded and revised data
base of transmissivities and fluid heads. The new model differs from the previous one
in that it is calibrated to all significant transient events (shaft construction, and the H3 and H-11 multipad tests) near the off-site transport pathway between the waste
disposal panel and the stock well. (See Subsection 4.3.3.3.)
Stock well location. Transmissivity data imply more fracturing south of the site. This
results in a flow path that flows first to the east, then south, rather than almost straight
south. As a result, the hypothetical stock well has moved about 540 m to the
southeast. The distance along the flow path to the site boundary is now 3,610 m
instead of 2,860 m, and to the stock well the distance is now 5,960 m instead of 4,840
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m. The straight line distance from the center of the southwest panel to the stock well
is 5.04 km.
Integrated releases. A principal purpose for including a two-dimensional flow rnodel
instead of a one-dimensional one was to be able to make realistic evaluations of the
integrated releases of contaminants past the site boundary and past the stock well.
These results are presented in Subsection 5.428.
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1.1 METHODS

1.1.1

THE NEFTRAN CODE

The NEFTRAN code (Network Flow and Transport) (Longsine et al., 1987) is used to
calculate radionuclide releases from an undisturbed repository in Cases IA, IB, and IC,
tt is a groundwater flow and radionuclide transport code developed by Sandia National
Laboratories for the U.S. Nuclear Regulatory Commission. Codes that preceded
NEFTRAN are NWFT (Campbell et al., 1980) and NWFT/DVM (Campbell et al., 1981).
It was designed with the assumption that all significant flow and radionuclide transport
progresses along discrete one-dimensional legs or paths. A flow field is represented
by the assemblage of these legs forming a network. The solution of the flow equations
in NEFTRAN requires pressure boundary conditions and it is required that these
conditions be specified as part of the input data.
NEFTRAN first solves the flow equations for the network using Darcy's Law. From
this, the average interstitial fluid and radionuclide velocities for each leg are calculated.
The code then uses a Distributed Velocity Method (DVM) applied over the entire length
of the migration path using an average velocity for each isotope calculated from the
isotopic velocities in all legs. The DVM technique treats convective-dispersive transport
by simulating the movement of an ensemble of representative particles. Dispersion is
treated by assigning a velocity distribution to these particle ensembles (Campbell et al.,
1986).
The user can set up and input any network in the generalized network scheme through
a specification of the number of legs, the number of junctions, the junctions bounding
each leg, and the junctions where boundary conditions are specified. The hydraulic
head gradient provides the driving force for fluid flow through the leg. Conservation of
mass at each junction is the assumption that allows the flow network to represent a
flow system. This conservation law is given by
• =0
M1
where j is the index of summation over all legs that are connected at the given junction,
and M. is the mass flow rate for the jth leg in units of mass per unit time. For the case
when lhe Ith leg is bounded by junctions j1 and j2, the mass flow rate in the leg is
represented by the equation

M = p K .A
3 3 3
3

(E. - E j2)
(P. - P.
32)
31
31
+
Z.
Z. p.g
3
3 3
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(1-2)

where AL is the cross-sectional area, Ki is the hydraulic conductivity, Eji is the elevation
of the it" junction, g is the acceleration due to gravity, Pii is the pressure at 1 he ith
junction, zi is the Iength of the leg, and pi is the fluid density.
To account for the effects of brine concentration on the flow, the hydraulic conductMty
is weighted as

(1-3)

K. = K! [ " f- ][ --1 ]
Pf
3
3
gi

is the fresh-water hydraulic conductivity for the 1th leg, µf and pf are the respective
viscosity and density of fresh water at approxirnately 20 degrees C, /hi and pi are the
respective actual viscosity and density in the 1th leg.
A matrix equation is developed by applying E:quation (1-1) to a boundary junlotion,
substituting Equation (1-2) for Mi with ei = AJ
g, and repeating this procedure for
each junction in the network. The resulting matrix equation is
O2= e
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where O is a matrix of coefficients containing furctions of ei = A1 Kt/Z1 g, p is a vector
of unknown pressures, and e is a vector of junction elevations and boundary pressures.
NEFTRAN calculates the mass flow rate in each leg using Equation (1-2) and divides
it by the corresponding density to determine the volumetric flow rate. This flow rate is
then used to calculate the fluid velocity for the jth leg
Q
v
=
f3
A . • (fr
3
3

(1-5)

where (ki is the porosity of the leg and Qi is the volumetric flow rate.
tf j=1,2,...,n is the number of legs along a given radionuclide migration path, NEFTRAN
uses the weighted average fluid velocity vf over the migration path given by
[ .1;1
v = .1
f
3=1

3=1

(1-6)
fj

for the transport simulation such that it preserves total migration time. This approach
results in a combination of all legs into a single one-dimensional segment having
average properties. This approach has been shown to be sufficient provided the legs
in the migration path represent either porous media or transport through fractures with
no diffusion into the adjacent matrix blocks.
The Distributed Velocity Method (DVM) is the direct simulation technique used in
NEFTRAN to treat the convective-dispersive transport of chains of radionuclides. The
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DVM approach can treat radionuclide chains of arbitrary length and distribution
coefficients. Some numerical dispersion can result from the DVM technique. This
dispersion, however, can be controlled while still retaining the efficiency required for risk
analysis (Campbell et al., 1981).
The DVM technique is based on the concept that, due to heterogeneity of the flow field,
several alternative paths exist for migration of particles from position x' to x where x
is the receiver point and donor points are located at coordinates x'. lf the density of
an ensemble of particles at time t' is given by p(x1,0, the density p(x,t) at x for t > t'
can be determined by introducing a velocity distribution P(v). The equation describing
the density of particle at point x is obtained by summing over all possible donor points
in the following manner
co
dvP(v)p(x - vAt, t - At)

p0(x, t) =

(1-7)

where
At = t - t'
The propagation of the initial conditions from time t' to time t is given by Equation (1-7).
An integration over "injection" time must be performed in addition to that over velocity,
if a source S(x,r) is included. Sources could result from either transport of wastes from
the repository or decay of a radioactive parent. The propagation of the density function
from time t' to t (Equation 1-7) is implemented numerically in DVM by discretizing time
and space. Also, the velocity-space domain is discretized by dividing the velocity
dimension into a few intervals based on equal probability. The propagation of particles
is then implemented by simulating the migration of particles in each velocity interval.
For the latter, the location of the source is time dependent.
NEFTRAN provides for every species to have a different retardation factor in each leg
of the migration path. The average species velocity for each leg is treated separately.
The mean species velocity caused by dispersion in the leg for the kth species in the
4h
I leg is given by

Vkj

=

(1-8)

Vfj/Rkj

NEFTRAN maintains a mean velocity for each species while calculating distributed
velocities about the mean in each leg. When particles begin a time step as a parent
species and end the time step as a daughter, NEFTRAN calculates the average velocity
by weighting species velocities with the average time spent as each species

•

3-- .1 TS- v•
P) = (At)
3=1
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The output of NEFTRAN consists of the following:
1. Pressure at each junction of the flow network
2. Volumetric flow rate at each leg of the flow network
3. Discharge rate (in curies/day) of each radionuclide as a function of
the end of the transport path specified by the user.

at

In the calculation of Cases IA, IB, and IC, the arrival times of radionuclides at the top
of shaft or any other point of interest were determined by the times at whi:h the
discharge rates rose to 10'1° Ci/day. The threshold used for the arrival of stable lead
was 8 x 10-9 mg/L.

1.1.2 THE SWIFT II GROUNDWATER TRANSPORT CODE
The SWIFT II (Sandia Waste Isolation Flow and Transport) Code is used to ca culate
releases from a disturbed repository (Cases IIA through IID, including Cases IIA[rev] and
11C[rev]). This code requires specification a' the time-varying flow out of a brine
reservoir and up the borehole to the Culebra. This flow rate is calculated by analytical
models described in this subsection. SWIFT II is a fully transient, three-dimensional
code that has been under development and mantenance since 1975. The program has
been comprehensively documented and extensively tested. Calculational comparisons
to experirnental data have resulted in a prograrn that is both accurate and versatile.
SWIFT 11 solves the coupled equations for tra nsport in geologic media. This code
considers the following processes:
• fluid flow
• heat transport
• dominant-species miscible displacernent (brine)
• trace-species miscible displacement (radionuclide chains).
The first three processes indicated above are coupled by means of the fluid density and
viscosity. This coupling results in a determinalion of the velocity field that is needed
for a calculation of the third and fourth processes.
1.1.2.1 Implementation of Brine-Reservoir and Borehole Submodels
Figure 1.1.1 is a drawing of a brine-reservoir breach. It represents a borehole that
passes through the repository and connects a brine reservoir to the Culebra. LaVenue
et al. (1988) have detailed the most recent model of the Culebra, having calibrated the
steady-state flow field to the field data using SWIFT II. The analyses for cases IIA(rev)
and IIC(rev) use the transmissivity distribution Culebra model of LaVenue et al. (1988),
updated as described in Subsections 4.3.3.2 and 5.4.2.6, with the pressurized brine
reservoir specified analytically as a source term
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FIGURE 1.1.1
CONCEPTUALIZATION OF THE HIGH-PRESSURE RELEASE SCENARIO
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In terms of its initial and hydraulic properties, the brine-reservoir submodel is represented by the form
Q = AQ

+

(1-10)

Bo6p

where åp is the change in pressure within the Culebra source block m (i.e., the block
where the breach will penetrate the Culebra Dolomite) during time-step 8t. Quantity Q
is the volumetric rate of water injection into block m during time-step (St. Q, as well as
the flow-rate parameters Ao and Bo, are assurned constant during (St. Ao and Bo are
defined by equations 1-34 and 1-35, respectively. Q varies as a function of time step to
reflect depletion of the brine reservoir.
The brine-reservoir submodel is discussed in the following three subsections. Tie first
subsection describes the influence functions P1 and W1 used to characterize pressure
and flow rate, respectively, at the borehole-reservoir interface. The second subsection
specifies brine-reservoir response in terms of P1 and its time derivative P'1. The third
and final subsection couples the Culebra and the reservoir to determine a Culebra
source term of the form specified in Equation (1-10).
Influence Functions. Van Everdingen and Hurst (1949) consider two basic infiuence
functions useful in determining pressure drawdown and flow rate at the boreholereservoir interface. WI represents a constant-pressure condition at r= rw (Figure 1.1.1).
This term is called the terminal-pressure influence function. The second influence
function P1 represents a constant-rate condition at r = rw. This term is the tei minalrate influence function. These functions provide basic functions that, tf rough
superposition, result in a general solution.
P1 and WI, are derived from a dimensionless flow equation assumed to have cylindrically
symmetric form

1
-r
D

a

aep

k r
—[ D D
8r
8r
D
D

I

=

8t.p

(1-11)

at!)

where Ap is the pressure drawdown.
For well radius rw, porosity 0, total compressibility c, viscosity µ, and refe rence
permeability kd, the dimensionless quantities in Equation (I-11) are defined as follows:
rD = r/rw, tD =

tw = Ocrwil2/k0, aid kd = k/k0

(1-12)

The reference permeability kd is set equal to k for an homogeneous system. The result
is kd = 1, which is the form of the flow equation given in Van Everdingen and Hurst
(1949).
Initial conditions assuming a state of equilibriurn in the borehole and reservoir renult in
the equation
Ap(rD,tD=0) = 0

(1-13)
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1 The boundary condition at the wellbore-reservoir interface distinguishes two influence
I functions. For P1,
OAP

arD

D = 1,tD)= -1
•

(1-14)

For W1,
åp(rD=1,tD)= 1

(1-15)

The constant-rate influence function, PI, is obtained as a solution of Equation (I-11)
evaluated at the wellbore interface
PI = åp(rD=1,tD)

(1-16)

The dimensionless flow rate at the wellbore interface, WI, is given by aApD/arD(rD=1,tD).
Integration over dimensionless time yields the constant-pressure influence function
tD

w =

dtp

r
arD

(1-17)

r
D

Van Everdingen and Hurst (1949) assumed homogeneity and derived analytic
expressions for P1 and W1. Frick and Taylor (1962) tabulated these functions.
Observations indicate that brine reservoirs at the WIPP site have heterogeneous
hydraulic properties. The brine reservoir properties are based on WIPP-12 data. These
data indicate that a relatively high-permeability region k1 located near the well serves
as a collection area for a larger region having a lower permeability k2 (Figure 1.1.1).
Lappin et ail. (1989, Section 3.4.3) present interpretations of the WIPP-12 brine-reservoir
test data that result in two permeability regions k1 and k2 surrounding the borehole.
The assumption is made that yet a third low-permeability zone k3 provides an effectively
infinite source of pressurized brine. Its distance r > r3 is sufficiently great, however, and
its permeability k3 (equal to the permeability of the intact rock) is so small that it does
not participate within the time scale of observations from the WIPP-12 field testing.
For the three-zone characterization of the brine reservoir, the dimensionless permeability
function assumes the form

kD(rD) = 4

k1/k0

1

rD

kik()

rD2 < rD

k3/k0

fp > rD3

rD2
rD3

(1-18)

The radii rw, r2, and r3 are specified in Figure 1.1.1. For this heterogeneous system,
the reference permeability has been arbitrarily set to k0 = kl. Assuming heterogeneous
properties rnakes an analytic solution difficult. As a result, the study uses the numerical
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algorithms of the GTFM model (Pickens et al., 1987) to generate the desired inlluence
functions. A tabulation of these functions provides input for SWIFT II.
Generalized Brine-Reservoir Response. The influence function W1 represents the total
flow that occurs in response to a pressure drop of unity. If the pressure drop at the
wellbore Apw = Apw(r0=1) is constant, but differs from unity, then the flow rate is
ApwW1. lf Apw varies as a function of time, then the principle of superposition (Carslaw
and Jaeger, 1959) yields the cumulative fluid flow
tD
o
W (t )
D D

Apw (À)W 1(t

(1-19)

where Apw denotes the pressure drop at the wellbore-reservoir interface and the prime
denotes differentiation with respect to the argument. Carter and Tracy (1960)
approximate Equation (1-19) with a form more :suitable for numerical computations by
assuming a linear variation within a given time step tpri
tr)
tc,n+1
vvDn+1 = iivDn

QD (tp _ tDn)

(1-20)

where a superscript denotes the time level and QD represents an average rate of flow
during the time step.
Carter and Tracy (1960) evaluate the flow rate QD by equating the right-hand sites of
Equations (1-19) and (1-20). Through the use of a step-function Laplace transforms
with respect to tD the equation becomes

sEpw

Wi

= wiDn

-

QD .tDvs]

[C)
Dis2]

(1-21)

where s is the Laplace-transform variable, and the bars denote transformed quantities.
The analysis of Carter and Tracy becomes approximate with Equation (1-21). The
identity 1/s2 = SP1W1 (VanEverdingen and Hurst, 1949, p. 316) allows one to solve for
Al3w. Performing an inverse Laplace transform and solving the resulting equaticn for
QD gives
QD= (Opwn+1 _

WDn pfir1+1)/(pIn+1

tDn pl1n+1)

(1-22)

This equation gives the flow rate as a function of the pressure drop Apw at the
wellbore. The injection volume W can be accumulated numerically as a function of
time, and P1 and PI can be evaluated from tables. However, Equation (1-22) applies
only to the brine reservoir. The hydraulic coupling to the Culebra is presented below.
Reservoir-Borehole-Aquifer Couplinq. The following equations characterize the pressure
response of the brine reservoir.
Q = A1 + BIApow

(1-23)

where the subscript b is used to distinguish brine-reservoir quantities, and
= _(Qw/ww)wnpi,n+1/(pin+1

tcinpi,n+1)

(1-24)

and
B1 = Qw/(31n+1

tpn Fyn+)

(1-25)

In order to characterize the borehole, the analysis assumes a finite transmissibility Tw
in the plugs and rubble. The borehole flow is governed by the equilibrium condition
Q= Tw (Pbw - pw - psgAh)

(1-26)

Saturated birine of density ps is assumed to occupy the wellbore with a vertical distance
Ah separating the centroids of the Culebra and the brine reservoir.
The static pressure difference Apo = pbo - ps gAh - po can be substituted into Equation
(1-26), giving the equation
Q = Tw (Apw - Apow - Apo)

(1-27)

where Apo„ and Apw represent pressure drops of the brine reservoir and the aquifer,
respectively. For the pressurized release considered here, Apw is inherently negative
and Apbw inherently positive.
Hydraulic coupling to the Culebra focuses on the grid-block m that was penetrated by
the wellbore. The pressure p of this grid block, as determined by the finite-difference
method, represents an average over the pore volume V of the block. This pressure is
influenced by several factors. These include the pore value of the block, its
transmissive connections to neighboring blocks, and the hydraulic connection between
the wellbore and the grid block. To characterize the latter, the following relation
between the borehole flow and pressure differences is assumed

Q - M (pw-p)

(1-28)

which indicates a proportionality between flow rate and pressure drop between the
wellbore and the grid-block center.
M, the mobility, is given by
(1-29)

M = 27(.10/4)(K/p0 g)Az/ln(r1/rw)

where K is the hydraulic conductivity of the grid block, Az is the thickness of the
Culebra, and po and go are reference values of density and viscosity, respectively.
These parameters are used to convert hydraulic conductivity to permeability. The
quantities p and g vary as functions of the average salinity of the fluid in the grid block.
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The distance r1 of Equation (1-29) refers to the Culebra Dolomite and should lot be
confused with the radius (cf. Equation [I-18]) used to characterize the permeability
distribution of the brine reservoir. After defining Ar as a pseudo-grid-block •adius,
Ar (Ax Ay/Jr)", and after determining the average pressure of the cone of inf uence
in the Culebra Dolomite over the range rwsrsAr, Reeves et al. (1986, pp. 26-27) define
r1 as the radius at which the pressure of the cone of influence equals the average
pressure:
1n(r1/rw) = rw( 1+Ar/rw)[In(Ar/rw)-1]/(Ar.rw)

(1-30)

Equations (1-29) and (1-30) provide a definition of the mobility as the hydraulic
conductance from the wellbore radius to the radius of the average pressure. Stated in
terms of pressure drops below static pressure, Equation (1-28) can be written in the
form
(1-31)

Q = M(Ap - Apw)

Equations (1-23), (1-27), and (1-31) provide a set of three equations in the three
unknowns Apw, Apow, and Q. Solved simultaneously, they yield the desired relations.
The flow rate injected into the Culebra can be represented as
Q = [A1 + B1 (Apo + Ap)] T/(T + B1)

(1-32)

The net transmissibility due to borehole-aquifer coupling is
TW-1 + M-1

(1-33)

The assumption has been made that the well skin of the brine reservoir is sufficiently
high in permeability relative to Tw and M that it may be neglected in Equation (1-33).
Expressed in terms of the incremental change 6p for time-step n, the pressure drop
becomes Ap = Apn - (3p, and the flow rate Q can be expressed in the form of Eq jation
(1-10), where
Aa = [A1 + BI (Apo + Ap")] T/(T + Bi)

(1-34)

B0 = - TBIAT + B1)

(1-35)

and

Equations (1-10), (1-34), and (1-35) are the equations necessary for a determination of the
flow rate.

1.1.3

CALCULATIONS FOR RADIATION EXPOSURE PATHWAYS

This subsection describes the conversion from amounts of released radionuclides to
human radiation exposures (Cases IIA through IID, including Cases IIA[rev] and IIC .rev])•
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The 1980 FEIS analyzed the effects of radioactivity release from the WIPP through
consideration of the consequences of five different hypothetical scenarios that would
result in the movement of radionuclides to the biosphere. The analysis of these
scenarios followed a pathway that led from radionuclide movement through the
geosphere to transport through the biosphere after discharge into the Pecos River at
Malaga Bend and ultimately predicted radiation doses to the people living in the area.
Direct-access releases to the surface from an intrusion borehole were also included.
Human dose estimates in the FEIS used information from the International Commission
on Radiological Protection (ICRP, 1959).
The SEIS concentrates on the effects of release of radioactivity from the WIPP through
an estimate of the consequences of two different hypothetical cases. These are a
release from an undisturbed repository (Case I) and a release as a resutt of a borehole
passing through the repository into a pressurized brine reservoir below. Human dose
estimates in this SEIS are based on the new ICRP philosophy in ICRP 26 and 30 (ICRP,
1977, and ICRP, 1979, respectively). Indications are that analyses with the new ICRP
philosophy for internal dose assessment are less restrictive than the previous methods
(ICRP, 1959) for about 25 percent of the radionuclides considered, more restrictive for
about 25 percent, and about the same for the remaining 50 percent (Poston, 1985).
With the exception of this somewhat changed philosophy, the radionuclide-transport
pathways calculations in the SEIS repeat the FEIS pathway calculations with a minimum
of change. This approach responds to changes in repository design and improved
understanding of local geohydrology rather than to changes in biological pathway
parameters.
1.1.3.1 Philosophy of Dose Limitations in ICRP
The International Commission on Radiological Protection recommends a system of dose
limitations based on three principles (IRCP, 1977). The first of these is that no practice
shall be adopted unless it results in a net positive benefit. The second is that all
exposures shall be kept as low as reasonably achievable (ALARA). The third principle
is that the close equivalent to an individual shall not exceed the ICRP recommended
limits.
In addition, the ICRP also suggests two other methods of controlling exposure. It
recommends controlling exposure on an annual basis through an annual dose
equivalent limit and also with a ''committed effective dose equivalent." This is the dose
equivalent received from internally deposited material integrated over a 50-year working
life. The °committed effective dose equivalent' is the concept that is used for
calculating internal doses in this SEIS.
A discussion of the possible pathways for Cases IIA through IID, including Cases
IIA(rev) and IIC(rev), now follows. The pathway begins as a release to the surface at
the top of the intruding borehole.
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1.1.3.2 Release at the Head of the lntrudina Well
The release at the top of the intrusion well consists of two elements. A repository panel
is breached by a borehole, and cuttings are removed directly from the panel. Later, the
drillhole penetrates a brine reservoir in the Castile Formation and more matei ial is
brought to the surface. The time required to drill from the repository level down to the
brine reservoir is about 15 hours. During this time radioactive material continues to be
eroded from the consolidated waste by the swirl of the drilling fluid.
Penetration of the Castile brine pocket results in pressurized brine mixing with the
drilling fluid in the borehole and flowing with it up to the wellhead. About 1,000 barrels
of brine-pocket fluid are assumed to mix with the drilling fluid and recirculate through
the panel to the surface. If CH TRU waste is encountered, the equivalent of three
drums of consolidated wastes is removed in the form of cuttings and eroded ma:erial.
If RH TRU waste is encountered, all the contents of a single RH container is brought
to the surface. The drilling operation ends, the borehole is plugged and capped, and
the immediate supply of radioactive material to the surface ceases.
1.1.3.3 Geologist Exposure
The approach used to calculate the highest individual external dose received by a
member of the drilling crew is the same as that used in the FEIS Subsection 9.7.1.5.
The highest individual external dose is received by a geologist who examines cuttings
for a period of 1 hour at a distance of 1 meter (about 1 yard). The samples are treated
as point sources with no self-shielding effects. Elements considered are plutonium238, plutonium-239, plutonium-240, uranium-233, uranium-235, americium-241, and
neptunium-237. For RH TRU waste, strontium-9() and cesium-137 are also considered.
The calculation uses the equation (USPHS, 1970)
Exp = 0.5 • n • E • C

;1-36)

where Exp is the gamma exposure rate at 1-meter distance from the source (mrerri/hr),
n is the number of gamma quanta per disintegration, E is the gamma ray energy (MeV),

and C is the activity of the sample (mCi). As indicated above, the geologist exarnines
a sample for 1 hour. The sample is assumed to have a volume of 526 cm3. After the
disposal room is fully compacted, a single consolidated drum of CH TRU waste will
occupy a volume of about 21.5 gal (81 L). The ratio of volumes implies that the sample
occupies 1/155 of the consolidated drum; the radioactivity in a single sample is
obtained by dividing the inventory-per-drum values by 155 (Lappin et al., 1989, Tables
5-1, 7-1). The dose to the geologist from exposure to CH TRU waste on a per sample
basis is presented in Table 1.1.1.
A similar calculation was made for the drill hole intercepting RH TRU waste. In this
case it was assumed that the contents of the whole canister (Table 8.2.12) was brcught
to the surface. The resulting dose to the geologist on a per sample basis is presented
in Table 1.1.2. The exposure at 100 years after site closure is seen to be dominated
by cesium-137 at 90 mrem dose. However, because cesium-137 has only a 30-year
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TABLE 1.1.1

Maximum dose received by a member of the drilling
crew (CH TRU waste)

C
(mCi/sample)

E
(MeV)

Plutonium-2:38
Plutonium-2:39
Plutonium-240
Uranium-233
Uranium-235

35.0
4.0
1.0
0.06
3.2 x 10-8

Americium-241
Neptunium-237

7.1
7.3 x 10-8

0.099
0.0
0.65
0.029
0.143
0.185
0.204
0.06
0.0

Nuclide

n
Exposure
(y-q/dis)a (mrem/hr-sample)

8.0 x 10-8

1.4 x 10-4

2.0 x 10-7
1.7 x 104
0.11
0.54
0.05
0.36

6.5 x 10-8
1.5 x 10-7

3.0 x 10-7
0.077

0.077

Total
a y-q/dis = gamma quanta per disintegration.
Cf. Lappin et al., 1989, Table 7-2.

TABLE 1.1.2

Nuclide

Strontium-9()
Cesium-137
Plutonium-238
Plutonium-239
Plutonium-240
Plutonium-241
Americium-241

Maximum dose received by a member of the
drilling crew (RH TRU waste) at 100 years after
site closure

C
(mCi/sarriple)

340
320
1950
5050
740
74
130

Ea
(MeV)

(no gamma)
0.662
0.099
(no gamma)
0.650
0.160
0.060

Exposure
n
(y-q/dis)b (mrem/hr-sample)

.85
8.0 x 10-8

90
7.7 x 10-3

2.0 x 10-7
6.7 x 10-8
3.6 x 10-1

4.8 x 10-8
4.0 x 10-7
1.4
91

Total

a From ICRP Publication 38, 1983.
b y-q/dis = gamma quanta per disintegration.
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half-life, its contribution to the geologist's dose falls to 1.4 mrem in just 180 years.
His close from cesium has fallen to the level of the dose from the next most important
radionuclide, americium-241. These results apply to all six variants of Case 11.
1.1.3.4 Doses Received by Indirect Pathways
The inventory in the analysis described abova involves the equivalent of three CH
drums or one RH canister of waste material brought to the surface during the drilling
operation. The material (cuttings and particles eroded from the room contents by
drilling fluid) are deposited into a settling pond at the top of the drillhole. After the
drilling operations end, the radioactive material present in the settling pond is available
for transport through airborne or surface-water pathways.
A ranch family hypothetically resides at a distance of 500 meters (550 yd) dowlwind
from this settling pond. Exposure to the family is through two pathways:
•

Inhalation of contaminated air

• Ingestion of foods (meat, milk, and above- and below-surface food c:rops)
produced on the ranch.
The settling pond is assumed to be 14 ft wide, 35 ft long, and 12 ft deep. The pond
contains 44,000 gal of mud and has a surface eirea of 500 ft2. There is also a second
pit, called the suction pit, downstream of the settling pit. The volume of these two pits
totals about three times the volume of the borehole. It is assumed that all waste
materials are discharged into the settling pit. Radionuclide concentrations in the dry
mud pit are shown in Table 1.1.3.
For example, there are 16.5 Ci of Pu-238 in the equivalent of three drums. That much
Pu-238 in a volume of 44,000 gal (167 m3), with a density of 1.4 yields
16.5 Ci
1 67m

m3
3
10 cm
6

X

cm3
= 7.1 x 10-8
1.4g

C.i/g

and when the 50 percent of the water evaporates, the concentration doubles,
becoming 1.42 x 10 Ci/g.
A sirnilar set of calculations was made to determine the amounts of different
radionuclides in the mud pit, if RH TRU waste had been intercepted starting from Table
B.2.12. The results are given in Table 1.1.4.
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TABLE 1.1.3

Radionuclide concentrations in thes dry mud pit from
CH TRU waste contributions

Nuclide

Concentration
(Ci/g)

Americium-241
Neptunium-237
Plutonium-238
Plutonium-239
Plutonium-240
Uranium-233
Uranium-235

2.83 x
2.91 x
1.42 x
1.54 x
3.86 x
2.57 x
1.29 x

1043
10-13
le
1043
10'9
10'18
10'14

Cf. Lappin et al., 1989, Table 7.3.

TABLE 1.1.4

Radionuclide concentrations in the dry mud pit
from RH TRU waste contributions

Nuclide

Concentration
(Ci/g)

Strontium-90
Cesium-137
Plutonium-238
Plutonium-239
Plutonium-240
Plutonium-241
Americium-241

3.86 x
3.69 x
2.21 x
5.81 x
1.87 x
8.30 x
4.51 x
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10'9
10-9
1043
10'8
10-8
10-10
10'9

A procedure called the squared Gaussian plurne model (FEIS, subsection K.3.1) was
used to calculate the downwind surface air Doncentration at a distance of 500 m
(550 yd) and the resulting dry-deposition flux. Provided the area of the mud pit is
smalll (less than 100 square meters [120 yd2]), the suspended material transported to
distances greater than about 100 meters (110 yd) from the pit may be assumed to
come from an upwind point source. The Gaussian plume model for air concerrration
downwind is given by the expression
X =
./ 2n

2Q
3o

(1-37)
y

a

z

u

where
x = ground-level air concentration (Ci/m3)
Q= source strength (Ci/sec)
30 = lateral width of assumed uniform distribution (m)
az = vertical standard deviation (m)
= average wind speed (m/sec).
These air concentrations and deposition fluxes for CH TRU waste are shown in Table
1.1.5. Table 1.1.6 contains these values for RH TRU waste.

TABLE 1.1.5

Nuclide

Americium-241
Neptunium-237
Plutonium-238
Plutonium-239
Plutonium-240
Uranium-233
Uranium-235

Air concentration and deposition flux values for CH
TRU waste

Deposition
Flux
(Ci/m2-s)

Concentration
(Ci/m3)

3.07 x
3.16 x
1.54 x
1.68 x
4.19 x
2.79 x
1.40 x

10-18
10-23
10-17
10-18
10-18
1040
10-24

3.07 x
3.16 x
1.54 x
1.68 x
4.19 x
2.79 x
1.40 x

Source: Lappin et al., 1989, Table 7-4.
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10-2°
10-28
10-18
10-2°
10-21
10-22
10-28

Deposition
Flux
(Ci/m2-yr)

9.70 x
9.96 x
4.85 x
5.29 x
1.32 x
8.82 x
4.41 x

10-13
10-18
10'12
10-13
10-13
10-15
10-18

TABLE 1.1.6

Nuclide

Stronlium-90
Cesium-137
Plutonium-238
Plutonium-239
Plutonium-240
Plutonium-241
Americium-241

Air concentration and deposition flux values for RH
TRU waste

Deposition
Flux
(Ci/m2-s)

Concentration
(Ci/m3)

4,21 x
4.03 x
2.41 x
6.34 x
2.03 x
9.04 x
4.92 x

4.21 x
4.03 x
2.41 x
6.34 x
2.03 x
9.04 x
4.92 x

10-19
10-19
10-18
10-18
10-18
10-2°
10-19

10-21
10-21
10-2°
10-2°
10-2°
10-22
10-21

Deposition
Flux
(Ci/m2-yr)

1.33 x
1.27 x
7.60 x
2.00 x
6.42 x
2.85 x
1.55 x

10-13
10-13
10-13
10-12
10-13
10-14
10-14

Parameters involved in these calculations include the following:
1.
2.
3.
4.
5.
6.
7.
8.
9.

(u0 = 1 m/s)
resuspension rate = 10-13 (u/u0)3 s-1
wind velocity = 3.73 m/s
density of dry drilling mud = 1.4 g/cm3
mud pit surface area = 46.45 m2
depth available for resuspension = 1.0 cm
deposition rate = 1.68 x 10-18 Ci/m2-s
particle size.
plume vertical standard deviation = az = 40.92 m
plume lateral standard deviation = ay = 57.68 m

The source area is approximated by choosing a vertical standard deviation and lateral
width of the assumed Gaussian distribution and identifying a virtual point source
Steady-state soil
20.6 m (22.5 yd) upwind of the leeward side of the pit.
concentrations at 100 years (within 2 percent of steady state) appear in Table 1.1.7 for
CH TRU waste. RH TRU waste steady-state soil concentrations appear in Table 1.1.8.
Transfer factors used in the dose calculations are given in Table 1.1.9.
Data on human food consumption per capita are required for the four pathways. Data
for the United States were taken from Till and Meyer (1983, Table 6.8). They are 508
g/day for milk, 86 g/day for meat products, 103 g/day for below-surface crops, and
202 g/day for above-surface crops. Each steer eats 15 kg of fresh forage per day.
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TABLE 1.1.7

Steady-state soil concentrations (CH TRU waste)

Nuclide

Concentration
(Ci/kg(soil))

Americium-241
Neptunium-237
Plutonium-238
Plutonium-239
Plutonium-240
Uranium-233
Uranium-235

8.62 x
8.85 x
4.31 x
4.70 x
1.17 x
7.84 x
3.92 x

10-14
10-19
10-13
10-14
10-14
10-16
10-29

Cf. Corrected from Lappin et al., 1989, Table 7-5.

TABLE 1.1.8

Steady-state soil concentrations (RH TRU waste)

Nuclide

Concentration
(Ci/kg(soil))

Strontium-90
Cesium-137
Plutonium-238
Plutonium-239
Plutonium-240
Plutonium-241
Americium-241

1.18 x
1.13 x
6.76 x
1.78 x
5.70 x
2.54 x
1.38 x
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10-14
10-14
10-14
10-13
10-14
10-15
10-15

TABLE 1.1.9 Soil-to-plant and forage-to-food-product transfer factors
(Case II)
Nuclicle

Soil-to-Plant
(kg-soil/kg-plant)

Beef:
Americium-241
Neptunium-237
Plutonium-238
Plutonium-239
Plutonium-240
Plutonium-241
Uranium-233
Uranium-235
Strontium-90
Cesium-137

4.2 x
9.2 x
1.4 x
1.4 x
1.4 x
1.4 x
1.7 x
1.7 x
1.25
4.8 x

Americium-241
Neptunium-237
Plutonium-238
Plutonium-239
Plutonium-240
Plutonium-241
Uranium-233
Uranium-235
Strontium-90
Cesiurn-137

4.2 x
9.2 x
1.4 x
1.4 x
1.4 x
1.4 x
1.7 x
1.7 x
1.25
4.8 x

Milk:

10-2
10-2
10-2
-2
10
10-2
10-2
10-2
10-2
10-2
10-2
10-2
10-2
10-2
-2
10
10-2
10-2
10-2
10-2

Dried edible below surface crops:
Americium-241
Neptunium-237
Plutonium-238
Plutonium-239
Plutonium-240
Plutonium-241
Uranium-233
Uranium-235
Strontium-90
Cesiurn-137

1.4 x
1.4 x
1.4 x
1.4 x
9.0 x
9.0 x
4.7 x
3.2 x

10-3
10-3
10-3
10-3
10-4
10-4
10-1
10-2

Dried edible above surface crops:
Americium-241
Neptunium-237
Plutonium-238
Plutonium-239
Plutonium-240
Plutonium-241
Uranium-233
Uranium-235
Strontium-90
Cesiurn-137

2.8
1.5
1.7
1.7
1.7
1.7
1.0
1.0
2.2
2.2

-5
10,
10:
10'
10-4
4
10
104
10-3
10-3

Forage-to-Food Product
(day/kg-food or day/liter-milk)

3.6
5.0
1.0
1.0
1.0
1.0
3.4
3.4
8.1
2.0

x
x
x
x
x
x
x
x
x
x

10-6
10-6
10-6
10-6
10-6
10-6
104
104
10-4
10-3

2.0 x
5.0 x
2.7 x
2.7 x
2.7 x
2.7 x
6.1 x
6.1 x
1.4 x
7.1 x

10-5
10-6
10-6
10-6
10-6
10-6
-4
104
10
10-3
10-3

6.4 x 10-5

x
x
x
x
x
x
x
x

x 10-2

Cf. Lappin et al., 1989, Table 7-6.
Note. All data are from Till and Meyer (1983), Tables 5.17, 5.18, 5.36, and 5 37.
TraTisfer factors were selected assuming that vegetables would be washed before
being eaten.
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The analysis used various computer codes to tabulate the committed effective dose
equivalent for various body organs per unit activity inhaled or ingested. The organs
included in these tabulations are those explicitly considered by the ICRP to be at risk.
The committed dose equivalent is the total dose equivalent that an organ or tissue of
the body is expected to receive over the 50-year period following exposure. It is
recognized that in most environmental applications, more rigorous evaluation requires
inforrnation on the time variation in the dose equivalent rates for the various tissues at
risk. This information provides the time depenclence of environmental conditions, and
therefore, that of the intake could be assessed with consideration of the years of
remaining life. It is also recognized that overestimates by factors of 2 to 3 in the risk
are possible by not using the time-dependent nature of the organ dose equivalent
rates and the years of life remaining.
Comrnitted dose equivalent (CDE) and committed effective dose equivalent (CEDE)
factors used in the analysis are shown in Table 1.1.10.
Tables 1.1.11 and 1.1.12 list the maximum doses received by a person through indirect
pathways for each nuclide of importance. These pathways include ingestion of foods
provided by animals feeding on the land, as well as crops grown below and
aboveground (root and leafy vegetables). The inhalation pathway assumes a breathing
rate of 2.7 x 10-4 m3/s. The tables summarize the exposure calculated for a psrson
living on the hypothetical farm described in the subsection below for a 50-year
comrnitted effective dose equivalent.
1.1.3.5 Exposure from Stock Well Water
In addition to radiation exposure at the top of the intrusion borehole at the WIPP site
itself in Case II, there is a possible exposure pathway through a stock well thal taps
the Culebra aquifers; a stock well that is at the closest point downstream for the
salinity of its water to be low enough for cattle to drink (Subsection 1.2.7 below). There
is no radionuclide or stable lead release to the stock well until after 200,000 years, and
hence no human exposure. The starting poir4 for all six variants of Case 11 is the
concentrations of radionuclides at the stock well (Table 5.68). Discharge rates and
concentrations at 10,000 years are used because they are still rising at that time, which
is the end of the calculation. The human exposure calculated is the exposure of a
person who eats beef from those cattle.
The calculation assumes that eight cattle graze in the square mile (2.6 km2)around the
well. Each animal requires 13 gal/day (49 Liday) of water to drink. Therefore,
allowing for rainfall at the rate of 20 cm/yr and evaporation at the rate of 200 cm/yr
and a stock pond whose area is 139 ft2 (0.0013 hectares), this well is pumped at the
rate of 120 gal/day (460 Liday). The result is an evaporation-caused increase in
radionuclide concentrations by a factor of 1.1635.
The rnaximally exposed individual is assumed to eat beef from the cattle at the rate of
86 g/day (NCRP, 1984, Table 5.3).
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TABLE 1.1.10 50-year committed dose equivalent (CDE) and
committed effective dose equivalent (CEDE) factors
(rem/pCi)

Nuclide

Ingestion
CEDE (rem/yCi)

Americium-241
Cesium-137
Neptunium-237
Plutonium-238
Plutonium-239
Plutonium-240
Plutonium-241
Strontium-90
Uranium-233
Uranium-235

4.5
0.05
3.9
0.054
0.058
0.058
0.086
0.012
0.025
0.025

Inhalation
CDE (rem/,uCi)

10,000
0.1
9,600
3,300
3,800
3,800
84
11
1,100
1,000

Cf. Lappin et al., 1989, Table 7-7.
Note. All data are from DOE (1988b). The CEDE values are for the whole body; the
CDE values are for critical organs. Lungs are the critical organ for uranium and
strontium inhalation. The gastrointestinal tract is the critical organ for cesium
inhalation. Bone is the critical organ in all other cases. The doses to the other
tissues in the body are generally no more than a tenth of the doses to the body from
radionuclides Ingested and inhaled.
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TABLE 1.1.11 Maximum doses received by a person through
indirect pathways for CH TRU waste

Committed Effective Dose Equivalents After a 1-Year Exposure
(mrem during the subsequent 50 years)

Beef

Milk

Vegetables

Root Crops

Inhalation

2.76x10-8
7.48x10-13
1.54x10-19
1.80x10-11
4.49x10-12
5.34x10-11
2.66x10-15

9.06x10-7
4.42)(10-12
2.45x10-12
2.86x10-13
7.17x10-14
5.66x10-19
2.83x10-14

8.01x10-7
3.82x10-9
3.00x10-7
3.52x10-8
8.80x10-9
1.45x10-9
7.23x10-14

9.36x10-7

2.62x10-1
2.68x10-6
4.37x10-1
5.4.0x10-2
1.:D5x10-2
2.62x10-4
1.19x10-8

Nuclide

Americium-241
Neptunium-237
Plutonium-238
Plutonium-239
Plutonium-240
Uranium-233
Uranium-235

Total ingested dose:
Total inhaled dose:

1.23x10-8
1.44x10-7
3.59x10-8
6.63x10-19
3.32x10-14

4.43x10-6
7.66x10-1

Cf. Corrected from Lappin et al., 1989, Table 7--8.
TABLE 1.1.12 Maximum doses received by a person through
indirect pathways for RH TRU waste

Committed Effective Dose Equivalents After a 1-Year Exposure
(mrem during the subsequent 50 years)

Nuclide

Strontium-90
Cesium-137
Plutonium-238
Plutonium-239
Plutonium-240
Plutonium-241
Americium-241

Beef

Milk

Vegetables

6.76x10-8
2.55x10-8
2.41x10-11
6.80x10-11
2.18x10-11
1.44x10-12
1.42x10-9

6.90x10-7
5.35x10-7
3.84x10-19
1.08x10-9
3.48x10-1O
2.29x10-11
1.49x10-8

2.30x1
9.16x10-7
4.57x10-8
1.29x10-7
4.15x10-9
2.73x10-9
1.28x10-7

Total ingested dose:
Total inhaled dose:

co

Root Crops

lnh alation

2.51x10"8
6.79x10-7
1.92)(10-7
5.43x10-7
1.74x10-7
1.15x10-8
1.49x10-7

3.C.14x10-5
3.4.3x10-7
6.77x10-2
2.C5x10-1
6.E8x10-2
6.47x10-5
4.19x10-2

2.99x10-5
3.€1x10-1
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Table 1.1.13 shows the chain of logic Ieading from the concentrations of the various
radionuclides in the well water to the concentrations of those radionuclides in the beef
for cases IIA through 1lD Table 1.1.14 continues from the concentration in beef to the
dose to humans, expressed as the 50-year committed dose from 1 year's consumption
of that beef. Similarly, Tables 1.1.15 and 1.1.16 show these chains in logic for Cases
IIA(rev) and IIC(rev).
Column A is from Table 5.68. The factor of 1.1635 used in going from Column A to
Column C is the evaporation-caused nuclide enrichment factor. The factors in Column
D that convert from the amount of water the steer drinks to the concentration of a
radionuclide in his flesh are from Baes et al., 1984. These are actually for the forageto-beef pathway, used here because of the lack of any similar table for the water-tobeef pathway, and as recommended in NRC Regulatory Guide 1.109 (NRC, 1976).
The conversion factors of Column G are from tables for individual radionuclides in
DOE/EH-0071 (DOE, 1988b). These last factors allow for all the steps from the
ingestion of beef to the resultant committed effective dose equivalent, including the
amount of the nuclide excreted. A similar logic applies to Tables 1.1.15 and 1.1.16.
The totals listed in Tables 1.1 13 through 1.1.16 assume that the cattle have been
drinking frorn the stock well long enough to come to equilibrium with the radionuclides
in their water. (That is, the calculations use meat transfer coefficients [Column D,
Table 1.1.13] that assume that steady-state conditions have been reached [Baes et al.,
1984].) As the cattle continue to use this water, the radionuclide concentrations in
their muscle tissue build up according to the factor
1 - exp(-A1)
where A. is equal to 1n 2/1-1,2, T112 being the effective or biological half-life of the
radionuclide in muscle tissue, and t is the length of time the animal uses the
contaminated water.
The value used by the Nevada Applied Ecology Group for the biological half-life of
239Pu in muscle is 2,000 days (Martin and Bloom, 1980). The Environmental
Evaluation Group suggests a value of 200 days for t (Neill, 1989). The build-up factor
then becornes 0.067.
Using the larger of these two factors (0.067), and assuming the same factors apply to
other radionuclides as well, the total of 27.8 mrem shown in Table 1.1.16 for Case
11C(rev) reduces to 1.9 mrem.
Finally then, this 1.9 mrem dose is a 50-year committed effective dose equivalent. lf
the individuai eats this beef for only 1 year, he or she would receive an average
annual exposure of 0.4 mrem, which is approximately 1/2700 the 100-mrem average
annual background present in the United States. However, this individual will continue
to eat beef. It is standard procedure to calculate the total dose equivalent for
radionuclides oeposited in the body that will occur over a 50-year period. This is
reported in the year that the radionuclide is ingested. On this basis, a committed
effective dose equivalent of 1.9 mrem is about 2 percent of background. (None of the
exposures in Finure 5.16, Tables 5.63, 5.64 or 1.1.13 through 1.1.16 include this nonequilibrium factor of 0.067.)
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TABLE 1.1.13

Nuclide

A
Concentration
in well
kg (nuclide)/
kg (brine)

Steps in the calculation of human exposure: from
radionuclide concentrations in the stock well water to
their concentrations in beef (Cases IIA, IIB, 11C, and 11D)
B
Specific
activity
(Ci/g)

C
Concentration
in pond
(Ci/L)

D
Conversion
factor
(d/kg)

E
Concentration
in beef
(Ci/kg)

3.0x10-4,
2.5x10"
;
6.0x10'
2.0x10

1.11x10-16
8.73x10-16
6.37x10-25
1.34x10-19

5.5x10-5
3.0x107,
5.0x10'
5.0x10-7
2.5x10-4
6.0x10-6
6.0x10-6
2.0x104
2.0x107
2.0x10'

2.08x10-11
1.76x10-10
1.66x10-12
7.83x10-13
1.38x10-10
2.99x10-12
6.99x10-14
3.61x10-9
6.35x10-10
6.39x10-12

5.5x10-5
3.0x10-4
5.0x10-7
5.0x10-7
2.5x104
6.0x10'6
6.0(10-6
2.0x104
2.0x10-4
A
2.0x10-

7.40)(10-11
6.07x10-11
8.24x10-17
1.69x10-16
4.76x10-11
1.29x10-12
2.77x10-14
1.06x10-8
2.29x10-9
7.32x1 T12

5.5x1T5
3.0x10'4
5.0x10-7
5.0x10-7
2.5x10-4
6.0x10-6
6.0x1T6
2.0x10-4
2.0x107
2.0x10'

6.38x10'13
2.14x10-12
1.31x10-15
2.80x10-16
1.68x10-12
1.24x10-14
9.31x10-16
3.16x10'11
2.04x10-11
6.12x10-14

Case IIA
Pb-210
Ra-226
Th-230
U-234

7.61x10-19
5.46x1T17
8.21x10-23
1.68x10-18

7.63x101
1.0
2.02x10-`
6.25x10-3

7.43x10-14
6.99x10-14
2.12x10-21
1.34x10-17
Case IIB

Np-237
Pb-210
Pu-239
Pu-240
Ra-225
Th-229
Th-230
U-233
U-234
U-236

8.37x10-9
1.20x10-13
8.36x10-10
1.07x10-10
8.63x10-12
3.65x10-11
9.01x10-12
2.92x10-7
-9
7.94x10-9
7.71x10

7.05x10-4
7.63x10
6.22x10-12
2.28x10-1
1.0
2.13x10-1
2.02x10-2
9.68x103
6.25x10-3
6.47x1V

7.55x-I0-9
1.17x-10-8
6.66x-103
3.13x-10-8
1.10)(1043
9.95x10-9
2.33x10-10
3.61x10-7
6.35x10-8
6.39x1 T9
Case IIC

Np-237
Pb-210
Pu-239
Pu-24()
Ra-226
Th-229
Th-23()
U-233
U-234
U-236

2.98x10-8
4.15x1T14
4.14x10-14
2.32x10-14
2.98x10-12
1.58x10-11
3.57x10-12
8.59x10-8
2.86x10-8
8.84x10-9

7.05x10-4
7.63x101
6.22x10-2
2.28x10-1
1.0
2.13x10-1
2.02x10-2
9.68x10-3
6.25x10-a
6.47x10-

Np-237
Pb-210
Pu-239
Pu-240
Ra-226
Th-229
Th-23C)
U-233
U-234
U-236

2.57x10-10
1.46x10-15
-13
6.58x10
3.83x10-13
1.05x10-13
1.52x10-13
1.20x10-13
2.55x10-10
2.56x1T10
7.40x1T11

7.05x10-4
7.63x101
6.22x1T2
2.28x10-1
1.0
2.13x10-1
2.02x10-2
9.68x10'3
6.25x10-3
6.47x10-5

2.69x10-8
4.05)00-9
3.29)00-12
-12
6.77)00,
3.81x10-g
4.30x10'
9.22x10-11
1.06x10-6
in
2.29x10-7
7.32x10Case IID
2.32x10-10
1.43x10-10
5.24x10-11
1.12x10-10
1.34x10-10
4.13x1T11
3.10x10-12
3.16x10'9
2.04x10-9
6.12x10-12

Column C = A x B x 1100(g/L) x 1.1635
Column E = CxDx 50(L/d)
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TABLE 1.1.14

Nuclide

Steps in the calculation of human exposure: from
radionuclide concentrations in beef to committed dose
to humans (Cases IIA, IIB, IIC, and IID)

E
Concentration
in beef
(Cilkg)

F
Ingestion
rate
(Ci/d)

G
CEDE
(rem/ktC)

H
Committed dose
(mrem/yr of
exposure)

Case IIA (Total = 2.09x104)
Pb-210
Ra-226
Th-230
U-234

1.11x10-15
8.73x10-16
6.37x10-25
1.34x10-19

Np-237
Pb-210
Pu-239
Pu-240
Ra-226
Th-229
Th-230
U-233
U-234
U-236

2.08x10-11
1.76x10-10
1.66x10-12
7.83x10-13
1.38x10-10
2.99x10-12
14
6.99x10--9
3.61x10
6.35x10-10
6.39x10-14

9.58x10-17
7.51x10-17
5.48x10-26
1.15x10-20

5.1
1.1
5.3x10-1
2.6x10-1

1.78x10-4
3.02x10-5
14
1.06x101,
1.1x1

Case IIB (Total = 7.2x101)
1.79x10-12
1.52x10-11
1.43x10-13
6.74x10-14
1.19x10-11
2.57x10-13
6.01x10-15
3.1 1x1 0
0:11
5.46x10
5.49x10-13

3.9
5.1
4.3
4.3
1.1
35
5.3x10-1
2.7x10-1
2.6x10-1
2.5x10-1

2.54
2.82
2.25x10-1
1.06x10-1
4.77
,
3.28x101.16x10-3
3.06x101
5.18
5.01x10-2

Case IIC (Total = 1.29x102)
Np-237
Pb-210
Pu-239
Pu-240
Ra-226
Th-229
Th-230
U-233
U-234
U-236

7.40x10-11
6.07x10-11
8.24x10-17
1.69x10-16
4.76x10-11
1.29x10-12
2.77x10-14
1.06x10-8
2.29x10-9
732)(10-12

6.37x10-12
5.22x10-12
7.08x10-18
1.46x10-17
4.09x10-12
1.11x10-13
2.38x10-18
9.15x10-10
1.97x10-10
6.30x10-13

3.9
5.1
4.3
4.3
1.1
3.5
5.3x10-1
2.7x101
2.6x10-,'
2.5x10-

9.06
9.72
1.11x10-5
2.28x10-'
1.64
1.42x10-1
-4
4.60x10
9.02x101
1.87x101
5.75x10-2

Case IID (Total = 9.15x10-1)
Np-237
Pb-210
Pu-239
Pu-240
Ra-226
Th-229
Th-230
U-233
U-234
U-236

6.38x10-13
2.14x10-12
1.31x10-15
2.80x10-15
1.68x10-12
1.24x10-14
9.31x10-16
3.16x10-11
2.04x10-11
6.12x10-14

5.49x10-14
1.84x10-13
1.13x10-16
2.40x10-1
'
1.44x10-13
1.07x10-15
8.00x10-17
2.71x10-12
1.76x10-12
5.27x10-15

3.9
5.1
4.3
4.3
1.1
35
'
1
5.3x1027x10-1
'6x10-1
2.
2.5x10-1

7.81x10-2
3.43x104
-1
1.77x10 A
3.77x10;
5.79x10-`
1.36x10-3
1.55x10-5
2.67x10-1
1.67x10-1
4.81x10".

Column F = E x 0.086(kg/d)
Column H=FxGx 365(day) x 1000(mrem/rem) x 1,000,000 (uCi/CI)

TABLE 1.1.15

Nuclicle

A
Concentration
in well
kg (nuclide)/
kg (brine)

Steps in the calculation of human exposure: from radionuclide concentrations in the stock well water to their
concentrations in beef (Cases IIA[rev] and 11C[rev])

B
Specific
activity

C
Concentration
in pond

D
Conversion
factor

E
Concentratioi
in beef

(Ci/g)

(Ci/L)

(d/kg)

(CVkg)

Case IIA(rev) (Total = 7.86 x 104)
Np-237
Pb-210
Ra-226
U-233
U-234
U-236

4.91 x
3.12 x
2.40 x
3.00 x
2.67 x
3.02 x

10-2°
10-21
10-19
10-22
10-22
10-22

7.05 x 104
7.63 x 101
1.00 x 100
9.68 x 10-3
6.25 x 10-3
6.47 x 10-5

4.03 x
2.77 x
2.79 x
3.38 x
1.94 x
2.27 x

10-2°
10-16
10-16
10-21
10-21
10-23

5.5 x 10-6
3.0 x 104
2.5 x le
2.0 x 104
2.0 x le
2.0 x le

1.11 x
4.15 x
3.49 x
3.38 x
1.94 x
2.27 x

10'22
10-18
10-18
10-23
10'23
10'26

4.53 x
1.04 x
1.18 x
1.55 x
8.91 x
9.91 x
3.08 x
7.08 x
1.49 x
2.61 x

10'12
10-10
10-12
10-13
10-11
10-13
10.14
10-1c
10.1c
10-12

Case IIC(rev) (Total! = 27.8)
Np-237
Pb-210
Pu-239
Pu-240
Ra-226
Th-229
Th-230
U-233
U-234
U-236

2.01 x 10'9
7.80 x 10-14
6.54 x 10-10
2.34 x 10-11
6.12 x 10-12
1.33 x 10'11
4.37 x 10'12
6.29 x 10-9
2.05 x 10-9
3.47 x 10-9

7.05 x 10-4
7.63 x 101
6.22 x 10-2
2.28 x 10'1
1.00 x 10o
2.13 x 10'1
2.02 x 10-2
9.68 x 10-3
6.25 x 104
6.47 x 10-6

1.65 x 10'9
6.93 x 10-9
4.73 x 10-8
6.21 x 10-9
7.12 x 10-9
3.30 x 10-9
1.03 x 10'10
7.08 x 1043
1.49 x 10'8
2.61 x 1010

Column C=AxBx 1,000(g/L) x 1.1635
Column E=CxDx 50 (I.Jd)
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5.5 x 10-6
3.0 x 104
5.0 x 10-7
5.0 x le
2.5 x le
6.0 x 10-6
6.0 x 104
2.0 x 104
2.0 x 104
2.0 x 104

TABLE 1.1.16

Nuclide

Steps in the calculation of human exposure: from
radionuclide concentrations in beef to committed dose
to humans (Cases IIA[rev] and 11C[revp

E
Concentration
in beef
(Ci/kg)

F
Ingestion
rate
(Ci/d)

G
CEDE
(rem/i/Ci)

H
Committed dose
(mrem/yr of
exposure)

Case IIA(rev) (Total = 7.86 x 10'7)
Np-237
Pb-210
Ra-226
U-233
U-234
U-236

1.11
4.15
3.49
3.38
1.94
2.27

x
x
x
x
x
x

10-22
10-19

10-18
10-23
10-23
10-25

9.53
3.57
3.00
2.91
1.67
1.96

x
x
x
x
x
x

24-24
10-19
19-19

24-24
24-24
26-26

3.9 x 10°
5.1 x 10°
1.1 x 10°
2.7 x 10-1
2.6 x 10-1
2.5 x 10-1

1.36 x 10-11
6.65 x 10-7
1.21 x 10-7
2.86 x 10'13
1.58 x 10-13
1.78 x 10-16

3.9 x
5.1 x
4.3 x
4.3 x
1.1 x
3.5 x
5.3 x
2.7 x
2.6 x
2.5 x

5.55 x 10-1
1.66 x 101
1.60 x 10-1
2.09 x 10-2
3.07 x 10°
1.09 x 10-1
5.12 x 10-4
6.00 x 10°
1.22 x 10°
2.05 x 10-2

Case IIC(rev) (Total = 27.8)
Np-237
Pb-210
Pu-239
Pu-240
Ra-226
Th-229
Th-230
U-233
U-234
U-236

4.53 x
1.04 x
1.18 x
1.55 x
8.91 x
9.91 x
3.08 x
7.08 x
1.49 x
2.61 x

10-12
10-1°
10-12
10-13
10-11
10-13
10-14

10-10
10-10
10-12

3.90 x
8.93 x
1.02 x
1.33 x
7.66 x
8.52 x
2.65 x
6.09 x
1.28 x
2.24 x

10-13
10-12
10-13
10-14
10-12
10-14
10-15

10-11
10-11

10-13

le
10°
10°
10°
10°
10°
10-1
10-1
10-1
10-1

Column F = E x 0.086 (kg/d)
Column H=FxGx 365 (day) x 1000 (mrem/rem) x 1,000,000 (uCi/Ci)
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1.1.4

CALCULATIONS FOR CHEMICAL EXPOSURE PATHWAYS

As discussed in Subsection 5.4.2.2, lead is used as an indicator chemical pararneter
for the purpose of evaluating potential risks associated with the hazardous chernical
component of TRU waste during the Iong-term (i.e., 10,000 years) performance of the
WIPP. Unlike organic compounds that degrade ,and radionuclides that decay with time,
metals will always be present in the waste. The initial concentration of metals in the
waste will not change, although the prevalent chemical species may be altered with
time clue to changes in the repository environment. Lead is the principal metal in the
waste (WEC, 1989) and its solubility is not expected to be limited by its initial
concentration.
Therrnodynamic data and information on stable solid phase equilibrium chemistry for
other RCRA-regulated metals in brine are not available, and therefore they cannot be
evaluated as lead is. Also, the scientific literature lacks information on the types and
rates of reactions (e.g., radiolysis and biodegradation) in salt that would influence longterm behavior of organic chemicals in the WIPP.

1.1.4.1 Lead Solubility in WIPP Composite Brine
The concentration of heavy metals in solution is controlled by the solubility of various
oxides, carbonates, sulfates, and sulfides. The solid and aqueous species prese nt in
aqueous systems is dependent on oxidation-reduction reactions (measured in terrns of
Eh) and acid-base reactions (measured in terms of pH). A system has reaohed
equilibrium when forward reactions just balance reverse reactions. When substances
are mixed, such as when brine comes in contaci with the TRU waste in the repository,
they rnay undergo chemical changes. In natural systems, a final equilibrium is
probably never attained because chemical reactions occur at different rates and the
environment may be changed by a process that alters the chemistry of the system.
Regardless of the rate at which equilibrium is attained, equilibrium relationships are
useful for predicting chemical changes that can or cannot occur.
The concentration of lead in WIPP composite brine (Abitz et al., 1989) was calculated
using the Pitzer equations employed in the EQ3NR solubility/speciation computer :
, ode
(Wolery, 1983; Jackson, 1988) by equilibrating the native brine with the mineral
anglesite (PbSO4)at pH = 6.1, Eh = 411 mV, T = 27°C. Eh was constrained bv the
NH4, NO3 redox couple. For a system defined by these parameters, and equal
concentrations of CO3- and SO4-, cerussite (PbCO3) is the predicted stable phase
(Brookins, 1988). However, anglesite (PbSO4) was used in the solubility model
because both Plo++ and CO3- are not mutually present in any one of the thermodynarnic data bases accessed by the EQ3NR code. This presents no critical pro Diem
when evaluating solubility models for WIPP composite brine because the total inorganic
carbon (estimate of CO3-) rarely exceeds 5 rng/L, whereas SO4- averages 17,000
mg/L. Therefore, it is assumed that the activity of CO3- in the brine is negligible
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Table 1.1.17 contains the element concentrations entered into the EQ3NR code for the
brine solubility simulation. The calculated lead concentrations, with mean ionic values
for log a(±), are shown in Table 1.1.18. The solubility for lead is 116 mg/L. When
using the solubility values, it should be kept in mind that they represent the maximum
concentrations that can exist in solution. Actual concentrations are influenced by
several factors, including dissolution rates and available surface area. The log a(±)
values indicate which species complexes are likely to be present in the brine, with the
most dominant complexes having the number closest to zero (e.g., PbCI species for
Pb). Unfortunately, Pitzer's equations cannot evaluate the relative concentrations
among species of an ion pair (e.g., PbC1+ versus PbC12), so the charge on the
dominant species cannot be predicted. For the purposes of further calculations, the
charge on the dominant species is assumed to be zero.

TABLE 1.1.17 Element concentrations entered into the EQ3NR
code: brine solubility calculations

Concentration
(mg/L)

Element or complex

1,380
194,000
6.4
11
11
17,000
1,480
328
18,100
18,200
1.21
83,400
136
1.7

Br"
F
NO3SO4B
Ca++
K+
mg++
Mn++
Na+
NH4+
Sr++
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TABLE 1.1.18 lonic species and total lead solubility in WIPP
composite brine

Ionic Species

Log a(±)

Pb++
Plo++ Br
Pb++ SO4Pb++ r
Pe+ F

-1.20
-2.78
-3.90
-4.21
-4.40

Total Pb = 116.3 mg/L

1.1.4.2 Modeling Assumptions for Calculating Lead Solubility in Culebra Groundwater
Aqueous speciation/solubility calculations with the EQ3NR code (Wolery, 1983) were
performed to estimate the lead solubility in Culebra groundwaters (using representative
samples from wells H-2a, H-3b and H-14 in Randall et al., 1988). In addition to lead,
the elements active in this problem were boron, carbon, calcium, chlorine, fluorine iron,
hydrogen, potassium, magnesium, manganese, sodium, oxygen, sulfur, silicon and
strontium. The number of aqueous species 1:178-194) and minerals (208-226, that
areactive in a given problem is unique for each groundwater composition. However,
the number of gas species was seven in all three cases. The solubility model is based
on the following assumptions:
1. Cerussite is the stable solid phase for lead under the indicated temperature,
pressure, Eh (oxidation-reduction state), and pH of the system.
2. The system oxidation-reduction reactions are considered in equilibriurn with
the entered Eh value based on platinum electrode measurements.
3. Thermodynamic equilibrium is evaluated with the B-dot equations of
Helgeson (1969), which are applicable to solutions with ionic strengths no
greater than about one molal (moles/kg H20).
4. No reaction-rate or biological kinetics are considered.
Assumptions 2 and 4 are necessary because oi limitations in the available data. The
first assumption is based on theoretical calculations of stable phases in an aqueous
solution containing equal concentrations of sulfate, carbonate, and the caticn of
interest (lead) at a temperature of 25°C and a pressure of 1 atmosphere (Brockins,
1988).
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Culebra groundwaters used in these models have ionic strengths up to 0.9 molal,
which is near the indicated upper limit for valid use in the thermodynamic equilibrium
equations. Solubility values reported here represent the maximum concentrations that
can exist in a solution equilibrated with the indicated pure solid phases. It should be
noted, however, that natural ground waters rarely equilibrate with pure solid phases
(e.g., PbCO3). This is especially true for sulfate and carbonate minerals, which show
extensive solid solution with calcium, magnesium, manganese, iron, zinc, and barium.
If mineral solid solutions were equilibrated with the aqueous fluid, slightly lower
solubilities would probably be calculated for lead. EQ3NR has the capability to model
this type of scenario for carbonate solid solutions containing calcium, magnesium,
manganese, iron, and zinc, but not lead. Therefore, the solubility values derived from
pure mineral phases are the maximum concentrations that can exist in the solution, but
not necessarily the actual concentrations.
1.1.4.3 Lead Solubility in Culebra Groundwaters
Groundwater in the Culebra has been sampled from several wells located within the
16-square-mile WIPP boundary and analyses from three of these (wells H-2a, H-3c, and
H-14) are used in this evaluation. These wells were selected because they are
generally to the south, in the direction of the hypothetical stock well location. The
maxirnum concentration of lead that can occur in the Culebra groundwater obtained
from each well was calculated using the EQ3NR code with the Debye-Huckel B-Dot
equations (Wolery, 1983) by equilibrating the groundwater with anglesite (Pb504).
Anglesite is the predicted stable phase at 25°C and 1 atmosphere (Brookins, 1988) for
the values of Eh and pH listed in Table 1.1.19. Table 1.1.19 also contains the element
concentrations entered into the EQ3NR code and the total element and aqueous
species concentrations. The solubility range of lead is 52.7 to 54.4 mg/L. These
solubility values represent the maximum concentrations that can exist in solution.
Actual concentrations, as previously noted, are influenced by several factors, including
dissolution and precipitation rates.
The model results indicate that lead solubility in Culebra groundwater is not increased
to a large degree with increasing chloride concentration (e.g., well H-2a versus well
H-3b). The dominant lead species in the Culebra groundwater was calculated to be
unchargedl PbCO3.
1.1.4.4 Health Effects Associated with Stable Lead from Wind Dispersion
As described in Cases IIA and 116 (Subsection 5.4.2.3), drilling mud containing TRU
waste constituents is brought to the surface in the scenario involving oil and gas
exploration. These drilling fluids and associated cuttings are assumed to be disposed
of in a mud pond located at the site. The abandoned mud pond eventually dries and
its contents are subject to wind erosion.

1-34

TABLE 1.1.19

Element concentrations entered into the E03NR code
and Pb solubility for the dominant aqueous species:
Culebra solubility calculations

Code inputs

Parameter

Well H-2a

Well H-3b

Well H-- 4

T (°C)
Eh (mv)
pH

22.4
60
7.8

22.4
199
7.3

22.0
70
7.7

Concentration (mg/L)

Element or Complex

Well H-2a

'Nell H-3b

Well H-14

ClBrF
HCOi
SO4B(OH)3
Ca++
Fe++
K+
mg++
Mn++

4800
bdla
2.1
54
2900
57
670
0.42
100
160
0.07
2600
13.5
9.8

27800
27.5
1.6
47
4800
137
1300
0.14
450
1330
0.14
17000
*13
31.5

8200
14
0,8
40
1500
63
1800
0.4
250
530
bdla
3300
14
31

Na+
Si02(aq)
Sr -+

Resultanl Output

Well H-2a

Well H-3b

Well H-14

Solid Phase

Aqueous Concentration Aqueous Concentration Aqueous Concentration
Species
Species
(mg/L)
Species
(mg/L)
(mg/L)

PbCO3

Total Pb
PbCO3

53.4
68.8

Total Pb
PbCO3
PbC1+
PbC12

a bdl = below detection limit of analytical method
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54.4
67.9
1.0
0.5

Total Pb
PbCO3

52 8
67.8

No exposure to humans from stable lead contained in the mud is expected prior to the
mud drying. The dried mud, however, is subject to wind erosion and dispersion of
lead particulates. Human exposure to the lead occurs through inhalation of airborne
particulates.
The methodology used to calculate the dispersion of particulates in air is the same as
that described in the FEIS, Appendix K. Additional assumptions used in calculating the
air transport of particulates containing stable lead in this scenario are:
• The surface area of the mud pond is 500 ft2 (46.45 m2).
• The mud pond contains 22,000 gallons of dried mud, including 6 kg of
stable lead (i.e., the equivalent of 3 drums of waste with an average lead
content of 2 kg each).
• The resuspension rate of one-micron particulates from the mud pond is 5.19
x 10-12 s-1.
• The exposed individual (i.e., receptor) is 570 yd (521 m) downwind from a
virtual source, 21 m upwind of the center of the mud pond.
The particulate deposition velocity is 0.01 m/sec, resulting in a calculated ground
deposition rate of 5.16 x 10-17 g/m2-s.
Using these assumptions, the calculated ambient air concentration of stable lead at the
downwind receptor location is 5.16 x 10-9ug/m3. This calculation is shown in Table
1.1.20. The amount of round surface deposition at the same location over a 1-year
time period is 1.63 x 10- g/m2.
The potential exposed exposed individual was assumed to weigh 7u kg, and a daily
respiratory volume of 20 m3/day was assumed (EPA, 1986). The rate of lead
deposition in the lungs was assumed to be 50 percent of the particles inhaled, while
up to 70 percent of this deposited lead was assumed to be absorbed (ATSDR, 1988),
resulting in a transfer coefficient of 0.35 (i.e., 70 percent x 50 percent). The calculated
daily intake of lead by an exposed individual is compared to the acceptable daily
intake levels for chronic exposure (AIC). The calculated AIC-based hazard index as
described in EPA (1986) is used for determination of potential risk to human health.
The equations used to calculate lead uptake by humans are provided in Tables 1.1.20
and 1.1.21.
The daily intake of lead by humans in this scenario, using the calculated air
concentration of 5.16 x 10-9yg/m3, is 5.16 x 10-13 mg/kg-day. The daily intake can be
compared to the acceptable level for chronic intake (AIC) (EPA, 1986). This acceptable
level is 4.3 x 10-4 mg/kg-day. The calculated hazard index for lead is therefore 5.16 x
10-13/4.3 x 10 = 1.2 x 10 . This value is considerably less than unity, indicating that
the intake of stable lead is well below the acceptable reference level. The dose
calculated for ingestion represents the most direct and, therefore, the highest intake of
lead by an exposed individual. Because of the small quantity of lead deposited on the
ground surface (i.e., 1.63 x 10-9 g/m2) and the even smaller amounts potentially taken
up by animals and plants, it can be assumed that all other potential exposure
pathways in this scenario (e.g., ingestion of vegetables, milk and meat) will be orders
of magnitude below health-based levels. These results apply to all six variants of Case
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TABLE 1.1.20

Equation 1:

A =

Calculation of the lead arnbient air concentration at the
exposed individual location, human lead intake via
inhalation, and lead hazard index for humans

Calculatlon of the lead amblent air concentration at exposed individual
location

2C d0 A K

(104)

•12 ay 3 I'y

u

Where.
C

= mud density (2.0 g/cm3)

do

= depth available for resuspension (1 cm)

A

= area of mud pit (46.45 m2)

K

= resuspension rate (5.065 x 10-12 s-1)

(104)= conversion cm2/m2
C2

= 3.6 x 10-5 g/g (concentration of Pb in dried mud pit)

r

= 57.68 m

rZ

= 40.92 m

u

= average wind speed (3.7 m/s)

Calculations:
x

2 x 2 x 1 x 46.45 x 5.065 x 10-12 x 3.6 x 10-5 x le
2.7r x 3(57.68) x 40.92 x 3.7

X = 5.16 x 10-15 g/m3 or 5.16 x 10-9 pg/m3

1-37

TABLE 1.1.20

Concluded

Equation 2: Calculation of human lead Intake via inhalation
Ir

=(CAi)(RV)(TA1)/A(WA)

Ir

= daily Pb intake (mg/kg-day)

CAi = [Pb] in air (gg/m3)
RV = daily respiratory volume (m3/day)
TA1 = transfer coefficient across lungs
A

= conversion factor (#g/mg)

WA = average adult body weight (kg)
Assumptions:
RV = 20 m3/day (EPA, 1986)
TA1 = (50% deposited in Iungs)(70% absorbed) = 0.35
(ATSDR,1988)
A = 1000
WA = 70 kg
CAI = 5.16 x 10-9n/M3 (from Equation 1)
Calculations:
Ir

= {(5.16 x 10-9)(20)(.35)1/(1000)(70)
= 5.16 x 10-13 mg/kg-day
Equation 3: Human Hazard index (HI)

HI = 1r/A1C
A1C = 4.3 x 10-4 mg/kg-day (EPA, 1986)
5.16 x 10-13mg/kg-day/4.3 x 10-4mg/kg-day
= 1.20 x 10-9

TABLE 11.21

Calculation of lead intake by humans, lead concentration
in beef, lead intake by humans via beef ingestion, and
human hazard index, Case IIC(rev)

Equatlon 1: Lead Intake by Beef Cattle
lc = (Cw )(GPF)(Ow)/(Wd
1

(modified from Whelan et al., 1987)

Where:
le
Cw

= intake per day per steer (mg/kg-day)
= lead concentration in water (mg/L)

i
Wc
GPF
Ow

= steer average body weight (kg)
= gut partitioning factor
= intake of water by cattle (L/day)

Assurnptions:
Cw

= 1.50 mg/L (See Subsection 5.4.2.6)

i
GPF

= 0.15 (ATSDR, 1988)

Ow

= 49 L/day

Wc

= 400 kg (Merck, 1979)

Calculations:
lc = Cw (0.15)(49)/400
i
= 1.84 x 10-2 Cwi
= (1.84 x 10-2)(1.50) = 0.028 mg/kg-day

Adutt cattle will tolerate 6 mg/kg-day for 2-3 years (I3otts, 1977)
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TABLE 1.1.21

Continued

Equation 2: Lead Concentration In Beef
Cwim = Cw i Fmi fw ow exp[-fiw thrill (Whelan et al., 1987)

Where:
Cwirn = [Pb] in meat (mg/kg)

Cw.

= [PIA in water (mg/L)

Fm

= water-to-meat transfer coefficient (kg/day)-1

f

= fraction of total water intake that is water containing Pb

Qw

= daily water intake of beef cattle (L/day)

fiw

= decay constant for Pb in water (day)-1

thm

= holdup time from slaughter to consumption (days)

Assumptions:
A steer produces 200 kg (441 lb) of beef (Baes et al., 1984)
Fm. = 3 x 104 (kg/day)-1 (Baes et al., 1984)

-

Iw

= 1 (i.e., all water consumed is assumed to contain lead)

Ow

= 49 L/day

13w

= 0 (Pb is environmentally persistent (EPA, 1986))

th m

= 20 days (Whelan et al., 1987)

Calculations:
= Cw (3 x 104)(1) (49)(e) = 0.0148 Cw

Cw
im

= (0.0148) x (1.50)
= 0.022 mg (lead)/kg (beef)

TABLE 1.1.21

'Concluded

Equation 3: Human Lead Intake vla Beef Ingestion
Ir = Cw

(IR)m (GPF)/(WA) (Modified from Envirosphere, 1987)
;in

Where:
1r

= daily intake of Pb by consurner (mg/kg-day)

IR m

= meat ingestion rate (kg/day)

GPF

= gut partition factor

WA

= average adult body weight (kg)

Assurnptions:
IRm

= 0.086 kg/day (adutt males 19-50) (ICRP, 1975)

GPF

= 0.15 (ATSDR, 1988)

WA

= 70 kg (EPA, 1986)

Calculations:
Ir

= Cw (0.086)(0.15)/70 = 1.84
im

04 Cwim

K 1

= (1.84 x 104)(022)
= 4.05 x 10-6 mg/kg-day

Equation 4: Human Lead Hazard Index
HI

= lr/AIC (EPA, 1986)

AIC

= 4.30 x 10-4 mg/kg-day (EPA, 1986)

HI

= 4.05 x 10-6/4.30 x 10-4 = 0.009

1-41

1.1.4.5 Health Effects from Exposure to Stable Lead in Beef
This subsection examines the potential human health impacts associated with the
release of stable lead to the biosphere. The release scenario examined involves a
breach of the repository by a single borehole that penetrates both a waste panel and
the pressurized brine of the Castile Formation below the host formation (Case 11). The
scenario and the assumptions used to model the subsequent release of stable lead to
the Culebra are described in Subsection 5.4.2.6. The concentrations of stable lead
calculated to reach the stock well at 10,000 years, when that concentration reaches its
maximum at the end of the calculations, are 4 x 10-6 mg (lead)/L (brine) in Case
IIA(rev) ancl 1.5 m/L in Case IIC(rev). This assessment assumes that beef cattle
consume water from a hypothetical stock well that contains the maximum concentration
of lead and that this concentration is maintained in the stock pond throughout the
lifetime of the cattle. The equations used to calculate lead uptake by humans are
provided in the following pages.
The methodology for this assessment involves calculating the amount of lead uptake
per unit body weight of the cattle, the concentration of lead retained in beef, and the
concentration of lead ingested by humans consuming this beef.
To calculate lead intake by cattle in Case IIC(rev), it is assumed that 49 liters per day
of water containing 1.50 mg/L lead is consumed. An average steer weighs 400 kg
(882 lb) (Merck & Co., 1979). A gut partitioning factor of 0.15 is used to account for
the fact that not all of the lead ingested by cattle is retained in the beef (i.e., a portion
of the lead will be excreted) (ATSDR,1988). Thus, the cattle may take up and retain
lead at the rate of 0.028 mg/kg-day (Table 1.1.21, Equation 1). It has been estimated
that a mature steer will tolerate 6 mg/kg-day lead for 2 to 3 years (Botts, 1977).
Assuming the concentration of lead in the stock water remains constant throughout the
lifetime of the steer, it is estimated that 0.022 mg of lead per kg of beef will be
available for human consurnption (Table 1.1.21, Equation 2).
For the purposes of these calculations, it is estimated that an adult male (age 19 to
50) consurnes 0.086 kg of beef daily (NCRP, 1984). Adult male body weight averages
70 kg (154 lb). The daily human retention of lead, assuming 0.022 mg/kg of lead in
the beef consumed, is 4.05 x 10-6 mg/kg-day (Table 1.1.21, Equation 3).
The estimate of the daily intake of lead by humans calculated in this manner can be
compared to the acceptable daily level for chronic intake (AIC) according to
procedures described in the Superfund Public Health Evaivation Manual (EPA, 1986)
(see SEIS Appendix G). As shown in Table 1.1.21, Equation 4, the acceptable daily
level for chronic intake (AIC) is 4.30 x 10-4 mg/kg-day (EPA, 1986). The calculated
AIC-based hazard index for lead in Case IIC(rev) is 0.009. This value is considerably
less than unity, indicating that the estimated intake of lead is well below the acceptable
reference level. In other words, the ingestion of this concentration of lead every day
throughout the life of the consumer will not result in adverse health effects.
For Case IIA(rev), these figures are only 3 x 10-6 as large, and the hazard index is that
much further below the acceptance intake level.
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1.1.5

ASSESSING COMPLIANCE WITH THE EPA STANDARDS

On September 19, 1985, the Environmental Protection Agency (EPA) promulgated
Environmental Standards for the Management and Disposal of Spent Nuclear Fuel,
High-Level and Transuranic Radioactive Wastes (40 CFR Part 191). In 1987, the court
remandecl these standards to the EPA because of differences between their groundwater protection provisions and those in the EPA drinking water standards. E'itrictly
speaking therefore, there are at present no standards against which to judge the
potential performance of the WIPP. However, the DOE has agreed with the State of
New Mexico to use the remanded standards in its planning and analyses until new
ones are promulgated.
A June 2, 1989, Working Draft of a possible new 40 CFR Part 191 has recently
becorne available. The changes from the remanded standards that are relevant 1:o the
WIPP are:
• A possible alternative to the present definition of "disposal" defines disposal
as placement in a disposal system, but explicitly excludes "placements for
experimental purposes that include pre-established plans for the removal of
the fuel or waste."
• The definitions of groundwater are changed. The proposed new defi'Rion
would make groundwater in the Culebra dolomite Class IIIB groundwater.
Class III groundwater is groundwater that is "saline or otherwise
contaminated beyond levels that would allow use for drinking or other
beneficial purposes." Class IIIB groundwater is Class III groundwater
"characterized by a low degree of interconnection to adjacent groundvs,aters
of higher class or surface waters."
• A new containment requirement extends the time period of concern for the
performance of an undisturbed disposal system to cover the period of
10,000 to 100,000 years, with the projected releases over this extended time
to be "not much greater than allowed by a table reproduced here as Table
1.1.22. The expected performance of the undisturbed repository as reported
in Subsection 5.4.2.5 as Case IA meets this potential requirement.
• A new assurance requirement has been added, that "disposal systems shall
be selected to and designed to keep releases to the accessible environment
as small as reasonably achievable, taking into account technical, social, and
economic considerations." This polential requirement is met by DOE's
explicit commitment to comply with all applicable standards, including 40
CFR 191 as finally promulgated.
• The groundwater protection requirements (Part 191.16) are completely
rewritten with several options put forward. A portion of Option 2.0 night
apply to the WIPP. This option, if decided upon, would call for "a
reasonable expectation that, for 1,000 years after disposal, undisturbed
performance shall not cause . . . any increase in the levels of radioactivity
for Class IIIB groundwaters such than an individual can receive more than
25 millirems
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TABLE 1.1.22 Release limits for containment requirements
(cumulative releases to the accessible environment
for 10,000 years after disposal)

Release limit per
1,000 MTHM or other
unit of wastea (curies)

Radionuclide

Americium-241 or -243
Carbon-4
Cesium-135 or -137
lodine-129
Neptunium-237
Plutonium-238, -239, -240, or -242
Radium-226
Strontium-90
Technetium-99
Thorium-230 or -232
Tin-126
Uranium-233, -234, -235, -236, or -238
Any other alpha-emitting radionuclide with a half-life greater than 20 years
Any other radionuclide with a half-life greater than 20 years that does not
not emit alpha particles

100
100
1,000
100
100
100
100
1,000
10,000
10
1,000
100
100
1,000

a For TRU waste, this unit is a million curies of alpha-emitting transuranic nuclides with
half-lives greater than 20 years. The proposed new standards increase the size of
the unit to ten million curies, but also increase the release limits per unit by a factor
of ten; the net result is no overall change in release limits.
Note: For projected releases of several radionuclides, there is the additional
requiremenit that
Qn
°I)
+ — + • • • + — s 1 (or 10)
RLa
RLb
RLn

Qa
R =

where R is the normalized release, Qi is the projected release of radionuclide i and RLI
is its release Iimit for that radionuclide.
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annual committed effective dose equivalent from all routes of exposure from the
disposal system." Option 3.B would extend this time to 10,000 years. The expected
performance of the undisturbed repository as reported in Subsection 5.4.2.5 as Case
IA meets this potential requirement.
Part B of both the remanded and the proposad 40 CFR Part 191 sets standatis for
the disposal of TRU wastes in a geological repository. Part B protects the public from
significant radiation doses by requiring that no more than a predetermined amount of
each radionuclide be released to the biosphere. Specifically, the disposal systems are
to be designed to provide a reasonable expectation that the cumulative releases of
radionuclides to the accessible environment for 10,000 years from all significant
process and events shall have:
• less than one chance in 10 of exceeding the quantities calculated according
to Table 1.1.22, and
• less than one chance in 1,000 of exceeding 10 times those quantities.
The standard is thus one dealing with probabillies rather than certainties. It says that
performance assessments do not have to provide complete assurance that these
requirements will be met. Because there will be substantial uncertainties in projecting
disposal system performance, actual proof of the future performance cannot be
attained. Instead, the standards require a reasonable expectation that complian:e will
be achieved.
The EPA assumes that, whenever practicable, the DOE will summarize the results of
the performance assessment into a complementary cumulative distribution function
(CCDF) indicating the probability of exceeding various Ievels of cumulative release,
written P (Release > R). The effects of the uncertainties will be incorporated into a
single CCDF for each disposal system. If this CCDF meets the requirements above,
then that disposal system is deemed to comply with Part B of the EPA standards.
1.1.5.11 Performance Assessment
A performance assessment consists of four parts:
• Scenario development and screening,
• Consequence assessment,
• Sensitivity and uncertainty analysis, and
• Regulatory compliance assessment.
Scenario development and screening examine possible future events or processes that
might affect a repository, assign probabilities to them, and determine which possibilities
merit detailed consideration. Consequence assessments estimate the releases that
might arise from the scenarios of interest. Sensitivity and uncertainty analyses identify
important processes and parameters and illuminate the sources and extent of
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uncertainties in the consequence assessment, thus enabling the regulator to evaluate
the confidence that can be placed in the results. Finally, a regulatory compliance
assessment combines the resutts of the scenario analyses, consequence assessments,
and sensitivity and uncertainty analyses and determines whether the repository is in
compliance with the requirements of the EPA standards.
In a Monte Carlo simulation using deterministic models for predicting consequences,
the following approach can be used to generate a CCDF. (If a stochastic or some
other model is used, another technique would be used to generate a CCDF.) This
process is described in greater detail in Hunter et al., 1986.
Assume that K scenarios have been identified as important. For WIPP, K might be as
large as 10. These scenarios are analyzed by choosing appropriate ranges and
distributions for the model's input parameters and then statistically sampling from these
ranges to obtain sets of input values for the scenarios. This sampling must be done
by some means such as Latin Hypercube sampling, so that all samples have the same
probability of occurring. (The same set of input parameters is used for all scenarios in
order to ensure that any variation observed between scenarios is due to scenario
differences and not to differences in sampling.) For WIPP, the number of sets of input
parameters, N, might be 100.
Thus there will be NK sets of consequences, Rnk, calculated in the performance
assessment. For WIPP this may amount to as many as 1,000 calculations.
For each scenario, a probability will also be estimated. The sum of these probabilities
Pk cannot, statistically speaking, be greater than one. Each probability is therefore
normalized by dividing them by the sum of probabilities EPk and by N. Similarly, the
consequences are normalized by dividing them by the release limits given in Table
1.1.22.
There result NK pairs of normalized consequences and associated probabilities. These
pairs are ordered by the magnitude of their consequences, with the largest
consequence first. Then the CCDF [P(Release > Rnk)] is the sum of all normalized
probabilities Pk/(NEPk)down to that point on the list.
A CCDF generated in this manner is actually a step function consisting of NK steps
(Figure 1.1.2). The EPA containment requirements are indicated as the forbidden area
in the upper right hand area in this figure. If the CCDF remains outside this forbidden
area, the standard is met. This particular hypothetical example indicates a region of
possible violation.
1.1.5.2 Application to WIPP
Case 11 will probably be one of the scenarios entering into the CCDF for the WIPP. Its
probability of occurrence is high. Using EPA's figure of 30 holes per square kilometer
of repository area, 51 holes may be drilled into the WIPP in 10,000 years (i.e., 1 every
200 years on the average). Inasmuch as the waste disposal panels subtend about 7
percent of ihe repository area, the probability of a hole intersecting a waste panel is
[1 - (1 - .07)51] = 1 - .025 = .98
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Then, because about half the WIPP area appears to be underlain by a brine reservoir
(Earth Technology Corporation, 1987), this probability should be multiplied by 0.5.
Finally, superimposed on this should be the probability that the drill hole will a:Aually
go as oeep as the Castile brine reservoir-it could be being drilled for potash
evaluation. Taking this probability arbitrarily as another 0.5, the net probability of Case
II is
0.98 x 0.5 x 0.5 = .25.
(Not knowing what the other scenarios might ba, this probability cannot be normalized
by dividing it by EPk.)
If Case IIC(rev) should be one of the 100 or 5.* sets of input parameters with which
Case 11 is analyzed, its probability would be the overall Case 11 probability divided by
100, or 2.5 x 10-3. However, this is not likely, as Case IIC(rev) analyzes the
consequences of an extreme case in which all the input parameters (except the initial
pressure in the brine reservoir) are taken at the extremes of their ranges.
The calculation of integrated release for Case 11C(rev) in Subsection 5.4.2.8 of this SEIS
would therefore appear as one of the last steps in the lower right hand corner of
Figure 1.1.2. Thus this calculation alone, although with an integrated release of 3.2,
does not per se indicate noncompliance with the regulations.
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REF: HUNTER, et al., 1986.

FIGURE 1.1.2.
HYPOTHETICAL EXAMPLE OF COMPLEMENTARY
CUMULATIVE DISTRIBUTION FUNCTION (CCDF)
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1.2 DATA

1.2.1

FINAL WASTE POROSITY

If it is assumed, for purposes of calculation, that structural changes do not take place
after mechanical compaction, the void volume remaining within a room after waste
compaction determines the maximum amount of brine that may eventually err.er the
roorn. This value is difficult to estimate, however, because the mechanical and physical
properties of the waste are highly variable anc poorly characterized.
The compressive stress exerted by the surrounding salt is not sufficient to completely
eliminate all voids in the waste. As the waste is compacted, its resistance to additional
densification increases, and it becomes rigid enough to prevent further void reduction.
A near-term limiting void volume within the repository, associated with purely mechanical
densification and expected to be attained in 60 to 200 years, is used for this analysis
and is assumed to represent a "steady-state."
Even after this time, the state of the repository will continue to change, as bio ogical
decomposition and chemical corrosion alter the chemical and structural nature of the
waste. This longer-term evolution of the physical state of the repository is expected
to be complex, to occur over a long period of time, and to include interactions between
compaction processes and possible repository expansion as a resuit of gas generation.
Its quantitative characterization may never be possible. At least for metal w astes,
densification may continue beyond that produced by early room closure, and consequently the near-term limiting void volume is considered the greatest void volurr e that
will exist within the waste. The final room porosity enters the calculations in this report
in three ways. First, the estimated porosity is used to estimate the final permeatility of
the repository. This value is used in the Case calculations, but does not enter clirectly
into the Case 11 calculations. Permeability is used there to determine whether Castile
brine-reservoir fluids effectively mix with the waste in the repository. Second, the final
porosity estimate is used to estimate the volumes available within the repository for gas
storage or saturation with brine, Finally, the porosity estimate is used to determine the
volume of brine available to dissolve radionuclides. Dissolution is limited either by the
mass required to reach the solubility limit of individual radionuclides or by the total
mass of the radionuclides present, whichever is less.
The final void volume used here is based on the distribution of waste types in storage
(Table 1.2.1) (DOE, 1988a). A total of 6,804 drurns are assumed to be stored in sevenpack configurations within a disposal room, each with an internal volume of 0,21 m3.
In assigning final porosities to each component, combustible waste (low-strength
plastics, paper, and rags) is assumed to have such low strength that the near-term
interconnected void porosity will be 0.1 or less after compaction to lithostatic pressure
(approximately 14 MPa). Because combustible waste will collapse to a cense,
interlocking structure, its hydraulic response is considered to be similar to that of silt,
with a hydraulic conductivity of 10-8 m/s. (The porosity is n = Vv/V, where V s the
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TABLE 1.2.1

Final void volumes in waste

Waste Form

Combustible

Sludge Metal/Glass

Other

Total

Emplaced
Percent by weight of total
waste in storage

30

17

33

20

100

Initial volume in disposal
room (m3)

429

243

472

286

1430

Percent of solids per drum

24.8

66.5

21.9

Final
Solids volurne (m3)
Void volume (m3)

106

162

103

93

464

12

18

68

25

123

Waste volurne (m3)

587

Cf. Lappin et al., 1989, Table 4-5.
Sources. DOE, 1988a; Clements and Kudera, 1985.

compacted volume, and Vv is the void volume. V = Vv + Vs, where Vs is the solid
volume that the waste would occupy if no voids were present. Later, the void ratio, e,
will be usecl, which is defined as e = Vv/Vs, or e = rill — n.)
The mechanical properties of sludge are not well defined, but this category of waste
represents only 17 percent of the total waste inventory. Sludge is much more difficult
to compact than combustible waste, and therefore its total void content after
compaction is likely to be greater. The same interconnected porosity, 0.1, is assumed
for it in the compacted state, however, because many sludges may have a high cement
content ancl are expected to form hydration products that decrease void interconnectivity. In the absence of any data about the hydraulic conductivity of sludge, a value
two orders of magnitude greater than for grout has been assumed. The hydraulic
conductivity of grout is 1 x 10-11 m/s (Coons et al., 1987), implying a final-state
conductivity of 1 x 10-9 m/s for sludges.
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The strengths of metallic and glass wastes rnake them much less compactible than
combustible and sludge wastes. Most of the waste is metallic in content. -Me final
porosity assumed for metal and glass waste is 0.4, based on powder-metallurgy
literature (Hausner and Kumar, 1982) and on data on supercompaction, which suggests
that compaction of metal waste to much greater than 0.6 of theoretical solid density is
not likely. A lower final porosity for the metal waste can be expected, however, if the
crushed-salt and bentonite backfill intrudes into the open spaces between the pieces
of rnetal, a process that could reduce porosity by as much as 50 percent. Thus, a
lower bound to metal-waste porosity is taken 10 be 0.20.
The properties of the waste category referred to as "other remain undefined. In the
absence of further information about the cornposition of this waste, its compacted
porosity is assumed to be the average porosity of the combined combustible, sludge,
and metal and glass waste categories, weighted according to the portion of the
inventory that each represents.
Final void volumes for combustible, sludge, and metal and glass waste categories are
given in Table 1.2.1. The volume of solid waste per drum is computed using the
average initial void fraction of each waste category (Clements and Kudera, 1985).
Adding in the void volume of the unspecified "other category of waste (20 percent of
the inventory), the total void volume per roorn is 123 m, corresponding to a solids
volurne of 464 m3. This 123 m3 volume, divided by the total volume, 587 m3, yields a
porosity of 123/587 = 0.210. If the void volume in the metal waste is assumed to be
reduced 50 percent by salt intrusion, the net void volume per room is approxirnately
123-34 = 89 m3. This corresponds to a porosity of 89/587 = 0.152. The "expected"
final void volume for the consolidated waste is the average of the estimated void
volurnes, or 106 m3 per room, corresponding to an interconnected void poro sity of
106/587 = 0.182. To be conservative, the release scenarios in Subsection 5.4 use a
saturated void volume of 123 m3.
The estimates above apply only to the waste arid do not include any final-state porosity
of backfill in the room, because the compacted saft-bentonite backfill is expected to be
relatively impermeable. The void volume calculations take no credit for the fact that
the rnetal and glass waste may contain minor amounts of easily compacted materials
such as combustibles or sorbents. The only study that has quantitatively inventoried
the contents of TRU waste in detail (Clements and Kudera, 1985) showed that metals
represent only about 80 percent by weight of the INEL metal waste. The remainder of
the metal category contents is combustible material (12 percent) and cement (5
percent), which would reduce its compacted porosity. A major uncertainty in this
analysis is introduced by the absence of any inlormation about the compactibility of the
various waste types, although tests to determine compactibility are in progress.
An estimate was made of how rapidly the limiting void volume within a disposal room
is approached (Figure 5.3). The calculated rate of closure of an empty disposal room
(Munson et al., 1989) was used to determine the void volume at a given time. The
void volume was obtained by subtracting the volumes of the solids in the waste and
backfill and the volume of brine flowing into the room as a function of time (Nowak et
al., 1988) from its current volume. Figure 5.3 is not completely consistent with values
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listed in Table 1.2.1 because, in the absence of experimental results, equal rates of
consolidation of waste and backfill were assumed.
An assumption in using closure data for an empty room for this estimate is that any
backstress by the room contents is insufficient to retard void reduction. This appears
to be warranted for room porosity greater than approximately 0.3: finite-element
calculations show that backstress is significant only during the latest stages of closure.
The no-backstress assumption is also consistent with the current model for compaction
of the waste, which assumes that the final void volume depends only on the stress
applied to the waste, and not on the stress history; that is, the only effect of backstress
is to prolong the time required to achieve the final compacted state. This assumption,
however, is another source of uncertainty. Estimates using these assumptions show
that the limiting void volume could be achieved in 40 to 60 years; 60 to 200 years is
assumed in Subsection 5.4.2.4, Brine Inflow. The amount of brine flowing into the room
during 60 years is estimated to be between 6 and 37 m3, a factor of 4 less than would
be required to saturate the 123 m3 of void volume at final-state. In fact, all this brine
can be sorbed by the bentonite in the backfill (Subsection 5.4.2.4). In addition, the
pressure of decomposition gases within the room, even assuming none leak out, would
not reach lithostatic pressure in 60 years (Lappin et al., 1989, Subsection 4.10.2).

1.2.2

RADIONUCLIDE SORPTION

The Kd values used in the SEIS analyses are summarized in Tables 1.2.2 through 1.2.5.
Table 1.2.2 contains Kd values that are used to calculate radionuclide retardation in the
matrix of the Culebra dolomite. Tables 1.2.3 and 1.2.4 contain sorption ratios for the
clays that line the fractures in the aquifer. Table 1.2.5 contains Kd values for use in
radionuclide transport in the tunnels, seals, and Marker Bed 139 at the repository level.
tf the volume of the clays within the fractures is known, then the Kds in Table 1.2.3 can
be used to calculate retardation within the fractures using the following expression
Rf = 1 + pcKdc(6c/(5),

(1-38)

where Kdc is the distribution coefficient for the clay given in Table 1.2.3; pc is the density
of the clay (2.5 g/cm3); (3c is the thickness of the clay coating the fracture; and å is the
fracture width (Neretnieks and Rasmuson, 1984).
Surface area-based distribution coefficients Ka (ml/m2)for the clay are listed in Table
1.2.4. These were calculated from the Kds assuming a surface area of 50 m2/g. This
is similar to the surface area of 32 m2/g measured by Nowak (1980) on a reference
montmorillonite used in europium sorption studies and within the range of 15 to 88
m2/g measured by Soudek (1984) on montmorillonite used in ion exchange studies.
A retardation factor for use in a transport equation for fracture-dominated flow where
sorption occurs on the surface of the fracture fill clay can be calculated as
(1-39)

R = 1 + aKa/0
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Table 1.2.2

Kd values for radionuclide transport in the matrix of
the Culebra dolomite (ml/g)

Case

Pu

Am

Cm

U

Np

Pb, Ra

Th

Case 1

100

200

(200)

1

(1)

Case IIA,
11A (rev)

50

200

(200)

1

(1)

(0.1)

(50)

Cases IIB, IIC,
IIC (Rev), & 110

25

100

(100)

1

(1)

(0.05)

(25)

(1) (1 00)

Values in parentheses are poorly known; estirnated by assumption of behavior similar
to a homolog element.
Source. Lappin et al., 1989, Table E-10.

TABLE 1.2.3

Case

Kd values for radionuclide transport in the fracture
clays of the Culebra dolomite (ml/g)

Pu

Am

Cm

U

Np

Pb, Ra

Th

Case I

300

500

(500)

10

(10)

(100)

300

Case IIA,
IIA (rev)

200

(300)

(300)

10

(10)

(10) (200)

(100)

(100)

(100)

(1)

(1)

(5) (100)

Cases 1113, IIC,
IIC (Rev), & IID

Values in parentheses are poorly known; estimated by assumption of behavior similar
to a homoiog element.
Source. Lappin et al., 1989, Table E-11.
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TABLE 1.2.4

Ka values for radionuclide transport in the fracture
clays of the Culebra dolomite (ml/m2)

Pu

Am

Cm

U

Np

Pb, Ra

Th

Case 1

6

10

(10)

0.2

(0.2)

2

6

Case IIA,
IIA (rev)

6

(6)

(6)

0.2

(0.2)

(0.2)

(6)

(2)

(0.02)

(0.02)

(0.1)

(2)

Case

Cases IIB, IIC,
IIC (rev) & IID (2)

Values in parentheses are poorly known; estimated by assumption of behavior similar
to a homolog element.
Source. Lappin et al., 1989, Table E-12.

TABLE 1.2.5

Kd and Ka values for radionuclide transport in
tunnels, seals, and MB 139

Pu

Am

Cm

U

Np

Pb, Ra

Th

Clay in
100
crushed Salado
salt, Kd (ml/g)

100

100

1

(10)

(1)

(100)

Anhydrite in
MB 139, Kd
(ml/g)

100

25

25

(1)

(1)

(1)

(100)

Anhydrite in
MB 139, Ka
(ml/m2)

3700

925

(925)

(37)

(37)

(37)

(3700)

Values in parentheses are poorly known; estimated by assumption of behavior similar
to a homolog element.
Source. Lappin et al., 1989, Table D-5.
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where Ka is the sorption ratio in Table 1.2.4, a is the specific surface of the fracture
(fracture surface area per unit volume of fracture), and is the porosity.
Similarly a retardation factor for use in transporl through the porosity-controlled flow in
the tunnels and seals can be calculated as

R = 1 + pKd (1 — 0)/0

(1-40)

where Kd is the distribution coefficient given in Table 1.2.5, p is the grain density, and
is the porosity.
The following procedure was used to obtain the recommended Kd values listed above.
First, initial ranges of values were obtained from studies carried out under chemical
conditions that were similar in some way to those expected under a variety of mixing
ratios in the various media. Second, Kd values obtained under conditions closest to
those expected in the WIPP were extrapolated to reference conditions consistent with
the clescriptions of Cases I and 11. Data from parametric studies or theoi etical
calculations for simple, well-constrained systems were used to estimate the magnitude
of the change in the Kd that might be related to differences between the actual
experimental conditions and the range of conclitions possible for the cases. Finally,
uncertainties in the future physicochemical conditions in the repository and along the
flow path in the Culebra dolomite were considered. Possible deviations of Kd values
from those estimated in the previous step were evaluated, and a set of conservative,
realistic Kd values was selected.
ln the waste panels, solution chemistry will be dominated by the composition of Salado
brines, leachates from the waste, concrete and steel drums, and the products of
microbial degradation. In the SEIS analyses, it was assumed that the important
sorbing substrates will be iron oxide corrosion products and bentonite backfill.
Radionuclide transport within the waste panel was not considered in the report.
Available sorption data were used to estimate the partitioning of radionuclides between
solution and suspended solids.
The amount of radionuclide sorbed to the particulates will be related to the solution
composition and to the total number of sorption sites of the substrate. Consideration
was first given to sorption capacity independent of the effects of solution composition.
For an oxide or oxyhydroxide, the total sorption capacity is related to the number of
surface hydroxyl groups. For a clay such as bentonite, the sorption capacity will be
deterrnined by both the number of exchangeable (fixed-charge) sites and the nimber
of hydroxyl groups (Kent et al., 1988).
The total sorption capacities of iron oxyhydroxi de and bentonite were estimated from
experimental data obtained under conditions very different from those assumed for the
waste panel. Under conditions of low total clissolved solids, low concentration of
cations such a Mg+2 and Ca+2 and low organic concentration, sorption capacities of
bentonite could range from 10 to 100 milliequivalents (meq) per 100 grams (D•ever,

1982; Tsunashima et al., 1981). Under similar conditions, the sorption capacity of iron
oxyhydroxides could range from 60 to 300 meq per 100 grams (estimated from data in
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Hayes et al. (1988, Table 1). The actual sorption capacities will depend on the
crystallinity and stoichiometry of the clays and iron oxides present in the repository.
Moderate concentrations of carbonate, organic-sequestering agents, Mg+2, and Ca+2,
however, will keep some of the sorption sites from being occupied by actinide ions.
The effects of the solution composition on sorption are discussed in more detail in
Lappin et al. (1989, Section 3.3.4.2).
1.2.2.1 Rationale for Extrapolation of Kd Values
Table 1.2.6 summarizes a variety of data on experimental measurements of Kds in brine.
The values for Kd used in this SEIS are lower than those listed in Table 1.2.6. Many of
the Kds for the actinides reported in the literature are in the range 10,000 to 100,000
ml/g. The Kds were calculated solely from the loss of radioactivity from solution, and
therefore small errors in the measurement of a trace amount of radionuclide remaining
in solution could lead to large errors in the calculated Kd. Review of experimental
procedures used to obtain the values suggests that the results could be compromised
by unrecognized precipitation; this error would lead to high Kds that would
overestimate the extent of sorption. This kind of error could be especially important for
data from WIPP Brine A and B. Saturation index calculations by Melfi (1985) indicated
that Brine A is supersaturated with respect to calcite (CaCO3) and that Brine B is
supersaturated with respect to gypsum (CaSO4.2H20). The extent to which the
actinides or fission products can be incorporated into the crystal structure of either of
these minerals has not been determined.
The uncertainties in the course of the future chemical evolution of the repository and
aquifer require consideration of large ranges of pH, Eh, organic content, and carbonate
content of the groundwaters. These possible variations in solution chemistry could
result in order of magnitude changes of the Kds from the values obtained in the
experimental studies listed in Table 1.2.6. Evaluation of the magnitude of these
changes requires several assumptions about the nature of sorption reactions occurring
on the substrates.
For the purpose of the SEIS, it is assumed that only the clay, anhydrite, and salt
components of the Salado will come into contact with the radionuclides during
transport. It is assumed that none of the elements sorb onto halite (Kd = O). The
sorption of trace metals onto salt-like minerals such as anhydrite is poorly understood;
the paucity of relevant data precludes extrapolation of sorption behavior to
physicochemical conditions that differ from those specifically examined in the
experimental studies listed in Table 1.2.6. Some qualitative extrapolations are made;
they are based solely on the predicted aqueous speciation of the radionuclides.
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TABLE 1.2.6 Sources of Kd data used to estimate values for repository (Case I) and Culebra (Case II) transport (saline water
± organic Iigands). (See Lappin et al. [1989], Table 3-4 for compositions of WIPP brines A and B)

Reported Kd range

Reference

Water

Rock

Organics

Nowak (1980)

Brine A

Bentonite

None

Brine B

Bentonite

None

Dosch & Lynch
(1978)
1
Ul
"A

Brine A

Clay

None

Brine B

Clay

None

Dissolution
Rrino

Halite

None

lac nimil

Ncne

Pu

2.3x103 to
3.4x103
2x1O4 to
4x104

Am

Brine B

Dosch (1981)

4x104 to
17 to 59
1.1..1A4 a.,
‘10,4,
4
mo

None

2.1x103 to
5.4x103
6.7x103

Anhydrite

None

Brine A

Culebra
Dolomite
Culebra
Dolomite

None

Cf. Lappin at al . 14/19. Tahla 1-14.

Eu

4.1013 to
1.4x104

1.4)(103 to

1.7x103

310 to 1100

>1x104

2.7x103 to
1.9x104

11 to 306
(3.0;003 to
1.8X105
)

56 to 354
^,.....4
LAILI
2.1x105

>5x103

Brine B

Brine B

Np

>1x103

2x104)
Rustler
Dolomite
Rustler
Dolomite

U

350

7.2x104

Brine A

Cm

3.2x102 to
2.6x103

1.3x103
1.2x104

>5x103

2.9x102

4.2x103

>1x103
0 to 2
1.5 to 608

TABLE 1.2.6 Continued

Reported Kd range

Reference

Water

Rock

Serne et al. (1977)

Brine A

Rustler
Dolomite
Culebra
Dolomite

Brine B

Paine (1978);
Dosch & Lynch
(1978)

Pu

Am

Cm

U

Np

Eu

10 to 28

22 to 40

29 to 52
None

50 to 200

340 to 1160

25 to 6,000

100 to
2.8x104

560 to
1.8x104

5.7x104 to
1.7x105

0.0 to
1.2x104

0 to 7.1

Brine B

Culebra
Dolomite

EDTA, etc.

Brine B

Rustler
Dolomite

Waste

Brine B

Anhydrite

Waste

400

Brine B

Clay

Waste

2.8x104

Set
brine

Claystone

None

3x102 to
1x104
Ra = 3

90 to 1,000

3x102 to
1x104

50

5 to 2,000

(TDS: >
3x10-4)

Carbonate

None

50 to 6x103

3x102 to
2x104

3x102 to
1x104

0 to 3

15 to 30

Salts

None

20 to 1x104

3x102 to
2x105

3.5x102 to
2x105

7"

cn
co

Tien et al. (1983)

Organics

70 to 660

TABLE 1.2.6 Concluded

Reported Kd range
Additional
References

Water

Rock

Solution C

Rustler Dolomite

Solution C

Clay

Solution C

Anhydrite

Solution C
H2 (B,C)

Rustler Dolomite
Culebra Dolomite

H2 (B,C)

Rustler Dolomite

83 to 1055

Serne et al. (1977)

Solution C

Culebra Dolomite

42 to 2206 2,500 to 3,000

Tien et al. (1983)

Saline H20

Claystone

(TDS:
5x103 to
3x104
Fresh H20

Carbonate

(TDS: <
5x103

Carbonate

Dosch and
Lynch (1978)

Dosch (1981)

Lynch and Dosch
(I) (1980)

Claystone

Pu

Am

Cm

U

Np

2.4x103 to
7.3x103

2.4x103 to
2.2x104

4.2x104 to
1.1x105

>1x104

4x104 to
1.8x105
7.7x104

2.3x103 to
3.5x103
2.2x103

1.6x105 to
4.2x105
1.8x105

>1x104
>1x103
13 to 175
0.6 to 7.4

300
Ra = 30
500
Th = 2.7x103
to 1x104
30 to 1x104
Ra = 300
100-7,000
Th = 1x103 to

Eu

119 to 383

1.6x103 to
4.3x104

0 to 16

5 to 35

200 to
1x104

1,000

20

1 to 75

3,000

3,000

3

21

700 to
1x104
500 to
1x105

700 to
1x105
6x103 to
4x104

1.270

2 to 400

0 to 15

15 to 30

1.2.2.2 Ratiionale for Choices of Recommended Kd Values
The data for the simple systems discussed above suggest that the amount of sorption
of actinides onto either clays or sulfates present in the repository could be several
orders of magnitude less than that suggested by the Kd data listed in Table 1.2.6.
Atthough it is possible that under severe conditions, the Kds will be close to zero, there
is evidence that some sorption will occur; therefore in the SEIS the Kds are not
assumed to be zero. The rationales behind the Kd values chosen for each element
are given below.
Plutonium. Kd values are decreased by 2 to 3 orders of magnitude from the
values in Table 1.2.6 to account for the potential effect of carbonate complexation
and competition for sorption sites by competing cations.
Americium. Kd values are decreased by factors of 3 to 1,000 from values listed
in the table to account for the potential effects of organic complexation. For
example, Swanson (1986) found that EDTA significantly decreased Am sorption
onto kaolinite and montmorillonite. The magnitude of this effect was a function
of the pH and concentrations of EDTA, Ca, Mg, and Fe in solution.
Curium. Kd values were decreased by factors of 3 to 100 from the values listed
in Table 1.2.6 based on the assumption of similar behavior to Am and Eu.
Uranium and Neptunium. Generally, low Kds have been measured in waters
relevant to the WIPP. The Kd of uranium is very dependent on the pH and the
extent of complexation by carbonate and organic ligands. A low value (Kd = 1)
has been assumed in the SEIS to account for the possible effects of
complexation and competition. Theoretical calculations (Siegel et al., 1989) and
arguments based on similarities in speciation, ionic radii, and valence (Chapman
and Smellie, 1986) suggest that the behavior of neptunium will be similar to that
of uranium.
Thorium. There are few data for thorium under conditions relevant to the WIPP.
Thoriurn Kd values were estimated from data for plutonium, a reasonable
hornolog element (Krauskopf, 1986). Data describing sorption of Th onto
kaolinite (Riese, 1982) suggest that a high concentration of Ca and Mg will
prevent significant amounts of sorption onto clays in the repository. Stability
constants for organo-thorium complexes suggest that organic complexation could
be important in the repository and may inhibit sorption (Langmuir and Herman,
1980).
Radium and Lead. There are very few sorption data for radium under conditions
relevant to the WIPP. Kd values in Table 1.2.6 were estimated from assumption
of homologous Ra-Pb behavior in Tien et al. (1983). Data from Riese (1982)
suggest that Ra will sorb onto clays but that high concentrations of Ca and Mg
will inhibit sorption. Langmuir and Riese (1985) present theoretical empirical
arguments that suggest that Ra will coprecipitate in calcite and gypsum/anhydrite
in solutions close to saturation with respect to these minerals.
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1.2.3

BRINE RESERVOIR PARAMETERS

In order to model the hydraulic connection belween the Culebra member and a brine
reservoir in the underlying Castile Formation, it is necessary to realistically define the
hydrologic parameters that govern the transient hydraulic response of the brine
reservoir. These parameters include
Pi
b
T
p
rb
a

=
=
=
=
=
=
=

initial reservoir pressure
reservoir thickness
reservoir transmissivity
reservoir fluid density
effective distance to the reservoir boundary
reservoir porosity
reservoir compressibility

Interpretation of flow and buildup data from the WIPP-12 brine reservoir indicates that
the reservoir is heterogeneous (Popielak et al., 1983). As a result, the hypothetical
WIPP brine reservoir is being modeled as consisting of three separate media. Basecase values for each of the parameters listed above are derived from the availabli.: data
on WIPP-12 (D'Appolonia Consulting Engineers, 1982 and 1983; Popielak et al., 1983)
and on the interpretation presented in Section 3.4.3 of Lappin et al. (1989). Uncertainty
ranges about these base-case values are derived from WIPP-12 test interpretatiors and
from the limited data base from 12 other wells that have penetrated brine reserv Dirs in
the Castile Formation in the vicinity of the WIPP site. Because data on 11 of these
brine occurrences are limited, the parameter range is derived in most cases from the
WIPP-12 and ERDA-6 data. For well locations and distributions of Castile brine
occurrences, see Figure 1.2.1. The following :subsections define the base case and
ranges of the appropriate parameters. The selections are summarized in Table 1.2.7.
1.2.3.1 Initial Reservoir Pressure
Two types of data were considered to be best suited for determining initial reservoir
pressure. The first is the data on the earliest buildup recorded after encountering the
brine reservoir, and the second is the data on the Iongest buildup recorded.
After the brine reservoir was encountered, WIPP-12 was shut in for 1.43 days. The
buildup observed after shut-in was near instantaneous, because only a very limited
volume of reservoir fluid had been produced. The maximum pressure observed Airing
this buildup was 1.5 MPa at the surface, a good choice for static reservoir pressure.
This pressure corresponds to a reservoir pressure of 12.7 MPa when extrapola[ed to
the center of the brine reservoir at WIPP-12 (910.8 m below the ground surface (I3GS)).
The longest buildup period followed Flow Test 3. The flow sequence was 7.0 days in
length, followed by a buildup period lasting 278.4 days. For this test, the Horner
method (Lee, 1982) was appropriate. By extrapolating to a Horner time of one, an
undisturbed reservoir pressure of 1.4 MPa was obtained. This corresponds to an initial
pressure of 12.6 MPa at the reservoir center depth of 918.8 m BGS.
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LEGEND
A BOREHOLE IN WHICH CASTILE FORMATION
BRINE WAS ENCC)UNTERED

• BOREHOLE

THAT PENETRATED THE CASTILE
FORMATION BUT DID NOT ENCOUNTER BRINE
(ERDA-9 IS INCLUDED FOR REFERENCE ONLY)

FIGURE 1.2.1
GENERALIZED DISTRIBUTION OF CASTILE FORMATION BRINE
OCCURRENCES AND APPROXIMATE EXTENT OF THE CASTILE
"DISTURBED ZONE" IN THE NORTHERN DELAWARE BASIN
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TABLE L2.7

Base-case and range of values of parameters
describing the brine roservoir

Symbol

Base r...ase

Range

Units

Initial pressure

Pi

12.7

7.0 to 17.4

MPa

Effective thickness

b

7.()

7.0 to 24.0

Transmissivity of
inner zone

Ti

7x104

7x10-6 to 7x10-2

Distance to intermediate
zone contact

r2

300

100 to 900

Transrnissivity of
interrnediate zone

To

7x10-6

7x10-8 to 7x10-4

m2/s

Distance to outer
zone contact

r3

2,000

30 to 8,600

m

Tm

lx101 1

Constant

m2/s

Fluid density

pf

124D

Constant

kg/m3

Porosity

0

0.005

0.001-0.01

Compressibility

a

1x10-9

1x10-1° to 1x10-8

Pararneter

Transrnissivity of outer
zone

m2/s

1/Pa

Cf. Lappin et al., 1989, Table E-4.

For this modeling study, the base-case reservoir pressure is taken from the highest
pressure monitored during the testing of the brine reservoir at WIPP-12, which is
equivalent to a pressure of 12.7 MPa at the reservoir center. Of the 13 wells in the
northern Delaware Basin that have encountered brine reservoirs, only 4, incIL ding
WIPP-12, have been tested adequately enough to estimate the formation pres3ure.
These pressures range from 12.6 to 14.3 MPa at formation depth (Popielak et al.,
1983). Minimum pressures for nine other wells have been estimated from the minirnum
pressure needed to allow flow at the surface. From these nine estimates, minimum
formation pressures range from 7.0 to 17.4 MPa. The range of initial reservoir
pressures for this study is therefore taken to be 7.0 to 17.4 MPa. The base-case value
is representative of the WIPP-12 reservoir (for which the best data are available) and is
12.7 MPa at reservoir depth.
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1.2.3.2 Reservoir Thickness
In most cases, the brine reservoirs encountered in the Castile Formation are in the
lower portion of the uppermost anhydrite unit present at that location. The uppermost
anhydrite unit at WIPP-12 is Anhydrite III, which is locally 96.6 m thick (Popielak et al.,
1983). The WIPP-12 brine reservoir was at the base of Anhydrite III and appears to
have been limited to a small fractured zone.
Anhydrite III at WIPP-12 was mapped by coring, caliper logs, acoustic televiewer logs,
neutron logs, and spinner logs (Popieiak et al., 1983). A review of these observations
identified seven megascopic fractures in Anhydrite III. All these fractures were highangle fractures with dips ranging from 70 degrees to vertical. Only two showed any
evidence of brine production, as identified by the spinner log conducted by the USGS
(D'Appolonia Consulting Engineers, 1982). The uppermost brine-producing fracture
(fracture C) extended from 916.2 to 917.1 m; the lowermost (fracture D) extended from
919.0 to 921.1 m BGS. These depths were taken from the acoustic televiewer log.
The spinner log defined the interval from which nearly 100 percent of the flow was
coming as that between 916.2 to 921.4 m BGS. which correlates well with both the
caliper log and the acoustic televiewer log (Popielak et al., 1983; D'Appolonia
Consulting Engineers, 1982).
Because the reservoir is heterogeneous and composed of high-angle fractures, its
thickness is difficult to define from borehole reconnaissance at a single location. The
base-case effective thickness of the reservoir is estimated to be 7 m and to occur
between 915.3 and 922.3 m BGS. The center of the reservoir is taken to be at a
depth of 918.8 m BGS, which is the center of the interval that produced nearly all of
the inflow at WIPP-12 (D'Appolonia Consulting Engineers, 1982). All downhole
pressures are referenced from a depth of 918.8 m BGS. The base-case effective
thickness of 7 m shown in Table 1.2.7 can be considered a minimum thickness. From
the center of the reservoir to the base of Anhydrite 111 is approximately 12.0 m. The
rnaximum effective thickness will be considered 24 m centered at 918.8 m BGS.
Because the product of hydraulic conductivity and thickness (transmissivity) cannot be
determined in the reservoir characterization analyses, sensitivity calculations will be
performed upon transmissivity. The variation in transmissivity caused by thickness
uncertainty will be less than the variation in transmissivity caused by uncertainty in
hydraulic conductivity. As a result, the total variation in formation transmissivity will be
driven largely by hydraulic conductivity variation, as described in the following
subsection
1.2.3.3 Reservoir Transmissivity
For modeling, the WIPP-12 reservoir is conceptualized as being composed of two
separate, concentric, fractured media with different transmissivities. Because this
modeling study will allow very long flow periods in the brine reservoir, the far-field
matrix is also expected to contribute to the reservoir response. This matrix is modeled
by attaching an infinite low-transmissivity zone to the outside edge of the intermediate
zone through the application of a Carter-Tracy boundary condition (Carter and Tracy,
1960; Reeves et al., 1986). This outermost zone represents the intact Castile Anhydrite
III. Popielak et al. (1983) determined that the intact formation matrix had a permeability
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of less than 2 x 10-19 m2. Assuming a thickness of 7 m, the transmissivity of the outer
zone is equal to approximately 1 x 10-11 m2/s. The transmissivity of the outer zone is
at least six to eight orders of magnitude smaller than the base-case transmissivity of
the inner and intermediate zones. For this modeling study, the outer zone repreEented
by the Carter-Tracy boundary condition is assigned a constant transmissivity of 1 x
10-11 m2/s.
From hydraulic interpretations, it was determined that the inner region of the reservoir
can be modeled as a cylindrical zone having a transmissivity of 7 x 104 m2/s and
extending out from the well to an effective radius of 300 m. The remainder of the
reservoir was interpreted as having a smaller rnean transmissivity. This intermodiate
zone is assigned a lower transmissivity equal to 7 x 1O-6 m2/s out to a radius of
2,000 m. These values are interpreted from WIPP-12 testing and are considered basecase values listed in Table 1.2.7 for the hypothetical brine reservoir.
The
transrnissivities of these two zones are estimatecl to range, somewhat arbitrarily, by two
orders of magnitude from the base-case values. The only Castile brine reservoir
transrnissivity data available for comparison to these base-case values and ranges are
presented by Popielak et al. (1983), who determined transmissivities from as low as 1.6
x 10-9 m2/s at ERDA-6 to as high as 8 x 10-4 rn2/s at WIPP-12.
1.2.3.4 Reservoir Fluid Density
The brine from the WIPP-12 brine reservoir has an average level of total dissolved
solids of 328,000 mg/L, as determined from laboratory analyses of 13 water samples
(Popielak et al., 1983). The average specific gravity, based on 59 field analyses, is
1.215. In addition to these traditional analyses, four borehole-pressure-gradient surveys
were performed in 1982 and 1983 at WIPP-12 as part of the hydraulic testing program.
These surveys showed pressure gradients ranging from 0.0121 to 0.0123 MPa/m with
an average of 0.0122 MPa/m. This average gradient corresponds to an average fluid
density of 1240.6 kg/m3. For this study, the base-case brine-reservoir fluid density is
taken to be 1241 kg/m3. This parameter will not be varied, and a representative tange
is not defined.
1.2.3.5 Reservoir Boundary
Because of the isolated distribution of brine reservoir encounters in the Castile
Formation, the reservoirs must be considered limited, with some outer boundary
beyond which hydraulic communication is minirnal. Methods used to infer the limits
of brine reservoirs in the Castile Formation are varied. One method is to look at a
map of wells penetrating the Castile Formation and identify which wells did, and which
did not, encounter a brine reservoir. When a well that encountered a brine reservoir
is surrounded by wells that did not, the distance of the latter wells from the Drine
reservoir well represents a maximum radius for the boundary of that reservoir. For
example, WIPP-12 is surrounded by four nearby wells that did not encounter brine in
the Castile Formation. These four wells range in distance from 2 to 3 km from WIPP12. Therefore, if it is conservatively assumed that WIPP-12 is located at the center of
the reservoir and the reservoir is circular, the WIPP-12 reservoir has at most a 2,000 m
radius. Most brine reservoirs in the Castile in the northern Delaware Basin are found
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to have radii varying from approximately 800 to 3,200 m. Other shapes than circular
are possible, but they have not been included in the analysis.
A recent investigation of a different kind that may be used to delineate the extent of
the WIPP-12 brine reservoir is a time-domain electromagnetic survey (TDEM) performed
at land surface over the waste emplacement panels (Earth Technology Corporation,
1988). This study suggests that there is a low-resistivity body, interpreted as a brine
reservoir, within the Castile Formation under portions of the waste emplacement
panels. If one assumes that this brine is connected to the WIPP-12 brine reservoir,
then one reservoir boundary is at Ieast 1,600 to 2,000 m from WIPP-12.
Another method of inferring the reservoir extent at WIPP-12 is to estimate the total bulk
volume of the reservoir using the concept of the storage coefficient of an elastic
aquifer. The storage coefficient is defined as the volume of water removed from a
vertical column of aquifer of height m and unit basal area when the head declines by
one unit (Domenico, 1972). The equation for the storage coefficient can be written as
S=bpg (a +

,g)

(1-41)

where b is the aquifer thickness, p is fluid density, g is the acceleration due to gravity,
a is the compressibility of solids, is the porosity, and p is the compressibility of the
fluid. Domenico (1972) showed that the amount of water released from storage for a
given head decline over an area A is equal to
(1-42)

AV=SAAh
where h is the given head decline. Equation (1-42) can be expanded to
AV = p g (a + ¢ p)(bA) Ah

(1-43)

where the product (bA) is equal to the bulk volume of the aquifer (Vb)over which the
unit decline in head has occurred and from which water has subsequently been
released. Knowing that pressure decline is equal to the product (pgAh), and solving
for the bulk volume of the aquifer, Equation (1-43) can be expressed as
Vb = V / (a +

(1-44)

fi) A P

Therefore, if the total compressibility of an aquifer and the total pressure change AP
that has occurred as a result of known fluid volume release (AV) are known, an
estimate of the total bulk volume of the aquifer can be made. This calculation
assumes that the pressure change has been uniform over the total bulk volume and
that no mass has been transferred across the aquifer boundaries. Assuming a total
thickness and a reservoir geometry, one can estimate the distance to the reservoir
boundary.
From the time of initial penetration of the brine reservoir at WIPP-12 to the end of Flow
Test 3, a volume of 36,935 m3 was produced from the reservoir. The residual pressure
drop measured at the wellbore at the end of a 278.4 day shut in was 0.23 MPa. For
the range of total compressibilities, adopted Equation (1-44) gives a range in aquifer
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bulk volume of 1.66 x 107 to 1.66 x 109 m3. Then, if the brine reservoir is a rightcircular cylinder with a range in effective thickness from 7 to 24 m, the estirnated
reservoir boundary radius is between 460 and 8,600 m. Popielak et al. (1983) reported
that at the ERDA-6 reservoir the production of 262.3 m3 of reservoir fluid resultecl in a
change in pressure in the aquifer of 0.36 MPa. Using the same ranges of compressibility and effective thickness as above, the range in aquifer bulk volume at ERDA-6 is
estimated to be 7.32 x 104 to 7.32 x 106 m3. This corresponds to a range in estimated
reservoir radius from 30 to 560 m.
The final method considered here for identifying boundaries or large-3cale
heterogeneities is hydraulic-test interpretation. The hydraulic data do not provide
evidence to accurately define the outer boundary location for the WIPP-12 brine
reservoir. However, the fact that the reservoir did not recover to static pressure during
278 days of buildup following Flow Test 3 suggests that a boundary may have been
encountered in the volume of rock stressed during the testing activities at WIPP-12.
The potential range of reservoir radii based on the minimum and maximum estirnates
calculated using the various methods is from 30 to 8,600 m. The minimum and
maximum estimates, and therefore the range, for reservoir radii come from the
calculation based upon estimating the total reservoir bulk volume. The large variation
in these estimates comes from the two order of magnitude range in the uncertairty of
total aquifer compressibility. Although it is not probable that any of these brine
reservoirs have radii as great as 8,600 m, this value will be used to represent a
maximum case (i.e., greatest volume). The base-case reservoir radius, taken from the
hydraulic interpretations presented in an earlier subsection, is 2,000 m. Because for
long flow periods the hydraulic response of the reservoir is a product of the coupled
matrix-fracture diffusivities, a Carter-Tracy boundary condition is attached to the
peripheral edge of the modeled region. This boundary condition represents the lowpermeability far-field anhydrite matrix, which is considered homogeneous and infinite.
1.2.3.6 Reservoir Porosity
Porosity determinations were made on the reservoir anhydrite through geophysical
logging and laboratory tests. A neutron-porosity log, a gamma-density log, and an
acoustic log were used to estimate total porosity within Anhydrite III of the Castile
Formation. Estimates of porosity from these logs ranged from 0 to 5 percent (Popielak
et al., 1983). Laboratory porosity determinations were also performed on two intact
pieces of core from Anhydrite 111. The first piece of core (from 858 m BGS) had a
porosity of 0.8 percent, and the second piece (from 916.5 m BGS) had a porosity of
0.2 percent (Popielak et al., 1983).
The brine occurrence appears to be associated with a zone of secondary porosity
resulting from the deformation fracturing of the lorittle anhydrites. A medium Iike this
is often characterized by very low secondary porosities and high transmissivities.
Because we have no accurate means of eslimating secondary porosity for this
medium, this modeling will adopt the same range of secondary porosity of 0.1 to 1.0
percent that was used by Popielak et al. (1983). The base-case value of porosity is
chosen to be 0.5 percent.
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1.2.3.7 Reservoir Compressibility
In this study, the specific storage is calculated in the classical hydrogeologic
representation where the medium compressibility is normalized with respect to the bulk
volume (Narasimhan and Kanehiro, 1980). The medium compressibility (a) for a triaxial
system can be defined as the inverse of the bulk modulus (B) of the rock
a = (1/13)

(1-45)

The bulk compressibility of Anhydrite III was estimated from values of the bulk modulus
determined from acoustic logs that were run in WIPP-12. Popielak et al. (1983)
reported that the values of bulk modulus for Anhydrite III range from 3.45 x 101° to
6.89 x 109 Pa. This represents a compressibility range from 2.9 x 10-11 to 1.45 x 10-1°
Pa-1. These values are considered representative of the intact anhydrite. The
compressibility of a fractured or jointed rock is generally an order of magnitude higher
than that of a non-fractured rock (Freeze and Cherry, 1979). Freeze and Cherry give
a range for medium compressibility for a fractured or jointed rock from 1 x 10"8 to 1 x
10-10 Pal. This study adopts this range of compressibility and takes 1 x 10-9 Pa-1 to
be the base-case value.

1.2.4

BOREHOLE PARAMETERS

In Case 11, a borehole is assumed to be drilled through the repository and to encounter
a brine reservoir within the Castile Formation. ln this subsection, the borehole location
and properties used in the simulations are discussed. The respective parameters are
summarized in Table 1.2.8.
The borehole is assumed to pass through the center of the southwestern waste panel.
This is conservative in that travel times in the Culebra aquifer calculated using the
groundwater flow model (LaVenue et al., 1988) are shortest between the southwestern
corner of the waste disposal area and off-site locations such as that of the hypothetical
stock well.
Elevations of the ground surface and the Rustler units are based on the H-3 hydropad
because of its nearness. The elevation for the center of the facility is taken from
Bechtel (1985). Interpolation between WIPP-12 and Cabin Baby-1 was used to determine the elevation of the Salado-Castile contact at the breach-borehole location. The
elevation for the center of the brine reservoir is based on interpolation between the
Anhydrite III elevation at WIPP-12 and Cabin Baby-1 and the relative position of the
brine reservoir in Anhydrite III at WIPP-12. A schematic representation of the borehole
showing elevations and thicknesses of the various units of interest and the locations
of the 60-rn long borehole plays are shown in Figure 1.2.2.
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TABLE 1.2.8

Specifications for intrusion borehole for Case II
simulations

Value

Pararneter

Units

Borehole UTM location at center of
southwestern waste panel (Case I)

613324
3581146

m E
m N

Revised location (Case II)

613331
3581141

m E
m N

Elevations
Ground surface
Center of Culebra
Rustler-Salado contact
Center of waste panel
Salado-Castile contact
Center of brine reservoir

1033
825
783
381
181
109

Drilleci diameter
In Rustler (oil well)
In Rustler (gas well)
In Salado and Castile (oil well)
In Salado and Castile (gas well)

0.413
0.457
0.311
0.356

Hole diameters used in numerical analysis
Cased inside diarneter of average
hole in Rustler
Diameter of average borehole in
Sa.lado and Castile
Borehole plugs
Lengths
Locations (above brine reservoir,
below potash zone, and below Rustler)
Effective borehole permeability
Open borehole period
Plug in Castile
Plugs in Salado
For times greater than 150 years
Case 11A
Cases IIB and IIC

0.326

m

0.334

m

60

infinite
10-15

10-18
10-12
10-11

Cf. Lappin et al., 1989, Table E-2.
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m2

m2
m2

m2

Elevation (m AMSL)
1033

E
ti
825

CULEBRA DOLOMITE

783

RUSTLER FORMATION'
SALADO FORMATION

0

BOREHOLE PLUG

BOREHOLE PLUG

381

181

WASTE PANEL

SALADO FORMATION
CASTILE FORMATION ,
E A
o

1091

E

PLUG
::.-----'-BOREHOLE
-

BRINE RESERVOIR

REF: LAPPIN et al., 1989.

FIGURE L2.2
REPRESENTATIVE PLAN FOR PLUGGING A BOREHOLE THROUGH
THE REPOSITORY TO A CASTILE FORMATION BRINE RESERVOIR
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Borehole diameters for oil and gas wells are 0.413 m (16-1/4 inch) and 0.457 m (18
inch), respectively, from ground surface to the top of the Salado Formation and 0.311
m (12-1/4 inch) and 0.356 m (14 inch), respectively, below the top of the Salado
Forrnation.
In the SWIFT II simulations, the hydraulic conductance of the borehole betweon the
brine reservoir and the Culebra is used as input for modeling the hydraulic coupling of
the two water-bearing horizons. The hydraulic: conductance is defined in term:3 of a
transmissibility Tw by the relation
(1-46)

Tw= kA/L

where k is the effective borehole permeability, A is the borehole cross-sectional area,
and I_ is the length of the plugs or "rubbleized" borehole zones. Since two potential
borehole diameters are possible in exploratory ,drilling of oil and gas wells, an average
cross-sectional area for these two well types was used. An effective borehole hydraulic
conductance was calculated as a harmonic average (i.e., Kave = [(1/K1 + 1/K2)/2]-1)
using the appropriate borehole or plug lengths with specific permeabilities and orosssectional areas. For modeling purposes, it is assumed that the plugs remain intact for
the first 75 years after emplacement, and then their transmissibilities increase linearly
until 150 years, when the effective borehole permeability is 10-12 m2 for Cases IIA and
IIA (rev) and 10-11 m2 for Cases 11B, IIC, IIC (rev), and IID. This time-varying
transmissibility is implemented stepwise with equal increments to the transmissib lity at
75, 100, 125, and 150 years.
1.2.5

REPOSITORY SOURCE-TERM PARAMETERS

The parameters necessary for quantifying the source term to the Culebra aquifer for
the Case II simulations using SWIFT II are summarized in Tables L2.9, 1.2.10, and
1.2.11.
Waste Species and Mass Inventory. Calculations were performed for four radio:active
2--38
decay chains (240Pu, 239rr,u Pu, and 241Am:i and stable lead for a time period of
10,000 years. The initial total waste inventories for the decay-chain membErs of
interest and stable lead in the repository are presented in Tables 1.2.10 and 1.2.11.
Calculations of brine inflow in Cases IIA, IIB, and IIC indicate an average value of 1.3
m3/yr for one panel of seven rooms plus accessways. In cases IIA (rev) and IIC (rev),
this value was adjusted to 1.4m3/yr. In the Case II simulations, this flux is add ad to
the flux from the brine reservoir to the Culebra. As a consequence of the diflerent
specified hydrologic properties of the rooms for Cases IlA and IIB, the mass loadiv to
the borehole is different for the two situations (see Table 5.57). For Cases 11A, IIA(rev),
11C, and IIC(rev), all fluid flowing from the Castile brine reservoir is assumed to have
access to the waste mass in one panel, whereas in Cases IIB and IID, the fluid from
the Castile brine reservoir does not mix with the waste. Therefore, in Cases IIB and IID
the only fluids reaching the Culebra are uncontaminated brine from the Castile and
contarninated brine from the Salado. In the first three cases, 1.3 m3/yr of Salado brine
inflow (1.4 m3Arr for the revised cases) that has contacted the waste mass is specified
to enter the borehole and flow to the Culebra aquifer. In Case IID, 0.1m3/yr of Salado
brine, from one room only, passes through the waste mass to the borehole.
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TABLE 1.2.9

Specifications for repository parameters used in
Case II simulations

Parameter

Symbol

Base Case

Units

Cs
Cs

1 x 10's
2.4 x 10-7

molar
kg/kg

Cs
Cs

1 x 10-4
2.4 x 10-5

molar
kg/kg

Cs
Cs
Cs
Cs

1.16 x 102
1.16 x 10-4
5.4 x 101
5.4 x 10-5

mg/L
kg/kg
mg/L
kg/kg

Mass in initial waste inventory

Mi

Reported in
Table 1.2.10

g

Mass in initial waste inventory
(Case 11 revised)

Mi

Reported in
Table 1.2.11

Soluble radionuclide concentration
for each decay-chain member in
Cases IIA, IIA (rev), and IID
iI
Cases IIB, IIC, and IIC (rev)
Soluble stable-Pb concentration
in repository
in Culebra

Mass of waste in contact with circulating fluids after borehole is plugged

M/8

Mass of waste in southwestern waste
panel in cc>ntact with circulating
fluids after borehole is plugged
(Case 11 revised)

4.6M/43.5

1,330

m3

1.3

m3/yr

Case 110

0.1

m3/yr

Cases IIA (rev) & IIC (rev)

1.4

m3/yr

Pore volurne in southwestern waste
panel (Case 11 revised)
Fluid loading from repository to
the borehole (q)
Cases IIA, II, and IIC

Cf. Lappin et al., 1989, Table E-1.
Note. Based on the specified radionuclide solubilities expressed as molarity, solubility
values expressed as kg/kg have about a 6 percent range. Because of the large
uncertainty in molarity values, a single solubility value for all radionuclides was used in
numerical simulations.
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TABLE 1.2.10 Specification of mass inventory of waste radionuclide species and stable Iead in the repository for
the Case II simulaticns

Decay chain or waste
species

Nuclide

Half-life
(years)

Initial waste
(Ci)

Inveilory
(9)

249Pu -• 236U

24°Pu
236U

6.54 x 103
2.34 X 107

1.05 x 105
0

4.76x105
0

2"Pu

239Pu

2.41 x 104

4.25 x 105

6.93 x 106

238Pu -• 234U -. 23°Th -• 226Ra
-• 210Pb

23.8Pu
234U
23°Th
226Ra
210Pb

87.7
2.44 x 105
7.7 x 104
1.6 x 103
22.3

3.90 x 105
0
0
0
0

2.31

241Am

4.32 x
2.14 x
1.59 x
7.43 x

7.75 x 105
8.02
7.72 X 103
0

2.26 :( 105
1.14 :( 104
8.15 :( 10$
C,

241Arn.237Np _. 233u _. 229Th

237Np
233U
229Th
Stable Pb

n.a.

102
106
105
103

n.a.

Cf. Lappin et al., 1989, Table E-5.
Note. n.a. means not applicable.
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n.a.

K 105

0
0
0
0

1.33 u

109

TABLE 1.2.11 Specification of mass inventory of waste radionuclide species and stable lead in the repository for
the Case II(rev) simulations

Decay chain or
waste species

Initial
Inventory at
inventory* 175 Yearsa
(g)
(g)

Half-life
(years)

Ci/g

236U

6.54 x 103
2.34 x 107

2.28 x 101
6.47 x 10-5

5.27 x 105
0

5.17 x 105
9.52 x 103

239Pu

239Pu

2.41 x 104

6.21 x 10-2

7.88 x 106

7.84 x 106

238Pu -. 234U -. 230Th
.226Ra.210pb

238Pu

8.77 x
2.44 x
7.70 x
1.60 x
2.23 x

101
105
104
103
101

1.71 x 101
6.26 x 10-3
2.02 x 10-2
9.89 x 10-1
7.64 x 101

3.06 x 105
0
0
0
0

Ob
3.01 x 105
0c
Od
Od

1.44 x
4.32 x
2.14 x
1.59 x
7.43 x

101
102
106
105
103

1.03 x 102
3.43 x 10°
7.05 x 10-4
9.65 x 10-3
2.10 x 10-1

4.56 x
2.25 x
1.53 x
9.82 x
0

104
105
104
105

Ob
2.06 x 105
7.93 x 104
9.81 x 105
0c

1.33 x 109

1.33 x 109

24°Pu -, 236L1

Radionuclide

24°Pu

234U

230Th
226Ra

210pb
241pu.241Am.237
Np
- 233u _. 229Th

241Pu
241AM
237Np
233U
229Th

Stable Pb

n.a.

n.a.

n.a.

Cf. Lappin et al., 1989, Table E-5.
Note. n.a. means not applicable.
* Initial inventory in Ci is presented in Table B.2.13.
a The transport calculations start 175 years after the beginning of institutional control.
b Because 238Pu and 241Pu have short half-lives and large retardation factors, their

miTation from the source is minimal. Therefore, the conservative approach converts
all 38Pu and 241Pu to daughter products at simulation beginning.
C Because of large retardation factors relative to their parents, 23Cth and 229-rh
migration is controlled by their parents. Because of this fact and the fact that both
nuclides have very little mass in place at 175 years, they are not considered initially
present at 175 years.
d These nuclides are not present in quantities large enough at 175 years to warrant

source inclusion.
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Source Term in the Repository. The concentration of the waste species in these. fluids
is constrained by their solubilities. For the radionuclides, the solubilities were sel equal
to 10-6 molar for Cases IIA, IIA (rev), and IID and to 104 molar for Cases IIB, IIC, and
IIC (rev). The solubility for stable Pb was set at 116 mg/L in the repository fluicls. All
fluids entering the borehole from the waste panel had concentrations at these values
except as modified by radioactive decay and the total mass available in one panel.
The solubility of stable lead in the Culebra groundwaters was specified at 54 mg/L.

1.2.6

CULEBRA PARAMETERS

A fractured, porous medium is assumed to exist along the travel path between the
breach borehole and the stock well. The definition of the flow path, the stock-well
location, and the solute-transport properties within the Culebra are discussed below.
Additional discussion on fracturing in the Culebra and its effect on hydraulic and tracer
tests is presented in Reeves et al. (1987). The base case and range of values for the
Culebra parameters are summarized in Table 1.2.12. The range of values is presented
for discussion purposes only. They are not used in the Case IIA and IIA (rev) simulations. For Cases IIB, IIC, IIC (rev), and IID, lower or higher end values of the range
were selected, whichever would result in rnore rapid or longer distance solute
transport.
A double-porosity flow is assumed along the travel path. The double-porosity data
base is limited; base case and ranges of parameter values are documented using
available data, but must be considered as uncertain.
Regional Flow Field. A review of the hydrologic modeling for the Culebra in the vicinity
of the WIPP site is discussed in Lappin et al. (1989, Section 3.3.5). The Culebra
groundwater flow model by LaVenue et al. (1988) was used in Cases 11A, NB, I1C, and
IID for estimating the Darcy velocity distribut on in the regional flow field and for
deterrnining the travel path from the borehole to the stock well. Calibration ipf the
model included hydrologic data available up to about October 1987. The model was
calibrated to undisturbed head conditions only and did not include data from the largescale multipad pumping tests that have been performed at the WIPP site. For Cases
IIA (rev) and IIC (rev), this flow field description was updated to include all data
collected through June 16, 1989. (See Subsection 4.3.3.2.)
As discussed above in Subsection 1.2.4, the borehole is assumed to be drilled th rough
the center of the southwestern waste panel. A particle-tracking code was used to
deterrnine the flow path for transport from this release location to a hypothetical stock
well. The location of the stock well was based on two constraints: the well is
assurned to lie on a flow path from the breach borehole, and the well must be lc cated
in an area where the water is potentially fresh enough to support stock.
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TABLE 1.2.12

Parameter base-case and range values selected for the
Culebra dolomite

Parameter

Symbol

Free-water diffusivity
Radionuchdes: Case 11A
Cases 11B, IIC, IID
Cases IIA (rev) and
11C (rev)
Case 11A
Stable Pb:
Cases IIB, IIC, IID

D'
Di
D'
D'
D'

Range

Base Case

5x10-7 to 9x10-5
n.a.
n.a.

5x10-6
1x10-6
5x10-7
See Table 2.13
4x10-u
lx10-6

Matrix tortuosity
Case IIA, IIA (rev)
Cases IIB, IIC, IIC (rev), IID

n.a.
n.a.

0.15
0.15
0.03

0.03-0.5
n.a.
n.a.

Fracture spacing
Cases IIA, IIA (rev)
Cases IIB, IIC, IIC (rev), IID

2L'
2L'
2L'

2.0
2.0
7.0

0.25-7.0
n.a.
n.a.

Porosity

(P•

0.16

0.07-0.30

0.16
0.07

n.a.
n.a.

Cases IIA, IIA (rev)
Cases IIB, IIC, IIC (rev), IID
Fracture porosity
Longitudinal dispersivity
Matrix distribution coefficient
Case IIA: Plutonium
Americium
Uranium
Neptunium
Thorium
Radium
Lead
Cases IIB, IIC, 11D
Plutonium
Americium
Uranium
Neptunium
Thorium
Radium
Lead

'
0

1.5x10-3
100

cc
Kd
Kd
Kd
Kd
Kd
K
vd
Kd

50
200
1
1
50
0.1
0.1

Kd
Kd
Kd
Kd
Kd
Kd
Kd

25
100
1
1
25
0.05
0.05

Units
2
cm,/s
cm`/s
2
cms
crn4/s

1.5x104 to 1.5x10-2
50 to 300

-

-

ml/g
ml/g
ml/g
ml/g
ml/g
ml/g
ml/g
ml/g
ml/g
ml/g
ml/g
ml/g
ml/g
ml/g

Cf. Lappin et al., 1989, Table E-6.
Note: The Culebra groundwater flow model presented in LaVenue et al. (1988) was used for
calculating fluxes and determining flow paths. The transient fracture flux along the flow path
from the release point in the Culebra aquifer to the off-site stock well is calculated through
hydraulic coupling of the brine reservoir, borehole region, and Culebra aquifer.
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Free-Water Diffusivity. Base-case and range values for free-water diffusion coeflicients
for the radionuclides of interest and stable lead are presented in Lappin et al. (1989;
Subsection E.2.4.2). For the calculations reported in the draft SEIS, a single value was
necessary for all members of a decay chain because of the numerical formulation of
the SWIFT II model. For Case IIA, values of 1x10-6 cm2/s and 4x10-6 cm'/s are
selected for the radionuclides and stable lead, respectively. Values a factor of two
smaller were used for the Case IIB, IIC, and IID simulations. For Cases IIA (rev) and
IIC (rev), improvements in the SWIFT 11 codes permitted species-specific di ffusion
coefficients (Table 1.2.13).
The base-case and range of values selected for this study (Tables 1.2.12 and 1.2.13) are
substantially lower than those in Reeves et al. (1987) for two reasons: 1) the previous
study did not specifically address the radioactive decay-chain members identified in the
present study, and 2) the much higher salinities that are a result of flow frcm the
Salado and Castile can cause a reduction in the free-water diffusivity by as much as a
factor of two.
Matrix Porosity. Porosities have been measured in the laboratory for 82 core se.mples
of Culebra dolomite from 15 borehole or hydropad locations at and surrounding the
WIPP site. The results are summarized in Table 1.2.14. Porosities were measured by
the I3oyle's Law technique using helium or air on all samples and by the waterresaturation technique on 30 samples. An excellent correlation was obtained between
porosity values from the two techniques. From the 82 samples with porosity
measurements using the Boyle's Law technique, an average porosity of 15.2 percent
was obtained with a range from about 3 to 30 percent. For comparison, core samples
from the H-3 and H-11 hydropads, which are the two hydropads closest to the off-site
pathway, had average porosities of 19.8 percent (6 samples) and 16.2 percent (10
samples), respectively. Porosities ranged from about 17 to 24 percent for the H-3
hydropad and about 10 to 30 percent for the H-11 hydropad.
Matrix porosities of Culebra dolomite measured by Sandia National Laboratories using
the 22Na diffusion technique range from 1.1 to 13.7 percent. Corresponding tortuosities
range from 0.03 to 0.09. The porosities calculated from the diffusion experimer ts are
termed diffusion-porosity values and are Iower than those measured by Boyle's L.aw or
mercury-porosimetry techniques. These values lie at the lower end of the range of
values shown in Table 1.2.14. Possible explanations for the differences between values
measured by these different techniques include sample heterogeneity, incornplete
resaturation of previously dried samples, and deviations of actual pore geometry from
the idealized model assumed in simple versions of Fick's First Law of Diffusion for
solute migration in a porous rock, In general, the samples used in the diffusion
measurements are fine-grain dolomites free from large cracks and are chosen for
mineral homogeneity and structural competence. No claim has been made that these
samples are representative of the Culebra dolornite in general or that these resu ts are
transferable to field-scale transport.
For transport along the off-site pathway in the Culebra, a base-case matrix porosity of
16 percent is chosen for the Cases IIA and IIA (rev) simulations. For Cases 1113, IIC,
llC (rev), and IID, a matrix porosity of 7 percent is selected as a Iower end value.
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Table 1.2.13

Free-water diffusion coefficients (cm2/s) for
radionuclides and stable lead for the Case II
simulations

Element

Case IIA (rev) Case IIC (rev)

Pu
Am
U

1.7 x 10-6
1.8 x 10-6
2.7 x 104

Np
Ra

1.8 x 104

Pb
Th

3.8 x 104
4.0 x
1.0 x 10-6

le

8.5 x 10-7
9.0 x 10-7
1.4 x 10-6
9.0 x 10-7
1.9 x 10-6
2.0 x 104
5.0 x 10-7

Range of Values in
Uteraturea

4.8 x 10-7 - (3 x 10-6)
5.3 x 10-7 - (3 x 10-61
1.1 x 10-6 - 4.3 x 10-°
5.2 x 104 - (3 x 10-6)
7.5 x 10-6
8 x 10-6
5 x 10:77:
1713 x 10-6

a Data frorn values compiled by Brush (1988) (indicated by parentheses); values
calculated from the Nernst expression by Li and Gregory (1974) (underlined); and
measurements by Torstenfelt et al. (1982) (all others). Temperature dependence has
not been considered for the recommended values. Literature values are further

discussed in Lappin et al. (1989), Section E.2.4.2.
Cf. Lappin et al., 1990.
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Table 1.2.14

Summary of porosities measured in Culebra core
samples
Porosity Determinatiort (%)

Well
H-2a
H-2a
H-2b
H-2b
H-2b
H-2b
H-2b1
H-2b1
H-2b1
H-2b1
H-3b2
h-3b2
H-3b3
H-3b3
H-3b3
H-3b3
H-4b
H-4b
H-5b
H-5b1
H-5b1
H-5b1
H-5b1
H-5b1
H-6b
H-6b
H-6b
H-6b
H-7b1
H-7b1
H-7b1
H-7b1
H-7b2
H-7b2
H-7c
H-7c
H-7c
H-7c
H-10b
H-10b
H-10b
H-10b

Sample
Identification
Number

Helium
or Air

Water
Resaturation

-1
-2
1-1
2-1, 3-1
1-2
2-2, 3-2
-1F
-1
-2
-3
1-3
1-4
2-3, 3-3
2-4, 34V
1-6
2-5, 3-5
1-9
2-6, 3-6V
-1
-1A
-IB
-2
-2F
-3
2-7
2-8
1-7
1-8
-1
-1F
-2A
-2B
-1
-2
-1A
-1B
-1C
-1F
-1
-2
-2F
-3

11.6
12.2
14.1
15.4
11.8
10.3
10.5
8.2
14.2
15.3
18.8
16.8
18.0
202
24.4
20.5
29.7
20.8
12.5
13.0
15.6
22.8
24.8
13.3
10.8
11.6
10.7
25.5
17.7
14.9
20.6
27.8
15.9
11.8
12.5
16.5
13.4
13.8
8.9
11.5
6.6
11.2

11.3
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8.8
15.8

23.7
12.8

18.1

14.8
12.9
12.9

11.7
10.6

TABLE 1.2.14

Concluded
Porosity Determination (%)

Well

Sample
Identification
Number

Helium
or Air

Water
Resaturation

-1
-2
-2F
-1
-1F
-2
-2F
-3
-4
-4F
-1A
-1B
-2
-2B
-2F
-3
-1
-2
-2F
-3A
-3B
-1
-1
-1F
-2
-3
-1A
-1B
-2
-3
-3F
-1
-2
-3A
-3B
-3F
-4
-1
-1F
-2

15.5
10.5
10.4
30.3
22.3
9.9
12.3
13.0
15.2
22.4
2.8
11.4
11.6
12.6
13.5
13.4
14.3
21.9
26.0
17.9
9.7
11.5
12.4
11.2
12.6
12.7
14.2
13.0
18.7
17.0
17.9
12.8
15.0
17.6
14.9
14.9
23.9
7.9
12.2
10.9

15.3
11.3

H-11
H-11
H-11
H-11b3
H-11b3
H-11b3
H-11b3
H-11b3
H-11b3
H-11b3
W-12
W-12
W-12
W-12
W-12
W-12
W-13
W-13
W-13
W-13
W-13
W-25
W-26
W-26
W-26
W-26
W-28
W-28
W-28
W-28
W-28
W-30
W-30
W-30
W-30
W-30
W-30
AEC-8
AEC-8
AEC-8
Number of Samples = 82
Average = 15.2%
Standard Deviation = 5.3%
Range = 2.8 to 30.3%

Cf. Lappin et al., 1989, Table E-8.
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27.5
10.3
12.6

11.9
13.0
15.2
22.6

12.0
12.2
12.6

18.8
16.9
12.4
15.2

8.6
10.6

Although lower values have been measured or derived, an average lower value of 7
percent along the flow path is considered most representative.
Matrix Tortuosity. Tortuosity values for dolomite are not available, although a review
of the literature does permit an estimation of et potential range. Bear (1972), in his
review of unconsolidated media, presents values ranging from 0.3 to 0.7. De Marsily
(1986) reports tortuosities varying from 0.1 for clay to 0.7 for sand. Barker and Foster
(1981) report diffusion coefficients for CI" in chalk samples that indicate tortuosities of
0.02 to 0.17. Katsube et al. (1986) calculate tortuosity values from 0.02 to 0.19 from
As noted earlier, diffusion
diffusion experiments on crystalline-rock sarnples.
experiments performed by Sandia National Laboratories on a limited number of core
samples have yielded tortuosities in the range of 0.03 to 0.09.
Matrix tortuosity estimates for the Culebra were calculated based on formation-lactor
and matrix-porosity determinations on 15 core samples. The values, ranging from 0.03
to 0.33 with an average value of 0.14, are sumrnarized in Table 1.2.15.
For the Case IIA and IIA (rev) simulations, a base-case matrix tortuosity of 0.1E, was
selected as representative. This value is the same as that used in the regional-scale
transport simulations presented in Reeves et al. (1987). A lower-end estimate 01 0.03
for matrix tortuosity was selected for the Case IIB, IIC, IIC (rev), and IID simulatic,ns.
Rock Density. Rock-density determinations were performed on 73 Culebra core
samples from 15 borehole or hydropad locations. The values range from 2.78 to 2.84
g/cm3 with an average and standard deviation of 2.82 and 0.02, respectively. A value
of 2.82 g/cm3 was chosen as the base-case value for alI simulations.
Fracture Porosity. Estimates of the fracture porosity can be obtained by interpreting
tracer tests conducted at sites exhibiting double-porosity transport behavior. Tracer
tests have been performed at five locations (H-2, H-3, H-4, H-6, and H-11 hydropads)
at the WIPP site. Of these, the tests conductecl at the H-3, H-6, and H-11 hydrcpads
appear to demonstrate fracture-transport behavior as evidenced by the very rapid
tracer breakthrough between wells on at least one flow path at each hydropad site.
Detailed test interpretations have been reported for only the H-3 hydropad (Kelley and
Pickens, 1986).
A first estimate of the fracture porosity can bo calculated from the convergent-flow
tracer tests by the relation
= Q tp/ n r2t b

(1-47)

where Of is the fracture porosity, Q is the discharge rate at the pumping well, tn is the
time to reach the peak concentration, rt is the distance between the tracer-addition and
pumping wells, and b is the aquifer thickness.
The tirne to reach the peak concentration is used in this estimation procedure because
it is assumed that this time is representative of ihe average transport rate between the
tracer-addition and pumping wells. Although the time to reach the peak concentration
is also dependent on longitudinal dispersivity and diffusive losses to the matrix, this
approach provides a first estimate of fracture porosity for calibration of the tracerbreakthrough curves.
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TABLE 1.2.15

Well

H-2b1
H-5b1
H-7b1
H-7c
H-10b
H-11
H-11b3
H-11b3
H-11b3
W-12
W-13
W-26
W-28
W-30
AEC-8

Summary of formation factors and calculated tortuosities from Culebra core samples

Identification
Helium
Number
Porosity (%)

-1F
-2F
-1 F
-1F
-2F
-2F
-1F
-2F
-4F
-2F
-2F
-1F
-3F
-3F
-1F

Average
range

Formation
Factor

Calculated
Tortuosity

10.5
24.8
14.9
13.8
6.6
10.4
22.3
12.3
22.4
13.5
26.0
11.2
17.9
14.9
12.2

326.77
12.20
73.49
79.61
406,78
94.82
36,35
101.93
32.74
47.30
13.26
68.77
26.30
31.49
90.09

0.03
0.33
0.09
0.09
0,04
0.10
0.12
0.08
0.14
0.16
0.29
0.13
0.21
0.21
0.09

15.6%
6.6 to 26.0%

96.13

0.14
0.03 to 0.33

1 Cf. Lappin et al., 1989, Table E-9.

The calculated fracture porosities for the flow paths exhibiting the strongest fracture
control are 2 x 10-3 and 1 x 10-3 for the H-3 and H-11 hydropads, respectively. Since
these two hydropads are closest to the off-site transport pathway, an average value of
1.5x10-3 was selected as the base-case fracture porosity.
Matrix-Block Length. The fractured Culebra dolomite is conceptualized in this study
as consisting of three orthogonal fracture sets that define rectilinear matrix units. Both
horizonal and vertical (or near vertical) fracture sets have been observed in core
samples, shaft excavations, and in outcrop areas (Kelley and Pickens, 1986). The
matrix-block sizes are expected to vary spatially across the WIPP site. However, since
the matrix-block-size data base is so Iimited at the present time, the effects of this
variability cannot be assessed. Therefore, this study analyzes double-porosity effects
in terms of an "equivalent" block size assumed to be applicable over the entire length
of the travel path.
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Block sizes have been interpreted for the H-3 hydropad in the range of 0.5 to 2.4 m
for the two travel paths at the hydropad (Kelley and Pickens, 1986). While detailed
interpretations have not been completed for the H-11 hydropad tracer test, a
preliminary evaluation of the breakthrough curves suggests matrix-block sizes in the
range of 0.8 to 3 m. A base-case value of 2 m is selected for matrix-block length,
with a range of values of 0.25 to 7 m. There is no physical significance to the value
of 7 m chosen as the upper limit for fracture spacing. It simply corresponde to a
representative measured thickness for the Culebra dolomite. Base case matrix-block
size of 2 m was selected for the Case IIA and IIA (rev) simulations and the upper end
matrix-block size of 7 m was selected for the Case IIB, IIC, IIC (rev), ar d IID
simulations.
Longitudinal Dispersivity. A review of the literature for various tracer-test scales and
contaminant-plume sizes (e.g., Lalleman-Barrea and Peaudecerf, 1978; Pickene and
Grisak, 1981) suggests that, up to moderate travel distances of 500 to 1,000 m,
longitudinal dispersivity can be expressed as a function of the mean travel distance of
the solute. Longitudinal dispersivity, as indicated by these authors, ranges from
several to 10 percent of the travel-path length. Although it is assumed that longitudinal
dispersivity is directly related to the mean travel distance of the solute, one would not
expect the longitudinal dispersivity to increase beyond some maximum or asyrr ptotic
value. This study adopts a range of 50 m 10 300 m, i.e., approximately 1.E. to 9
percent of the average path length (3,280 m), with a base-case value equal to 100 m.
Matrix Distribution Coefficients. Estimates of the distribution coefficients (Kd)for the
radionuclides and stable Pb, describing their interaction with the Culebra under Case
11 conditions, are presented and discussed in Lappin et al. (1989, Appendix E). There
is a considerable uncertainty in defining representative Kd values for the waste species
of interest; however, estimates were based on the limited data available. The Values
used in the Case 11A through Case IID simulations are summarized in Table 1.2: 2.

1.2.7

LOCATION OF THE STOCK WELL

For the Case II calculations, the specified release point to the biosphere frorn the
Culebra is a hypothetical stock well. The location of this well is constrained ty two
factors. First, the well must lie on one of the principal flow paths leaving the WIPP
site. Second, the well must be located in an a -ea where the water is sufficiently fresh
(i.e., TDS < 10,000 mg/L) to support stock.
At the WIPP site itself, the water in the Culebra carries too great a burden o f total
dissolved solids (TDS) to be usable, even for s':ock; these levels range from 16,000 to
nearly 150,000 mg/L. Water quality improves to the south. At a distance of 14 km,
the TDS levels are down to about 3,000 mg/L. Unfortunately, there is a 9-km gap
between the few test wells near the south edge of the site (wells P-17, H-17, and H12) and the next wells to the south (wells H-9 and Cabin Baby). The closest pcssible
position at which a livestock well might yield Culebra water with an acceptable TDS
level must be somewhere in this gap. This clmest possible position was estimated by
using the maximum water-quality gradient in the immediate site area, where the'e are
enough data to determine these gradients reliably.
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The hypothetical stock well used in the SEIS calculations is 5 km south of the site.
Probably the actual nearest location to the south where acceptable water can really be
found is somewhat more distant than this. The present-day solute distribution in the
Culebra is not static; solutes will redistribute as time passes as the result of
groundwater flow. Given the presence of relatively dense, high-TDS water north of the
selected stock well discharge point, it is expected that the long-term water quality
changes at the hypothetical well location will be in the form of a very slow increase in
TDS. This suggests that the length of the travel path required to reach potable water
to the south will increase with time, making the stock well location selected for this
SEIS conservative with respect to long-term salinity changes, i.e., exposures to lead
and radionuclides reported here will be over-estimated.
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APPENDIX J

BIBLIOGRAPHY

NOTE TO THE READER:

Appendix J has not been reprinted in this final SEIS. The reader is referred to the! draft
SEIS for the complete appendix.
Appendix J contains a bibliography related to the WIPP. The list contains various
writings about the WIPP, not merely those referenced in the draft and final SEIS. The
citations are organized into seven subject areas:
1. Design Development
2. Environmental
3. Geochemistry
4. Geology
5. Hydrology
6. Repository
7. Resources
For additional bibliographic citations, see the reference Iists following each section and
appendix of this final SEIS.
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K.1 INTRODUCTION

This appendix contains Iists of the DOE public reading rooms and public libraries that
will receive copies of this SEIS, including appendices, comment response volumes, and
copies of the hearing transcripts, exhibits, and written documents received in response
to the draft SEIS (Tables K.1.1 and K.1.2). As noted on the tables, the DOE public
reading rooms plus public or university libraries in the cities of Carlsbad, Albuquerque,
and Santa Fe, New Mexico and Denver and Boulder, Colorado have available cornplete
sets of the supporting documents referenced in this SEIS.
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TABLE K.1.1

Location of DOE public reading rooms receiving

SEIS documents and referencesa

U.S. Department of Energy-HQ
Public Reading Room
Room 1E-190 Forrestal Building
1000 Independence Ave., SW
Washington, DC 20585
(202-586-6020)

U.S. Department of Energy-RL
Public Reading Room
Hanford Science Center
825 Jadwin Avenue
Richland, WA 99352
(509-376-8583)

U.S. Department of Energy-ID
Public Reading Room
University Place
1776 Science Center Drive
Idaho Falls, ID 83402
(208-526-1144)

U.S. Department of Energy-SR
Public Reading Room
University of South Carolina - Aiken
Gregg - Graniteville Library
171 University Parkway
Aiken, SC 29801
(803-648-6851; ext. 3320)

U.S. Department of Energy-NV
Public Reading Room
2753 South Highland Street
Las Vegas, NV 89109
(702-295-1274)

U.S. Department of Energy-SFO
Public Reading Room
1333 Broadway, 7th Floor
Oakland, CA 94612
(415-273-4428)

U.S. Department of Energy-OR
Public Reading Room
Federal Building
200 Administration Road
Oak Ridge, TN 37830
(615-576-1216)

U.S. Department of Energy-CH
Public Reading Room
9800 South Cass Avenue, Building 201
Argonne, IL 60439
(312-972-2010)

U.S. Department of Energy
National Atomic Museum
Public Reading Room
Wyoming Boulevard South
Kirtland Air Force Base
Albuquerque, NM 87115
(505-844-4378)

a Complete sets of the supporting documents referenced in this SEIS are available at these
locations.
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TABLE K1.2 Location of public libraries receMng SEIS documents

Alabama Public Library Service
6030 Monticello Drive
Montgomery, AL 36130
(205-277-7330)

Illinois State Ubrary
350 Centennial Building
Springfield, IL 62756
(271-782-5430)

Arkansas State Library
Document Services
1 Capitol Mall
Little Rock, AR 72201
(501-682-1527)

Indiana State Ubrary
140 N. Senate Avenue
Indianapolis, IN 46204
(317-232-3675)
State Ubrary of Louisiana
760 Riverside North
13aton Rouge, LA 70821
1604-342-4923)

Arizona Ubrary
Federal Documents
Department of Library Archives and
Pubhc Records
1700 W. Washington
Phoenix, AZ 85007
(602-542-4121)

Missouri State Library
Federal Documents Office
2002 Missouri Blvd.
Jefferson City, MO 65109
(314-751-4552)

California State Library
Library and Courts Building
914 Capitol Mall
Sacramento, CA 95814
(916-324-4863)

Mississippi Library Commission
1221 Ellis Avenue
Jackson, MS 39209
(601-359-1036)

Government Publications
Norlin Library
University of Colorado/Boulder
Boulder, CO 80309
(303-492-8834)

Nevada State Library and Archives
Federal Documents
401 N. Carson Street
Carson City, NV 89710
(702-885-5160) (800-922-2880)

Denver Public Ubrarya
Government Documents Department
Second Floor
1357 13roadway
Denver, CO 80203-2165
(303-571-2000)

Albuquerque Public Library
501 Copper NW
Aibuquerque, NM 87102
(505-768-5140)
2immerman Ubrary a
Government Publications
University of New Mexico
Roma Avenue and Yale Boulevard
Albuquerque, NM 87131
(505-277-5441)

Atlanta-Fufton Public Library
Ivan Allen Department
Central Library
1 Margaret Mitchell Square
Atlanta, GA 30303
(404-730-1900)

Carlsbad Public Library a
Public Document Room
101 South Halagueno Street
Carlsbad, NM 88220
(S05-885-6776)

Idaho State Library
325 W. State Street
Boise, ID 83702
(208-334-5124)

Cornplete sets of the supporting documents referenced in this SEIS are available at these
locations.
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TABLE K.1.2 Concluded

El Rito Public Library
PO Box 5
El Rito, NM 87530
(None)

Oklahoma Department of Ubraries
200 NE 18th Street
Oklahoma City, OK 73105
(405-521-2502)

Pannell Library
New Mexico Junior College
5317 Lovington Highway
Hobbs, NM 88240
(505-392-4510)

Oregon State Ubrary
State Library Building
Court and Summer Streets
Salem, OR 97310
(503-378-4277)

Thomas Branigan Memory Library
200 East Picacho
Las Cruces, NM 88001
(505-526-1045)

South Carolina State Ubrary
1500 Senate Street
Columbia, SC 29201
(803-734-8666)

Roswell Public Library
301 N. Pennsylvania
Roswell, NM 88201
(505-622-7101)

Texas State Ubrary
Information Services Division
1201 Brazos Street
Austin, TX 78701
(512-463-5460)

New Mexico State Librarya
325 Don Gaspar
Santa Fe, NM 87503
(505-827-3827)

Utah State Library
2150 South 300 West
Suite 16
Salt Lake City, UT 84115
(801-466-5888)

Santa Fe Public Ubrary a
145 Washington Avenue
Santa Fe, NM 87501
(505-984-6780)

Washington State Ubrary
16th and Water Streets
Olympia, WA 98504
(206-753-5590)

New Mexico Tech Library
Campus Station
Socorro, NM 87801
(505-835-5614)

Wyoming State Library
Government Documents
Supreme Court Building
2301 Capitol Avenue
Cheyenne, WY 82002
(307-777-6333)

Ohio State Ubrary Board
Documents Department
65 S. Front Street
Columbus, OH 43266
(614-644-7051)

a Complete sets of the supporting documents referenced in this SEIS are available at these
locations.
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L.1 INTRODUCTION

This appendix was prepared in response to comments on the draft SEIS. It provides
information that supplements Subsection 3.1.1.3, which discusses the shipping
containers and casks to be used for transporting TRU waste to the WIPP. tt discusses
both the TRUPACT-II container, which will be used to transport contact-handled TRU
waste, and the NuPac 72B cask, which will be lised to transport remotely handled TRU
waste. The discussions include descriptions of the TRUPACT-Il and the NuPao 72B
designs, but they are mainly directed at the certification of these designs by the U.S.
Nuclear Regulatory Commission (NRC) and the analysis and tests necessary to obtain
the certification.
The design of the TRUPACT-II was certified by the NRC on August 30, 1989. This
appendix presents a detailed discussion of the NRC requirements for the designs to be
certified. It further describes how compliance has been demonstrated for the
TRUPACT-11 container and how it will be demonstrated for the NuPac 72B cask. Also
discussed are the NRC's requirements for the fabrication, operation, and maintenance
of the shipping containers or casks, including restrictions on the waste 'to be
transported. The last section describes quality assurance for the TRUPACT-11 and
NuPac 72B programs.
The initial Certificate of Compliance for the TRUPACT-II by the NRC limits shipments to
only certain waste forms (see Annex 1 to this appendix). In the future, the DOE will
apply to the NRC to amend the Certificate of Compliance to include other TRU waste
forms known to exist.
Most of the information in this appendix was obtained from the Safety Analysis Fleport
for the TRUPACT-II container (DOE, 1989a), the TRUPACT-II Operation and Maintenance
Manual (DOE, 1989b), and the Quality Assurance Plan for the Transportation and
Receipt of Transuranic (TRU) Waste (DOE, 1989c).

L-1

L.2 THE TRUPACT-II SHIPPING CONTAINER

The TRUPACT-Il container will be used for shipping contact-handled (CH) TRU waste.
It has been designed and constructed to meet the regulations issued by the NRC for
'Type B packagine in 10 CFR Part 71. A Type B packaging with double containment
is the type of container that must be used for the transport of TRU waste containing
more than 20 curies of plutonium per package. A certificate stating that the TRUPACT-I1
complies with the NRC regulations was issued by the NRC on August 30, 1989. The
NRC certificate is reproduced in this appendix as Annex 1.
The TRUPACT-II shipping container has been designed to be rugged and Iightweight,
because these characteristics enhance the safety of transportation. The use of rugged,
yet deformable, packaging features provides capabilities which prevent the release of
contents if it were subjected to extreme abuse in an accident. A lightweight design
allows the transport of a larger payload per shipment while meeting highway weight
limits, thereby reducing the number of waste shipments.
Before proceeding with the fabrication of the TRUPACT-II containers, four full-scale
containers were built and tested. One of these served as the engineering prototype;
the other three were full-scale containers that were tested in accordance with the NRC's
requirements for certification. In addition, a thorough analysis of the CH TRU waste
was performed to establish payload-control procedures that meet NRC criteria for
transport. These controls have been approved by the NRC as acceptable methods for
complying with the applicable regulations for payloads.

L.2.1

DESCRIPTION OF THE TRUPACT-II SHIPPING CONTAINER

As shown in Figure L.2.1, the TRUPACT-II container is a cylinder with a flat bottom and
a domed top; it is transported in an upright position. The overall dimensions of the
TRUPACT-I1 are approximately 8 ft in diameter by 10 ft in height; the inner containment
vessel is approximately 6 ft in diameter by 8 ft in height.
To provide double containment for the TRU waste, it consists of an inner containment
vessel and an outer containment vessel; the latter is part of the outer containment
assembly. NRC regulations require the two separate levels of containment to be used
for shipments of plutonium in excess of 20 curies per container.

1 In the NRC regulations governing the transportation of radioactive materials (10 CFR
Part 71), the term "packaging" is used to mean the shipping container or cask and the
term "package" is used to mean the shipping container together with its radioactive
contents.
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The inner and the outer containment vessels have removable lids that are held in place
by banded lockrings and retaining tabs. The containment vessels are nonvented and
are designed for a maximum normal operating pressure of 50 pounds per square inch.
The capacity of each TRUPACT-Il shipping container is 7,265 lb of payload, including
pallets, slip sheets, and waste, packed in either 55-gal drums or two 67-cubic-ft
standard waste boxes. The maximum gross shipping weight of a loaded TRUPACT-II
container is 19,250 lb. The weight of the payload is restricted to meet highway weight
limits. Up to three TRUPACT-11 containers may be transported in each truck shipment.
They will be hauled on a custom-designed semitrailer pulled by a conventional tractor.
L.2.1.1 Inner Containment Vessel
The inner containment vessel is a stainless-steel pressure vessel that contains the waste
payload. The payload is protected by spacers that are made of aluminum honeycomb
and are located in each of the two domed heads of the inner vessel (Figure L2.1). The
lower body of the inner containment vessel has a closure ring with two grooves, each
containing an O-ring seal. The upper lid of the vessel has a mating flat surface that
seals against the two O-rings once the lid and the body are assembled. Compression
of the O-rings between the lid and the body form a bore-type seal. As the lid is
lowered onto the body, retaining tabs on a lockring slide through recesses in the
mating tabs on the body. When the lid is fully engaged, the lockring can be rotated
to the closed position; the lockring cannot be rotated unless the lid is correctly mated
to the body. The locking mechanism secures the lid to the body, and this maintains
leaktight seals under both normal and accident conditions.
L.2.1.2 Outer Containment Assembly
The outer containment assembly is made of stainless steel and polyurethane foam. It
consists of an exterior stainless-steel shell and a stainless-steel pressure vessel, the
outer containment vessel (Figure L.2.1). Between these steel shells there is a layer of
fire-retardant polyurethane foam approximately 10 inches thick. The steel walls
surrounding the foam layers are lined with a heat-resistant ceramic-fiber paper, which
enhances the resistance of the polyurethane foam to fire damage. On the outside of
this foam and ceramic fiber, the exterior stainless-steel shell acts as a protective
structure and an impact limiter. This multilayered design increases the overall strength
of the container and provides the ability to withstand potential accidents associated with
transport.
Like the inner containment vessel, the lower body of the outer containment vessel has
a seal flange ring with two grooves, each containing an 0-ring seal. The upper lid of
the vessel seals against the two O-ring seals of the body when assembled. The
lockring secures the lid in place and maintains leaktight seals under both normal and
accident conditions, providing the same containment capability as the inner vessel
(double containment).
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L.2.2

NRC CERTIFICATION2

The DOE agreed to have the NRC certify the designs of the shipping contain ars or
casks used for the transport of contact-handled or remotely handled TRU waste,
respectively. This agreement was stated in the second modification (August 4, 1987)
to the consultation and cooperation agreement between the DOE and the State of New
Mexico (see Subsection 10.2.5).
The NRC requirements for the certification of shipping containers and casks are
included in 10 CFR Part 71, "Packaging and Transportation of Radioactive Materials."
There are two basic types of packagings for radioactive materials: Type A and Type B;
the latter is the type that the NRC requires for the transport of the type of waste that
will be sent to the WIPP. Type A packages must withstand normal conditions of
transport without loss or dispersal of their radioactive contents as demonstrated through
tests outlined in regulations issued by the Department of Transportation (49 CFR Part
173). Type B packaging must withstand both norrnal and accident transport conditions
without releasing its radioactive contents. In order to transport TRU waste containing
more than 20 curies of plutonium per package, the Type B packaging must have a
double containment.
L.2.2.1

Procedure for NRC Certification

L.2.2.1.1

General Procedure

In order for the design of a packaging to be certified, the applicant (usually the
developer of the packaging) must submit to the NRC a description of the package; an
evaluation of the package; and a description of the quality assurance program for the
design, fabrication, assembly, testing, maintenance, repairs, modification, and use 1)f the
proposed package.
The description of the package must be in sufficient detail to identify it accurately and
provide a sufficient basis for evaluation. For the packaging, this description must
include a number of specified items, such as the containment system, materials of

construction, weights and dimensions, methods of fabrication, and lifting and tieclown
devices. In addition, the description must include information about the payload For
example, it must identify the radioactive constituents of the payload and their quantity,
identity fissile constituents, describe the cherncal and physical form, and stata the
maximum heat generated by the radioactive payload.
The evaluation of the package is to consist of a demonstration that the packaging
complies with the standards specified in 10 CFR Part 71. The standards in Subpart E
include general design requirements (e.g., fastening devices for containment veasels,
2

To be consistent with the NRC regulations, the terms "packaging" and "package" are
used in this section to mean the shipping container and the shipping container loaded
with radioactive waste, respectively.
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maximum surface temperatures), requirements for lifting and tiedown devices, external
radiation limits, and special requirements for packages containing fissile materials or
plutonium in excess of 20 curies. Subpart F specifies the evaluations that must be
performed to demonstrate that the package can withstand normal and accident
conditions without loss of integrity.
The evaluations of response to normal transportation conditions are to include the
following: exposure to high and low temperatures, reduced and increased external
pressure, vibration, and a water spray simulating a heavy rainfall; a free drop for a
specified distance (referred to as a handling drop); and an impact by a vertical steel
cylinder, 1-1/4 inches in diameter, dropped from a height of 40 inches onto the most
vulnerable surface of the package. it is also necessary to determine and demonstrate
the response of the package to accident conditions. The requirements for this
evaluation are discussed in detail in the next subsection.
For the quality assurance program, the applicant must identify any established codes
and standards proposed for use in the design, fabrication, assembly, testing,
maintenance, and use of the package.
After the application is submitted, the NRC may at any time request additional
information. The application is reviewed by the NRC's technical staff, who prepare a
safety evaluation report for the particular package design. If the staff determines that
all pertinent requirements are met, the NRC issues a certificate of compliance. As
already mentioned, the NRC certificate of compliance for the TRUPACT-I1 design was
issued on August 30, 1989. This certificate is reproduced in full in Annex 1 to this
appendix.
The certificate of compliance specifies procedures for the fabrication, operation, and
maintenance of the packaging and defines the payload that may be transported. The
certificate is valid for a period of 5 years. At the end of this period, it must be renewed
by submitting an application for renewal.
L.2.2.1.2

Demonstration of Ability to Withstand Accident Conditions

To be certified by the NRC as Type B (10 CFR 71.73), a candidate packaging must
demonstrate resistance to the worst conditions that can be expected in a transportation
accident. To simulate these hypothetical accident conditions, the NRC has specified
a series of impact, thermal, and immersion tests that must be performed in a specified
sequence. Acceptable packaging performance can be demonstrated by analysis, by
testing, or a combination of both. In either case, the most damaging orientation for the
packaging must be considered for each accident condition. In other words, the tests
must be directed at the weakest part of the package. The hypothetical accident
conditions and the sequence in which the tests are to be performed are as follows:
1) Free drop. A drop from a height of 30 ft onto a flat, unyielding surface in
a position for which maximum damage is expected.
2) Puncture. A drop from a height of 40 inches onto a metal bar that is 6
inches in diameter and no less than 8 inches long and is mounted on an
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unyieiding surface. This test is also to be performed in a position for which
maximum damage is expected. (The DOE conducted the tests with a
puncture bar that was 24 to 48 inches long, depending on the orientstion of
the TRUPACT-II.)
3) Heat. Exposure to a surrounding heat flux with a minimum temperature of
1475°F for 30 minutes. (The TRUFACT-Il test units were exposed to a fully
engulfing fire to meet and exceed 1:hese requirements.)
4) Immersion. Exposure to an external pressure equivalent to immersion under
at least 50 ft of water for no less than 8 hours.
On completion of these tests, the packaging rnust maintain Its containment integrity by
passing a leakage-rate test (NRC, 1975).
The Order of the Tests: The order of the tests is reasoned to be the order of events
threatening the packaging in a real transportation accident: impact and puncture
followed by exposure to flre. The test sequence, therefore, starts with mechanical
impacts and then continues with the flre test; this sequence is designed tcl inflict
maximum heat damage. The mechanical and heat tests are applied to the same
specimen. The immersion test may be conducted on a separate specimen, bocause
immersion in water is not likely to occur together with an impact accident (IAEA, 1987).
The Free-Drop Test Target. The free-drop lest requires the package to strike an
unyielding flat target after a free drop from a height of 30 ft, striking the target in a
position for which maximum damage is expected. With an unyielding target all of the
deformation produced by the test is transferred to the packaging. An actual accident
would usually involve a target that yields somewhat, allowing much of the impact
energy to be absorbed by the deformation of the target. Thus, an unyielding target
forces the packaging to sustain more damage in a given set of test conditions than
would a yielding target.
Unyielding targets are specially constructed to have a mass at least 10 times the mass
of the package being tested. They are usually made of concrete and steel, and the
concrete is often tied to bedrock through a system of steel columns, making the target
very stiff or essentially immovable. The surface of the unyielding target is a steel plate
that is in intimate contact with the surface of the concrete.
Tests have shown that the damage created by reaiistic hard targets, such as rock
outcroppings or bridge abutments, would require velocities on the order of 80 miles per
hour (mph) in order to be equivalent to the 30-ft drop (30 mph) on the unyielding
target. For softer targets, such as other vehicles, concrete pavements, retaining walls,
and earth embankments, the velocity required 10 produce equivalent damage exceeds
200 rnph (Jefferson, 1983).
The difference between a yielding and an unyielding target can be seen in the results
of two drop tests conducted for the DOE in a previous testing program. Two
packagings of the same design were tested at Sandia National Laboratories. One
packaging was dropped from a height of 30 ft onto an unyielding target. The socond
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packaging was subjected to a test not required by the NRC regulations: it was dropped
from a helicopter from a height of approximately 2,000 ft onto hard desert soil. This
6,700-lb package reached a terminal velocity of approximately 246 mph and was
embedded in a crater approximately 8 ft deep in the desert soil. The packaging
suffered no permanent deformation. The 30-ft drop onto an unyielding target caused
more damage to the packaging than the 2,000-ft drop onto hard desert soil (McClure
et al., 1987). (The packagings in these tests were not TRUPACT-I1 containers.)
The Puncture Test. Puncture loads can be expected in accidents because the surfaces
that may be hit by a packaging are not always flat. The puncture tests are conducted
to demonstrate the integrity of the containment even when weak points (e.g., container
seals) are struck. Puncture loads can also produce a loss of the thermal insulation
that protects against fires by tearing a hole in the wall of the packaging.
In the puncture test, the packaging is dropped from a height of 40 inches in a position
for which maximum damage is expected. The target is the upper end of a vertical steel
cylinder that is 6 inches in diameter and of a length that would cause maximum
damage to the packaging. This puncture bar must be mounted on an essentially
unyielding horizontal surface. The areas exposed to the puncture bar tests are
subsequently exposed to the fire test (IAEA, 1987).
The Fully Engulfing Fire Test. The effects of fire on a shipping container depend on
the time, the temperature, and the surface exposed. The NRC regulations require
exposure to a temperature of 1475*F for 30 minutes over the entire surface of the
packaging. In order to have the entire surface exposed to the fire, the packaging must
be suspended approximately 4 ft above the fire surface (i.e., a burning fuel pool). The
orientation of the packaging above the fuel pool is designed to provide exposure to the
highest temperature. Elevating the packaging ensures that the flames are well
developed at the location of the packaging, with adequate space for the lateral in-flow
of air. This total surface exposure requirement encompasses such events as burning
with a torch that is directed at one portion of the task. Since under most accident
conditions the heavy packaging would end up on the bottom of the debris, the actual
accident conditions would not duplicate the total surface exposure of the regulatory fire
test (IAEA, 1987; Jefferson, 1983).
Some fires experienced in actual accident conditions burn longer than 30 minutes, but
they either burn at lower temperatures (consuming slower burning materials like wood)
or are concentrated over small areas, thus being insufficiently large to envelop the entire
packaging. An accident that wouid produce a heat environment exceeding that called
for in the regulations is extremely unlikely (Jefferson, 1983).
The Immersion Test. As a result of a potential for transportation accidents near or on
a body of water, a packaging could be subjected to an external pressure from
submersion under water. To simulate the equivalent damage from this low-probability
event, the NRC regulations require that a packaging be able to withstand the external
pressures resulting from submersion at reasonable depths. Engineering estimates
indicate that water depths near most bridges, roadways, or harbors would be less than
50 ft. Consequently, 50 ft was selected as the immersion depth. While immersion at
depths greater than 50 ft is possible, this value was selected to envelop the equivalent
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damage from most transportation accidents. In addition, the potential conseqL ences
of a significant release of radioactive material would be greatest near a coast or in a
shallow body of water. The time of exposure was set at 8 hours, which is time enough
to allow the package to come to a steady slate from the rate-dependent effects of
immersion (IAEA, 1987). Since the main purpose of the immersion test is to
demonstrate that a packaging can maintain its structural integrity when subjected to an
external pressure, a pressure test or calculalion may be substituted for the actual
immersion.
The Leakage-Rate Test. After these accident condition tests, a very stringent leakagerate specification must be met by the packagin. In order to demonstrate thal there
will be no release of contents under normal accident conditions, both containment
vessels must remain leaktight, in accordance with standard ANSI 14.5-1987 of the
American National Standards Institute. The stringency of the postaccident-leaktig htness
standard requires the packaging design to be so robust that it would have to be
subjected to an accident much more severe than those simulated in the certification
tests before a release of its contents could occur.

L.2.3 COMPLIANCE OF THE TRUPACT-II PACKAGE WITH NRC REGULATIONS
On March 3, 1989, the developer of the TRUPACT-I1 shipping container submitted to
the NRC, on behalf of the DOE, the documentation required for an application for
certification. This documentation consisted of a comprehensive safety analysis report
for the TRUPACT-II shipping container (DOE, 1939a, Rev. 2) and a document desxibing
the codes used in the preparation and characterization of CH TRU waste. Four
revisions to the Safety Analysis Report were made to supplement the document with
additional information requested by the NRC and the final results of TRUPACT-11 tests.
The Safety Analysis Report provides a detailed description of the TRUPACT-II design,
operation, maintenance, the payload (CH TRU waste) and quality assurance programs.
In addition, the report documents the performance of the TRUPACT-Il container in the
regulatory tests described above. The manner in which the tests were conducted and
the results are discussed below.
Compliance with the evaluation requirements of 10 CFR Part 71 was demonstrai:ed by
a cornbination of analyses and testing of the TRUPACT-II package.
The certificate of compliance was issued by the NRC on August 30, 1989.
reproduced in full in Annex 1 to this appendix.

It is

L.2.3.1 Evaluation of Performance
As reported in Section 2.6 of the Safety AnalOs Report for the TRUPACT-II Sh pping
Package (DOE, 1989a), the container meets the performance requirements of Subpart
E of 10 CFR Part 71 for normal transportation conditions. The complianco was
demonstrated through analysis and by performing the required free-drop test f•om a
height of 3 ft. The analyses covered the response of TRUPACT-Il components to heat
and cold, reduced and increased external pressures, and vibration. Exposures to a
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water spray simulating a heavy rainfall and impact by a steel cylinder 1-1/4 inches in
diameter (penetration test) were judged to be of negligible consequence because of the
TRUPACT-Il construction.
For the hypothetical accident conditions specified in Subpart F of 10 CFR Part 71, tests
with full-scale TRUPACT-II units were conducted. The only exception was the
immersion criterion, for which compliance was demonstrated by analysis, as allowed by
the NRC. The tests were first conducted with an engineering prototype container. The
results from these tests were used to develop design enhancements for the container.
For example, a thin ceramic-fiber paper was added as a liner to the polyurethane foam
cavity of the outer containment assembly to provide additional protection from fire.
Subsequently, three full-scale certification units were tested during the period from
December 1988 to April 1989. The testing was performed at Sandia National
Laboratories, Albuquerque, New Mexico. Before being tested, all four full-scale
TRUPACT-I1 containers were loaded with 7,265 lb (maximum allowable payload weight)
of concrete in 14 drums.
The full-scale tests consisted of free drops from a height of 30 ft followed by free drops
of 40 inches onto a 6-inch-diameter puncture bar. After undergoing muttiple free drops
and puncture-bar impacts, the prototype and two certification packages were suspended
over a pool containing approximately 8,000 gal of jet fuel, which burned for more than
30 minutes. The external skin temperature exceeded 1475°F during the fire. Because
of the excellent thermal properties of the package, the maximum O-ring seal
temperature (on either the inner or the outer containment vessel) reached only 260° F,
well below allowable temperatures for the seal materials used. Also, it was found that
at least 5 inches of the original 10-inch-thick polyurethane foam in the outer
containment assembly remained unaffected after the fire test, further demonstrating the
safety margins that have been built into the TRUPACT-II shipping container.
As shown in Table L.2.1, the number of drop and puncture tests performed on each
test unit exceeded the regulatory requirements in many cases; this was done to confirm
that the package could sustain impacts in a variety of 'Worst-case" orientations and
remain leaktight. For example, each of the 30-ft drops on test units 1 and 2 were
performed with different sections of the TRUPACT-II container package striking the
unyielding target (i.e., tiedown locations on the bottom, top knuckle of the head, etc.).
The full-scale testing of the test units under the hypothetical accident conditions was
conducted with the first certification test unit at the ambient temperature of Albuquerque,
New Mexico, in December 1988 (40 to 70°F). The second and third certification test
units were chilled to —20°F before the first drops and again before the final leakagerate tests to prove the ability of the O-rings to function properly at low temperatures.
The leakage rate of the containment seals was tested before, during, and after the test
sequence on each test unit. On the first and the third test units, both the inner and the
outer containment vessels were demonstrated to be leaktight. On the second test unit,
the outer vessel met the criteria for leaktightness as stated in ANSI 14.5-1987 but the
inner vessel did not meet this criteria, because debris resulting from the tests interfered
with the upper seal of the inner vessel. A wiper O-ring was added to the inner
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Regulatory testing requirements and the actual
TRUPACT-Il certification testing program

TABLE L.2.1

Number of tests performed

Required number
of testsa

Unit 1

Unit 2

Unit 3

30-ft drop

1

3

3

3

40-inch puncture drop

1

5

6

5

Fire test

1

1

1

0

Immersion

1

Test

By analysisb By analysisb By analysisb

a From 10 CFR 71.73; requirements can be mat by test or analysis.
b Same analysis was applicable to all three test units.

containment vessel on the third test unit, and its effectiveness was demonstrated by
repeating the drop-test sequence. it is important to mention that had the payload
been TRU waste during the testing of these three test units, no release of contents to
the outside environment would have occurred because all of the test units remained
leaktight to the outside.
L.2.3.2 Fabrication Controls
Each step in the fabrication of the TRUPACT-ll containers is controlled to ensure that
the containers are built to the standards and !Tecifications of the test units used for
certifying the design of the package. For exarnple, the stainless steel that is used for
the pressure vessels is traceable to the mill, including the pouring and rolling of the
steel. This traceability includes test reports on the chemical and physical properties of
the steel. When the steel is received at the TRUPACT Assembly Facility in Carlsbad,
New Mexico, it is inspected, and each piece of steel is assigned a unique identification
that stays with that piece of steel through machining, welding, and final assambly.
This means that the components of any TRUPACT-11 can be traced back to their
origins.
Every machining operation is inspected to ved fy that the part is made to the drawing
requirements from which it was designed. Welding during fabrication is done in
accordance with the applicable standards of the American Society of Mechanical
Engineers. Welds are nondestructively examined to ensure that there are no dafects.
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Containment boundary welds are examined by x-ray. Welding procedures and welder
qualifications (welders must be certified) will be available for audit or review. After
welding and machining, the finished pressure vessel is proof-tested at 150 percent of
its design pressure (50 lb per square inch) and then examined once again, using a
liquid-dye penetrant. (A liquid-dye penetrant is used to detect cracks that cannot be
seen with the naked eye.) Finally, each pressure vessel is tested to the "leaktight"
criteria. The leaktightness of the containment boundary is tested on each unit before
delivery. In addition to possible failures of the 0-ring seals, this procedure inspects for
leaks in the weld zones and cracks in the vessels.
L.2.3.3 Operating Procedures
L.2.3.3.1 Payload Controls and Restrictions. The initial certificate of compliance
issued by the NRC (Annex 1 to this appendix) defines the allowable payload (waste
materials) that can be transported. Certification of the TRUPACT-Il package requires
that the payload be controlied to ensure safe transportation.
Each waste container to be transported in the TRUPACT-Il shipping container must
comply with specific transportation requirements for physical form, the composition and
radioactivity of the waste, the chemical compatibility of the waste, and the like. Unique
identification codes for each waste container provide a system for tracking the process
and packaging history of the waste. This information (along with process controls on
waste generation procedures) provides the basis for evaluating the qualification of the
waste as payload for the TRUPACT-11. The payload restrictions are described below.
Strict controls will be used at the waste generation and storage facilities to determine
the compliance of a given waste package with the transportation requirements. If a
package does not meet any of the limits, it cannot be a part of the payload. The
Safety Analysis Report for the TRUPACT-II Shipping Package (DOE, 1989a) and
supporting documents describe in detail the basis for evaluating the safety of the
payload.
The Waste Acceptance Criteria Certification Committee (WACCC) has been identified
to the NRC as the DOE's verification organization. The WACCC will ensure payload
compliance with the TRUPACT-II certificate of compliance. To verify payload
compliance, the WACCC intends to use a process similar to that used for verifying
compliance with the WIPP Waste Acceptance Criteria. Therefore, each shipping facility
will be required to submit a TRUPACT-Il payload compliance plan and an associated
quality assurance plan to the WACCC for review and approval. Detailed compliance
procedures will be developed and implemented, and their implementation will be
audited by the WACCC.
The individual responsible for every TRUPACT-II shipment from a given facility is the
Site Certification Official. This person will ensure that the waste containers in a
TRUPACT-II shipping container and the total payload are in compliance with all
certification and transportation requirements. (See Appendix A for a description of the
Waste Acceptance Criteria and their reiationship to transportation requirements.)
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Physical Form. The physical form of the TRUPACT-I1 payload is restricted to solid or
solidified material. Examples of solid materials are paper, glass, and metals.
Examples of solidified materials are cemented sludges. Uquid waste is prohibited in
the payload containers except for residual amounts. Sharp objects that might affect
the integrity of the payload containers are prohibited unless they are adequately
packaged to prevent damage to the payloacl containers. Sealed containers are
prohibited from being included as a part of the waste, except in volumes of 1 gal or
less.
These restrictions on the physical form of the waste are met during the generation of
the waste. Verification procedures like visual examination, x-ray examination, and
samplling of previously packaged containers are routinely used as some of the
additional controls.
Chemical Form and Chemical Properties. The following classes of materiah; are
prohibited from the TRUPACT-Il payload unless they have been destroyed, neutralized,
or otherwise rendered safe:
•
•
•
•

Compressed gases
Explosive materials
Nonradioactive pyrophorics
Corrosive materials

In addition, there are restrictions on specific chemicals and materials that can be
present within each waste form. These restrictions on the chemical constituents of the
waste are needed in order to limit the amount of gases (flammable as well as
nonflammable) that might be generated from materials in the waste on exposure to
radiation.
Compliance with these requirements will be achieved through process controls at the
waste generator and disposal facilities, including procurement and inventory cor trots.
For example, in the course of being generated, waste will be subjected to
neutralization and solidification to remove any corrosives that may be present i the
waste. Process-flow analyses yield information on the chemical constituents of each
waste form.
Chemical Compatibility. The composition of the waste must predude adverse chemical
processes during transport that might pose a threat to the payload. Specifically, it is
necessary to establish the following:
1) The chemical compatibility of the waste form within each indMdual corrainer
of waste.
2) Chemical compatibility between waste containers under hypoth ?boat
accident conditions. In analyzing the consequences of hypothatical
accidents, no credit is taken for the structural integrity of the indiv idual
waste containers. All the waste containers are assumed to be breached,
and the contents from all the individual waste containers are assumed to
mix together. The contents of a waste container (drum or standard waste

L-13

box) must be compatible, and the contents of different waste containers in
the TRUPACT-Il must also be compatible.
3) Chemical compatibility of the waste forms with the inner containment vessel
of the TRUPACT-II.
4) Chemical compatibility of the waste forms with the 0-ring seals of the
TRUPACT-II.
Each waste form to be transported in the TRUPACT-II shipping container is analyzed
for the above compatibility criteria, using a method proposed by the U.S.
Environmental Protection Agency (Hatayama et al., 1980). Only compatible waste
forms will be part of the TRUPACT-Il payload. This will ensure that chemicals that
might affect the performance of the inner containment vessel or the 0-ring seals are
not released in any significant amounts into the inner containment vessel during
transport. In addition, this will ensure that no adverse chemical reactions will take
place within the waste containers or between the waste containers under accident
conditions. Sampling programs conducted at the waste generating or disposal
facilities provide additional verification for the chemical compatibiiity analyses.
Operating Pressure and Gas Generation. The acceptable maximum operating pressure
in the TRUPACT-II cavity is 50 lb per square inch (gauge). The payload is limited in
order not to exceed this design pressure. In addition, the generation of gas from the
waste (which could occur primarily through the exposure of certain materials to
radiation) is controlled to prevent the occurrence of potentially flammable
concentrations of gases in the payload or the shipping containers. Gas generation is
controlled by limiting the radioactivity of the waste and by restricting the constituents
'n the waste that may release gases on exposure to radiation.
Decav Heat and Fissile Materials. Decay-heat limits are imposed on each waste
container, as well as on the total TRUPACT-I1 payload, to keep the potential quantity of
gases generated below safe limits. In addition, the quantities of fissile materials in the
waste containers and the total payload are restricted, so as to remain below the limits
established by the NRC to prevent nuclear criticality under all conditions.
Waste Containers. Two types of waste containers can be shipped in the TRUPACT-I1
shipping containers: 55-gal drums and standard waste boxes. The latter are large
steel vessels that are designed to fit in the TRUPACT-II cavity (see Appendix D). A
payload consists of either 14 drums or 2 boxes. The containers must be provided with
vents equipped with high-efficiency carbon composite filters that allow gases to be
released from the containers while retaining particulates.
The main purpose of restrictions on the waste containers is to prevent the buildup of
gases within the waste containers. Verification of compliance with these requirements
includes controls on waste generation procedures, visual inspection, records and data
bases, and sampling programs.
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Weight. Weight limits apply to indMdual waste containers and to the total payload and
are as follows:
Container

Weight limit
(lb)

Drum
Standard waste box
TRUPACT-Il shipping container

1,000
4,000
7,265

Radiation-Dose Rates. The radiation-dose rates on the external surfaces of individual
waste containers and the three loaded TRUPACT-II containers to be transported on a
trailer will be 200 millirem per hr or less at the :surface and 10 millirem per hr or less
at a distance of 2 meters from the surface, in accordance with 10 CFR 71.47.
L.2.3.3.2 Procedures for Loading and Assembling TRUPACT-II Shipping Containers.
Assembling a TRUPACT-I1 shipment will involve three steps: 1) preparing each cf the
waste containers (14 drums or 2 standard waste boxes) in accordance wit the
specifications in the payload-control procedures (Subsection L.2.3.3.1), 2) loading the
waste container into the TRUPACT-II cavity, and 3) testing the leaktightness of the
seals on the outer and inner containment vessels of the TRUPACT-Il shipping
containers.
Specific instructions for operating the TRUPACT-II container will be given to each
facility to ensure that the shipping container is loaded and sealed properly. Onco the
lids of the outer and the inner containment vessels are removed, the payload is lifted
into the cavity of the inner vessel. Specially designed lifting devices will be provided
to prevent damage to the inner vessel or the outer containment assembly during
loading. Before the lid of the inner vessel is installed, the seals and other components
must be visually inspected for damage that could impair their function. tt functionimpairing damage is present, the damaged cornponents are replaced before further
use. Once these steps are completed, the inner vessel is ready to be assembled. This
is done by positioning the lid above the body and lowering it into position. The lid is
then drawn downward to its fully engaged position. Once the lid is fully engaged, the
lockring is rotated, thus engaging the locking lugs and locking the lid in place. _ock
bolts are then installed to prevent rotation of the lockring. An assembly-verification
leaktightness test is then performed to ensure that the O-ring seals were properly
installed and not damaged during assembly.
This assembly procedure ensures containment integrity for the following reasons:
1) The mating surfaces between the body and head of both the inner and
outer containment vessels are designed like a double tongue-and-groove
joint. The head and body are connected by rotating a lockring, attached to
the head, that has tabs that mate with corresponding tabs on the body. tf
the head and the body are not assembled correctly, it will be impossib e to
rotate the lockring. Ability to rotate the lockring is one verification thal the
head-to-body connection is properly assembled.
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2) The containment boundary seal is made by an elastomer O-ring that is
located at the head-to-body interface and is part of the tongue-and-groove
joint. There is also a test O-ring and a wiper O-ring (on the inner vessel
only). When properly assembled, the 0-rings are captured between the
head and body. Each time the head is installed on the body, it is
necessary to perform a leak test to verify that the 0-rings are in place and
that they were not damaged during assembly.
Once the lid of the inner containment vessel is properly installed, the outer vessel can
be assembled. This is done in the sequence used for the inner vessel, the only
difference being that the lockring is rotated and held in position by means of a
mechanical actuator ring. In the locked position, lock bolts hold the actuator ring in
position, which, in turn, holds the lockring in position. As in the case of the inner
vessel, an assembly-verification leaktightness test is required.
L.2.3.3.3 TRUPACT-Il Transport Trailer. The TRUPACT-I1 transport trailer is of a
gooseneck, dropped bed design which is commonly used in commercial fleet
operations. The design has been adapted for the transportation of up to three fully
loaded TRUPACT-I1 shipping packages. The TRUPACT-Il transport trailer is 42.2 ft in
length, the load bearing bed is 40 inches aboveground and when loaded with
TRUPACT-Ils, the overall height is 161.5 inches.
Each trailer is provided with 12 each, special tiedown devices used for securing the
TRUPACT-I1 packagings in a vertical position to the trailer. The tiedowns are cam
operated, adjustable length U-bolts that interface with, and clamp down on
corresponding brackets on the TRUPACT-II packaging. The tiedown restraint applied
to the TRUPACT-Il packages has been designed to satisfy the tiedown requirements of
the DOT, 49 CFR 393.102, and the NRC requirement, 10 CFR 71.45. The Safety
Analysis Report for the TRUPACT-II Shipping Package given to the NRC in March 1989
provides the necessary analyses for showing how the TRUPACT-II tiedown system
meets these requirements. The trailer has been through a series of tests which
demonstrated it can be safely used without restrictions on the nation's highways.
L.2.3.4 Maintenance
A detailed maintenance program has been established by the DOE and approved by
the NRC for the TRUPACT-II containers. Maintenance procedures include scheduled
inspections and replacement of components, structural and pressure tests, and
leaktightness tests for maintenance verification (0-ring seals, vent-port plug seals, etc.).
The maintenance procedures are described briefly below.
Structural and Pressure Tests. A structural pressure test must be performed on the
inner and the outer containment vessel once every 5 years. This involves pressure
testing each vessel to 150 percent of the maximum normal operating pressure.
Leaktightness Tests. Maintenance-verification leaktightness tests must be performed
for the main O-ring seals and for each vent-port plug seal annually or on seal
replacement.
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Maintenance of Components. Maintenance is specified for certain components, such
as fasteners, lockrings, and seal areas and grooves. The threaded parts of fasteners
are to be annually inspected for deformed or stripped threads. Visual inspectiors are
required before every use for the lockring bolts (inner containment vessel and outer
containment assembly), the vent-port plugs, and the seal-test port. Any damaged parts
must be replaced before further use. The lockring of the inner vessel and the locking
actuator of the outer containment assembly aro to be inspected before every use for
any motion-impairing components. Corrective actions are to be taken whenever
necessary. Before each use, and at the time of seal replacement, sealing surfaces and
O-ring seal grooves are to be visually inspected for any damage. An annual
inspection of the dimensions and surface finishes of the O-ring seal area is also
required. The required measurements include groove widths, tab widths, axial play,
and the surface finish of sealing areas.
Maintenance, repairs performed, or components replaced will be documented on the
TRUPACT-I1 Maintenance Record Form WP-1709 (DOE/WIPP 88-026). All records of
maintenance activities performed on the TRUPACT-II container will be maintainod by
WIPP Operations for retention and distribution. The records will be designatod as
quality assurance records and will be maintained as permanent records. All
replacement components procured by user facilities will be verified for complianco with
applicable material requirements. The DOE shipping and receiving facilities that
perform maintenance on TRUPACT-11 containers will have in place a quality assurance
program that meets the applicable requirements of the DOE (see Section L.4).
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L.3 THE NUPAC 72B CASK PROGRAM

L.3.1

BACKGROUND

To transport remotely handled (RH) TRU waste, the DOE will use the NuPac 72B
shipping cask. The NuPac 72B cask is being designed to meet NRC requirements for
Type B packages, and the DOE will apply to the NRC for a certificate of compliance
before transporting any waste in the 72B cask. The 72B cask is a scaled-down
version of the NuPac 125B cask, whose design has been certified by the NRC as a
Type B packaging. The 125B cask is being used to transport debris from the core of
the damaged Three Mile island reactor.
L.3.2

DESCRIPTION OF THE NUPAC 72B SHIPPING CASK

The NuPac 72B cask is a cylindrical cask consisting of a separate inner vessel within
an outer cask protected by impact limiters at each end. A schematic is shown in
Figure L.3.1. The outer cask provides the primary containment boundary for the
payload, while the inner vessel provides a secondary containment boundary. Neither
containment vessel (the outer cask nor the inner vessel) is vented, and each is
capable of withstanding an internal pressure of 150 lb per square inch (gauge). The
capacity of each cask is 8,000 lb of payload. The payload consists of RH TRU waste
in 30- or 55-gal drums contained in a canister. The 72B cask is designed to transport
a single canister per shipment. A single 72B cask will be loaded onto a customdesigned semitrailer pulled by a conventional tractor.
The inner containment vessel is made of stainless steel and provides a cavity for the
payload canister that is approximately 26.5 inches in diameter and 123 inches long.
The lid is secured to the body of the vessel by means of eight closure bolts. Internal
spacers are provided at the top, bottom, and at two locations near the middle of the
inner vessel to center the canister and facilitate the insertion and removal of the
canister.
The outer cask is a stainless-steel vessel constructed of two concentric shells
enclosing a cast-lead shield. The shield is for gamma radiation and is approximately
1.9 inches thick. The outer cask is approximately 142 inches long and has an outer
diameter of 42 inches. It is protected at each end by energy-absorbing impact limiters,
which are stainless-steel shells filled with polyurethane foam. The impact limiters also
act as thermal insulators to protect seal areas from fire during an accident.
The payload canister, or RH waste canister, is a DOT 7A Type A carbon steel single
shell container measuring approximately 26 inches in diameter with an overall length of
121 inches. The canister is vented using a carbon composite HEPA filter and is
capable of transporting three 55-gallon waste drums. The allowable gross weight of
the canister and contents is 8,000 pounds.
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L.3.3

COMPLIANCE WITH NRC REQUIREMENTS

In order for the design of the NuPac 72B cask to be certified by the NRC, it will be
necessary to demonstrate compliance with the NRC requirements in 10 CFR Part 71
for Type B packages (see Subsection L.2.2). Compliance with these requirements may
be demonstrated by analysis or by a combination of analysis and testing. Since the
72B cask is a scaled-down version of the 125B cask, whose design has been certified
by the NRC, analysis will be the primary method of demonstrating compliance with the
NRC regulations.

L.3.4

OPERATING PROCEDURES

L.3.4.1 Pavload Controls and Restrictions
As in the case of the TRUPACT-Il shipping container, the NRC's certificate of
compliance for the 72B cask will specify the allowable payload. The restrictions on the
payload will be similar to those discussed in Subsection L.2.3.3.1 for CH TRU waste.
Physical and Chemical Form. The restrictions on the physical and chemical form of
the payload to be carried by the 72B cask and the necessary payload controls are
expected to be sirnilar to those specified for the CH TRU waste in the TRUPACT-ll
payload. These restrictions are described in Subsection L.2.3.3.1 of this appendix.
Chemical Compatibility. The payload for the 72B cask will be evaluated to ensure
chemical compatibility within itself and with the cask. The criteria for evaluating and
ensuring chemical compatibility are discussed in Subsection L.2.3.3.1.
Operating Pressure and Gas Generation. The pressure in both containment levels of
the cask is 150 lb per square inch (gauge). The payload is restricted in order to not
exceed this design pressure. The generation of gas from the waste is controlled to
prevent the occurrence of potentially flammable concentrations of gases.
Weight. The maximum weight of the loaded canister in the 72B cask is limited to
8,000 lb. The cask may carry no more than one canister of RH TRU waste.
Decay Heat. The thermal design rating of the package is 300 watts internal decay
heat maximum.
Radiation-Dose Rates. The radiation-dose rates on the external surface of the 72B
cask will be below the levels specified in 10 CFR 71.47 and must comply with 49 CFR
173.441.
L.3.4.2 Procedures for Loading the NuPac 72B Cask
Loading a 72B cask for transport will consist of the following steps: 1) determining
that the payload (the canisters of RH TRU waste) has been verified to meet the
payload restrictions specified in the certificate of compliance, 2) loading the prepared
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payload canister into the 72B cask, 3) testing the leaktightness of the seals on the
containment vessels of the cask, and 4) securing external impact limiters on the cask.
Specific procedures for operating the 72B cask will be provided to each waste
generating or storage facility to ensure that the cask is loaded and sealed properly.
The loading procedures include removing the lids from the containment vessels,
loading the waste canister into the vessel, installing the lids, and performing the
leaktightness tests.

L.3.5

MAINTENANCE OF THE NUPAC 72B CASK

As in the case of the TRUPACT-II shipping container, a strict maintenance prograrn will
be developed and implemented for the 726 cask. The procedures will be submited to
the NRC as part of the Safety Analysis Report (SAR). The NRC must approve these
procedures before the design of the NuPac 72E3 cask is certified and the cask can be
used to transport waste.
The maintenance program will include pericdic inspections and replacement of
components, structural and pressure tests, leaktightness tests, and routine
maintenance of all necessary parts of the cask. A comprehensive quality asswance
program will also be developed, as discussed in Section L4.
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L.4 QUALITY ASSURANCE PROGRAM

The NRC regulations in 10 CFR Part 71 include requirements for implementing a
quality assurance program that is used in the design, purchase, fabrication, handling,
shipping, storing, cleaning, assembly, inspection, testing, operation, maintenance,
repair, and rnodification of those components of the TRUPACT-11 container and NuPac
72B cask that are important to safety. The quality assurance requirements are not
optional; they are mandatory.
The quality assurance program provides a systematic approach to ensuring that a
design, and the resulting product or service, are safe and satisfactory for the intended
use. The program is aimed at preventing problems, not only at detecting and solving
them.
The quality assurance program is developed and implemented by specially trained fulltime employees. They report to the highest level of management in their organizations
in order to maintain their independence from concerns about costs or schedules.
Their primary function is to make sure that the quality assurance program meets the
requirements of the NRC and is effective in producing a product that meets required
standards and that will maintain its integrity during operation. This requires
ascertaining that all workers are trained and qualified to perform their assigned tasks,
all workers are trained to understand the program, and work is properly controlled.
Design Control. Quality assurance begins with the design of an item or the description
of a service. Large safety margins are established for each item (i.e., if a TRUPACT-I1
will be operating at a pressure of 50 lb per square inch, it is designed to be strong
enough for a pressure of 75 lb per square inch). All of the mathematical calculations
and analyses used in making design decisions are reviewed and verified by
independent qualified personnel.
Procurement Control.
Quality assurance requires that the materials used in
constructing a shipping container or cask be tested, both chemically and physically, to
make sure that they have the properties needed for the TRUPACT-I1 or NuPac 72B
design. Further, the suppliers who manufacture the materials are evaluated to ensure
that they have an acceptable program for ensuring that the materials they are
furnishing are properly analyzed, chemically and physically, and that the analysis
reports match the material shipped.
Marking and Control of Materials. Once the material arrives, it is inspected by a
quality inspector and stored properly for use. The material is placed in an environment
that will not damage it and marked or tagged so that its identity is not lost. The
materials used in the TRUPACT-I1 container or the NuPac 72B cask must be traceable
from the production unit in which it is used, back to the purchase order used to buy
it and the material test report verifying that the material is suitable. Thus, if a problem
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arises in a particular batch of material, the company must identify every producticn unit
in which the material was used.
Instructions, Procedures, and Inspection. Work on the TRUPACT-I1 or the NuPac 72B
units is performed in accordance with formal instructions, procedures, or drawings that
have been reviewed by engineering and quality assurance personnel. Part of this
formal system for controlling the work includes setting points during the fabrication for
inspection. If one of these predetermined poinls is ignored and the inspection cannot
be performed at a later time, the unit faces rework. These inspection points are ,a part
of every work plan and ensure that the final unit is acceptable. Those same similar
instructions, procedures, and drawings are later used to perform preventive
maintenance during the operation of the TRUPACT-11 container or the NuPac 72B cask.
Control of Processes. Some types of processes require more control than others
because special techniques like x-ray examination are needed to determine that they
were performed properly. An example of such a process is welding. The quality
assurance program makes special provisions for such processes and for ensuring that
the special inspection techniques required for these processes are used succesefully.
These special provisions include testing the skills of the personnel performing the
processes, qualifying the procedure being used, and verifying that the materials and
equipment for the process are appropriate. In addition, quality assurance personnel
perform in-process inspections to make sure that the controls are being used during
the actual work. Records of these activities are kept.
Test Control. Any type of testing requires very tight control and careful monitoring by
quality assurance personnel. For example, pressure and leaktightness tests on the
containment vessels of the TRUPACT-I1 container are performed in accordance with
formal procedures that have been reviewed by both engineering and quality assurance
personnel. Tests are witnessed by quality assurance personnel, and test result.; are
formally documented and reviewed for adequacy. Any reworking on the containment
boundary of a TRUPACT-I1 unit requires previous tests to be performed again.
Control of Measuring and Test Equipment. Results from inspections and tests are only
as good as the equipment used to measure the results. The quality assurance
program requires that the equipment used to measure or test a TRUPACT-Il shipping
container be calibrated. This means that all measuring and test equipment has to be
checked against a national standard for the particular measurement being taken and
has to be accurate within a given range. Not only does the equipment have t D be
checked and adjusted if necessary, it also has to be rechecked periodically. If a piece
of equipment is found not to agree with the national standard, the manufacturer has to
evaluate each item that was inspected or tested with that piece of equipment.
Acceptability of Components. The acceptability of parts of a TRUPACT-I1 container or
a NuPac 72B cask must be apparent at all stages of fabrication. The quality
assurance program provides a method of doing this by using inspection hold points,
tagging, etc. If an item is found to be unacceptable, the quality assurance personnel
document the problem on what is called a nonconformance report. The item is then
marked or tagged and segregated from the rest of production until a decision is
reached on what to do with the item. This decision is made by engineering and
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quality assurance personnel. Sometimes an item can be reworked and made
acceptable; sometimes an item must be scrapped. The provisions of the quality
assurance program, however, prevent unacceptable items from being unintentionally
used in the production process and provide a method for deciding how to handle
unacceptable items.
Surveillance.
In addition to inspections, quality assurance personnel perform
scheduled and unscheduled surveillance of various activities to make sure that
employees are operating to the same rules and are performing their jobs well. The
activities selected for surveillance are those in progress that are most important to the
operation at the time.
Corrective Action. The quality assurance program specifies a method for identifying
recurring problems and serious problems that might affect the performance of the
product. A formal report, called a "corrective action report," is issued by quality
assurance personnel when such problems surface. This report must be answered by
production or engineering personnel and must include an explanation of what is
causing the problem, a description of what is being done to correct the problem, and
a description of what is being done to keep it from happening again. Quality
assurance then makes sure that the proper actions have been completed and that
they are, in fact, solving the problem. These reports are reviewed by the highest level
of management, who make sure that all departments respond quickly.
Document Control. The different parts of the quality assurance program are formally
documented to make sure that personnel understand the rules and controls that are
necessary to produce a good product. These documents are themselves controlled to
make sure that all personnel are working to the same guidelines and that only the
latest documents are in use. If a document is changed, the old document must be
returned or destroyed and personnel must be trained to ensure that they understand
the new rules. This is true of every document that affects work, including work plans,
procedures and drawings, and inspection plans.
Quality Assurance Records. The final step before releasing a TRUPACT-II or NuPac
726 unit for use is the review of related quality records. These records tell the
production story of a unit. They start with the pedigree of the materials used and
proceed through fabrication, inspection, and testing to final acceptance. This final
review by quality assurance ensures that the records are complete, inspections have
been performed, and the requirements have been met. This same record package,
which is several hundred pages, is then retained in duplicate in protected storage for
the life of the TRUPACT-Il or NuPac 72B unit.
Audits. An important mechanism for ascertaining that the quality assurance program
is correctly implemented is the audit. Quality assurance personnel audit their facility
and operations to see whether all the established rules and regulations are complied
with. If deficiencies are found, they are documented, corrected, and verified as
effective. The quality assurance personnel who perform these audits are specially
qualified through classroom and on-the-job training to spot problems in the system
and get them fixed. Auditors from outside the organization also perform this function.
For example, the Westinghouse Electric Corporation (the operating contractor for the
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WIPP) audits Nuclear Packaging (the manufaclurer of the TRUPACT-I1 container), and
the DOE audits Westinghouse, as well as the waste generator and storage facilities.
The NRC has also audited Nuclear Packaging as part of the certification process for
the TRUPACT-Il design and has the prerogative to audit any activities associatei with
the use of a TRUPACT-II container.
Summary. As overlapping as all of the described quality assurance controls may
seem, the checks and balances built into the program are necessary to provicle the
highest assurance possible that the TRUPACT-I1 container and the NuPac 72B owl( will
safely perform its intended function. This program will remain in effect as long as
TRUPACT-II or NuPac 72B units are being used.

L-25

REFERENCES FOR APPENDIX L

DOE (U.S. Department of Energy), 1989a, Safety Analysis Report for the TRUPACT-I1
Shipping Package, Rev. 2, Docket No. 71-9218, prepared for the U.S.
Department of Energy by Nuclear Packaging, Inc., Federal Way, Washington,
D.C.
DOE (U.S. Department of Energy), 1989b. TRUPACT-Il Operation and Maintenance
Manual, Rev. 0, OM-0134-NP, prepared by Nuclear Packaging, Inc., Federal
Way, Washington, D.C.
DOE (U.S. Department of Energy), 1989c.
Quality Assurance Plan for the
Transportation and Receipt of Transuranic (TRU) Waste, draft, DOE/WIPP-89012, Rev. 0, Albuquerque, New Mexico.
DOE (U.S. Department of Energy), 1989d. TRUPACT-II Content Codes (TRUCON),
DOE/W1PP-89-004, Rev. 1, Albuquerque, New Mexico.
Hatayama et al. (H. K. Hatayama, J. J. Chen, E. R. deVera, R. D. Stephens, and
D. L. Storm), 1980. A Method for Determining the Compatibilitv of Hazardous
Wastes, EPA-600/2-80-076, prepared by the California Department of Health
Services, Berkeley, California, for the Municipal Environmental Research
Laboratory, Cincinnati, Ohio.
IAEA (International Atomic Energy Agency), 1987. Explanatory Material for the IAEA
Regulations for the Safe Transport of Radioactive Material, second edition,
Safety Series No. 7, Vienna, Austria.
Jefferson, R. M., 1983. Transporting Spent Reactor Fuel: Alleqations and Responses,
SAND82-2778, TTC-0403, Sandia National Laboratories, Albuquerque, New
Mexico.
McClure et al. (J. D. McClure, R. E. Luna, and F. P. Falci, Jr.), 1987. Public Concerns
About RAM Transport—Communicating Engineering Data on Risk, SAND872656A, TTC-0762, Sandia National Laboratories, Albuquerque, New Mexico.
NRC (U.S. Nuclear Regulatory Commission), 1975. Regulatory Guide 7.4.: Leakaqe
Tests on Packages for Shipment of Radioactive Materials, Washington, D.C.

L-26

ANNEX 1
NRC CERTIFICATE OF COMPLIANCE
FOR THE TRUPACT-II SHIPPING CONTAINER
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UNITED STATES

NUCLEAR REGULATORY COMMISSION
WASHINGTON, D. C 20555

AUG

- 5 1989

3 0 1983

SGTB:EPE
71-9218
Department of Energy
ATTN: Mr. Edward McCallum
D P-4
Washington, DC 20545
Gentlemen:
Enclosed is Certificate of Compliance No. 9218, Revision 0, for the Model No.
TRUPACT-II shipping container.
The Department of Energy has been registered as a user of this package under
the general license provisions of 49 CFR §173.471.
This approval constitutes authority to use this package for shipment of
radioactive material and for the package to be shipped in accordance with the
provisions of 49 CFR §173.471.
Sincerely,

441cA f hea.aa/
Charles E. MacDonald, Chief
Transportation Branch
Division of Safeguards
and Transportation, NMSS
Enclosures:
1. Certificate of Compliance
No. 9218, Rev. 0
2. Safety Evaluation Report
c: w/encl:
Mr. Michael E. Wangler
Department of Transportation
Mr. G. J. Quinn
Nuclear Packaging, Inc.
Mr. J. Tollison
Department of Energy
/Mr. T. Halverson
Westinghouse
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CERTIFICATE OF COMPLIANCE

SW
10 cora it

U.S. NUCLEAR REGULATORY COMIC

FOR RADIOACTIVE MATERIALS PACKAGES

Rro"

t koulot

C.PACKAGE IDENTIFICATION NUMBER

USA/9218/B(U)F

NUMBER

I

d

PAGE HUMBER •. toTAL NumeD

1

4

2. PREAMBLE
• The certificate e issued to certify Met the WS-aging and contents diecnbed In Item 5 below. meets the applicable islet y standards set torth in Tttle 10. Coc
of Federal Regulations, Part 71. "Packaging and Transportation of Radioactive Material."
b. This confiscate does not relieve the Corapnor from compliance with any requirement of the regulations of the U.S. Department of Transportation or ecru
applicob4a regulatory agencies, including ttse gosernment of any counlry through or into which the package will be trarePOrted

1 MKS CERTIFICATE IS ISSUED ON Di( BASIS OF A SAFETY ANALYSIS REPORT Of THE PACKAGE DESIGN OR APPLICATION
a. ISSUED TO Mara and Addend
b TfTLE AND IDENTIFICATION OF REPORT OR APPLICATION.

Department of Energy
Albuquerque Operations Office
P.O. Box 5400
Albuquerque, NM 87115

Nuclear Packaging Inc. application
dated March 3, 1989, as supplemented.

...- (7-j---,28
rl,
., „rr.-,3,,,0,
00-

,
a CONDITIONS
'....,
. tsfar;ents of 10 CFR Part 71, u applicable. and Me Obhditions specified below
This certificate is conditional upon futfilling the roo
-.
5

(a) Packaging
(1) Modefrfo.:• 's-TRUFACT-1I
, e•N„
Z2 i
'
(2) Description

tiP."

N
-.C. -11

A stainless steel -and polyurethane .totHinsulated shipping container
deSigned toproVide double:contaipmentlor shipment of-contact-handled
transuranic waste. The_piCkiging pasists of an.unvented, 1/4-inch thio
stainless steel inner containment-vessel (ICV), positibned within an ow
containment -assembly (OCA) orisistingtf an unvented i/4-inch thick sta'
less steel outer containsent.vessel.(0CV), a 10-inch-thick layer of pol:
urethane foam and a 1/4 to 3j8-inch -thick outer stainless steel shell.
The package is.'n right-tirdblarxylinder.with outside dimensions of
approximately '94 inches diameter and 122 inches hqight. The package
weighs approximately 19,250 pounds-when,loaded witirt,he maximum allowab
contents-of 7,265 pounds.
104,• ,
The OCA has 8 domed lid which is secured to 4ibe OCA body with a locking
ring. The OCV containment seal isAarvided by a butyl rubber 0-ring
(bore seal). The OCV i)»equippedifithii seal test port and a vent port.
The ICV is a right circular cylinder with domed ends. The outside
dimensions of the ICV are approximately 73 inches diameter and 98
inches height. The 1CV lid is secured to the 1CV body with a locking
ring. The ICV containment seal is provided by a butyl rubber 0-ring
(bore seal). The ICV is equipped with a seal test port and vent port.
Aluminum spacers are placed in the top and bottom domed ends of the ICV
during shipping. The cavity available for the contents is a cylinder
of approximately 73 inches diameter and 75 inches height.
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• - -••••-••-•-• -• &&&&& •
CONDMOKS(ccotwod)

Page 2 - Certificate No. 9218 - Revision No. 0 - Docket No. 71-9218
(a) Packaging (continued)
(3) Drawings
The packaging is constructed in accordance with Nuclear Packaging Inc.
Drawing No. 2077-500 SNP, Sheets 1 through 11, Rev. D.
The contents are positioned withir the packaging in accordance with
Nuclear Packaging Inc. Drawing Nos. 2077-007 SNP, Rev. C, and 2)77-008
SNP, Sheets 1 and 2, Rti.tt.
.--- • = 1
(b) Contents
-- ,.N,,
4'."cl .
(1) Type and foim of material
d-1
.,...
es
Dewateret-solid or solidified transuranic wastes":' Wastes must be
packaged in $5-gallon drums, standard waste boxes (tilt), 55-gallon
drums Within s4ndard waste boxes, or biopwitbin standard waste boxes.
Wastes must be restricted to prohibit explosives, corrosives, nonradioactive phrophorics and pressurized containers. Within a drum,
bin or SWB, radioactive pyrophorics musijiot exceed 1 percent by
weight and free liquids must not exceed,1 percent by volume.
Flammable organics are limited in_i00 ppm in the headspace of
any drum, bin or SWB.
•
Maximum
quantity
of material per package
(2)

, ,... ,

R.
1_ ,-,
u

Fourteen (14) 55-gallon drums or two (2) SWB and not to exceed i,265
pounds including shoring and secondary containers with no more than 1000
pounds per 55-gallon.drum and 4,000 pounds per SWB.
Fissile material not to exceed 325 grams Pu-239 equivalent with no more
than 200 grams Pu-239 equivalent per 55-gallon drum or 325 grams Pu-239
equivalent per SWB. Pu-239 equivalent must be determined in accordance
with Appendix 1.3.7 of the applical:ion.
Decay heat not to exceed the value!, given in Tables 6.1 through 6.3
"TRUPACT-II Content Codes", (TRUCON), DOE/WIPP 89-004, Rev. 3.
(c) Fissile Class
Physical form, chemical properties, chemical compatibility, configuration of waste
containers and contents, isotopic inventory, fissle content, decay heat, weight
and center of gravity, radiation dose rate must be determined and limited in
accordance with Appendix 1.3.7 of the application, "TRUPACT-II Authorized Methods
for Paylaod Control", (TRAMPAC).
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7.

Each drum, bin or SWB must be assigned to a shipping category in accordance with
Table 5, "TRUPACT-II Content Codes", (TRUCON), DOE/WIPP 89-004, Rev. 3 or must be
tested for gas generation and meet the acceptance criteria in accordance with
Attachment 2.0, to Appendix 1.3.7 of the application.

8.

Each drum, bin or SWB must be labled to indicate its shipping category. A11 drums
bins or SWB's within a package must be of the same shipping category.

9.

Each drum, bin or SWB must be equipped with filtered vents prior to shipment in
accordance with Appendix 1.3.7 o til apecrit Drums which were not equipped
with filtered vents during sipr
IN t bd
efore shipment. The minik crit:iiined from Tairet44rough 9.3 in "TRUPACT-II
mum aspiration time must o
Content Codes", (TRUCON
tt/WIPP 89-004, Rev. 3.
di?
In addition to the Airements of Subpart G of 10 CFR Part&
417%.
(a) Each packag,e,mistibe_prepared for shipment and opeyated lineccordance with
the procedOes described in Chapter 7.0, "Oper fisfrocedyigs", of the
applicati014,
"•>.
s\
"T./
,,,,4„\'.,
k. ,. .
r;
A
.... --, -. /, --0''
(b) Each package must be tested and maystarneg
sccordance witt. the procedures
0
Jes
describedl n Chapter 8.0Acceptance
ad- Maintenance Trogram", of the
.,
---, , .
appl i catiOn.
,... -The contents of --each 'package must-belie-at
ce -iH th 'Appendix 7.41.3., "Pay load
Control Procedures", of-the
.
applicattopi
!.
i
i
p,,,,,
..
.... ,
r`
... t
;
....:
•
:
:
,
,
r
-.
Prior to each shipment, the lid,Aild yeti; p5t iealson the inner-4nd outer contair
ment vessels must be leak tested-te" Lire'-It.d..cir,/sec in accordance with Chaptc
7.0, "Operating Procedures", of the agiplication.f ''.
,•
--"
A1l free standing water must be remOved - from the inner containment vessel cavity
and the outer containment vessel cavity before shipment.

10.

11.
12.

13.

14. The package authorized by this certificate is hereby approved for use under the
general provisions of 10 CFR 71.12:
'
15. Expiration date: August 31, 1994.
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REFERENCES
Safety Analysis Report for the TRUPACT-II Shipping Package dated March 3, 1989.
Supplements dated: May 26, June 27, June 30, August 3, and August 8, 1989.
"TFUPACT-II Content Codes", (TRUCON), DOE/WIPP 69-004, Rev. 3, dated July 1989.
FOR THE U.S. NUCLEAR REGULATORY COMMISSION

Charles E. MacDonald,
Transportation Branch 0
Division of Safeguards
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and Transportation,AMSS
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APPENDIX M
SUMMARY OF THE MANAGEMENT PLAN FOR THE TRUCKING CONTRACTOR
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M.1 INTRODUCTION

This appendix has been prepared in respor se to comments on the draft SEIS.
Representative comments include concerns about the trucking contractor's expei ience
and safety programs, drivers' rights and training, tractor-trailer requirements, and g aneral
safety issues. This appendix addresses these concerns by describing the prov sions
that will be made and the procedures that will be followed to ensure theit the
transportation of waste to the WIPP is conducted safely.
This appendix summarizes the management plan developed by the contractor selected
by the U.S. Department of Energy (DOE) for transporting transuranic (TRU) waste to the
WIPP. The selected contractor is the Dawn Trucking Company of Farmington New
Mexico. The transportation operations will be conducted by truck, using a fleet of
tractors provided by the contractor and trailers end shipping containers provided by the
DOE. The contractor will conduct the transportation operations from a facility to be
developed at Hobbs, New Mexico. The transportation project will be both managed
and coordinated from the Hobbs facility, but maiagement and support personnel at the
contractor's offices in Farmington will be available to assist if needed.
As described in this appendix, the truckincj contractor has developed dEitailed
procedures related to safety, equipment m aintenance, quality assurance, driver
qualification and training, the duties and responsibilities of drivers, dispatching, the
reporting of incidents and accidents, and comrnunications procedures associated with
shipment tracking. Many of these procedures are based on the regulations issued by
the Department of Transportation (DOT) for the transport of hazardous materials, RCRA
(40 CFR Part 263) requirements for the transport of mixed waste, and on the experience
of the Federal Government in transporting radioactive materials for several decades,
particularly the experience of the DOE in transporting weapons.
In reviewing the WIPP program activities, the National Academy of Sciences (NAS)
concluded that the "system proposed for transportation of TRU waste to the WIPP is
safer than that employed for any other hazardous material in the United States today
and will reduce risk to very low levels."
The DOE and the trucking contractor have triad in this plan to reduce as much as
possible the potential for human error or mechanical failure. Extensive driver-training
requirements, dry-run readiness experience (see Appendix D.2.3.2), emphasis on safety,
inspections that exceed many DOT regulatory requirements, and the use of ti actortrailers equipped with governors that limit spee 1 are a few examples of ways in which
transportation risk has been minimized. In addition, this plan will be evaluated for
improvements at least annually.
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M.2 SAFETY
M.2.1 POUCY
Safety is of primary importance in planning and conducting all activities related to the
transportation of the TRU waste. The objective is to protect the safety of the public
and to protect the employees of the trucking contractor from occupational injuries and
illnesses. In order to achieve this objective, the trucking contractor will rely on a variety
of mechanisms and measures, including the following:
• Compliance with all applicable health and safety requirements of the Federal
Government, States, and local jurisdictions
• Provision of vehicles and equipment with the best available mechanical
safeguards, including governors that limit speed, and personal protective
equipment
• Provision of a facility for equipment maintenance and inspection
• Implementation of a safety program, including personnel training in safe work
practices
• Stringent driver training program and penalty provisions
• Accident and emergency training
• Provision of a constant-surveillance service for all loaded shipments
• Provision of communications equipment and services.
M.2.2 REQUIREMENTS FOR PROTECTING HEALTH AND SAFETY
All activities related to the transportation of TRU waste will be conducted in accordance
with the applicable health and safety requirements of the Federal Government, States,
and local jurisdictions, including the requirements promulgated by the U.S. Department
of Transportation in Title 49 of the Code of Federal Regulations (49 CFR).
The maintenance facility (see Section M.4) will meet all applicable requirements of the
U.S. Occupational Safety and Health Administration and the State of New Mexico. All
trucks and drivers will meet the applicable requirements of the U.S. Department of
Transportation. To ensure that these requirements are met, the trucking contractor will
implement a maintenance and inspection program that will be regularly and continually
monitored by contractor and DOE management. Another mechanism for ensuring
regulatory compliance will be a safety program, which is discussed in the next
subsection.
When waste shipments are under way, all applicable regulations pertaining to the
shipment of hazardous waste will be followed.
M-2

As described in Section M.6, constant-surveillance seMce will be provided for all loaded
shipments. In addition, a satellite-based tracking system will be used to determine the
location and progress of all shipments. Such a tracking system is not a Federal
requirement but is a voluntary DOE program decision for WIPP shipments.
M.2.3 SAFETY PROGRAM
The transportation contractor will establish and maintain a safety program that will
consist of both a safety orientation for new employees and a continuing education
program for all employees. To ensure that the safety program is successful, each
employee will be made aware of his or her responsibilities in the program. All
employees will be required, as a condition of ernployment, to observe established safety
regulations and practices and to use the safety equipment provided.
Every new employee will receive safety instructions, a personnei safety handbook, and
any protective equipment deemed necessary. The orientation program for new
employees will consist of verbal and writter information on job safety, accidentprevention measures, and the responsibilities of the new employee in the safety
program. In addition, each driver will be given special training as described in
Section M.5.
The continuing education program will include training in applicable safety requirements
and regulations, the use of equipment, and safe operating procedures. In addition,
safety meetings will be held each week to train and Inform employees. All emp oyees
will be required to participate in these meetings and to sign an attendance list. The
immediate supervisor will be responsible for conducting the meeting. A brief rep ort on
the subjects to be discussed will be prepared for each meeting.
M.2.4 OCCUPATIONAL SAFETY
As a matter of policy, no employees will work in surroundings that are unsanitary,
hazardous, or dangerous to their health or safety. All employees will be required to
maintain their project or work areas. Adequate medical and first aid supplies will be
available at all work locations.
When needed, the employer will furnish tools, vehicles, and equipment with th a best
available mechanical safeguards and personal protective equipment. Employees using
tools, vehicles, and equipment will be responsible for inspecting them before use to
determine that they are in a safe, operable condition.
Each member of the management team will be responsible for not only protecting the
safety and heatth of all employees who report to or are assigned to him or her but also
for the safe work conduct of those employees.
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M.3 EQUIPMENT

The tractors used for hauling TRU waste to the WIPP will be provided by the trucking
contractor. The trailers and the shipping containers (TRUPACTs) will be provided by
the DOE. It is estimated that the tractor fleet will consist of 10 units domiciled in
Hobbs, New Mexico. All vehicles will be 1989 and later models, and will be replaced
as needed throughout the program.
All equipment used by the trucking contractor to transport TRU waste will conform to
applicable Federal regulations (e.g., the requirements for placarding in 49 CFR Part
172); will meet the needs of the DOE; will meet all functional requirements for TRU
waste shipments, such as being equipped with special tiedowns for the TRUPACT-Il
containers; and will have special equipment related to safety. For example, to prevent
speed limits from being exceeded, the vehides will be equipped with govemors that will
Iimit the speed to 65 miles per hour. In addition, the tractors will have a Tripmaster,
which will automatically record all the speeds the vehicle reached in traveling. The
tractors will also be equipped with radiation detection instruments for use by drivers
who will be properly trained in their use, in the event of an accident.
The specifications for the tractors are given in Table M.3.1. These specifications are
based in part on the DOE's experience over the last 12 years in the transport of nudear
materials.
The dimensions and weights of the tractors and trailers are &en in Table M.3.2. These
dimensions and weights are in compliance with applicable Federal and State safety
requirements.
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Table M.3.1

Specifications for the tractors to be used in hauling TRU
waste to the WIPP

Make and model:
Wheel-base length:
Weight (dry):
Engine:
Power steering:
Brakes
steering axle:
driving axles:
emergency brakes:
Engine brake:
Transmission:
Axles
steering axle:
driving axles:
Tires
steering:
driving:
Tire chains:
Fenders
steering wheels:
rear wheels:
Fifth wheel:
Air-ride suspension:

FLD-12064ST Freightliner
219 inches
15,915 pounds
NCT 444 Cummins B/C4 @2100 rpm
Ross TAS-65 by TRW, Inc.
15 x 2 CAM centrifuge drums
16-1/2 x 7 CAM centrifuge drums
MGM dual brakes
Cummins Brake Retarder
Road Ranger 18-speed transmission
12000# FF 921
3800# SO 100 A
Michelin PXZA-1
Michelin XDHT
Laclede

Mobile telephone:
Citizens band radio:

Molded fenders
Aluminum full fenders
18-inch Holland FW-2535
Freightliner air-ride suspension,
40,000 pounds
Motorola Dynatac 6000x
40-channel COBRA 29+

Other specifications:

Front leaf springs, 64 inch
Aluminum wheels, frame, and fuel tanks

Radiation detection meters
alpha-beta-gamma meter
beta-gamma meter
Rockwell tripmaster
Heated rear-view mirrors
Heated and air-conditioned cab and
sleeper
Spray guards and mud flaps for the rear
and front wheels
Locking fuel caps
Externally mounted fire extinguisher
Tamper-proof fifth wheel locking Jevice
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Table M.3.2 Overall dimensions of the tractor-trailer unit

Length

Tractor, total length: 26 feet 6 inches
Trailer, total length: 42 feet 2 inches
Total length: 62 feet 10 inches (with overlap of 5 feet 10 inches)
Width

Trailer: 8 feet 6 inches
Tractor: 8 feet 11 inches (includes side mirrors)
Height

Tractor: 12 feet
Trailer with load (maximum): 13 feet 5 Inches
Weight

Tractor

Weight (pounds)

Weight dry
Fuel
Tire chains
Drivers and equipment
Spare tire

15,915
1,100
91
500
190

Tractor weight

17,796

Trailer (includes tools and spare tire)

8,500

Three loaded TRUPACT-ll containers
(maximum allowable)

53,299

(Maximum loaded shipping weight of any
single TRUPACT-Il iš 19,250 lbs)
79,595

Total weight
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M.4 EQUIPMENT MAINTENANCE

M.4.1 MAINTENANCE FACILITY
A facility for the maintenance, storage, and dispatching of tractors and trailers will be
provided when required by the DOE. Until such time as a facility is required b./ the
DOE, the tractors and trailers will be stored at the WIPP site. The proposed
maintenance facility, to be located at a 6-acre site in Hobbs, New Mexico, w II be
designed to provide most of the facilities needed for fleet maintenance and operation
as a truck terminal. tt will contain a three-bay maintenance shop with an area of 13,500
square feet and an office building with an area of 1,550 square feet. If the proposed
site is unavailable when the WIPP opens, an equivalent facility will be used.

M.4.2 MAINTENANCE PERSONNEL AND EQUIPMENT
Initially, the maintenance facility will be staffed by one mechanic, a shop helper, and
security guards (see Subsection M.4.6). A second mechanic will be added when
needed.
All mechanics will have a minimum of 5 years of qualified experience related to cliesel
engines, air pressure, brake systems, electrical systems, and arc and gas welding.
Certification of training in a 2-year technical school specializing in diesels and heavy
equipment will be required. The mechanics will receive special training frorn the
manufacturers of the tractors.
The equipment and tools to be provided in the maintenance facility include the
following:
Overhead crane
Grease pit
Two 20-ton jacks
Transmission floor jack
Jack stands
Engine stands
Cutting torch
Welder
Drill press
Hydraulic press
Battery charger
Air compressor with hoses
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M.4.3 MAINTENANCE SCHEDULE
The schedule to be used for the maintenance of tractors and trailers is given in
Table M.4.1. If the manufacturers recommend more frequent maintenance, the
manufacturers' recommendations will be followed. Miscellaneous maintenance to repair
broken wheels, flat tires, air fittings, air lines, and other similar items will be performed
as required.
All in-use tractors and trailers will be inspected monthly, with the inspection recorded
on special forms. These forms, which are shown in Figures M.4.1 and M.4.2, specify
the items to be inspected. In addition, the trailers will be inspected semiannually and
annually (or after driving 10,000 or 20,000 miles, whichever comes first); these
inspections will be recorded on the form shown in Figure M.4.3. Furthermore, as
described in Section M.6, the tractors and trailers will be inspected by the drivers
before each trip, every 2 hours or 100 miles during the trip, and after the trip.

Table M.4.1

Maintenance schedule for tractors and trailers to be
used to transport TRU waste to the WIPP

Grease every 5000 miles.
Oil and fitter change every 15,000 miles or as specified by manufacturera.
New brakes and wheel seals every 100,000 miles or when needed,
whichever is first.
New tires every 100,000 miles or when needed, whichever is first.
Miscellaneous maintenance to include universal joints, broken wheels,
flats, air fittings, air lines, etc., as required.

a For tractors only.

If it is necessary to test welds by a nondestructive examination method, arrangements
will be made with a subcontractor. If difficulty in scheduling this procedure is
encountered, the weld testing will be performed as directed by the DOE.
For the trailers, which will be furnished by the DOE, no maintenance beyond that
considered routine or preventative will be permitted. Also prohibited for the trailers will
be any modifications, cutting, welding, or drilling, unless authorized by the DOE.
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MONTHLY TRACTOR 'NSPECTION
DATE:

LOCATION OF INSPECTION:

MAKE:

MODEL'

SERIAL #:
OWNER (LESSOR):

YEAR.
TIRE PLY:

UNIT #•

SPEEDOMETER READING:
NUMBER OF TIRES:
DR,VER:
UMTS OF TRACTOR:

CM OF TRACTOR
DIF.

POT
DEF.

TOT
DEF.

DER

C:700Fire tr.(5 e-c NOVNTED)
EM 0
=FLAGS AIO REFLECTORS
EM
=nAecs (ornew4
CM ='ACK (orrom.4
00I= SEAT BELTS (BOTH SEATS)
C:D 0wiMMHELD V:PERS

O

=O=IRV (MOM a Low Km)
(:)=toAAKER OR CLIAPAICE
= =FOG (OPTIONAL)
= O =I SPOT (OPTIMAL)
= O=nem SIGNALS(mom 1,4)
= O p mow SCMALS (FRACTOR OFF)
= O=ezoLuot REM
I= 00STOP Loos

pcm (ad woroaNG)
C:7 0
C:D 90Deneerreas

Li( mrs

O p auwew mama(

=5PEEDO4EITR (IVOIOONG)
=9
C:D Q=Lair AR *MMHG DEVICE

23

29
28

OLAS!IlS OF TRACTOR.
DM

REDLINE ITEMS:

POT
DEF.

DEF.

ED 9=OTEELS. RIAS a Loos
ED 0=PM/Tr COVER
C:D 49= vIT TANKS (2)(DRAIN 24 MOMS)

0
00STURM (SECTOlt BOG)
00SURTO TIRES(G.FTS. SMOOTM)
0
=I Q=ontlot ilaS (cue. smoen.. crc.)

= =SPIMCS (144M LEAF)
ED 00Rene
ED =BRAKE MOSE3 & LICKT LC041
= =um.usr sysitm
cD e
C:7

POT
DEF.

=
=I
=

WC BOLTS (FRObT—OHE mtSSFO)
=LUG BOLTS (eAcx-Two liSSPG)
FIFTM WHEEL (LIMPS( LOUNTRiG)
=11 empcc DRUMS (CLACKED OR CRONIN)

=

WPOSITELDS (MP nrs oa guars)
AIR MOSES & LOCM (LEMS OR CuTS)
=MR COMPRESSOR (CrOKING OR LEAP)

2=
=2=

PAJOMG BRAKES

en own (IN stksoN)

= o WD FLAPS (FOR BOBTAIL)
AIR ERAKE TEST:
MAXIMUM AIR PRESSURE:
AMOUNT OF LOSS/1 MIN•

CONDITION AND APPEARANCE:(CHECK ONE)
E <CELLENT:173 GOOD:0 FAIR:0 POOF:0
0 L SAMPLE TAKEN: 0 YES 0 NO

REPAIRS TO BE MADE BEFORE DISPATCH:

I HEREBY CERTIFY THAT I HAVE CAREFULLY INSPECTED THE EQUIPMENT LISTED ABOVE AtID
THAT THIS IS A TRUE AND CORRECT REPORT OF THAT INSPECTION.

S)GNATURE OF DWYER

SIGNATURE OF INSPECTOR

FIGURE M.4.1
EXAMPLE OF MONTHLY TRACTOR INSPECTION FORM
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TRAILER/DOLLY INSPECTION

WHITE - S.L-C.
PINK - SHOP COPY

TRAILER No:
MODEL:

LENGTH-

MAKE'
SERIAL No:

NUMBER OF TIRES:

TIRE SIZE:

TIRE PLY:
INSPECTOR:

LOCATION OF INSPECTION:

(F ull Siorne)

Lite Plug
SC
CLEARANCE LAMP
MARKER LAAO
.
(
1- ...,FRGENCY BREAKAWAY VALVE
5Th WHEEL PLATT Ate PIN

=1 CLEARAPCE LAIAP
="MAKER LAW OR REFLECTOR
=LANCING DEAR
HDSE CONNECTORS
=I BRAKES Ate LININGS
=1 ummccurt MARKER
NTERMEDMTE REFLECTOR

I

nns
WHEELS. RIMS. LUGS
SPRINGS AND MANGERS

=I

rzE5
NHEEL5. RmS, LUGS
SPRINGS

`AIE

nFecs
nuke
0DRAKES AND UNIPCS
IARKEIR LAWS

1 1DocRs

UNINCS AND BRAKES
1------HTERI.EDATE MARKER LAW
NTER1AE DIATE REF LECTOR

4

CI0

nkEs
AA NOSES
LJNiNCS AND BRAKES0
0
RE D MARKER LAMPS 1=1
LINC4RCARRIALE0

A.

k

EZI FEAR END PROTECSON
Cross Members
0STOP Lim.
TAIL LAMP
1= rem/cm,'
CI Tura SGNAL5
1.4.)0 rup
=I =WIRING

.1-04 I

r4—

nor, LAMP
TNL LAMP
nxcroft
TuRN SGNALS
kW FLAP

11,1,46.

REPAIRS
(Circle defective items when corrected ond check not defective box)
AIR LOSS TEST MTH ALL SERVICE BRAKES APPLIED:
NOTE:

Maximum permissible oir loss must not

LBS.

exceed

IN

1

MINUTE

two pounds per minute.

Any audible air loss must be corrected immediotely.
REPAIR SECTION

UST ALL REPAIRS MADE

UST ALL PARTS OR EQUIPMENT INSTALLED

Repoirs — EXPLAIN — Attach
Dcte

extra sheet if necessory.

Replacement or equipment installed

MAINTENANCE AND SERVICING
Date

Item
Lubricated
Woshed (Steom Cleoned)
Pointed

I hereby certify that the mechanical defects indicoted above have been corrected.

Dote

Mechonic
(Full Nome)

FIGURE M.4.2
EXAMPLE OF MONTHLY TRAILER INSPECTION FORM
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TRUPACT TRAILER INSPECTION FORM

Odometer Reading

Date

Equipment No.

Make, Model

10,000 Miles/6 Mo.

Inspector

20,000 Miles/12 Mo.

Condition Code: Initial if item is satisffactory. X indicates maintenance
required. A check mark (i) indicates service was performed.

ICOND;
ICODE;
1.1
2!
31

5H
7,
81

91
10!
11:
121
13:
14!
I
2122..!
191
20 1
21
2
231

10,000 MILE INSPECTION
1Lubricate (per manufacturer specs)
, Check wheel seals for sians of leakage
!Inspect all air line assemblies, glad hand gaskets for looseness
damage and routing
;Inspect air tanks for securitv an4 moisture
i liSrake valves (visual condition, limks)
,Service brakes (slack adiuster travel)
!Visually check brake lininas from backina Plate side for wear and
looseness
; Apply brakes and check for leaks (2 psi per minute maximum)
;Electric brakes check operation and securitv
;Tires for remaining tread, unusuaL wear, inflation, cuts ard
separations (minimum tread depth allowable is 2/32")
;Hub oilers (level and leaks)
;Lua nuts and rim clamps (presence and no evidence of looseress
!Frame (cracks and paint condition, magnu flux suspect areas
!Verify suspension svstem operational; check landing gear ard shoes
(operation, securitv and. condition)
'Pull tongue/hitches (cracks security and damage)
Check operation and condition of lockina mechanism and kincpin
Check operation and condition of landing gear and leveling iacks
Electrical wirina (condition chafing, and routing)
System lighting (clearance stop turn, flasher and brakes)
Check spare tire in Step 10 and verifv operation of tire lc,ck
Lubricate lock
Check mud flaps for phvsical condition
Check placard holders

FIGURE M.4.3
IEXAMPLE OF ANNUAL AND SEMI ANNUAL TRAILER INSPECTION FORM
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TRUPACT TRAILER INSPECTION FORM

Odometer Readii

Date

Equipment No.

Make, Model

20,000 Miles/12 Mo.

10,000 Miles/6 Mo.

1COND1
CODE!

I

la
2;

4
3
5!
6!
71

Inspecto:

20,000 MILE INSPECTION
(Also perform 10,000 Mile Items)

I Visuallv inspect condition of wheel bearinqs (clean and repack)
!Inspect brake drums and lining (min. lining thickness is 3/32"
above rivets)
!Check kingpins for cracks (using maq. particles)
!Check axle spindles for cracks (usina maa. particles)
!Check kingpin and coupler base (use gp/no ao gauge to measure
kingpin; clean coupler base and check for cracks and anomalies)
;Check swinq beam bushings and pins (maximum clearance between pin
and bushing is .125 inches)
!Check trailer deck for damage and attachment to frame

FIGURE M.4.3.(CONCLUDED)
EXAMPLE OF ANNUAL AND SEMIANNUAL TRAILER INSPECTION FORI
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M.4.4 QUALITY ASSURANCE AND CONTROL.
The trucking contractor will implement a quality assurance (QA) program that meets the
QA requirements of the DOE. Procedures for the QA program will be developed and
personnel will be trained in their implementation. In addition, quality control procedures
will be implemented.
The trucking contractor will be responsible for ensuring the accuracy and reliability of
measurements, tests, and maintenance procedures performed at the maintenance
facility through the use of inspection, measuring, and test equipment of the range,
accuracy, and type necessary to determine conformance with established requirements.
To the extent required by established procedures, test equipment, gauges, and tooling
will be calibrated by an approved standards laboratory. items requiring calibratiorl will
carry readily visible labels showing their calibration status and will be recalibrated as
necessary. items with an expired calibration date will be segregated to ensure that they
will not be used for maintenance or inspection.
All replacement parts must conform to manufacturer's specifications for replacement
parts and warranted by the maker. The supplier of parts will be required to prov de a
copy of the warranty at the time a part is delivered for the first time. For subsequent
deliveries, the supplier will be required to submit a statement that the part conforms to
the original warranty. The warranty and the subsequent quality assurance statement
will be kept on file at the maintenance facility Before it is placed in inventoy or
installed, each part will be inspected by the mechanic. The mechanic wi I be
responsible for ensuring that all parts received Imnform to the warranty requirements.
The packing slip or other document that accompanies the part will be stamped
"Accepted by.. and initialed by the mechanic and given to the dispatcher for review.
Material or equipment that does not meet established requirements will be withheld
from use until it has been appropriately repaired or reworked. All nonconforming tems
will be segregated and properly tagged to ensure that they will not be used.
All providers of services will be required to supply documentation that the service meets
accepted or required standards applicable to the service being rendered. They vvill be

given a notice of requirements and will be required to certify that their work will be, and
has been, conducted according to required standards by qualified personnel. B afore
authorizing any work, the trucking contractor will verify that the service provider can
meet all requirements.
The trucking contractor will verify compliance of the QA program by conducting audits
at least every 6 months. The audited organizaticn will verify and document the actions
taken to satisfy any recommendations made by the auditors. The results of the audits
will be documented and a copy sent to the DOE Transportation Representative.
The QA program will include the requirement tha records fumishing evidence of q
assurance be prepared and maintained; examples of such records are report; on
audits, inspections, maintenance, and training. The detailed requirements for the
control of the QA records will be included in the trucking contractor's QA proced ires.
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At a minimum, these procedures will address legibility, retention, distribution,
maintenance, transmittal to the WIPP, and protection against damage or loss.
At least once a month, the maintenance records and the certification of parts and
services provided by other firms will be reviewed by the dispatcher to determine that
all standards are being met. If the dispatcher finds that a part or service was not
properly certified, the use of that part or service will cease immediately. The provider
of the part or service will be notified in writing and required to furnish certification. lf
certification is not immediately furnished, the provider will be removed from the list of
acceptable providers.
If noncertified parts have been installed, the dispatcher will order an immediate
inspection of the part to determine whether the part is adequate. If adequacy cannot
be ascertained, the part will be replaced. In the event of a noncertified service, the
dispatcher will order an immediate review, and the service will be repeated if necessary.
The dispatcher will conduct random inspection to verify the adequacy of repairs
performed by employees and by providers.

M.4.5 RECORDS
In addition to the QA records discussed above, a record file will be maintained for the
inspection sheets and shop tickets for each tractor and trailer. Parts-inventory cost
sheets will be attached to each shop ticket (see Figure M.4.4).
All records will be prepared in triplicate. One sheet will be placed in the file mentioned
above, one sheet will be forwarded to the contractor's home office, and one sheet will
be filed at an off-site location.

M.4.6 SECURITY
Security for the maintenance facility will be provided by the following physical features
and by personnel procedures. The site will be surrounded by a 6-foot-high chain-link
fence with barbed wire at the top. Access will be allowed only for authorized
personnel, who will be admitted through a single gate controlled by personnel inside
the facility. Floodlights will be used to illuminate the shop, office, fueling, and truck
storage area. The site will be occupied at all times (24 hours a day, 365 days a year)
by maintenance or dispatching personnel or by a security guard.
AII deliveries will be accepted at the gate. If a maintenance service is to be provided
by a subcontractor, the service provider will be accompanied by an authorized
employee of the maintenance facility. No unauthorized access by the public will be
allowed at any time.
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OJAN.

NAME OF PART

COST

DAWN TRUCKING COMPANY
P.O. BOX 204
FARMINGTON, NEW MEXICO 874S 9

44 1 68
,
,
DATI::

MECHANIC'S
NAME

UNIT*

SPEEDOMETER READING

LABOR DESCRIPTION:

L..

M

TO

M

TOTAL HOURS
san juan ropro Form 295.3

FIGURE M.4.4
EXAMPLE OF DAWN TRUCKING SHOP TICKET
.....
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M.5 DRIVERS

tt is estimated that 30 drivers will be needed for the trucking program, and the trucking
contractor will ensure that only qualified drivers are hired. The contractor, who is an
equal opportunity employer, will locate qualified drivers by posting job openings in Job
Service centers in all communities near the WIPP site, including Hobbs, Carlsbad, and
Roswell, as well as major cities in New Mexico and western Texas. In addition, the
contractor may place advertisements in trucking publications. Drivers will be selected
on the basis of ability and experience.

M.5.1 DRIVER QUALIFICATIONS
To qualify initially, applicants will have to meet the following requirements: they must
be citizens of the United States and at least 25 years of age; they must have logged
at least 100,000 miles in driving semi-tractor trailers, must have at least 2 years of
uninterrupted experience in driving commercial semi-tractor trailers during the last 5
years, and may not have any moving violations (including chargeable accidents) in the
past 3 years.
The driver-qualifying process will consist of the following:
• Completing an application for employment
• Initial interview
• Verification of employment -- including years of service and mileage logged
• Check of driving record, including possession of a Commercial Driver's
License
• A test, given by qualified personnel, that examines performance in the
following:

—
—
—
—

Pretrip inspection
Coupling and uncoupling of tractor and trailer
Placing tractor in operation
Use of tractor controls and emergency equipment
Operating the tractor in traffic and while passing other vehicles
Turning the tractor
Braking and slowing the tractor by means other than braking (shifting
gears)
Backing and parking the tractor

• Drug screening
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• Physicai examination
• Written test on Federal motor-carrier safety regulations and hazardous
materials regulations in accordance with 49 CFR 391.35
• Driver-profile evaluation.
When a driver has successfully completed this qualification process, a written repoi on
the driver will be sent to the DOE for approval (see Figure M.5.1). If approved, the
driver will be trained as described in the next subsection.

M.5.2 DRIVER TRAINING PROGRAM
Every driver hired by the trucking contractor will have to complete a training program
in accordance with the requirements of 49 CFR 177.825. In addition, every driver will
receive training to meet the requirements of 49 CFR Part 397. The training to meet the
requirements of 49 CFR will be conducted by the Colorado Safety Institute in Delver.
However, if necessary to meet scheduling requirements, an alternative qualified source
of training may be used. In addition, every drivor will be trained to meet special DOE
requirements pertaining to the specific characteristics of the TRUPACT-Il shir ping
containers, the transportation of radioactive materials, monitoring equipment, emergency
response, and public relations.
In addition, the drivers will be required to attend a training class conducted by the
Transportation Safeguards Division of the DOE's Albuquerque Operations Office. This
training will be comprehensive, requiring approx imately 68 hours. One instructor will
be provided for each two drivers. The training will include driving a WIPP tractor-Vailer
unit carrying TRUPACT-II containers with simulated loads.
Before the actual shipment of any waste, multiple dry runs from each waste sito will
be conducted as part of a series of preoperational checks designed to provide
experience and hands-on training to the drivers (see Appendix D.2.3.2).
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DRIVER QUALIFICATIONS
CONTRACT NO. DE-AC04-89AL51527

DATE:
NAME:
SS#:
ADDRESS:

DOB:
DATE AND SOURCE OF TRAINING AS REQUIRED BY 49 CFR 177.825:

SEE ATTACHMENTS FOR:
(a) Verification of 100,000 miles of semi-tractor trailer combination driving experience.
(b) Evidence that this driver has had two years of uninterrupted semi-tractor trailer
commercial driving experience during the last five years.
I DO HEREBY CERTIFY THAT THE ABOVE NAMED DRIVER IS A CITIZEN OF THE
UNITED STATES OF AMERICA.
I DO HEREBY CERTIFY THAT THE ABOVE NAMED DRIVER DOES MEET THE
REQUIREMENTS OF 49 CFR 391, THE COMMERCIAL MOTOR VEHICLE SAFETY ACT,
AND PARAGRAPH 5.2 OF THE DAWN MANAGEMENT PLAN.

SIGNED:

FIGURE M.5.1
DRIVER QUALIFICATION FORM
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M.6 PROCEDURES USED IN WASTE TRANSPORTATION

M.6.1 RESPONSIBILITY FOR DAILY OPERATIONS
The manager/dispatcher at the Hobbs maintenance facility will be responsible for the
daily operations of the trucking contractor. Tho dispatcher will receive and review trip
schedules furnished by the WIPP. These schedules will be furnished for intervals of
no less than 6 weeks. if there are problems about the schedules, the dispatcher will
immediately communicate with the WIPP to resolve the problems.
The dispatcher will prepare and distribute a 30-day schedule to all drivers. if a driver
notifies the dispatcher that there are problems with the schedule, the dispatcher will
resolve the problem.
The dispatcher will be reachable by beeper or telephone at all times when not in the
dispatch facility.

M.6.2 NUMBER OF DRIVERS
Two qualified drivers will be used for each shipment of TRU waste. if a driver becomes
incapacitated along the way, the alternative clriver will ask and receive apprcpriate
instructions from the dispatcher before proceecling.

M.6.3 SECURITY
Standard security requirements for materials in transit, as specified in DOE Order
1540.1, will be applied to the TRUPACT-II shipping containers in both the loadel and
unloaded condition. Constant surveillance will be provided for each shipment
(Subsection M.6.7), and the drivers will know the procedures to be followed n the
event of a deliberate obstruction of a shipment In addition, the location of each TRU
waste shipment will be known at all times, via the TRANSCOM satellite-based tucking
system (Section M.8).

M.6.4 PROCEDURES TO BE FOLLOWED BEFORE 'ME START OF THE TRIP
The drivers will report to the dispatch center in Hobbs 1 hour before the scheduled
time departure. The driver will check in and receive trip routing instructions. The
dispatcher will verify that the drivers have arrived to review the route to be takon for
the trip. The routes to be taken are the routes defined as "preferred" in Foderal
regulations. The two drivers assigned to the trip will review the trip route toga- er. if
they have any questions, they will discuss thern with the dispatcher.
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The drivers will obtain a copy of the pretrip inspection form (Figure M.6.1) and the trip
report form from the previous trip. They will inspect the truck and the trailer, paying
particular attention to any items mentioned as possibly defective in the post-trip report.
The drivers will sign the pretrip report if the tractor and the trailer meet requirements.
The inspection will include all extra equipment.
if their inspection of the tractor and trailer shows that an item or items do not meet the
required standards, the drivers will notify the dispatcher. The dispatcher will decide
whether the tractor and trailer are to be dispatched in their current condition or whether
further maintenance is required,
tf the dispatcher decides to dispatch the tractor and trailer without further maintenance,
the drivers have the option of noting their concurrence or nonconcurrence with the
decision of the dispatcher. If the dispatcher decides to use another tractor or trailer,
the drivers will carry out the same inspection routine.

M.6.5 PROCEDURES TO BE FOLLOWED AT THE WIPP SITE
At the WIPP site there will be two trailer-parking areas. Parking Area A will be for
trailers incoming with loaded TRUPACT-11 shipping containers and trailers that have
been inspected by the trucking contractor and are ready to be loaded. Parking Area
B will be for empty trailers that require inspection or maintenance and for trailers that
are ready for shipment and are loaded with empty TRUPACT-Il containers.
At the WIPP site the drivers will present the necessary identification and documentation
and receive the shipment documentation, including a manifest which, for mixed waste
shipments, conforms to the requirements of 40 CFR Part 263. They will then proceed
to the trailer-storage area. At the trailer-storage area, the drivers will leave their tagged
empty trailer in Parking Area A and verify that the trailer (from Parking Area B) loaded
with empty TRUPACT-11 containers has been tagged as ready for service. The drivers
will then inspect the trailer, using the trailer-inspection form. As part of the pretrip
inspection, the drivers must ensure that the permanently affixed flip-type placards
properly signify whether the trailer is carrying a load containing radioactive material or
is empty.
If the trailer meets all inspection requirements, the drivers will sign the trailer-inspection
sheet and depart from the WIPP site. The departure will follow the correct procedures
for notification and departure.
If the trailer does not meet the required standards, the drivers will notify the WIPP and
the dispatcher. The drivers will then await a decision by the WIPP and the dispatcher
concerning the departure of the trailer.

M-20

DAWN TRUCKING

Driver Vehicle Inspection
TRACTOR

DATE

MILEAGE-

('./) CHECK ANY DEFECTF. NOTED BELOW
PARKING (HAND) BRAKE

WHEELS AND RIMS

STEERING MECHANISM

EMERGENCY EOUIPMENT

LIGHTS AND REFLECTORS

ENGINE

TIRES

TRANSMISSION

HORN

CLUTCH

WINDSHIELD WIPERS

EXHAUST

REAR VIEW MIRRORS

BRAKES

COUPLING DEVICES

COOLING AND OIL PRESSURE

ACCESSORIES

OTHER

EXPLAIN IN DETAIL ANY DEFECTS CHECKED (TRACTOR ONLY)

LAST P.M. (DATE)IF NO DEFECTS-WRITE "NONE"
EXPLAIN IN DETAIL ANY TRAILER DEFECTS
TRAILER NO.

TRA LER NO.

DRIVER'S SIGNATURE

DATE

REPAIRMAN'S SIGNATURE

DATE

I HAVE INSPECTED THE ABOVE UNIT
AND REPORTED ALL DEFECTS KNOWN TO ME
I HAVE MADE ALL NEEDED REPAIRS
OF THE DEFECTS REPORTED ON THIS UNIT
fan pan repro Form 29547

FIGURE M.6.1
EXAMPLE OF DRIVER'S VEHICLE INSPECTION FORM
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M.6.6 GENERAL PROCEDURES TO BE FOLLOWED DURING THE TRIP
The drivers must use the preferred route for shipments unless a deviation is permitted
under the provisions of 49 CFR 177.825. A deviation is permitted by 49 CFR 177.825
under the following circumstances:
1) Emergency conditions that would make continued use of the preferred route
unsafe
2) To make necessary rest, fuel, and vehicle-repair stops (stops will be along
the preferred route)
3) To the extent necessary to pick up, deliver, or transfer a highway route
controlled quantity package of radioactive materials.
Any required deviation will be reported to the DOE's representative at the WIPP before
the deviation occurs. Any unauthorized deviation from the preferred route will result
in penalties, as discussed at the end of this section.
Drivers may alternate driving shifts of approximately 5 hours. Thus, the vehicle will be
constantly moving unless stopped for inspection, fueling, or weather. When
circumstances require an extended stop, the driver will ensure that the shipment is
parked in a safe manner.

M.6.7 CONSTANT SURVEILLANCE
One driver will keep the tractor and trailer under constant surveillance at all times.
Constant surveillance is defined to mean that when the vehicle is not being driven, it
must be attended at all times by a driver or a qualified representative of the trucking
contractor. A vehicle is "attended' when at least one driver is in the tractor, awake, not
in a sleeper berth, or within 100 feet of the vehicle and has the vehicle within his or her
constant unobstructed view.
tf an extended stop is necessary, a driver must keep the shipment in full view and stay
within 100 feet of the shipment at all times.
The trailer with the TRUPACT-Il containers must always be connected to the designated
tractor during shipment except when stopped at a DOE facility for loading, unloading,
or en route to maintenance.

M.6.8 INSPECTIONS DURING THE TRIP
The drivers will park the vehicle in a safe place every 2 hours of travel time or 100
miles, whichever is less, and inspect the vehicle.
Deficiencies will be corrected at this time or at the next available repair area. The
items to be inspected include the tires, tiedowns, labeling and placarding required for
the transportation of radioactive materials, and the antenna used for the TRANSCOM
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vehicle-tracking equipment (see Section M.8). Items found to be nonconformilg will
either be corrected at this time or at the next available repair area. If a tire is found
to be flat, leaking, or improperly inflated, the tire will be changed or properly irflated.
The drivers will also inspect the vehicle lights if lights will be needed before the next
stop. Hose connections will be checked, and a visual inspection of the entire Irehicle
will be made.
The DOT regulations in 49 CFR 397.17 (Transportation of Hazardous Materials: Driving
and Parking Rules") require only tire inspections every 2 hours on vehicles carrying
hazardous materials. The DOE has expandec this inspection requirement to include
other components and to include unloaded vehicles.

M.6.9 PROCEDURES AT THE WASTE SITE
On arrival at the waste site, the drivers will stop, at an inspection point where the driver
and shipment documentation will be checked by site security before the tractor and
trailer are permitted entrance. Specific items to be verified are the bill of lading, tamperindicating devices, and the serial numbers of the TRUPACT-11 shipping containers. The
drivers will then proceed to the trailer-parking area and drop off the trailer with the
empty TRUPACT-I1 containers. The drivers will undertake an after-trip inspection of the
trailer. They will then proceed to the locatiori of the trailer with loaded TRW'ACT-II
containers, or, if at a low-volume site, find out when they should return to pick up the
trailer after it has been loaded.
The drivers will receive trip documentation arid inspect the trailer, using the trailerinspection form. The drivers will also inspect the tractor before departing from the
waste site. The drivers will follow the approvecl departure procedure when leaving the
site. The drivers will then proceed to the WIPP site, using the same routes and
procedures used with the empty TRUPACT-I1 shipping containers.

M.6.10 PROBLEMS DURING THE TRIP
If the dispatcher is notified by the driver of a ioroblem during the trip, the dispatcher
will notify the DOE's representative at the W1PF'.
ft the WIPP notifies the dispatcher that a problem exists, the dispatcher will immediately
contact the drivers to ensure that procedures are being followed and to obtain firsthand
information on the situation. The dispatcher will decide on the best course of action
and notify the WIPP of the decision. ft thE, WIPP concurs, the decision will be
implemented. If the WIPP does not concur, fuither discussions will take place.
When notified of a mechanical problem that prevents the tractor or trailer from moving,
the dispatcher will immediately make arrangements to rectify the situation after
consuftation with the WIPP. If a leased tractor is to be used, the dispatcher will consult
the list of locations where tractors are available for leasing from a qualified leaser and
determine the most convenient location. The leaser will be called and asked to
dispatch a tractor that will allow the shipment not to exceed a total weight of E10,000
pounds. The WIPP and the drivers will be notified of the expected time of arrival.
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All drivers will carry full instructions for actions to be taken in the event of an accident.
The procedures to be followed after an accident are discussed in Subsection M.7.
M.6.11 DEUVERY OF WASTE AT THE WIPP SITE
On arrival at the WIPP site, the driver will stop at an inspection point where the driver
and shipment documentation must be checked by site security before the shipment is
permitted into the secured area. Specific items to be verified are the bill of lading,
tamper-indicating devices, and the serial numbers of the TRUPACT-Il shipping
containers. Shipments will have a radiation survey performed in the designated secure
area before entry into the site. The drivers will be badged and proceed to a receivinginspection position in the radioactive-materials area.
When a shipment arrives at the WIPP site, one driver will remain with the vehicle at all
times. The driver will position the trailer as required for further processing in one of
the parking areas. After the trailer has been removed, the tractor and drivers will be
released. If an empty trailer is available, the drivers will pick up the empty trailer from
Parking Area B for delivery to the maintenance facility. The drivers will then return to
the maintenance facility with the tractor or tractor and trailer.
M.6.12 AFTER-TRIP REPORT
At the conclusion of each round trip, the drivers will complete the driver's vehiclecondition report for the tractor and trailer. They will review the report with the
maintenance supervisor. The drivers will be encouraged to present their observations
on the performance of the vehicle (tractor and trailer).
M.6.13 PENALTIES FOR DRIVERS
If the drivers fail to follow the prescribed procedures, they will be subject to penalties.
For an unauthorized deviation from the preferred route, the penalties will be as follows:
• First time -- written warning and 2 weeks' leave without pay
• Second time -- termination of the driver's employment.
A failure to maintain adequate records will result in the same penalties as deviating
from the route.
The failure to maintain constant surveillance of the vehicle will result in a termination of
the driver's employment.
A chargeable accident will result in a termination of the driver's employment.
A moving violation will result in a termination of the driver's employment.

M-24

M.7 PROCEDURES FOR ACCIDENTS AND INCIDENTS

All drivers will carry full instructions for actions 1.0 be taken in the event of an accident.
These instructions will include the procedures for obtaining local, State, or F ederal
assistance if technical advice or emergency assistance is needed. The TRANSCOM
equipment (Section M.8) will provide a communications capacity that can be used in
any emergency.
The accidents to be reported are those specified in the applicable Federal regulations,
49 CFR 171.15 and 171.16, the general requirements of 49 CFR Part 394, and the
requirements of DOE Order 1540.1.
All accidents, no matter how minor, will be reperted to the traffic manager of the waste
site, the WIPP, and the dispatcher. Accident reporting will follow normal proce dures
(49 CFR Part 394) for minor accidents that involve no obvious or suspected de.mage
to the TRUPACT-II shipping containers. In the event of a Type A accident (as d?.fined
in DOE Order 5484.1), it will be necessary to notify the DOE Headquarters Emer gency
Operations Center, and this notification will be made through the Albuquerque
Operations Office. The trucking contractor will notify the DOE's Albuquerque
Operations Office, the U.S. Department of Transportation, the WIPP, and the shipper
in the event of fire and damage in excess of $5,000, breakage, spillage, or susp ected
contamination with radioactive material, as required by 49 CFR 171.5 and 171.831.
When notified of an emergency situation, the dispatcher will immediately conta-ct the
WIPP. tf action is needed by the dispatcher, such action will be taken with the
concurrence of the WIPP. These actions mey include, but are not limited to, the
following:
•
•
•
•
•

Having the vehicle repaired
Dispatching a replacement tractor
Sending replacement drivers
Coordinating a route deviation
Authorizing shipment of replacement parts.

The dispatcher will maintain a log of actions taken during the emergency, including the
time of each action. A copy of the record will be sent to the WIPP.
If the drivers perceive a potential obstruction because of a public demonstratio 1, the
drivers will immediately notify the local law erforcement agency and the WIPP and
describe the situation. The WIPP will advise the drivers as to what action to take. If
it is determined by the drivers that the trip should not continue, the drivers will move
the tractor to the most secure nearby location, f feasible, and remain with the vehicle.

M-25

if it is determined by the drivers that the tractor and trailer cannot be moved because
of a deliberately placed obstruction or public demonstration, the drivers will do the
following:
1) Notify the WIPP immediately
2) Notify the local law enforcement agency or the State highway patrol
3) Remain in the tractor with the doors secured.
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M.8 SHIPMENT TRACKING AND COMMUNICATIONS

M.8.1

SHIPMENT TRACKING

The location of each TRU waste shipment will be monitored in order to maintain
shipping and receiving schedules and to learn of any unplanned deviation fro m the
schedule or preferred route. This monitoring will include the status of the shipment at
the WIPP site or at the waste site as well as Iocation during transit.
The primary method for monitoring or tracking TRU waste shipments will be the
TRANSCOM locating system. TRANSCOM will use a land-based Loran C posit oning
system to obtain exact data on the longitude and latitude. It will have a transmitter to
transmit the Loran C data via satellite to the TRANSCOM Control Center at Oak Ridge,
Tennessee, which will be linked to the Central Communications Center at the WIPP
(see Appendix D). The transmissions will be converted to location data by the
TRANSCOM central computer.
TRANSCOM will provide a two-way digital means of communication. However, with the
TRANSCOM system providing routine data, comrnunication by the driver will be required
only in the event of significant schedule impacts, such as accidents or delays that affect
the delivery schedule by 2 hours or more.

M.8.2 BACKUP COMMUNICATIONS
In the event that the TRANSCOM location system is not available, telephone
communications will be used, and the drivers will use the mobile telephone prodded.
Telephone communications will also be used by the dispatcher and by the west e site
to report to the WIPP. To facilitate telephone communications, 800 numbers will be
available. The required reports will be as follows:

• The drivers will be required to make a telephone call to the WIPP every
2 hours and when crossing State borders, or as soon thereafter as practical,
to report their location.
• Any delays and the reason for delays in transit longer than 2 hours will be
reported by the trucking contractor to the WIPP, who will in turn relay the
information to the waste site.
• The waste site will notify the WIPP at the time the shipment leaves thl) site.
The notification will include the tractor and trailer numbers, the serial
numbers of the TRUPACT-II containers, the drivers' names, the bill-of-lading
number, the shipment weight, the route, the date and time the vehicle
departed, and the expected arrival time.
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N.1 INTRODU CTION

Since the supplemental risk assessment process was initiated, there have beei two
new evaluations of the risks posed by radiation exposure published (BEIR, 1983 and
UNSCEAR, 1988).1 In response to comments made by the DOE during its internal
review of the draft SEIS, this appendix has been prepared to evaluate the extent to
which these recent studies may affect the estimation of risks reported in this SEIS.
The selection of a risk estimator to evaluate the radiation-induced human health effects
of WIPP operations is discussed in Subsection 5.2.2.1. These estimated health risks
are summarized in Table 5.14 for transportation-related exposures and in Tables 5.29
and 5.30 for WIPP routine and accident-relatec exposures, respectively. To establish
that the risk estimators utilized provide a conservative estimation of health risk, a
comparison is made between certain reported health risks and those which would be
predicted by a rigorous application of data provided by the newly available stuclies.
Based upon data from the BEIR-III report (BEIR, 1980), risk estimators for both c:ancer
incidence and genetic effects have been developed to estimate health effects asscciated
with the calculated doses to the population and individuals. For cancer incidence, a
risk estimator of 280 fatal cancers per million person-rem of radiation (external dose
plus committed effective dose equivalent) received by the affected population has been
used. For genetic effects, a risk estimator of 257 genetic effects per million live-born
offspring for each additional rem of radiation received by the gonads of the affected
population has been used.

1 On December 20, 1989, the National Research Council's Committee on the BEIR
issued a report on the health effects of exposure to low levels of ionizing radiation
(BEIR, 1989). This report includes information and analyses from the BEIR-IV report
(BEIR, 1988) that are appropriate for cancer and genetic risk assessment alor g with
the delayed health effects that are induced by low linear energy transfer (LET)
radiations such as x-rays and gamma radiation. These health effects include fatal
cancer induction (carcinogenesis), genetic effects, and retardation from in utero
exposure. Quantitative risk estimates based on statistical analyses of the results of
human epidemiological studies and animal ,?xperiments are presented in the BEIRV report. A significant portion of the BEIE-V report deals with carcinogenesis in
humans because of the extended follow-up in major epidemiological studie5; (e.g.,
Japanese atomic-bomb survivors and radiotierapy patients) and the revision of the
dosimetric system for the Japanese atomic-bomb survivors.
The report presents risk factors that are hig ler than proposed in the BEIR-III report
(BEIR, 1980). The BEIR-V report estimates that 800 extra cancer deaths would be
expected to occur during the exposed population's remaining lifetimes if 100,000
people of all ages were exposed to a whole body dose of 10 rad (or 10 rem) of
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gamma radiation in a single brief exposure. These 800 excess cancer deaths are
in addition to the nearly 20,000 cancer deaths that would occur in the absence of
the radiation. This corresponds to a risk factor of 8.0 x 10-4 excess fatal cancers
per person-rem (this SEIS used 2.8 x 10-4 excess fatal cancers per person-rem).
The 90 percent confidence limits, based solely on sampling variation, for increased
cancer mortality due to an acute whole body dose of 10 rem range from about 500
to 1,200 (mean 760) for 100,000 males of all ages and from about 600 to 1,200
(mean 810) for 100,000 females of all ages. The report also recommends using the
relative risk model (as used in Subsection N.3) instead of the constant absolute or
additive risk model.
The report recognizes that the assessment of carcinogenic risks that may be
associated with low doses of radiation requires extrapolation from effects observed
for doses exceeding 10 rad and is derived from assumptions about dose-effect
relationships and the mechanisms of carcinogenesis. In the analysis of the
epidemiological data for the atomic-bomb survivors, the survivors receiving less than
0.5 rad serve as a control group for the survivors receiving more than 0.5 rad. The
report also recognizes that its risk estimates become more uncertain when applied
to very low doses; however, the risk estimates could either increase or decrease.
For low-LET radiations such as gamma rays, the consensus is that cell survival is
enhanced by a decrease in dose rate or separation of the dose into several fractions.
To apply the models derived from the data on acute exposures, the dose rate
effectiveness factor must be considered. The BEIR-V report indicates that it may be
desirable to reduce the estimates given above by a factor of 2 for application to
populations exposed to small doses at low dose rates because of the dose rate
effectiveness factor.
The report recognizes many uncertainties in its analyses. These include the
application of results from a Japanese population (with different naturally occurring
cancer rates) to a United States population, the certification of the cause of death,
time- and age-related effects, and the shape of the dose-response curve. It also
recognizes that direct estimates of the lifetime risk can be obtained only after the
exposed population has been followed for a lifetime; however, the Japanese survivors
(one of the populations followed for the longest time) have been followed for only 40
years. The report also states that studies of populations chronically exposed to lowlevel radiation (e.g., those residing in regions with elevated natural background
radiation) have not shown consistent or conclusive evidence of an associated
increase in the risk of cancer.
The risk factors presented in BEIR-V, which became available as this SEIS was in
the final stages of completion, are not incorporated in the risk estirnates. The DOE
will have to study the report thoroughly to determine any warranted changes in risk
estimation methods for the generally low dose/low dose rate circumstances analyzed
in this SEIS. The purpose of this SEIS, however, is to provide environmental impact
information for deciding whether to proceed to the Test Phase (Proposed Action or
Alternative Action). In this context, BEIR-V is not significant because 1) the likely
increases in risk estimates are relatively small; 2) they affect all alternatives, including
No Action; and 3) the DOE will issue another SEIS--using the then current risk
assessment methods--before a decision to enter the Disposal Phase, during which
most of the radiological impacts associated with the WIPP are predicted to occur.
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N.2 REVIEW OF RECENTLY PUBLISHED RADIATION RISK EVALUATIONS

Two recently published evaluations of the risks posed by exposure to ionizing radiation
contain data relevant to the radionuclide distribution for the WIPP. These studios are
reviewed in terms of determinations and recornmendations associated with preclicting
human health risk from exposure to alpha-emitting radionuclides.

N.2.1 BEIR-IV
In January, 1988, the National Research Council's Committee on the Biological Effects
of Ionizing Radiations (BEIR) issued a report reviewing available information on the
health risks of alpha-emitting radioactivity which has deposited inside the humar body
(BEIR, 1988). This information is directly relevant to the WIPP, since virtually all of the
radionuclides present in TRU waste are alpha-omitters.
In their review, the BEIR Committee determined that the effects of internally-deposited
TRU radionuclides occur predominantly in three organs: the bone, the liver, and the
lung. Based on data from animal studies as well as limited human exposure da ta, the
BEIR Committee recommended latency periods (i.e., the time between exposJre to
radiation and the onset of cancer) and risk factors for these organs as follows:

Organ

Latency Period (years)

Fatal Cancer Rislc
(deaths/million persori-rad)

Bone

5

300

Liver

20

300

Lung

5

700

For the bone risk factor, the absorbed dose iried is the mean bone dose.

N.2.2 UNSCEAR
In 1988, the United Nations Scientific Commiltee on the Effects of Atomic Radiation
(UNSCEAR) issued the latest in a series of reports to the General ,Assembly, providing
a comprehensive assessment of the sources, effects, and risks of ionizing radiation
(UNSCEAR, 1988). In this report, the Committee reviewed available data on radiation
exposures and risk estimates.
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The Committee recommended a range of risks for radiation-induced fatal cancer.
Adjusting for the effects of low doses/dose rates as prescribed by UNSCEAR, the
absolute lifetime risk of radiation is 200 to 250 fatal cancers per million person-rad.
Latency periods were given as a minimum of 2 to 5 years between exposure and the
onset of either leukemia or bone cancer and 10 years for all other types of cancer.
These values are similar to those proposed in the BEIR-Ill report and used in this SEIS.
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N.3 REASSESSMENT OF RISKS FROM WIPP OPERATIONS

Based on the information in the reports discussed in Subsection N.2, a reassessment
of the risks posed by WIPP operations was performed. The approach used is patterned
after the RADRISK computer code (ORNL, 198D), and could be applied to any aspect
of the WIPP where radiological dose assessments are pertormed, includir g the
transportation risk assessment. To establish that the risk estimators used in this SEIS
remain conservative, facility operational impacts were selected for reassessmenl.

N.3.1 METHODOLOGY SELECTED
The methodology selected for this assessment uses a life table approach to predict the
estimated lifetime risk of fatal cancer from exposure to radiation/radioactivity emitted
during the operation of the WIPP.
The reassessment calculates the effects of exposure to two types of radiation:
• Low Linear Energy Transfer (LET) radiation (such as gamma ancl beta
radiation), because of its penetrating nature, can cause damage from either
outside the body, from external sources, or inside the body, once ingested
or inhaled
•

High-LET radiation (such as alpha particles or neutrons) is primarily made up
of less penetrating alpha radiation, which can cause darnage once inside the
body.

Low-LET radiation exposure risk at the WIPP during normal operations is asscciated
almost completely with WIPP occupational workers who are subject to external exposure
to gamma radiation while handling the waste containers (primarily the CH TRU shipping
containers and containers of TRU waste). WIPP employees and the off-site popiJlation
can also be exposed to gamma and beta radiation from a plume of radioactivity
released in the event of a postulated accident. Radiation doses to low-LET radiation
are described in Subsections 5.2.3.3 and 5.2.3.4. The prediction of fatal cancers
associated with low-LET radiation exposure uses relationships between absorbed dose
and risk developed in the BEIR-III report (BEIR, 1980). The relationships selected use
a linear quadratic form to express the relationshp between absorbed doses and tie risk
of cancer:
1) Leukemia and bone cancer (BEIR-III, Table V-16)
2) All other types of cancer (BEIR-III, Table V-19).
The relationships were combined to generate 1he formulae used in the lifetable.
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In accordance with BEIR-Ill, a 10-year latency period is assumed for low-LET radiation
prior to the onset of cancer. Any radiation-induced cancer will not begin to develop
until the end of this latency period. In the eleventh year, the risk would be related to
the exposure in the first year; the risk in the twelfth year would be related to the
exposure in the first and second years; risk in subsequent years would be evaluated
in the same manner.
Once the latency period had passed, an exposed individual would have a risk of
radiation-induced cancer for the remainder of his/her lifetime. If the exposure is
continued, the risk would continue to increase. When the exposure is stopped (e.g.,
by termination of WIPP operations), the risk would continue to increase for the length
of the latency period and thereafter would remain constant. Specifically for low-LET
radiation and 25 years of operation, the risk of radiation-induced cancer would begin
in the eleventh year and continue to increase until the thirty-sixth year, when it would
become constant for the duration of the individual's lifetime. The risk, in the thirty-sixth
and following years, would be dependent on the total exposure during the 25 years of
operation.
The dose equivalents caused by high-LET radiation exposure to WIPP waste are the
result of inhaling, and to a lesser extent, ingesting alpha-emitting radioactivity. They are
expressed in terms of committed effective dose equivalents (CEDE's), which provide a
measure of the damage done to the body over a 50-year period due to an intake in a
single year. These CEDE's are described in Subsections 5.2.3.3 and 5.2.3.4. To
assess the impact of these CEDE's on human health, they are converted into organ
doses to the bone, the liver, and the lung as identified by the BEIR-IV report (BEIR,
1988).
The prediction of fatal cancers associated with high-LET radiation is accomplished
through a series of steps:
1) The conversion of CEDE's to annual effective dose equivalents
2) The conversion of annual effective dose equivalents to annual organ dose
equivalents
3) The prediction of fatal cancers for each organ
4) The summation of the organ fatal cancer risks to predict the total risk of
cancer.
The waste going to the WIPP will contain a variety of radionuclides which emit highLET radiation. In an attempt to simplify the evaluation of the various types of
radionuclides, the SEIS uses the concept of the "Plutonium-239 Equivalent Curie (PECi)." This concept, described in Appendix F.2, uses the ratio of effective dose
equivalent conversion factors between a radionuclide and plutonium-239 (Inhalation
Class W)to convert each radionuclide's concentration into an equivalent concentration
of plutonium-239(W). All analyses then treat the waste as though plutonium-239(W)
were the only radionuclide present. The dose conversion factors used are for the
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inhalation pathway, using a 1.0 micron aerodynamic median activity diameter (A VIAD)
and a 50-year commitment period (Dunning, 1986).
Since the retention time for plutonium-239 in the human body is so long (ICRP, 1979),
this methodology assumes that the radioactivity remains in the organ of interest tor an
indefinite period. Thus, the 50-year CEDE's are converted to annual effective dose
equivalents simply by dividing by 50. Further, the annual effective dose equivalen's are
assumed to continue throughout the population's lifetime (i.e., they do not stop at the
end of the 50-year period).
To obtain the dose equivalent to the three specific organs of interest (bone, livei, and
lung), each annual effective dose equivalent ia multiplied by the ratio of the organ
CEDE dose conversion factor to the effective dose conversion factor for plutonium239(W)(Dunning, 1986).
To ensure that this approach was conservative, the conversion factors from eft pctive
dose equivalent to organ dose equivalent were calculated for all organs of interest. For
the liver and the bone, the assumption that all the activity was plutonium-239(W) was
found to be conservative. For the lung, however, there were two radionu:lides
(uranium-233 and californium-252) which have higher conversion factors. To account
for this difference, the conversion factor from efective to organ dose equivalent f Dr the
lung was adjusted based on the anticipated concentrations of these two radionu:lides
in the waste.
One additional adjustment had to be made. The risks of bone cancer are exprpssed
in terms of the mean bone dose. The organ close equivalent conversion factor used
for bone in this SEIS considers the endosteal cells only. To calculate risks, the mean
bone dose risk estimator has to be converted to an endosteal dose risk estimator The
conversion was accomplished using the bone dosimetry model published by the
International Commission on Radiological Protection (ICRP, 1979).
Once these conversions are made, the number of excess fatal cancers can be predicted
using the risk factors and latency periods i'mntained in the BEIR-IV report (see
Subsection N.2.1).
The reassessment evaluated risks from both routine WIPP emissions and postilated
accidental releases. For routine emissions, the reassessment follows a cohort of people
(evenly distributed between the two sexes) through a 109-year lifetime. All pecple in
this cohort are assumed to be simultaneously liveborn at the time the WIPP goes
operational. The cohort is exposed to radioacivity/radiation for the 25 years of WIPP
operations. The first 5 years are associated with the WIPP's Test Phase. The
remaining 20 years are associated with the WIPP's Disposal Phase.
For each year of the cohort's lifetime, the lifetable takes the following steps:
1) Given the population existing at the beginning of ihe year, the total
background mortality, the total background cancer mortality, and the
background mortalities for bone, liver, and lung cancer are calculated.
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2) The high-LET annual effective dose equivalents associated with the WIPP are
converted into bone, liver, and lung dose equivalents, and the number of
predicted excess fatal cancers is calculated based on those dose equivalents
and the starting population. Latency periods are built into the calculation for
each type of cancer.
3) The low-LET annual effective dose equivalent associated with the WIPP is
converted into an annual predicted number of excess fatal cancers using the
starting population and the dose equivalent (if any). The risk in subsequent
years due to a given year's detriment (the actual external plus the CEDE) is
corrected to reflect the decrease in the cohort population over time. A
latency period is also built into this calculation.
4) The population surviving at the end of the year is calculated by subtracting
the background mortality and the predicted numbers of excess fatal bone,
liver, lung, and low-LET cancer from the population living at the beginning
of the year.
At the end of the 109-year lifetime, the excess number of fatal cancers was totalled.
The reassessment also calculated predicted excess fatal cancers from effective dose
equivalents received by individuals during postulated accidental WIPP releases. The
reassessment follows a cohort of people (evenly distributed between the two sexes)
through a 109-year lifetime. All people in this cohort are assumed to be simultaneously
liveborn at the time of the postulated accident and exposed to radioactivity/radiation
from the accident event. Deaths are calculated as described above for routine
operations. At the end of the 109-year lifetime, the excess number of cancer deaths
was totalled and divided by the number of people assumed for the cohort to arrive at
the excess fatal cancer risk to an individual.

N.3.2 SCENARIOS SELECTED
In order to make health effects comparisons between results obtained utilizing the SEIS
methodology and those calculated using the more rigorous approach described above,
four dose consequence calculations were selected. These four calculations are not all
inclusive but are representative of the full range of exposure pathways, radiation types,
and individual and population assessments addressed by the SEIS.
1) The collective CEDE received by the off-site population during normal
operations (see Table 5.23)
2) The collective CEDE received by the WIPP's employee population (waste
handling crew) during normal operations (see Table 5.24)
3) The highest predicted CEDE to a member of the public, that is associated
with postulated accident C-10 (see Table 5.28)
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4) The highest predicted CEDE to a WIPP employee, that associated with
postulated accident C-3 (see Table 5 28).
For each of these scenarios, the total number of predicted fatal cancers was calculated.
Similar values for excess fatal cancers were calculated based upon the SEIS health
effects estimates of 280 fatal cancers per million person-rem of population detrirr ent.

N.3.3 PUBLIC HEALTH EFFECTS
The total numbers of predicted excess fatal cancers using the two assessment
methodologies are shown in Table N.3.1. The table shows that the estimated health
effects associated with WIPP operations as reported in this SEIS overstate estirnates
obtainable from the latest available recommendations for assessing human health
effects associated with radiation exposure.
An example of the lifetable analysis is presented in Table N.3.2 for the population risk
resulting from routine WIPP emissions.

TABLE N.3.1 Estimated excess fatal cancers caused by WIPP
operations during the Tesi and Disposal Phasesa

SEIS
methodology

BEIR- V
methodc logy

Off-site population due to routine WIPP
emissionsb

6.8 x 10-6

3.2 x 10-6

WIPP employee population during routine WIPP
operationsc

1.0 x 10-1

4.1 x 10-2

Maximum off-site individual due to
postulated WIPP accident C-10

4.8 x 104

1.6 x 104

Maximum worker due to postulated
WIPP accident C-3

1.7 x 10-3

5.6 x 104

Scenario

a Population risks are expressed as the total number of excess fatal cancers in the
entire population. Individual risks are most easily interpreted as the excess risk of an
individual contracting a fatal cancer (e.g., 4.8 x 104 represents 48 chances in
100,000).
b

Off-site population is 112,966 people living witin 50 miles of the WIPP.

b Employee population is 18 radiation workers.

N-9

TABLE N.3.2 Lifetable for population dose snd risk resulting from routine emissions

Year of Operation

1

Collective CEDE
(person-rem)
External EDE
(person-rem)
Committed DE
(person-rem)

2

10 - 24

25

4
4.7 x to" 4.7 x 10-4 4.7 x 10-4 4.7 x 10-4 4.7 x 10-4 1.1 x 10.3 1.1 x 10-3 1.1 x 10-3 1.1 x 10-3

a

1.1 x 10-3

0.0 x 10°

•

.100
0.0

a

1.1 x 103

0.0 x 10°

3

4

0.0 x 10° 00 x 10°

5

0.0 x le

6

0.0.100

7

0.0.100

8

0.0.100

Z
_..

0.0 .100

4.7 x 10-4 4.7 x 10-4 4.7 x 104 4.7 x 104 4.7 x 10-4 1.1 x 103 1.1 x 10'3 1.1 x 103 1.1 x 10-3

Teat Phase
Af1.1
of
individual

9

2

Disposal Phase

3

4

5

6

7

8

9

10 - 24

25

Summod
dose

Population

Excess
lung
cancer
deaths

Excess
aver
deaths

Excess
bone
cancer
deaths

OtrICilf

Total
Excess
Cancer
deaths

Natural
deaths

2.3 x 103

0

9.4 x 10-6 0.0 x103

0.0 x 100

0.0 x 10°

0.0 x103

0.0 x 100

0.0 x 100

0.0 x 100

0.0 x 100

a

0.0 x 10°

9.4 x 10-6

112,966

0.0 x 100

0.0 x 10

0.0 x 103

0.0 x 100

1

9.4 x 104 9.4 x 10-6 0.0 x le

0.0.,00

0.0
.le

0.0
.le

0.0.100

0.0.100

0.0.,00

a

0.0 x 10°

1.9 x 10-5

110,704

0.0 x 10°

0.0 x 10°

0.0 x 1&

0.0 x 100

1.4 x 102

2

94 x 10-6 9.4 x 10-6 9.4 x 10-6 0.0 x 10°

0.0 x10°

0.0 x I&

0.0 x 10°

0.0 x 10

0.0 x 10°

a

0.0 x 103

2.8 x 10-5

110,568

0.0 x I&

0.0 x 10°

0.0 x 103

0.0 x 10

9.5 x 101

3

9.4 x 10-6 9.4 x 10-6 9.4 x 10-6 94 x 10 6 0.0 x 100

0.0 x 10°

0.0 x 100

0.0 x 100 06 x 100

a

0.0 x 103

3.8 x 10-5

110,471

0.0 x 100

0.0 x 100

0.0 x 100

0.0 x 100

7.6 x 101

4

9.4 x 10-6 9.4 x 104 9.4 x 10 6 9.4 x 10-6 9.4 x 10-6 0.0 x 100

0.0 x 100

0.0.le

0.0.le

a

0.0 x 10°

4.7 x 10-5

110.395

0.0 x 100

0.0 x 100

0.0 x 100

0.0 x 100

8.3 x 101

5

9.4 x 104 9.4 x 10-6 9.4 x 10-6 9.4 x 10-6 9.4 x 10-6 2.2 x 10-5 0.0 x 10°

0.0 x 10°

0.0 x 43

a

0.0 x 10°

8.9 x 10-5

110,332

5 4 x 10-11

0.0 x 103

1.7 x 10-1°

2.2 x 10-1°

5.6 x 101

8

9.4 x 10-6 9.4 x 10-6 9.4 x 10-6 9.4 x 106 9.4 x 10-6 22 x 10-5 2.2 x 10-5 0.0 x 103

0.0 x 103

a

0.0 x 10°

9.1
1.1:110-5

110,276

1.1 x 10-1°

0.0 x 10°

3.4 x 10-1°

4.5 x 10-1°

5.1 x 101

7

9.4 x 104 9.4 x 10-6 9.4 x 10-6 9.4 x10-6 9.4 x 10.6 2.2 x 10.5 2.2 x 10-5 2.2 x 10-5 0.0 x 100

•

0.0 x 100

0-4

110.225

1.8 x 10-i0

0.0 x 100

5.1 x 1010

6.7 x 1010

4.7 x 101

8

9.4 x 10-6
84 x 104 9.4 x 10.6 9.4 x 10'6 9.4 x 106 2.2 x 10.5 22 x 10'5 2.2 x 10.5 2.2 x 10-5

•

0.0 x 100

1.4 x 10-4

110,177

2.1 x 10-1°

0.0 x 100

6.8 x 16.1°

8.9 x 1010

4.3 x 101

9

9.4 x 10-6 9.4 x 10.6 9.4 x 10-6 9.4 x 10-6 9.4 x 106 2.2 x 10.5 2.2 x 104 22 x 10-5 2.2 x 105

a

00 x 10°

1.6 x 10-4

110.134

2.7 x 10-1°

0.0 x 10°

8.5 x 10'1°

1.1 x 1C9

3.7 x 101

10

9.4 x 10-6 9.4 x 10-6 9.4 x 10-6 9.4 x 104 9.4 x 10-6 2.2 x 10.5 2.2 x 10-5 2.2 x 10'5 2.2 x 104

0.0 x 10°

1.8 x 10-4

110.097

3.9 x 10-1°

0.0 x le

1.2 x 10-9

1.6 x 10-9

3.4 x 101

0.0 x 103

2.0 x 10-4

110,063

52 x 10.1°

0.0 x 100

1.8 x 109

2.2 x 109

3.3 x 101

110,030

6.4 x 10-1°

0.0 x 10°

2.0 x 1C9

2.7 x 10-9

3.9 x 101

109,991

7.7 x 10-10

0.0 x100

2.4 x 10-9

3.2 x 10-9

5.1 x 101

0

9.4 x 10-6 9.4 x 106 9.4 x 10-6 9.4 x 106 9.4 x 10-6 2.2 x 10-5 2.2 x 10-5 2.2 x 10-5 2.2 x 105

a
•

12

9.4 x 10'6 84 x 10-6 9.4 x 10-6 9.4 x 10-6 9.4 x 10-6 2.2 x 10-5 2.2 x 10-5 2.2 x 10-5 2.2 x 10-5

a

0.0 x 10°

-4
2.2 x 10

13

9.4 x 10-6 9.4 x 10-6 9.4 x 10-6 9.4 x 106 9.4 x 10-6 2.2 x 10-5 2.2 x 10-5 2.2 x 10-5 2.2 x10-5

a

0.0 x 100

2.5 x 10-4

TABLE N.3.2 Continued

Disposal Phew

Test Phas•
Age
of
individual

Z
...A.

1

2

3

4

5

6

7

8

9

10- 24

25

Summed
does

Population

Excess
lung
cancer
deaths

Excess
liver
cancer
deaths

Excess
bon.
cancer
deaths

Total
excess
cancer
deaths

Naturel
deaths

14

9.4 x 10-6 9.4 x 10-6 9.4 x 10-6 9.4 x 104 9.4 x 10-6 2.2 x 104 2.2 x 104 2.2 x 10-5 2.2 x 104

•

0.0 x 100

2.7 x 10-4

109,941

9.0 x 10-10

0.0 x 10°

2.8 x 10-9

3.7 x 10-9

8.9 x 101

15

9.4 x 10-6 9.4 x 104 9.4 x 10-6 9.4 x 10-6 9.4 x 10 6 2.2 x 10-5 22 x 10-5 2.2 x 104 2.2 x 10-5

•

0.0 x 10°

2.9 x 10-4

109,871

1.0 x 104

0.0 x 100

3.2 x 10-9

4.2 x 10-9

9.0 x 101

16

9.4 x 10-6 9.4 x 10-6 9.4 x 10-6 9.4 x 10 6 9.4 x 10-6 2.2 x 104 22 x 10-5 2.2 x 10-5 22 x 10-5

a

0.0 x 10°

3.1 x 10-4

109,781

1.1 x 10 9

0.0 x 10°

3.6 x 10-9

4.8 x 10-9

1.1 x 102

17

9.4 x 10'6 9.4 x 104 9.4 x 10-6 9.4 x 10-6 9.4 x 10-6 2.2 x 10-5 2.2 x 10-5 2.2 x 10-5 22 x 104

a

0.0 x 10°

3.3 x 10-4

109,671

1.3 x 10-9

0.0 x 10°

4.0 x 10-9

5.3 x 10-9

1.3 x 102

18

9.4 x 10-6 9.4 x 10-6 9.4 x 10-6 9.4 x 10-6 9.4 x 10-6 2.2 x 10-5 22 x 10-5 2.2 x 10-5 2.2 x 10-5

•

0.0 x 10°

3.8 x 10-4

109.542

1.4 x 10 9

0.0 x 10D

4.4 x 10-9

5.8 x 10-9

1.4 x 102

19

9.4 x 10-6 9.4 x 104 9.4 x 104 9.4 x 10-6 9.4 x 10-6 22 x 10 5 2.2 x 10-5 2.2 x 10-5 22 x 10-5

•

0.0 x 100

3.8 x 10'4

109,402

1.5 x 10-9

0.0 x 10°

4.8 x 1C9

6.3 x 10.9

1.5 x 102

4.0 x 104

109.255

1.8 x 10-9

5.4 x 10-1° 5.2 x 10-9

7.4 x 10-9

1.5 x 102

4.2 x 10-4

109,102

1.8 x 104

20

9.4 x 10-6 9.4 x 10'6 9.4 x 106 9.4 x 10-6 9.4 x 10-6 2.2 x 10-5 2.2 x 10-5 2.2 x 10-5 2.2 x 104

•

0.0 x 100

21

9.4 x 10-6 9.4 x 104 9.4 x 10-6 9.4 x 106 9.4 x 10-6 2.2 x 10-5 22 x 10'5 2.2 x 104 2.2 x 105

•

0.0 x 100

1.1 x 1C9

5.6 x 109

8.5 x 10-9

1.6 x 102

22

9.4 x 104 9.4 x 104 9.4 x 106 9.4 x 106 9.4 x 10'6 2.2 x 104 2.2 x 104 2.2 x 104 22 x 104

•

0.0 x mo

4.4 x 104

106.942

1.9 x 109

1.6 x 109

6.0 x le

9.5 x 109

1.7 x 1132

23

9.4 x 10-6 9.4 x 10-6 9.4 x 10-6 9.4 x 10-6 9.4 x 10-6 2.2 x 10-5 2.2 x 104 2_2 x 10-5 2.2 x 10-5

•

0.0 x 10°

4.7 x 10-4

106,776

2.0 x 10 9

2.2 x le

6.4 x 10-9

1.1 x 10-8

1.7 x 102

24

9.4 x 104 9.4 x 10-6 9.4 x 104 9.4 x 104 9.4 x 10-6 2.2 x 10-5 2.2 x 10-5 2.2 x 10-5 7.2 x 10-5

a

2.2 x 10 5

4.9 x 10-4

106,810

2.2 It 104

2.7 x 10'9

6.8 x 10-9

1.2 x lcia

1.6 x 102

22 x 10'5

4.9 x 10-4

108,446

2.3 x 104

4.0 x 109

7.2 x 109

1.3 x 10'8

1.8 x 102
1.5 x 102

25

9.4 x 10-6 9.4 x 10-6 9.4 x 10-6 9.4 x 10-6 9.4 x 10'6 2.2 x 10-5 22 x 104 22 x 104 2.2 x 10-5

•

26

9.4 x 10-6 9.4 x 104 9.4 x 10-6 9.4 x 10-6 9.4 x 10-6 22 x 10'5 2.2 x 104 22 x 10-5 2.2 x 10-5

•

2.2 x 10-5

4.9 x 10-4

1011.267

2.4 x 104

5.3 x 10-9

7.6 x 10-9

1.5 x 10-8

27

9.4 x 104 9.4 x 104 9.4 x 10-6 9.4 x 104 9.4 x 10-6 2.2 x 10-5 22 x 104 22 x 104 22 x 104

•

22 x 104

4.9 x 10-4

106,132

2.5 x 1C9

8.5 x 10-9

-9
8.0 x 10

1.7 x 10

1.5 x 102

28

9.4 x 104 9.4 x 10-6 9.4 x 10-6 9.4 x 104 9.4 x 10-6 22 x 10-5 22 x 101 22 x 10-5 2.2 x 10-5

a

2.2 x 104

4.9 x 10-4

107,978

2.7 x 104

7.8 x 10-9

8.4 x 10'9

1.9 x 10-8

1.6 x 102

29

9.4 x 10'6 9.4 x ur6 9.4 x to-6 9.4 x 10-6 9.4 x 10-6 22 x 104 2.2 x 10-5 22 x 104 22 x 10-5

•

2.2 x 10-5

4.9 x 10-4

107,823

2.8 x 104

9.1 x 10-9

8.8 x 10-9

2.1 x we

1.6 x 102

30

9.4 x 10-6 9.4 x 104 9.4 x 10'6 9.4 x 104 9.4 x 106 22x 104 2.2 x 104 2.2 x 10-5 2.2 x 104

a

22 x 113-5

4.9 x 10-4

107,862

2.8 x 104

1.0 x 104 8.8 x 10-9

2.2 x 1041

1.7 x 102

31

9.4 x 10-6 9.4 x 10-6 9.4 x 10-6 9.4 x 10-6 9.4 x 104 2.2 x 10-5 2.2 x 10-5 22 x 10-5 2.2 x 104

•

2.2 x 10-5

4.9 x 10-4

107,495

2.8 x 104

1.2 x 104 8.8 x 10'9

2.3 x 10-8

1.8 x 102

32

9.4 x 10-6 9 fl X 10-6 9.4 x 10-6 9.4 x 10.6 9.4 x 10-6 2.2 x 10 22 x 10.5 2.2 x 10-5 22 x 104

a

2.2 x 10-5

4.9 x 10-4

107,320

2.8 x 10-9

1.3 x 104 8.8 x 10'9

2.4 x 10-8

1.8 x 102

33

9.4 x 104 9.4 x 10-6 9.4 x 10-6 9.4 x 10-6 9.4 x 10-6 22 x 10'5 22 x 10'5 22 x 10'5 22 x 10-5

a

2.2 x 104

4.9 x 104

107,135

2.11x 10-9

1.4 x ura

8.8 x 10'9

2.6 x 10-8

2.0 x 102

106,939

2.8 x 10-9

1.5 x We

8.8 x 10-9

2.7 x 104

2.1 x 102

22 x 10-5

4.9 x 10-4

•

2.2 x 105

4.9 x 104

108,731

2.8 x 10 9

1.7 x 10-8

8.8 x 109

2.8 x 10-8

2.2 x 102

•

22 x 10-5

4.9 x 10-4

106,508

2.8 x 10-9

1.8 x 104 8.8 x 104

3.0 x 104

2.4 x 102

9.4 x 10-6 9.4 x 104 9.4 x 104 9.4 x 10-6 9.4 x 10-6 22 x 104 22 x 104 22 x 104 2.2 x 10-5

a

35

9.4 x 10'6 9.4 x 104 9.4 x 10'6 9.4 x 10-6 9.4 x 104 2.2 x 104 22 x 10-5 2.2 x 10-5 2.2 x10-5

36

9.4 x 10-6 9.4 x 10-6 9.4 x 10-6 9.4 x 104 9.4 x 104 2.2 x 104 2.2 x 10-5 2.2 x 104 22 x 10-5

34

TABLE N.3.2 Continued

Disposal Phase

Test Phase

10 - 24

25

Summed
dose

Population

Excess
lung
cancer
deaths

Age
01

individual

1

2

3

4

5

6

7

8

9

Excess
liver
cancer
deaths

Excess
bore
cancer
deaths

Total
esCosa

cancer
deaths

Natursl
deaths

37

9.4 x 106 9.4 x 10-6 9.4 x 10-6 9.4 x 10-6 9.4 x 10 6 2.2 x 105 2.2 x 10 5 2.2 x 10-5 2.2 x 101

a

2.2 x 105

4.9 x 104

106,268

2.8 x 10-9

1.9 x 10-8

8.8 x 10-9

3.1 x 10-8

2.6 x 102

38

9.1 x 10-6 9.4 x 106 9.4 x 10-6 9.4 x 106 9.4 x 106 2.2 x 105 2.2 x 101 2.2 x 105 2.2 x 10-5

a

2.2 x 105

4.9 x 104

106,009

2.8 x 10-9

2.1 x 10-8

8.8 x 10-9

3.2 x 10-8

2.8 x 102

39

9.4 x 10-6 9.4 x 106 9.4 x 10-6 9.4 x 10-6 9.4 x 10-6 2.2 x 105 2.2 x 10-5 2.2 x 101 2.2 x 101

a

2.2 x 10-5

4.9 x 104

105,727

2.8 x 10 9

2.2 x 10-8

8.8 x 10-9

3.3 x 10-8

3.1 x 102

40

9.1 x 10-6 9.4 x 10-6 9.4 x 10-6 9.4 x 10-6 9.4 x 10-6 2.2 x 10'5 2.2 x 10-5 2.2 x 10-5 2.2 x 10-5

a

2.2 x 10-5

4.9 x 10-4

105,420

2.8 x 10-9

2.3 x 10-8

8.8 x 10-9

3.5 x 108

3.3 x 102

41

9.4 x 10-6 9.4 x 10-6 9.4 x 10-6 9.4 x 10-6 9.4 x 10-6 2.2 x 10-5 2.2 x 10-5 2.2 x 101 2.2 x 10-5

a

2.2 x 10-5

4.9 x 10-4

105,089

2.8 x 10-9

2.4 x 10-8

8.8 x 10-9

3.8 x 10-8

3.8 x 10?

a

2.2 x 105

4.9 x 104

104,731

2.8 x 10-9

2.6 x 108

8.8 x 109

3.7 x 10-8

3.9 x 102

42

9.4 x 106 9.4 x 106 9.4 x 10-6 9.4 x 10-6 9.4 x 10-6 22 x 10-5 2.2 x 105 2.2 x 101 2.2 x 105

43

9.4 x 106 9.4 x 106 9.4 x 10-6 9.4 x 10-6 9.4 x 10-6 2.2 x 105 2.2 x 105 2.2 x 10-5 2.2 x 10 5

a

2.2 x 10-5

4.9 x 104

104,343

2.8 x 10-9

2.7 x 10-8

8.8 x 10-9

3.8 x 10-8

4.2 x 102

44

9.4 x 10-6 9.4 x 10-6 9.4 x 10-6 9.4 x 10-6 9.4 x 10-6 2.2 x 10-5 2.2 x 101 2.2 x 10-5 2.2 x 10-5

a

2.2 x 10-5

4.9 x 10-4

103,922

2.8 x 10-9

2.8 x 10-8

8.8 x 10-9

4.0 x 10-8

4.6 x 102

Z

45

9.4 x 106 9.4 x 106 9.4 x 10-6 9.4 x 106 9.4 x 10-6 2.2 x 10-5 2.2 x 101 2.2 x 10-5 2.2 x 101

a

2.2 x 101

4.9 x 104

103,481

2.8 x 109

2.8 x 10-8

8.8 x 10-9

4.0 x 10-8

5.0 x 102

na

46

9.4 x 10-6 9.4 x 10-6 9.4 x 10-6 9,4 x 10-6 9.4 x 10-6 2.2 x 10-5 2.2 x 10-5 2.2 x 10 5 2.2 x 10-5

a

2.2 x 101

4.9 x 104

102,961

2.8 x 10-9

2.8 x 10-8

8.8 x 10-9

4.0 x 10-8

5.4 x 102

47

9.4 x 10-6 9.4 x 10.6 9.4 x 10-6 9.4 x 10-6 9.4 x 10-6 2.2 x 101 2.2 x 10-5 2.2 x 10-5 2.2 x 10-5

a

2.2 x 10-5

4.9 x 10-4

102,417

2.8 x 10-9

2.8 x 10-8

8.8 x 10-9

4.0 x 10-8

5.9 x 102

48

9.4 x 10-6 9.4 x 10-6 9.4 x 10-6 9,4 x 10-6 9.4 x 10-6 2.2 x 105 2.2 x 10'5 2.2 x 105 2.2 x 105

•

2.2 x 10-5

4.9 x 10-4

101,829

2.8 x 109

2.8 x 10-8

8.8 x 10-9

4.0 x 10-5

8.4 x 102

49

9.4 x 106 9.4 x 10-6 9.4 x 10-6 9.4 x 10'6 9.4 x 10-6 2.2 x 105 2.2 x 10-5 2.2 x 10-5 2.2 x 10 5

a

2.2 x 101

4.9 x 104

101,194

2.8 x 109

28 x 108

8.8 x 10-9

4.0 x 10-8

8.9 x 102

50

9.4 x 10-6 9.4 x 10-6 9.4 x 10-6 9.4 x 10-6 9.4 x 10-6 2.2 x 101 2.2 x 10-5 2.2 x 101 2.2 x 10-5

•

2.2 x 101

4.9 x 104

100,506

2.8 x 10-9

2.8 x 10-8

8.8 x 10-9

4.0 x 104

7.4 x 102

8.8 x 10-9

4.0 x 10-5

8.0 x 102

51

9,4 x 10-6 9.4 x 10-6 9.4 x 10-6 9.4 x 10-6 9.4 x 10-6 2.2 x 10-5 2.2 x 10-5 2.2 x 101 2.2 x 105

•

2.2 x 105

4.9 x 104

99,768

2.8 x 109

2.8 x 108

52

9.4 x 10-6 9.4 x 10-6 9.4 x 10-6 9.4 x 10-6 9.4 x 10-6 2.2 x 101 2.2 x 101 2.2 x 10-5 2.2 x 101

a

2.2 x 10-5

4.9 x 10-4

98,964

23 x 10-9

2.8 x lo-a

8.8 x 10-9

4.0 x 10-5

8.7 x 102

53

9.4 x 10-6 9.4 x 10-6 9.4 x 10-6 9.4 x 10-6 9.4 x 10-6 2.2 x 10-5 2.2 x 10-5 2.2 x 10-5 2.2 x 101

a

2.2 x 10-5

4.9 x 10-4

98,097

2.8 x 10-9

2.8 x 10-8

8.8 x 10-9

4.0 x 10-5

9.4 x 102

54

9.4 x 10-6 9.4 x 10-6 9.4 x 10-6 9.4 x 10-6 9.4 x 10-6 2.2 x 10-5 2.2 x 105 2.2 x 10-5 2.2 x 105

a

2.2 x 10-5

4.9 x 104

97,158

2.8 x 10-9

2.8 x 108

8.8 x 10-9

4.0 x 10-5

1.0 x 103

55

9.4 x 10-6 9.4 x 106 9.4 x 10-6 9.4 x 10-6 9.4 x 10-6 2.2 x 10-5 22 x 10-5 2.2 x 10-5 2.2 x 105

a

2.2 x 105

4.9 x 10-4

96,145

2.8 x 10-9

2.8 x 10-8

8.8 x 10-9

4.0 x 10-5

1.1 x 103

56

9.4 x 10-6 9.4 x 10-6 9.4 x

9.4 x 10-6 2.2 x 101 2.2 x 10-5 2.2 x 10-5 2.2 x 105

a

2.2 x 101

4.9 x 10-4

95,052

2.8 x 10-9

2.8 x 10-8

8.8 x

10-9

4.0 x 10

1.2 x 103

57

9.4 x 10-6 9.4 x 106 9.4 x 106 9.4 x 10-6 9.4 x 10-6 2.2 x 10-5 2.2 x 10-5 2.2 x 10-5 22 x 105

a

2.2 x 10 5

4.9 x 104

93,878

2.8 x 109

2.8 x 10 8

8.8 x 109

4.0 x 10 5

1.3 x 103

92,619

2.8 x 10-9

2.8 x 10-8

8.8 x 10-9

4.0 x 101

1.3 x 103

91,274

2.8 x 10.9

2.8 x 10'8

8.8 x 10-9

4.0 x 10-8

1.4 x 103

l06 9,4 x 106

58

9.4 x io-6 9.4 x 10-6 9.4 x 10-6 9.4 x 10-6 9.4 x 10-6 2.2 x 10'5 2.2 x 10-5 2.2 x 10-5 2.2 x 105

et

2.2 x 10-5

4.9 x 10-4

59

9.4 x 10-6 9.4 x 10-6 9.4 x 10-6 9.4 x 10-6 9.4 x 10-6 2.2 x 10-5 2.2 x 105 2.2 x 10-5 2.2 x 10-5

a

2.2 x 10-5

4.9 x 10-4

TABLE N.3.2 Continued

Teat Phase
Age
of
individual

1

2

3

Disposal Phase

4

5

6

7

8

9

60

9.4 x 10'6 9.4 x 10-6 9.4 x 10-6 9.4 x 10-6 9.4 x 10 2.2 x 10.5 2.2 x 10-5 22 x 10-5 2.2 x 10-5

61

9.4 x 10-6 9.4 x 10-6 9.4 x 10-6 9.4 x 10-6 9.4 x 10-6 2.2 x 10-5 22 x 10-5 22 x 10-5 2.2 x 10-5

Total

Excess
liver
cancer
deaths

Excess
bone
cancer
deaths

cancer
deaths

Natural
deaths

1.5 x 103

10 - 24

25

Summed
dose

Populetion

Excess
lung
cancer
deaths

•

2.2 x 10 5

4.9 x 10-4

89,841

2.8 x 10-9

2.8 x 10-8

8.8 x 10-9

4.0 x 10

2.2 x 10-5

4.9 x 10-4

88,318

2.8 x 10-9

2.8 x 10

8.8 x 10-9

4.0 x 10-8

1.8 x 103
1.7 x 103

•

eXCIell

62

9.4 x 10-6 9.4 x 10-6 9.4 x 10-6 9.4 x 10"6 9.4 x 10-6 2.2 x 10-5 22 x 10-5 2.2 x 10 5 2.2 x 10-5

•

2.2 x 10-5

4.9 x 10-4

86,703

2.8 x 10-9

2.8 x 10-8

8.8 x 10'9

4.0 x 10-8

83

9.4 x 10-6 9.4 x 10-6 9.4 x 10-6 9.4 x 10-6 9.4 x 10-6 2.2 x 10-5 2.2 x 10-5 2.2 x 10 5 2.2 x 10

•

22 x 10-5

4.9 x 104

84,991

2.8 x 10-9

2.8 x 10-8

8.8 x 10-9

4.0 x 10

1.8 x 103

64

9.4 x 10 9.4 x 10-6 9.4 x 10-6 9.4 x 10 9.4 x 10-6 22 x 10-5 22 x 10'5 2.2 x 10-5 2.2 x 10-5

a

2.2 x 10-5

4.9 x 10-4

83,178

2.8 x 10-9

2.8 x 10-8

8.8 x 10

4.0 x 10

1.9 x 103

85

9.4 x 10 9.4 x 10-6 9.4 x 10-6 9.4 x 10-6 9.4 x 10-6 2.2 x 10-5 2.2 x 10-5 2.2 x 10-5 2.2 x 10-5

•

2.2 x 10-5

4.9 x 10-4

81,260

2.8 x 10-9

2.8 x 10'8

8.8 x 10-9

4.0 x 10-8

2.0 x 103

66

9.4 x 10-6 9.4 x 10-6 9.4 x 10-6 9.4 x 10-6 9.4 x 10-6 2.2 x 10-5 22 x 10'5 22 x 10 2.2 x 10-5

a

2.2 x 10-5

4.9 x 10-4

79.233

2.8 x 10'9

2.8 x 10.8

8.8 x 10-9

4.0 x 10-8

2.1 x 103

2.2 x 10-5

4.9 x 10-4

77,394

2.8 x 10-9

2.8 x 10'8

8.8 x 109

4.0 x 10-8

2.2 x 103

87

9.4 x 10-6 9.4 x 10-6 9.4 x 10-6 9.4 x 0
1
9.4 x 10-6 22 x 10.5 2.2 x 10-5 2.2 x 10-5 2.2 x 10.5

•

Z

68

9.4 x 106 9.4 x 10-6 9.4 x 10-6 9.4 x 10-6 9.4 x 10-6 2.2 x 10-5 2.2 x 10-5 2.2 x 10-5 2.2 x 10-5

a

2.2 x 10-5

4.9 x 10-4

74,845

2.8 x 10-9

2.8 x 10

8.8 x 10-9

4.0 x 10-8

2.4 x 103

(
..
.3

69

9.4 x 10-6 9.4 x 10 9.4 x 10 6 9.4 x 10'6 9.4 x 10-6 2.2 x 10-5 2.2 x 105 22 x 105 22 x 105

•

2.2 x 10-5

4.9 x 104

72,488

2.8 x 10-9

2.8 x 10 8.8 x 10 9

4.0 x 10

2.5 x 103

70

9.4 x 10-6 9.4 x 10-6 9.4 x 10-6 9.4 x 10 9.4 x 10-6 22 x 10-5 2.2 x 10-5 2.2 x 104 2.2 x 105

•

2.2 x 105

4.9 x 10-4

70,021

2.8 x 10 9

2.8 x 108

8.8 x 109

4.0 x 10-8

2.8 x 103

71

st.4 x 10 4 9.4 x 10 4 9.4 x 10-4 9.4 x10-4 9.4 x 10-6 2.2 x 10 2.2 x 10 2.2 x 10-5 2.2 x 10-5

a

2.2 x 10-5

4.9 x 104

87,455

2.8 x 109

2.8 x 10-8

8.8 x 109

4.0 x 108

2.7 x 103

72

9.4 x 10-6 9.4 x 10-6 9.4 x 10-6 9.4 x 10 9.4 x 10-6 2.2 x 10-5 2.2 x 105 22 x 10-5 22 x 105

4.0 x 10-8

2.8 x 103

22 x 10-5

4.9 x 104

84,796

2.8 x 10 9

2.8 x 108

8.8 x 10-9

73

9.4 x 10-6 9.4 x 10-6 9.4 x 10 6 9.4 x 10-6 9.4 x 10 6 2-2 x 10-5 2.2 x 10-5 2.2 x 10-5 22 x 10-5

•

22 x 10-5

4.9 x 10-4

92,034

2.8 x 104

2.8 x 10-8

8.8 x 10'9

4.0 x 10-8

2.9 x 103

74

9.4 x 10-6 9.4 x 10-6 9.4 x 10-6 9.4 x 10-6 9.4 x 10 6 2.2 x 10'5 2.2 x 105 2.2 x 105 22 x 10 5

a

2.2 x 10 5

4
4.9 x 10

59,153

2.8 x 10-9

2.8 x 10 8.8 x 109

4.0 x 10

3.0 x 103

75

9.4 x 10-6 9.4 x 10-6 9.4 x 10 9.4 x 10-6 9.4 x 10-6 2.2 x 10-5 22 x 10-5 2.2 x 10-5 22 x 10'5

a

2.2 x 10-5

4.9 x 104

56,151

2.8 x 109

2.8 x 10-8

8.8 x 10-9

4.0 x 10-8

3.1 x 103

8.8 x 10'9

4.0 x 10

32 x 103

78

9.4 x 10-6 9.4 x 10 9.4 x 10-6 9.4 x 10'6 9.4 x 10 6 2.2 x 10-5 22 x 10-5 22 x 10-5 22 x 10

2.2 x 101

4.9 x 104

53,033

2.8 x 10 9

2.8 x 10-8

77

9.4 x 10 9.4 x 10.6 9.4 x 104 9.4 x 10-6 9.4 x 10-6 2.2 x 10-5 2.2 x 10"5 22 x 10 22 x 10-5

22 x 10-5

4
4..9 x :04

49,819

2.8 x 10'9

2.8 x 10-8

8.8 x 10-9

4.0 x 10-8

3.3 x 103

78

9.4 x 10-6 9.4 x 10 9.4 x 10-6 9.4 x 10 9.4 x 10 2.2 X 101 22 x 10-5 2.2 x 10.5 2_2 x 10-5

22 x 10-5

4

46,533

/.9. x 10-9

2.9 x 10-8

9.8 x 10'9

4.0 x les

3.3 x 103

79

9.4 x 10 9.4 x 10-6 9.4 x 10-6 9.4 x 10 9.4 x 10-6 22 x 10-5 22 x 10-5 2.2 x 10-5 22 x 10

22 x 10-5

4.9 x 104

43,205

2.8 x 10"9

2.8 x 10-8

8.8 x 10

4.0 x 10

3.3 x 103

80

9.4 x 10 6 9.4 x 10 9.4 x 10 6 9.4 x 10 9.4 x 10-6 2.2 x 105 22 x 105 2.2 x 105 2.2 x 101

2.2 x 10-5

4.9 x 10-4

39,860

2.8 x 109

2.8 x 10 8

8.8 x 10 9

4.0 x 10'8

3.3 x 103

81

9.4 x 10-6 9.4 x 106 9.4 x 10-6 9.4 x 10-6 9.4 x 10-6 2.2 x 10-5 2.2 x 10-5 2.2 x 105 2.2 x 10

2.2 x 10

4.9 x 10-4

36,514

2.8 x 109

2.8 x 108

8.8 x 109

4.0 x 108

3.3 x 103

82

9.4 x 106 9.4 x 10 9.4 x 106 9.4 x 10 9.4 x 106 22 x 10 22 X 10 2.2 x 10 2.2 x 105

22 x 10-5

4.9 x 104

33,184

2.8 x 109

2.8 x 10

8.8 x 109

4.0 x 108

3.3 x 103

•

TABLE N.3.2 Continued

Disposal Phaaa

Test Phas•
Aga
of
individual

1

2

3

4

5

8

7

8

9

Excass
lung
10 - 24

25

Summ•d
dos*

=WM

Population

deaths

Excass
War
cancer
deaths

Total

Excess
bon*
cancer
deaths

cancer
deaths

Ox00111

Natural
deaths

53

9.4 x 10-6 9.4 x 10-6 9.4 x 10-6 9.4 x 10-6 9.4 x 10 6 2.2 x 10 5 2.2 x 10-5 22 x 10-5 2.2 x 10-5

a

2.2 x 10-5

4.9 x 10-4

29,901

2.8 x 10-9

2.8 x icra

8.8 x 10-9

4.0 x 10-8

3.2 x 103

84

9.4 x 10-6 9.4 x 10-6 9.4 x 10-6 9.4 x 10-6 94 x 10-6 2.2 x 10-5 2_2 x 10-5 2_2 x 10.5 2.2 x 10-5

a

2.2 x 10-5

4.9 x 104

26,703

2.8 x 10'9

2.8 x 10-8

8.8 x 10-9

4.0 x 10-8

3.1 x l&

85

9.4 x 10-6 9.4 x 10-6 9.4 x 10-6 9.4 x 10-6 9.4 x 10-6 2.2 x 10-5 2.2 x 10-5 2.2 x 10-5 2.2 x 10-5

s

2.2 x 10-5

4.9 x 10-4

23,619

2.8 x 109

2.8 x 10-8

8.8 x 10-9

4.0 x 10-8

3.0 x 103

88

9.4 x 10-6

2.2 x 10-5

4.9 x 10-4

20,653

2.8 x 10-9

2.8 x 10-8

8.8 x 10-9

4.0 x 10-8

2.8 x 103
2.7 x 103

9.4 x 104 9.4 x 10-6 9.4 x 10-6 9.4 x 10-6 2.2 x 10-5 22 x 101 2.2 x 10-5 2.2 x 10-5

•
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9.4 x 10-6 9.4 x 10-6 9.1 x 10-6 9.4 x 10-6 9.4 x 104 2.2 x 10-5 22 x 10 5 2.2 x 10-5 2_2 x 10-5

a

2.2 x 10'5

4.9 x 10-4

17,813

18 x 10-9

2.8 x 10-8

8.8 x 10-9

4.0 x 10-8

aa
89

9.4 x 10-6 9.4 x 10'6 9.4 x 10.6 9.4 x 10-6 9.4 x 10-6 22 x 10-5 2.2 x 10-5 2.2 x 10-5 2.2 x 10-5

•

2.2 x 10-5

4.9 x 104

15,145

2.8 x 10-9

2.8 x

1cra

8.8 x 10-9

4.0 x 10-8

2.4 x 103

9.4 x 10-6 9.4 x 10-6 9.4 x 10-6 9.4 x 10-6 9.4 x 10-6 2.2 x 101 2.2 x 10-5 2.2 x 10-5 2.2 x 10-5

•

2.2 x 10-5

4.9 x 10-4

12.697

2.8 x 10-9

2.8 x 104

8.8 x 10-9

4.0 x 10-a

2.2 x 1&

90

9.4 x 10-6 9.4 x 10-6 9.4 x 10-6 9.4 x 10-6 9.4 x 10-6 2_2 x 10-5 22 x 10-5 2.2 x 10-5 2.2 x 10-5

a

2.2 x 10-5

4.9 x 10-4

10.502

2.8 x 10-9

2.8 x 10-8

8.8 x 10-9

4.0 x 10-8

1.9 x 103

91

9.4 x 10-6 9.4 x 10-6 9.4 x 106 9.4 x 106 9.4 x 10-6 22 x 10-5 2.2 x 10 5 2.2 x 10-5 22 x 105

a

2.2 x 10-5

4.9 x 10-4

8,559

2.8 x 10 9

2.8 x 10-8

8.8 x 10-9

4.0 x 10-8

1.7 x 103

72

9.4 x 10-6 9.4 x 10-6 9.4 x 10-6 9.4 x 10 6 9.4 x 10-6 2_2 x 10-5 2_2 x 10-5 2.2 x 10-5 2_2 x 10-5

a

2.2 x 10-5

4.9 x 10-4

6,857

2.8 x 109

2.8 x 10-8

8.8 x 10-9

4.0 x 10-8

1.5 x 103
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9.4 x 10-6 9.4 x 10-6 9.4 x 10-6 9.4 x 10-6 9.4 x 10-6 2.2 x 10-5 22 x 10-5 22 x 10.5 2.2 x 10-5

a

2.2 x 10-5

4.9 x 10-4

5.392

2_8 x 10-9

2.8 x

icva

8.8 x 10-9

4.0 x 10-8

1.2 x 103

94

9.4 x 10-6 9.4 x 10-6 9.4 x 10-6 9.4 x 10-6 9.4 x 10-6 2.2 x 104 2.2 x 10-5 22 x 10-5 2.2 x 104

•

2.2 x 10-5

4.9 x 10-4

8.8 x 10-9

4.0 x 10-8

1.0 x 1&

95

9.4 x 10-6 9.4 x 10-6 9.4 x 10 6 9.4 x 10-6 9.4 x 10-6 2_2 x 10-5 22 x 10-5 22 x 10-5 2.2 x 10-5

a

22 x 10-5

4.9 x 10

8.1 x 102

96

9.4 x 10-6 9.4 x 10-6 9.4 x 104 9.4 x 10-6 9.4 x 10-6 22 x 10-5 2_2 x 10-5 2.2 x 10'5 22 x 10-5

a

2.2 x 10-5

4.9 x 10-4

97

9.4 x 10-6 9.4 x 10 6 9.4 x 10-6 9.4 x 10-6 9.4 x 13-6 2.2 x 10-5 22 x 10-5 2.2 x 10-5 22 x 10-5

a

2.2 x 10-5

98

94 x 10-6 9.4 x 10-6 9.4 x 106 9.4 x 106 9.4 x 10-6 22 x 105 2.2 x 10-5 2.2 x 105 2.2 x 105

a

2.2 x 10'5

951

9.4 x 10-6 9.4 x 10-6 9.4 x 10-6 9.4 x 10-6 9.4 x 10-6 22 x 104 22 x 10-5 22 x 10-5 2.2 x 10-5

a

100

9.4 x 10-6 9.4 x 10-6 9.4 x 10-6 9.4 x 10-6 9.4 x 10-6 2.2 x 10-5 22 x 10-5 2.2 x 10-5 2.2 x 10-5

101

4,159

2.8 x 10-9

2.8 x 10-8

3.147

2.8 x 109

2.8 x 10-8

8.8 x 10-9

4 0 x 10 8

2,337

2.8 x 109

2.8 x 10-8

8.8 x 10-9

4.0 x 10-8

4.9 x 10-4

1,706

2.8 x 109

2.8 x 10-8

8.8 x 109

4.0 x 10-8

8
4le
3
:102°2

4.9 x 10-4

1228

2.8 x le

2.8 x 108

8.8 x 10-9

4.0 x 10-a

3.6 x 102

22 x 10-5

4.9 x 10.4

872

2.8 x 10-9

2.8 x 10-8

8.8 x 10-9

4.0 x 10"8

2.6 x 102

a

2.2 x 10-5

4.9 x 10-4

812

2.8 x 109

2.8 x 10-8

8.8 x 10-9

4.0 x

lo-a

1.9 x 102

9.4 x 104 9.4 x 10-6 9.4 x 10-6 9.4 x 10-6 9.4 x 10-6 2.2 x 10-5 2.2 x 10-5 2.2 x 10-5 2.2 x 10-5

•

2.2 x 10-5

4.9 x 10-4

424

2.8 x 109

2.8 x 10"8

8.8 x 10 9

4
4.: x

0:8
10

1.3 x 102

102

9.4 x 10-6 9.4 x 10-6 9.4 x 10-6 9.4 x 10-6 9.4 x 10-6 22 x 10.5 22 x 10-5 2.2 x 10-5 22 x 10-5

s

22 x 10'5

4.9 x 10-4

291

2.8 x 109

2.8 x 10-8

8.8 x 10-9

103

9.4 x 10 6 9.4 x 10-6 9.4 x 10-6 9.4 x 10-6 9.4 x 10-6 22 x 10-5 22 x 10-5 22 x 113-5 2.2 x 10-5

s

2.2 x 10-5

4.9 x 10-4

197

2.8 x 109

2.8 x 10 8

8.8 x 10"9

4.0 x 10 8

1
6.5 x 10

4

9.3 x 101

104

9.4 x 104 9.4 x 10 6 9.4 x 10-6 9.4 x 10-6 9.4 x 10-6 2.2 x 104 22 x 104 22 x 10-5 22 X 10-5

a

2.2 x 10-5

4.9 x 104

132

2.8 x 10 9

2.8 x 10-8

8.8 x 10-9

4.0 x 10-8

4.4 x 101

105

9.4 x 10-6 9.4 x 10-6 9.4 x 10-6 9.4 x 10-6 9.4 x 10-6 22 x 104 22 x 10-5 22 x 10-5 2.2 x 10-5

•

2.2 x 10-5

4.9 x 10-4

88

2.8 x 10-9

2.8 x 104 8.8 x 10-9

4.0 x 10-8

3.0 x 101

TABLE N.3.2 Concluded

Test Phase
Age
ot
individual

Population

Exc.*,
lung
cancer
deaths

Excise.
liver
cancer
deaths

Excess
bone
cancer
deaths

Total
exCela
cancer
deaths

Natural
deaths

58

2.8 x 10 9

2.8 x 104

8.8 x 10.9

4.0 x 10 a

2.0 x 1011

2.8 x 10-9

2.8 x 104

8.8 x 10 9

4.0 x 104

1.3 x 10

25

2.8 x 10 9

2.8 x 10 6

8.8 x 10-9

4.0 x 104

8.8 x 10°

16

2.8 x 10-9

2.8 x 10"8

8.8 x 109

4.0 x 104

5.7 x 100

2.5 x le

2.2 x 104

8.1 x 10-7

3.2 x 10-6

1.1 x 105

Disposal Phase

25

Summed
dose

9.4 x 10-8 9.4 x 104 9.4 x 104 9.4 x 104 9.4 x 104 2.2 x 10.5 2.2 x 10'5 2.2 x 104 2.2 x 10-5

2.2 x 10-5

4.9 x 10-4

107

9.4 x 10 8 9.4 x 10-6 9.4 x 10-8 9.4 x 104 9.4 x 10-6 2.2 x 10'5 2.2 x 10-5 2.2 x 104 2.2 x 10'5

2.2 x 10 5

4.9 x 104

38

108

9.4 x 10-6 9.4 x 104 9.4 x 104 9.4 x 10-8 9.4 x 10.6 2.2 x 10.5 2.2 x 104 2.2 x 10-5 2.2 x 10 5

2.2 x 10-5

4.9 x 104

109

9.4 x 10'8 9.4 x 108 9.4 x 10-6 9.4 x 10.4 9.4 x 104 2.2 x 104 2.2 x 10-5 2.2 x 104 2.2 x 10'5

2.2 x 105

4.9 x 10'4

106

1

2

3

4

5

6

7

8

9

10 - 24

•

Totals

Z
(.71

Age of individual = Age of individual members of public subject to exposure. Lifetable is extanded through 109 years.
Year of opsration = 25 year operating lifetime of WIPP showing annual affective dose equivalent for test and disposal phases.
Summad doe* = summation of annual efloctive claw equivalents in a givan year.
Population = Shows decreer* In total population over time es a moult of deaths from all causes. Initial population within 50 miles of WIPP is 112,966.
Natural dtsath rate = Natural disath rate for each age group.
Excess lung canow dealt* - Excess lung cancer deaths within remnning population resulting from WIPP-related expoaure incurred 5 yaars ago (latency period for lung cancan.
Excess liver cancer deaths - Excess Over GAON' deaths wilhin remaming population resulting from WIPP-related expoeursi incurred 20 years ago (latency period for liver cancer).
demiw within remaining popuiation moulting trom WIPP-related exposure incurrisd 5 years ago (latancy period for bone cancer).
Natural deaths = deaths from all natural nausea in that yaw.
Totals - Total of indicated column.
Total Excess. deaths = Total of all excise lung, liver, and bone cancer deaths in thrr population of 112,986.

a Columns for years 10 through 24 not shown for eine of illustration.

N.3.4 GENETIC EFFECTS
The references mentioned in Subsection N.2 also discuss the genetic effects of
radiation exposure. Based on the data currently available, the following genetic risk
factors for subsequent generations apply to WIPP radiation doses:

Type of Radiation

Genetic Risk Factor
'per million live offspring per rad)

Low-LET (UNSCEAR, 1988)

120

High-LET (BEIR, 1988)

600

Using these risk factors, the genetic risk caused by WIPP emissions (both routine and
accidental) were calculated. For high-LET radiation, the calculation involved three
steps:
1) Converting the CEDE for each scenario into a committed dose equivalent
(CDE) to reproductive organs (testes and ovaries)
2) Dividing the CDE by the quality factor for alpha radiation (20) to convert
dose equivalent to absorbed dose (rem to rad)
3) Multiplying the committed dose by the genetic risk factor to obtain the risk
to subsequent generations.
For low-LET radiation, the first two steps were not necessary since the dose equivalent
is uniform over the whole body and the quality factor for low-LET radiation is 1. The
results of these calculations are shown in Table N.3.3.
These risks were then compared with the risk of fatal cancer associated with the
particular scenario. The ratio of the genetic risk to the excess fatal cancer risk is also
shown in Table N.3.3. In all cases, the risk of genetic effects was less than 93% of the
cancer risk. The major factor affecting the magnitude of the risk was the low-LET
contribution. For the transuranic elements present in the waste at the WIPP, the CDE
to reproductive organs is a fraction of the CEDE. This fact and the large quality factor
for alpha radiation were the principal reasons for the lower contribution of high-LET
radiation.
These results support the conclusion made in this SEIS that the risk of fatal cancer
provides the most conservative measure of the health effects caused by WIPP
operations.
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TABLE N.3.3 Estimated excess genetic effects caused by WIPP operation

Excess
genetic
effectsa

Ratio of excess
genetic effects
to exce.E.s
fatal cancersb

Off-site population due to routine WIPP
emissionsc

5.6 x 1043

0.02

WIPP employee population during routine WIPP
operationsd

3.8 x 10-2

0.93

Maximum off-site individual due to
postulated WIPP accident C-10

7.1 x 10-6

0.04

Maximum worker due to postulated
WIPP accident C-3

2.6 x 10-5

0.05

Scenario

a Population risks are expressed as the total number of excess genetic effects
appearing in Iive-born offspring in all future g enerations of the exposed population.
Individual risks are most easily interpreted as the excess risk of a genetic effect
appearing in the live-born offspring in alI future generations of the exposed individual.
b Excess fatal cancers taken from Table N.3 1, BEIR-IV methodology.
presented compare to the 0.918 risk estimatcr used in this SEIS.
c Off-site population is 112,966 people living within 50 miles of the WIPP.
d Employee population is 18 radiation workers.
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The ratios
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0.1 INTRODUCTION

This appendix describes the underground tests using TRU waste proposed at the WIPP
during the Test Phase. This appendix has been prepared in response to cornments
that requested additional details on the proposed Test Plan, especially as to t ow the
Test Plan relates to the Proposed Action. As noted in Subsection 3.1.1.4, the initial
step of the Proposed Action is to conduct a Test Phase of approximately 5 years. The
Test Phase has two distinct elements: 1) the Performance Assessment and 2) the
Integrated Operations Demonstration. These elements continue to evolve. At this time,
the Performance Assessment tests using TRU waste would be composed of laboratory,
bin-scale, and alcove tests, and plans on such issues as waste source, type, and
volumes for the initial phase of tests are nearing finalization (DOE, 1989a). Waste
requirements for the integrated operations dernonstration remain uncertain. Tha DOE,
in December 1989, published a detailed phased plan for the Test Phase (DOE, 1989a)
that focused on the methods and activities required to demonstrate compliance with the
long-term performance standard of 40 CFR 191, Subpart B. In addition, several of the
tests planned for the Test Phase would provide data that would be used to support
WIPP's demonstration that there would be no migration of hazardous constituents of
the waste, as required under the RCRA Land Disposal Restrictions (40 CFR 258). A
separate, detailed plan would be developed to describe in detail the Integrated
Operations Demonstration. As discussed below, the DOE believes that the analises in
this SEIS bound the potential impacts that would be estimated to arise from any such
waste requirements decision.
During the Test Phase, the DOE proposes to transport to and emplace in the WIPP
limited quantities of waste; the specific quantifies of waste emplaced would be limited
to that deemed necessary to achieve the objectives of the Test Phase. For purposes
of bounding the potential impacts of the Test Phase in this SEIS, the DOE assumes that
up to 10 percent of the volume of TRU wasl.e that could ultimately be permanently
emplaced at the WIPP would be emplaced during the Test Phase. The actual amount

of waste proposed for the Test Phase would likely be less than that assurned for
purposes of analysis in this SEIS. It is also assumed for purposes of bounding the
impacts that waste would be shipped from all 10 facilities, although it is now likely that
only waste from Rocky Flats Plant and the Idaho National Engineering Laboratory would
be used during the initial phases of the proposed Test Phase.
Subsets of the Proposed Action include cor ducting the Test Phase with bin-scale
and/or alcove tests without the Integrated Operations Demonstration and the c onduct
of these tests with lesser volumes of waste than assumed in the SEIS. The impacts of
these subsets would be bounded by the analysis of the Proposed Action in this SEIS.

0-1

0.1.1

EXECUTIVE SUMMARY

The following has been derived with modification from the Executive Summary of the
proposed Test Plan (DOE, 1989a).
0.1.1.1

Objectives of the WIPP Test Phase

The purpose of the Test Phase is to further the intent of Congress to demonstrate safe
and environmentally acceptable disposal of defense wastes and thereby establish a
permanent disposal facility for TRU wastes. The activities that will provide the needed
information include experiments, analyses, and operations at the WIPP facility. Although
the initial part of the Test Phase is well defined, experimental programs will evolve with
increasing understanding of the systems under test. The nature, scope, waste
quantities, and timing of experiments and full-scale rooms recommended by various
groups remain flexible. The sum total of waste for these tests would initially require
approximately 2 percent by volume of the design capacity.
The initial plans for the Test Phase described in this document call for the emplacement
of approximately 0.5 percent by volume of the design capacity for Phases 1 and 2 of
the alcove tests and Phases 1 and 2 of the bin-scale tests. These bin-scale and alcove
tests will support assessment of compliance with the EPA Standard, 40 CFR 191,

Subpart B, Sections 13 and 15, and the RCRA Land Disposal Restrictions, 40 CFR 268,
Section 6. Additional tests will be defined based on the data acquired during the first
two phases of the bin-scale and alcove tests and to incorporate potential engineered
alternatives.
In addition, the EPA has requested that the Project monitor the performance of the
facility by emplacing waste in 2 full-scale, instrumented, backfilled, sealed rooms after
an appropriate demonstration of retrieval using simulated waste. Waste requirements
for these 2 full-scale room tests would be approximately 1.5 percent by volume of
design capacity. The DOE will conduct a feasibility evaluation to determine the best
technical approach, scope, and timing of such monitoring. The DOE will consult the
NAS/NAE WIPP Panel, the EPA, the State of New Mexico, and the EEG prior to initiation
of such tests.
Also, waste requirements for an Operations Demonstration have not yet been
determined. As suggested by several reviewers, the DOE will evaluate the operational
experience to be gained through the conduct of all of the test activities and will factor
this into future decisions on the scope and timing of an Operations Demonstration.
Waste emplaced in the WIPP during the Test Phase would be retrievable until the DOE
decides whether the WIPP should become a disposal facility. During the Test Phase,
per agreement with the State of New Mexico, the WIPP would meet the applicable
requirements of the EPA Standard, 40 CFR Part 191, Subpart A.
The two primary objectives of the Test Phase are to demonstrate the following:
1) Reasonable assurance of compliance of the WIPP disposal system with the
long-term disposal standards of the EPA Standard, 40 CFR Part 191, Subpart
B, Sections 13 and 15. Compliance of the disposal system would be
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determined based on a performance assessment, which would include an
analysis of the WIPP disposal system design and an evaluation of potential
engineered alternatives.
2) The ability of the DOE TRU was:e management system to safe y and
effectively certify, package, transpert, and emplace waste at the WIPP in
accordance with all applicable regulatory requirements. Acceptability of the
waste management system would be evaluated by operations testing and
monitoring, both individually and collectively, of the elements of the TRU
waste management system. The Operations Demonstration program will be
presented in greater detail in a separate document.
These objectives are consistent with the Congressional guidance to demonstrate the
safe and environmentally acceptable disposal of TRU waste. In addition, several of the
tests planned for the Test Phase would provicle data that may also be used to verify
the WIPP's demonstration that there would be no migration of hazardous constituents
of the waste, as required under the RCRA Lancl Disposal Restrictions, 40 CFR Pert 268,
Section 6.
0.1.1.2

Description of Test Phase Activities

The objectives would be accomplished by completion of two important programs: a
Performance Assessment and an Operations Demonstration. These two prcgrams
would provide the necessary information to determine compliance of the disposal
system with applicable environmental requirements and to evaluate the safe'y and
effectiveness of the TRU waste management system operations.
Although Subpart B of 40 CFR Part 191 was vacated and remanded to the EPA by the
U.S. Court of Appeals for the First Circuit, lhis Plan (DOE, 1989a) addresses the
Standard as first promulgated. The 1987 Second Modification to the Agreement for
Consultation and Cooperation between the DC)E and the State of New Mexico (1981)
commits the WIPP project to continue the perfcrmance assessment planning as lhough
the 1985 Standard remained in effect. Compliance plans for the WIPP would be revised
as necessary in response to any changes in the Standard.
0.1.1.2.1 Performance Assessment. The.performance objective for the WIPP di3posal
system is to adequately isolate TRU waste from the accessible environmerit; the
performance requirements are reasonable assurance of compliance with the 10,000year release limits and the 1,000-year dose lirnits of the EPA Standard, 40 CFR Part
191, Subpart B, Sections 13 and 15. The 10,000-year performance assessment would
predict cumulative releases of radionuclides to the accessible environment resulting from
both disturbed and undisturbed performance of the disposal system. The 1,0C0-year
assessment would predict annual doses to members of the public in the accessible
environment resulting from undisturbed disposal system performance. It would not
address the concentration limits established by Subpart B for special sources of
groundwater, because no such sources exist at the WIPP. In evaluating compliance
with Subpart B, the guidance provided in Appendix B of the Standard would be
followed. To ensure that all plausible responses are identified, scenarios would be
developed by coupling the individual events and processes that occur. These SCE narios
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would be screened on the basis of probability, consequence, physical reasonableness,
and regulatory interest.
Consequence analysis would be used to calculate a perfcrmance measure for each of
the remaining significant scenarios. The performance measures for the scenarios would
be normalized, summed, and reported as a "complementary cumulative distribution
function" of release probabilities. Uncertainties in the data would be included in
calculations of the performance measure for each scenario. To show that the WIPP can
meet the annual dose limits set for 1,000-year performance, the Standard requires that
releases from the undisturbed scenarios be analyzed. If any release to the accessible
environment is predicted, transport along biological pathways would be modeled, and
doses would be estimated. Uncertainties in the data would be included in the dose
calculations.
The performance assessment process would be divided into five elements: scenario
screening, repository/shaft system behavior and performance modeling, controlled area
behavior characteristics and performance modeling, computational system development,
and consequence analysis. The cornbined repository/shaft system and controlled area
represent the disposal system that would be assessed.
0.1.1.2.2 Disposal System Characterization Activities. Accurately simulating behavior
of the disposal system requires data derived from experiments conducted in the
laboratory as well as in the WIPP underground. Such scientific investigations have
been conducted since 1975. These studies have resolved many technical issues and
have focused attention on aspects still requiring investigation.
There are four major areas of scientific investigation integral to the assessment of
disposal system performance. These areas examine the behavior of the disposal room
and drift system, the sealing system, structural and fluid-flow behavior of the Salado
Formation, and non-Salado hydrology and radionuclide migration. Investigation of
these areas involves both laboratory and large-scale underground tests.
Disposal room and drift system activities would examine the interaction of TRU waste
and backfill in a waste room. The combined interactions of the source term, waste
containers, emplaced backfill and admixtures, brine inflow, and gas generation would
be studied through laboratory testing, modeling, and in situ testing. The behavior and
performance of possible backfills and additives to be emplaced in access drifts as part
of facility decommissioning would also be investigated.
An important parameter of the disposal room and drift system is gas generation.
Gaseous products would be generated by microbial and radiolytic decomposition of the
TRU waste and corrosion of the waste and waste containers. Gas generation tests with
actual TRU waste would be required to characterize the behavior of the disposal system
under realistic conditions. These tests would consist of laboratory tests using
radioactive and nonradioactive simulated waste, three phases of bin-scale tests with CH
TRU waste, and two phases of alcove tests with CH TRU waste. These tests would
provide the data needed to evaluate the effects of gas generated by the waste in
realistic environments for both the operational (short-term) period and the
postoperational (long-term) period. The information collected in these tests would aid
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the pertormance assessment in establishing a sufficient level of confidence in the
consequence analysis to demonstrate compliance with the EPA Standard. The waste
quantities required for these tests represent approximately 0.5 percent by volume of the
WIPP disposal area design capacity. In acldition to supporting the Performance
Assessment Program, the gas generation tests would provide information to be used
to verify the RCRA No-Migration Variance Petition's demonstration that the hazardous
constituents will not migrate.
Sealing system activities would examine seal design, system behavior, and overall
performance evaluation. Seals would be developed for use in drifts to isolate waste
panels, in access shafts to isolate the repositoly from the accessible environment, and
in exploratory boreholes. Laboratory and in situ tests would evaluate behavior of
potential seal materials such as crushed salt, salt/clay mixtures, and concretes. The
effect of hazardous constituents of the waste ori seal components would also be tested.
Studies of structural and fluid-flow behavior of the Salado Formation would imprcve the
capability to model fluid flow, hydrologic transport, waste room and drift response, and
shaft closure. Healing of fractures in the disturbed zone outside excavatior s and
around seals in shafts and access drifts would be evaluated by modeling. Effects of
brine on salt creep would be examined. Laboratory and in situ tests would p rovide
data for improving models of excavation closure, fracture behavior, permeability, and
fluid-flow characteristics of the Salado Formaticn, and brine inflow to excavated rooms.
A wide range of studies would address the behavior of penetrations through the :Salado
Formation, openings at the repository level, and fluid flow to and through these
disturbances in the host rock.
The non-Salado hydrology and radionuclide migration activities would address trs nsport
of waste to the Rustler Formation and in the Rustler Formation under present and
future conditions. Laboratory studies of sorption and retardation in the Rustler
Formation would be included, as well as in situ geophysical and hydrological tests from
the surface.
In conjunction with the performance assessment, potential engineered alternatives to the
current waste disposal system design would be examined. This examination would
prepare the DOE to implement any necessary changes to the design in a timely rnanner
as a contingency if performance assessment results have a high degree of uncertainty
or are unsatisfactory, or if changes are required to enhance the demonstration of no
migration as required under RCRA. Examples of alternatives under consideration are
waste processing, changes in the waste disposal room or panel configuration, and
passive markers. Engineered alternatives wou d be screened for relative effectiveness
using a design analysis model, and would be screened for feasibility with respect to
cost, state of technology, regulatory concerns, and worker exposure. The bin-scale
tests, which would use actual radioactive waste underground at the WIPP, wo.ild be
scheduled in three phases. Engineered alterr atives that pass initial screening would
be tested in Phase 3, and if identified early enough, in Phases 1 and 2. Alternatives
that seem effective and feasible would then be evaluated using the formal performance
assessment process to quantify the improvement in disposal system performanoe.
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0.1.1.2.3 Operations Demonstration. The purpose of the Operations Demonstration
Program is to demonstrate safe and effective emplacement of certified waste at the
WIPP facility. A separate document would be developed to describe the Operations
Demonstration following the Secretary of Energy's decision as to the scope and timing
of the program. Key elements of the Operations Demonstration would be waste
certification and packaging at the generating/storage facilities, the operation of the
transportation system, and operation of the WIPP. This demonstration would be
integrated to include all elements of the TRU waste management system and would
require both CH and RH TRU waste operations. Operational data needs include results
from the evaluation of the safety, environmental adequacy, and effectiveness of
operations that would certify, transport, and emplace waste at the WIPP. In addition,
operational data would be derived from the experience gained during mock
demonstrations of bin and drum emplacement and retrieval, and the emplacement of
actual TRU waste for bin-scale and alcove experiments underground at the WIPP. The
goal of the Operations Demonstration is to provide assurance that operations can be
conducted within the limits of all applicable regulatory, technical, industrial, and
managerial criteria.

0.1.2 BACKGROUND
TRU waste proposed to be disposed of at the WIPP is contained in a mixture of
standard 55-gal (208 L) drums and standard waste boxes (SWB). The waste results
from nuclear weapons research and production. It consists of laboratory hardware
(such as ring stands and other metal structures, and glassware); other laboratory waste
(such as Kimwipes, tissues, and towels); protective gloves and clothing; chemicals and
inorganic process sludges (generally stabilized with cement); plastic, rubber, and resin;
worn-out engineered equipment and tools; and residual organic compounds.
The processes by which gas may be generated include microbial action, corrosion, and
radiolysis. In the short-term, these gases are generated predominantly from radiolytic
degradation of the waste, and include hydrogen, oxygen (rapidly depleted in most
cases), carbon oxides, and low-molecular-weight organic compounds (Zerwekh, 1979;
Kosiewicz, et al., 1979; Kosiewicz, 1981; Molecke, 1979). Radiolysis of water and
potentially intruding brines could also generate appreciable quantities of hydrogen (and
oxygen) in the postoperational and long-term time periods. Microbial degradation
mechanisms may be a major concern in both the short- and long-term time periods
(Caldwell, et al., 1987; Molecke, 1979). Microbially generated gases include carbon
dioxide or methane (Caldwell, et al., 1987; Molecke, 1979), potentially nitrogen from
denitrification of nitrates, and hydrogen sulfide from sulfate-reducing bacteria (Brush and
Anderson, 1988). Anaerobic (anoxic) metal corrosion in the postoperational and longterm periods could also generate signification quantities of hydrogen (Brush and
Anderson, 1988; Molecke, 1979). No radioactive gases would be generated, with the
exception of radon (T1/2 = 3.8 days) from the decay of transuranic isotopes in the
wastes. No radioactive particulates would be released, because the drums would be
vented through HEPA filters.
The potential for gas generation in the WIPP and its effect on the long-term
performance of the repository is a primary focus of the gas generation test program.
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WIPP waste emplacement operations for permanent disposal would include placement
in rooms and entries within the eight panels; the rooms would be backfilled v%ith an
appropriately designed material. After being filled with containers of waste and
backfilled, the panels would be sealed from the rest of the underground facility. Any
net gas generated by the waste after a panel is sealed must be considered in ths longterm performance assessment calculations. The performance of the WIPP disposal
system includes not only the room behavior but also the individual and coupled
behavior of the panel seals, access drifts, shaft seals, disturbed zones in the rock
around the excavation, and potential transport of radionuclides and hazardous waste
through the upper water-bearing units to the accessible environment.
Since the 1980 FEIS, changes in the understanding of factors that affect long-term
performance have occurred. These are described below.
• The Salado Formation is probably hydraulically saturated, with very low
effective permeability in undisturbed regions. At the time of the FEIS, it was
thought to be hydraulically unsaturated, with sufficient gas permeab lity to
dissipate any gases that might be generated by emplaced waste. ThLs, the
estimated far-field permeability of the Salado Formation has decreased since
1980.
•

Current estimates of total gas generation from degradation of emplaced
waste and containers are smaller than similar estimates in the FEIS, although
uncertainties exist in gas-generation rates, total volumes of gas generated,
and the time periods over which gas generation might occur.

•

Decreased far-field permeability suggests that the WIPP repository folbwing
closure may be dominated by gas al elevated pressure, with Iittle or no free
brine within the workings.

• The volumes of gas potentially generated, even in the absence of free brine,
may exceed the gas-storage capacily of the waste emplacement rooms at
their final state of closure under lithostatic pressure. Gas storage (or relief

of pressures) is possible through 1) an expansion of the rooms, after
closure, to something less than their original volume; 2) generation of a
secondary zone of increased porosity from fracturing around the waste
emplacement rooms, or in an incornpletely removed disturbed rock zone;
3) migration of gas along open frac:ures within Marker Bed 139, within or
around panel seals, and perhaps within stratigraphic ccntacts at anc near
the repository horizon; and 4) following transport from the panels, migration
of gas into the shafts and adjacent rnarker beds.
Thus, laboratory, bin-scale, and alcove tests are proposed to evaluate the effects of gas
generation and consumption. These tests are intended to collect, interpret, and refine
data necessary for performance assessment. The data resulting from the tests would
reduce uncertainty in the performance assessment by verifying assumptions and
providing input data on gas generation, gas depletion, and aqueous radiochemi stry.
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0.1.3 PROPOSED TESTING
The laboratory tests would use only simulated waste (nonradioactive) or spiked waste
containing a single radionuclide to assess radioiysis and effects of compaction. This
appendix addresses only underground tests using actual TRU waste; a brief description
of the laboratory tests is presented in the Draft Final Plan for the Waste Isolation Pilot
Plant Test Phase: Performance Assessment (DOE, 1989a).
The bin-scale tests would use CH TRU waste specially prepared and modified to
provide both repository relevant gas and brine-leachate radiochemical data. (Bins are
specially produced, instrumented containers that will hold the equivalent of about 6
drums of CH waste.) The bin-scale tests would confirm and extend similar past and
current laboratory test results. Bin-scale tests would provide the results of a scaled
verification and evaluation of the impacts of synergistic waste degradation, gasgeneration modes, and the effectiveness of backfill additives designed to consume
gases ("gas gettere). These tests would include a range of environments: wet, dry,
with oxygen, without oxygen, backfilled with gas getters, and backfilled without gas
getters.
The alcove tests would use a mix of unmodified (as received) and speciaily prepared
CH TRU waste to obtain information on the operational phase conditions and on the
long-term, postoperational phase conditions. Alcove tests are the only experiments
planned that can incorporate the impacts of the actual repository environment on the
degradation behavior of the waste. The repository impacts are expected to include
gases released from the host rock salt (e.g., nitrogen) intermixing with or influencing
waste degradation modes; brine influx and consequent humidity effects; long-term waste
compaction; and total encapsulation of the waste containers by backfill containing gas
getter materials.
The gas generation experiments would not include RH TRU waste. Experiments with
CH TRU waste are expected to bound any effects of RH TRU waste, for two reasons.
First, the repository would contain 4,000 to 5,000 RH canisters with an average
radionuclide content of 37 curies per canister (DOE, 1989c; Table 3.3 in this SEIS).
Thus, the maximum RH loading is expected to be 185,000 Ci, only 2 percent of the
initial CH loading. Half of the RH radionuclides are short-lived, with half lives of less
than 30 years. Second, RH TRU waste would be emplaced in individually drilled and
sealed boreholes in the pillars, not in the waste panels proper. Preliminary calculations
suggest that these boreholes will creep closed in about 10 years, making waste
inaccessible to brine intrusion and degradation (Lappin et al., 1989).
Underground testing would provide data necessary to conduct the performance_
assessment with a sufficient degree of confidence. Previously, gas generation was
not considered a critical factor in the long-term performance of the WIPP. Calculations
of gas transport out of the repository into the surrounding Salado Formation (DOE,
1980b; Sandia, 1979) suggested that permeability of the Salado Formation was high
enough to allow gas to dissipate without a significant increase in repository pressure,
even if the high gas production rates estimated by Molecke (1979) as upper bounds
were applicable. Recent, more definitive far-field permeability calculations (Tyler et al.,
1988), indicate that permeability of the Salado Formation is low enough that the
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anticipated high gas production rates may sigrificantly pressurize the repository. Thus,
improved understanding of parameters such as gas generation and the repository
system (backfill and host rock) behavior have become necessary to establish a i ealistic
range of gas production rates for WIPP. Available estimates of the rates of gas
production by CH TRU waste are based on laboratory studies of processes &Joh as
radiolysis, microbial activity, corrosion, therma degradation (Molecke, 1979), and field
studies of gases accumulated in the tops of d -ums (headspace gases) (Clemer ts and
Kudera, 1985).
Another investigation of gas generation processes was reported by Brush and Anderson
(1988).
It was concluded that processes such as drum corrosion, microbial
decomposition of cellulosic materials, and reactions between drum corrosion products
and microbially-generated gases could affect the gas and water budget of the
repository. These processes could consume or produce quantities of water similar to
the quantities of brine that are expected to seep into the repository from the Salado
Formation.
The Performance Assessment must address the gas and water content of the d sposal
rooms because these factors could affect long-term performance calculations, especially
in the human intrusion scenarios.
Howaver, obtaining gas productiori data
representative of the total waste mix is difficult due to the extreme heterogeneity of CH
TRU waste, which is the result of the wide variety of generating waste streams. A test
program that will be representative would require a large number of experimen:s and,
in large-scale tests, a significant and representative sample of the total waste inventory.
Bin-scale and alcove tests are thus necessary to acquire the data for predict ons of
long-term gas and water content of WIPP disposal rooms and to assess their impact
on repository performance. It is evident, bas3d on all previous investigations, that a
proper understanding of gas generation rates ;and quantities is critical to predicting the
behavior and ultimate state of the repository. The TRU waste tests described in this
appendix are designed to provide that understanding and help establish an accaptable
level of confidence in the prediction of repository performance.
These tests would also help in establishing whether modifications to the desigr of the
disposal system are needed. Rates of gas consumption, normally contro led by
radiolysis, microbial degradation, and corrosion, can presumably be increased by
including gas getter materials as a backfill component. In addition, anoxic corrosion
reactions that generate hydrogen require and consume water in the process. Thus,
modifying the disposal room design to minimize brine inflow may limit hydrogen
generation.
In addition, the testing program would collect data to support WIPP's RCRA No
Migration Variance Petition. Key aspects of the gas testing program related tc RCRA
compliance are:
• To identify any hazardous componeits (such as volatile organic compounds)
that may be released from waste.
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• To gain greater understanding of potential chemical interactions that may
occur between various waste types and between waste and repository host
rock, brine, and alternative backfill and gas getter materials.
• To observe and report on waste and repository behavior to meet monitoring
requirements related to the granting by the EPA of a No-Migration Variance
for the WIPP. Air monitoring of all potential releases from the bin and alcove
experiments would be conducted throughout the Test Phase.
• To evaluate through a combination of modeling and experimental studies,
the expected structural and fluid-flow response of WIPP to internal gas
pressurization.
• To evaluate the potential for degradation of the seals and plugs (final design,
not temporary inflatable seals) due to exposure to the volatile organic
compounds in the waste.
In conjunction with the performance assessment activities, the Project will examine
engineered alternatives to the current waste disposal system design. It will prepare
the Project to implement any necessary changes to the design in a timely manner as
a contingency if performance assessment results have a high degree of uncertainty or
are unsatisfactory, or if changes are required to enhance the demonstration of no
migration as required under RCRA. Examples of types of alternatives under
consideration include waste processing and changes in the storage room or panei
configuration. Engineered alternatives will be screened for relative effectiveness using
a design analysis model and will be screened for feasibility with respect to cost, state
of technology, regulatory concerns, and worker exposure; they will then be tested in
laboratory or larger scale experiments where possible. Phase 3 bin-scale tests will
incorporate appropriate alternatives, and it is possible that some alternatives will be
identified early enough to include them in Phases 1 and 2. Potentially effective and
feasible alternatives will be evaluated using the formal performance assessment process
to quantify the improvement in disposal system performance.
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0.2 APPROACH

An assessment of gas issues must consider three elements: gas productio 1, gas
consumption, and gas transport.
Gas production is a function of radiolysis and chemical and biological interactions
between the waste, waste containers, engineered backfill, brine, and salt. Gas
consumption is controlled by the processes of radiolytic and microbial degradation and
corrosion. Gas transport depends on the ability of the formation to accept the gas
and allow it to disperse. The primary pararneter controlling gas transport 1:in the
absence of seal failure) is the Salado Formation gas permeability, which dinrs for
different gases. The gas transport element can be addressed by investigations without
waste, but gas production and consumption are largely functions of the wastE itself;
therefore, radioactive waste is needed in the testing.
The approach of the bin-scale tests is to use test bins that will be Iarge enough to
contain a mixture of up to 6 drum volumes of actual CH TRU waste, drum rnetals,
backfill materials, brine, and salt. Sources of gas generation would be introducod into
the various environments created in each bin (wet, dry, with oxygen, without oKygen,
with gas getters, and without gas getters). For microbial gas generation the sources
would be halophilic and nonhalophilic bacteria. Drum and metallic waste materials
would provide the corrosion gas source, and 1;he radioactive component of the waste
would be the source of radiolytic gas generation. The bin-scale tests woul also
provide an environment in which various types of gas generation may occur
simultaneously. Therefore, these tests would provide a realistic, crediblE , and
synergistic test for the gas generation rates and interactions with backfill ar d gas
getters.
Alcove tests would confirm the results of the laboratory and

bin-scale tests. These

tests would allow a larger, synergistic test of gas generation, waste compaction impacts,
and effectiveness of gas getter material. The tests would consist of waste em placed
in five sealed, atmosphere-controlled test alcoves (each about one-quarter the volume
of a waste disposal room). This testing arrang ement allows lesser quantities of waste
per test alcove, so that more types of test conditions can be accommodated. The
waste emplaced in the alcoves would include a typical, representative quanti.y and
mixture of waste types and waste loadings. The volume of waste required is based on
both statistical evaluations and practical considerations, and is subject to change based
on oversight agency concerns, initial results of the tests, modification of the tests to
accommodate treated waste, and other factors.
To accurately measure gas production and cor sumption, actual raclioactive wasto must
be used, Data needed for the performance ;assessment models could be obtained
from the combination of laboratory tests using small-scale, simulated waste (Brush,
1989; Zerwekh, 1979; Kosiewicz et al., 1979; Kosiewicz 1980, 1981; Caldwell et al.,
1987; Molecke, 1979), intermediate, bin-scale tests (Molecke, 1989a), and large, alcove
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(field) tests (Molecke, 1989b). Resultant data from all of these experimental programs,
when coupled with model development, would be used to assess the importance of gas
to the performance of the repository. The laboratory-scale tests have been described
in more detail by DOE (1989a) and Brush (1989). The strong interrelationship of the
bin- and alcove-scale experimental programs, and the perceived benefits and
disadvantages of each program are detailed below.
The bin-scale tests may be viewed as larger-scale laboratory experiments, except that
they would have the following advantages:
1) They would incorporate actual radioactive TRU waste, and also contain minor
chemical components, organic compounds and solvents, and microbial
contaminants which could have a very significant impact on overall gas
generation and source-term radiochemistry;
2) There would be very few test simulations or required assumptions;
3) All test components, waste forms, contaminants, and possibly engineered
alternative materials would be interacting in a synergistic, repository relevant
environment, in which various modes of gas generation are occurring
simultaneously;
4) The larger scale of the test bins, incorporating about 6 drum-volumes of
waste each, would help smooth out the known nonhomogeneities among
supposedly similar waste types;
5) The total test matrix could be expanded as necessary, to incorporate new
waste forms, backfill and getter materials, and engineered alternatives as they
are developed and are ready for testing; and
6) These tests could provide for the rapid collection of data, as compared to
the alcove tests, consistent with present Performance Assessment schedules.
The disadvantages of the bin-scale test program are
1) The inability to test at high gas pressures;
2) The inability to fully incorporate all repository environmental effects -- as in
the alcove tests;
3) The performance of bin-scale tests at the WIPP is linked to first receipt ot
waste; and
4) Tests can only examine limited interactions between waste types.
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The in situ alcove tests would be conducted under credible, expected-case repository
conditions. The major advantages of the alcove tests are
1) Tests would provide "real-world" data, with the fewest simulations or restraints
of any of the test programs that could potentially bias the end results;
2) They would be the only tests which actually incorporate the environmental,
possibly synergistic effects of the repository itself, i.e., gases and fluids
released from the host rock, mine geochemistry and biochemistry, el c., on
waste degradation rates and modes;
3) Assessments would determine the gas generation rates for the tirnes of
interest, and incorporate how the gases will either be prodund or
consumed;
4) There would be no significant scaling effects due to the size of the test
alcoves; and
5) Many waste forms would be emplaced together in the same test alcove, as
would be the case in an operating repository.
The major disadvantages of the alcove tests are
1) The inability to test at high gas pressures because of underground facility
safety concerns;
2) The limited number of test alcoves available, resulting in a limitation on test
variables and test replicates that can be incorporated;
3) The combination of many waste .:ypes within each test alcove makes
interpretation of the effects from eacf^ type or degradation mechanism almost
impossible without comparison to ol her program data;
4) The large volume of each test alccve, plus the initial trapped gas (air or
nitrogen), decreases the analytical sensitivity for gases of interest being
produced -- small changes in the quantity of produced gases may be
masked;
5) The expected rates of production for individual gases, and changes in those
rates, may not be clearly evident for an appreciable period of time -- when
compared to gases generated and analyzed in the smaller test bins; and
6) There is no human access to the alcoves after test initiation; pctential
engineered modifications cannot be added after the test begins.
The added degrees of experimental contro , assumed increased sensitivitt and
selectivity for gas analyses, and the increased number of test conditions for vai iables
to be used in the bin-scale tests relative to the alcove tests — allows the interpretation
of obtained data to be simpler and more straightforward than that from the .alcove
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tests. As such, the bin-scale tests provide a technically more satisfying and rapid
means of obtaining data.
Collecting test data from any of the test types must not be simply a monitoring or
confirmatory activity. Data must be used for both analytical and predictive performance
assessment modeling calculations and for comparison with smaller-scale laboratory data
on simulated waste. It must be emphasized that it is the combined suite of CH TRU
waste test programs (laboratory, bin-scale, and alcove) that are required to provide the
full spectrum of information and expertise needed for the performance assessment
program. Each test program has its own advantages and disadvantages. None of
the three test programs alone can credibly produce the required information.
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0.3 TEST DESCFtIPTIONS

A description of the proposed bin-scale and alcove tests is presented in the following
subsections. The test description includes the objectives of the tests, a summary 1)f the
tests, and the transportation and emplacement operations. These descriptions are
summarized from Brush (1989) and Molecke (1989a and 1989b).

0.3.1

BIN-SCALE TESTS

The primary purpose of the bin-scale test program is to provide relevant data and
technical support to the WIPP Performance Assessment program for both preclictive
modeling studies and for the assessment of hazardous component release and
consequent impacts on the WIPP, in relation to EPA concerns and regulations. Specific
data to be obtained include the quantities, compositions, and kinetic rate data
gas
production and consumption resulting from various CH TRU waste degradation
mechanisms.
Similar data on potentially hazardous volatile organic compounds released by the waste
and waste-brine leachate or source-term radiochemistry would also be provided. ,kctual
CH TRU waste would be used in these tests.
The degradation and interaction behavior of several representative classification; and
types of waste would be tested under aerobic and anaerobic conditions representative
of the Disposal Phase and the long-term, postoperational phase of the repository. Tests
are intended to allow evaluation of impacts of several types and quantities of intruding
brine; impacts on gas production and consurnption of waste interactions with salt,
container materials, backfill, and gas getter materials; and gas production result% from
synergism among various degradation modes. The tests would be controlled SO that
safety of personnel is maintained by the use oi leak-tight bins, venting through HEPA
filters, and close monitoring.
In total, the first two phases of the bin-scale test program would include 116 wastefilled bins and 8 empty test bins (representing background conditions), end a
contingency of 8 additional waste-filled bins. This represents a total of 608 drumvolume-equivalents (55-gal, 208 L) of actual CH TRU waste. A later phase of the test
program is also defined but cannot be described in adequate detail at this time; all
future test additions and contingencies would be included in this "Phase 3." The. DOE
has formed an Engineering Alternatives Task Force to evaluate potential wastE form
treatments, facility design modifications, and regulatory compliance approaches that may
be evaluated during Phase 3 of the Test Phase. Phase 3 test bins would include any
other alternate or processed waste forms, backiill materials, and/or getter materials that
may be defined and developed in the future. These materials may be tested in Phase
1 or 2 if they are identified early enough. As indicated in Subsection 0.2, the volume
of waste to ultimately be used in the Test Phase is subject to modification (a maximum
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volume of 10 percent of the total waste destined for the WIPP, as analyzed in this
SEIS).
0.3.1.1

Bin-Scale Test Objectives

The objectives of the bin-scale tests are to
1) Quantify gas quantities, composition, generation, and depletion rates from
TRU waste as a function of waste type, time, and interactions with brines and
other repository natural and engineered barrier materials with a high degree
of control; the experimental conditions would be primarily representative of
the long-term, postoperational phase of the repository and the operational
phase.
2) Provide a larger-scale evaluation and extension of the laboratory-scale test
results, using actual CH TRU waste under repository relevant, expected
conditions.
3) Evaluate the synergistic impacts of microbial action, potential saturation,
waste compaction, degradation-product contamination, etc., on the gasgeneration capacity and radiochemicai environment of TRU waste.
4) Incorporate long-term room closure and waste compaction impacts on gas
generation by including supercompacted waste.
5) Evaluate effectiveness for minimizing overall gas generation by incorporating
getter materials, waste form modifications, and/or engineered alternatives into
the CH TRU waste test system.
6) Measure solution leachate radiochemistry and hazardous constituent
chemistry from saturated TRU waste interactions as a function of many
credible environmental variables.
7) Determine the amount of volatile organic compounds/hazardous gases
released from the TRU waste under realistic repository conditions in order
to quantify releases of hazardous constituents and adequately address RCRA
requirements. Reactive carbon composite filters will not be used because
they could affect the behavior of these gases.
8) Provide necessary gas-generation and depletion data and source-term
information in direct support of WIPP performance assessment analyses,_
predictive modeling, and related evaluation, and to justify pertinent
assumptions used in modeling.
9) Help establish an acceptable level of confidence in the performance
assessment calculations. Help evaluate pertinent modeling assumptions.
Help eliminate most "what ir questions and concerns.
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0.3.1.2 Bin-Scale Test Summary
The bin-scale tests involve testing in multiple large, instrumented metal "bins' with
specially prepared TRU waste and appropriate material additives. The "prepared" waste
includes up to 6 drum-volume-equivalents of a specific type of actual CH TRU waste
with added backfill materials (including salt), metal corrodants (mild steel wire mesh),
and brine (to be injected at WIPP). Within each individual test bin there would be a
specific type of TRU waste, either noncompacted or compacted. Any plastic bags
encapsulating this waste would be "prebreached;" that is, the bags would be slic:ed or
slashed, or the waste itself would be shredded. Special preparation of the waste would
occur at the generator/preparer facility. This "prebreaching" permits contact betNeen,
and interactions of, the waste with other added components within the bin, and within
a time frame shorter than expected in the repository.
Each WIPP test bin, after special waste prepa'ation and filling, would be shipp ed to
WIPP for emplacement and monitoring during the test period. These test bir s are
specifically designed to fit within a SWB (which is transported within a TRUPACT-2) for
transportation to the WIPP and eventual post-test disposal. The test bin alone Nould
not be used for transportation or as a terminal ,disposal container; the bin is for testing
purposes only.
Each bin would function as a nominally independent, isolated and controlled system.
All of the test bins for Phases 1 and 2 would be isolated within one underground test
room, Room 1 of Panel 1 (Figure 0.3.1). In Phase 3, bins may also be placed in Room
2 of Panel 1. The leak-tight bins would have a closely controlled and seale I test
environment (internal atmosphere) similar to an isolated, waste-filled repository room.
Each bin would be equipped with remote-reading thermocouples, pressure cages,
pressure relief valves, gas flow/volume monitor3, redundant gas sampling valve5;, and
oxygen-specific detectors. Each test bin aid associated instruments would be
periodically and closely controlled and monitored by a computerized data acquisition
system. Each bin would also be equipped with integral, non-gas-sorbing high efficiency
particulate air (HEPA) filters. As such, any gases sampled or released would not
contain particulate radioactive contamination.
The bin-scale test matrix includes combinations, of the following parameters:
4 representative TRU waste materials classifications (waste types)
2 levels of waste compaction
4 types of backfill material
4 brine moistness conditions.
The four waste types that have been selected lor testing are
High-organic/newly generated (HONG)(compacted and noncompacted)
Low-organic/newly generated (LONG)(compacted and noncompacted)
High-organic/old waste (HOOW)
Inorganic processing sludges (PS).
As noted in Subsection 0.1, for purposes of bounding impacts it is assumed that CH
TRU waste would be shipped from all 10 generator facilities. It is likely, however, that
only waste from the Rocky Flats Plant and the Idaho National Engineering Laboratory
would be used.
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The estimated contaminated number of bins per waste type is shown in Table 0.3.1.
Other representative waste (i.e., high-activity, etc.) may be defined and tested during
Phase 3.

TABLE 0.3.1

Estimated number of bins

PHASE 1

PHASE 2

DRUM
VOLUMES

High-organic/newly generated (HONG)

2,1

24

280

Low-organic/newly generated (LONG)

12

6

96

Prepared sludges (PS)

12

14

144

0

24

88

413

68

608

68

608

High-organic/old waste (HOOW)

Empty/gas reference bins

13

Total

56

Most high-organic ("soft") and low-organic ("hard," primarily metal and glass) newly
generated waste would be compacted at the Rocky Flats Plant. The advents'ge of
using compacted waste in these tests is that the degradation behavior of compacted
waste is expected to be very similar to regular (noncompacted) waste that has been
crushed/compacted in situ by the long-term closure of the repository rooms. Thus,
impacts on gas generation caused by compaction could be realistically evaluated
during the course of these tests and factored into the perforrnance asses3ment
calculations.
Other bin-scale test parameters are as follows:
Moistness—
Dry (expected short-term)
Moistened with Salado Formation brine, about 1 percent by volume (expected
case within several years)
Saturated with Salado Formation brine, about 10 percent by volume
(probable in the long-term)
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Saturated with Castile Formation brine (possible in the case of human
intrusion).
Backfill (representative of the postoperational phase)—
None
Salt
Salt (70 percent) and bentonite (30 percent)
Salt, bentonite, and gas or radionuclide getter additives
Salt and others (e.g., grouts or others to be defined Iater).
The atmosphere inside selected test bins would be initially controlled and is expected
to be representative of TRU waste in both the short-term post-emplacement period and
later periods. HONG waste is expected to create its own anoxic (hydrogen and carbon
dioxide) atmosphere primarily by radiolysis and would not require gas flushing.
Similarly, no initial gas flushing for the inorganic PS waste would be conducted. The
radiolytic depletion or production of oxygen from the PS waste would be quantified
along with other evolved gases. The HOOW and LONG bins would be flushed with
argon gas until an anoxic (no oxygen present) atmosphere is established. The study
of potential anoxic corrosion of metals within the waste, as impacted by other ongoing
degradation mechanisms, is one of the significant objectives of this test. All of the
waste bins would be injected with (nonradioactive) tracer gases to help facilitate
analysis and interpretation of the results.
Gas sample collection would begin as soon as each bin is emplaced, prepared, and
sealed. The samples would be analyzed with an on-site gas chromatography-mass
spectrometer to determine major and minor gas concentrations and changes in gas
compositions as a function of time. The major gases to be analyzed, based on earlier
laboratory testing (Molecke, 1979), include hydrogen, carbon dioxide, carbon monoxide,
methane, oxygen, water vapor, nitrogen, and injected tracer gases. The minor gases
to be potentially measured include: volatile organic compounds (VOC), radon,
ammonia, hydrogen sulfide, nitrogen oxides, hydrogen chloride, and any other
detectable gases.
Gas quantities and generation rates are significantly impacted by, and would be
measured as a function of,
•
•
•
•

several representative classifications and types of CH TRU waste;
time (periodically, over several years);
impacts of several types and quantities of intruding brines;
impacts of waste interactions with salt, container metals, and backfill
materials;
• aerobic and anaerobic environment conditions representative of the
operational-phase and longer-term, postoperational phase of the repository,
respectively; and,
• impacts of potential gas getter materials and engineered alternatives,
particularly on gas consumption/production.
Waste gas production also includes the synergistic effects of radiolysis, microbial
degradation, and corrosion. Different test conditions are tailored so that the effects of
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individual environmental variables on gas production can be separated from the effects
of other variables.
The major gases are primarily generated or ccnsumed by various waste degradation
mechanisms occurring within the test bin or those remaining from the init al air
atmosphere. The minor gases may arise in two ways: they may be sorbed or or in
the waste before it is emplaced in the repository and eventually be volatilized in the
repository, or they may be generated in the repository by waste degradation
mechanisms. Determining whether VOCs and other hazardous gases are released from
TRU waste is an important objective of the test program in order to adequately acldress
compliance with RCRA regulations. Data and analyses would be incorporated into the
performance assessment calculations, available on a near-continuous basis.
0.3.1.3 Bin-Scale Test Phases and Schedule
This bin-scale test program is planned to take place in several phases. Phase 1 would
incorporate test bins where all components can be presently defined. Approxirnately
48 waste-filled bins of different waste compositions and backfills, including replipates,
would be included in Phase 1. There would a so be 8 other empty Phase I test bins
used for gas baseline-reference purposes. Phase 2 tests would incorporate another 68
waste-containing bins, with more moisture conditions, with gas getter materials, and with
the supercompacted high-organic and low-organic waste. Initiation of much of Phase
2 would be dependent on supporting laboratory data (Brush, 1989), particularly as to
the composition of gas getters or other backfill material components and on the
availability of supercompacted waste. Phase 2 tests would not be anticipated to start
sooner than about early FY91. Phase 3 of the •:est program, including all contingencies
and additions, is under evaluation. Future needs for additional test bins and drumvolumes of actual CH TRU waste would be based on upcoming developments,
preliminary test results, perceived data needs, and/or possible WIPP project decisions.
Details of Phase 3 tests would be incorporated into a future, separate Test Plan
addendum (Molecke, 1989a).
Bin-scale testing would continue for a minimum of about 5 years, or until thE data
acquired are sufficient to provide confidence in the reliability of the information being
obtained. At specific periods within the testing program, data would be analyzed and
evaluated for input to ongoing performance assessment studies. At appropriate test
intervals, data would be fully evaluated and do:s.umented in topical reports.
0.3.1.4 Bin Preparation and Transportation
Safe transportation of the waste-filled test bins from the generator facility to the WIPP
is a critical step in the testing program. The conceptual program design includes the
following assumptions with regard to waste packaging and transportation.
Two additions must be made to the preinstrurnented bin before the waste is placed
in the test bin. First, about a half-drum volume of backfill material would be placed in
the bottom of the test bin. Second, about 6 drum-equivalents of bare, unpaintecl steel
(mild steel wire mesh) would be placed along the bottom and side walls of the bin.
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The bins would then be remotely filled with waste which would be characterized. Newly
generated waste (HONG and LONG) could be loaded directly into the WIPP test bins
at the generator facility. Previously packaged (drummed or boxed) waste (HOOW)
could be emptied into the bins without the original waste packaging material. Sludges
(PS) could be placed directly into the bins.
After the waste is placed in the bins, another half-drum volume of backfill material would
be sprinkled on top of the waste materials. The mated bin-lid/liner-lid combination
would then be attached to the bin and sealed. The filled bin would be checked for
surface contamination and, if necessary, decontaminated following standard procedures
of the generator facility.
The waste-filled test bins would be inserted into SWBs at the generator/preparer facility
for transportation to the WIPP. The upper gas valves on the test bins (with HEPA
filters) would be left in the open, gas-release position during transportation. Therefore,
any gases vented would also be filtered through the redundant HEPA filter of the SWB.
The SWBs would be loaded into the TRUPACT-II transportation containers and trucked
to the WIPP. Removal of the waste bins from the SWBs would occur in the WIPP
underground, just prior to emplacement.

0.3.2 ALCOVE
The alcove tests are designed to provide data on production, depletion, and
composition of gases resulting from the in situ degradation of CH TRU waste. These
types of data are needed to support performance assessment of long-term repository
behavior and to evaluate long-term generation and release of hazardous constituents.
Data on TRU waste degradation rates are needed from testing that includes not only
waste that is representative of anticipated waste to be disposed of at WIPP, but also
representative of the time from emplacement to the long-term postoperational phase.
These tests would enable acquisition of this data in a controlled research mode and
allow multiple degradation mechanisms and impacts to be assessed.
0.3.2.1 Alcove Test Objectives
The objectives of the alcove tests are to
1) Determine baseline gas quantities, composition, generation, and depletion
rates for as-received, representative mixtures of TRU waste in a typical,
operational phase repository room environment
2) Determine net gas quantities, composition, generation and depletion rates for
a representative range of specially prepared mixtures of actual TRU waste
(with and without compaction), backfill materials, gas getters, and intruding
brine under representative, postoperational phase repository room conditions
3) Determine the amount of volatile organic compounds/hazardous gases
released from the TRU waste under actual repository conditions
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4) Provide an in situ test of gas getter effectiveness and demonstration o' waste
room backfilling procedures
5) Correlate large, alcove results of gas generation and interpretations with
those of the laboratory and bin-scale tests of TRU waste degradation and
gas production
6) Establish an acceptable level of confidence in the performance assessment
calculations that include gas generation and depletion with actual in s tu gas
measurements and support validation of modeling assumptions.
0.3.2.2 Alcove Test Summary
The primary purposes of this WIPP in situ alcove CH TRU waste test program ,are to
provide relevant data and technical support to the WIPP performance assessment
program for predictive modeling studies, and tc provide in situ data for the assessment
of hazardous component release and consequent impacts on the WIPP, in relation to
EPA concerns and regulations. Specific data to be obtained include the quantities,
compositions, and kinetic rate data on gas production and consumption resulting from
various CH TRU waste degradation mechanisms. Similar data on potentially hazardous
volatile organic compounds released by the waste would also be provided.
This alcove test program involves, basically, the sampling and analysis of gases
released from mixtures of CH TRU waste which have been emplaced within isolated,
atmosphere-controlled test alcoves in the underground at the WIPP.
The alcove tests would be conducted in six sealed atmosphere-controlled test al:oves.
Four alcoves would be in Panel 1 and the remaining two alcoves would be in Panel 2
(Figure 0.3.2). Five of the test alcoves would be filled with waste. The sixth alcove
would not have waste in order to collect "background" gases and establish baseline
conditions. A test alcove would be about one-quarter the volume and one-third the
length of a standard-size WIPP waste room. The test alcoves are smaller than standard
rooms to increase the alcove stability with regard to short-term rock deformatic n and
potential fracturing. (The behavior of the distulped rock zone around full-sized rooms
would continue to be examined in other experiments and by modeling during the Test
Phase.)
The waste used in the alcove tests would be "as received" (no special processing),
compacted, and specially prepared CH TRU waste. All CH TRU test waste wo Jld be
prepared and packaged at DOE waste generator facilities. ''Specially prepared" waste
is a waste container that has been filled with waste, backfill and metal corrodants in
specified amounts. Waste types, representative of the majority of waste to be isolated
at WIPP, include:
High-organic/newly generated (HONG)
Low-organic/newly generated (LONG)
Inorganic processed sludges (PS)
High-organic/old waste (HOOW).
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The approximate quantity of drums per waste type to be used in the alcove ti)sts is
based on a preliminary analysis (Batchelder,'989) of waste currently stored at DOE
waste generator facilities and extrapolated to exist through the year 2013. The required
in situ alcove CH TRU waste gas data would be acquired in two phases. The a coves
in the Test Phase and the test parameters of each alcove are as follows:

PHASE I
Test Alcove 1
No waste
Oxic atmosphere
Dry
No backfill

Tes.1 Alcove 2
As-received, mixed CH TRU wast
Dxic atmosphere
Dry
NJo backfill

PHASE 2
Test Alcove 3
Specially prepared and
noncompacted waste
Anoxic atmosphere
Moist, 1% brine
No backfill

Test Alcove 4
Specially prepared, compacted waste
Anoxic atmosphere
Moist, 1% brine
IVo backfill

Test Alcove 5
Specially prepared and
noncompacted waste
Anoxic atmosphere
Moist, 1% brine
Backfill: salt, bentonite,
gas getter material

Test Alcove 6
Specially prepared, compacted waste
Anoxic atmosphere
Moist, 1% brine
I3ackfill: salt, bentonite,
gas getter material

The alcove tests would be conducted in two phases. Phase 1 includes test alcoves 1
and 2. Test alcove 2 (TA2) would represent expected conditions in the shor -term,
operational phase of the repository. Test alcov e 1 is the gas baseline room. It would
provide gas composition data (i.e., trapped atmosphere and gases released from the
host rock) necessary for comparison with waste-filled rooms.
Test alcove 2 would contain a representative mixture of about 1,050 drum or drumvolume equivalents of "as-received" CH TRU waste. This waste would be pac<aged
at waste generator facilities into either standard 55-gallon drums or SWBs. Both types
of containers would be vented and particulate-filtered. Alcove TA2 would be used to
provide data on CH TRU waste gas generation under actual, in situ repository
conditions (initial air atmosphere, dry/as-received, with no salt, backfII, or getter rraterial
in direct contact with the waste), and is specifically representative of the shod-term,
operational-phase of the repository. TA2 also provides the initial data for repository
time t = 0, necessary for the Phase 2 tests.
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Phase 2 of this alcove test program would include four alcoves, and is specifically
tailored to be representative of the long-term, postoperational phase of the WIPP
repository. Phase 2 test 'tailoring" consists of three basic operations: alcove gas
atmosphere control, waste special preparation, and brine injection of all waste. It is
assumed in WIPP performance assessment that the repository will be anaerobic in the
long-term, i.e., anoxic, less than 10 ppm 02. Therefore, the atmosphere in each alcove
would be initially prepared and kept anaerobic. This involves nitrogen gas flushing of
each alcove and the continuous use of an oxygen-gettering reactant system. The TRU
waste in each Phase 2 test container would be "specially prepared" and/or packaged,
as follows. There will be a specific type of TRU waste, either noncompacted or
supercompacted, within each test drum or SWB. Any plastic bags encapsulating this
waste would be "prebreached," e.g., sliced, slashed, or similarly prepared at the waste
generator/storage facility. This operation is beneficial for both testing and transportation
(within TRUPACT-II) purposes. The waste would be sandwiched between added layers
of backfill materials, 70 wt% WIPP crushed salt/ 30 wt% bentonite clay, and metal
corrodant materials (mild steel wire mesh). One or two unbreached plastic bags would
enclose all the prebreached waste and other components within one total environment.
These all-encompassing plastic bags, at the periphery of the waste container, are used
for contamination control during waste packaging operations at the generator facilities.
After emplacement in the WIPP, all Phase 2 TRU waste containers would be specifically
moistened with about 1% by volume of Salado brine; this is to be representative of
probable long-term brine intrusion, The brine is a mixture of 90% by volume of
artificially prepared, and 10% of WIPP-collected Salado brine. Small amounts of brine,
2 liters/drum or 14 liters/SWB, would be injected through brine-injection septa on the
top of each container into or onto the waste inside, breaching the all-encompassing
plastic bags.
Phase 2 test alcoves TA3 and TA5 would include "specially prepared," noncompacted
waste, and TA4 and TA6 would include "specially prepared," supercompacted waste.
Alcoves TA5 and TA6 would also include both backfill and gas getters, e.g., reactant,
sorptive materials that encapsulate the waste. Backfill and getter materials would be
emplaced over and around the waste container stacks in these two test alcoves in a
fully retrievable mode. All test waste would be emplaced in such a manner to ensure
that post-test retrieval is possible. Waste backfilling would be conducted for gas
mitigation test purposes, as well as for operational demonstrations. If other engineering
modifications to minimize TRU waste gas generation are available in the appropriate
time frame, they could also be added to alcoves TA5 and TA6 for testing of their in situ
efficacy.
Four of the six test alcoves would be located along the northern edge of Panel 1; the
remaining two alcoves would be located within Panel 2 (Figure 0.3.2). Two of the
conventionally-mined alcoves (1 and 2) would be 13 ft high by 25 ft wide by 100 ft
long. Four of the test alcoves (3, 4, 5, and 6) would be 0.8 ft higher, for a total of
13.8 ft to accommodate compacted backfill on the floor. The available volume to store
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the TRU waste in each test alcove is about 32,500 ft3. The alcove would be rock
bolted and wire meshed to facilitate waste retrievability and to increase operational
safety.
The access drifts would have a slightly smaller cross-sectional area, approximately 13
ft (4 m) wide by 14 ft wide, to facilitate sealing. The access drift would be 170 f long.
The height and width of the access drift are the minimum size possible to
accommodate a mining machine and still allow sealing with an appropriately shaped
closure seal.
The closure seal would be inflatable and adequate to control pressure of up to 1.5
pounds per square inch (psi) differential pressure without being pushed out. An internal
differential pressure of 0.5 psi must be maintained within the test alcove. The test
alcove seal would be constructed of materials that have a five-year durability when in
contact with salt, gases and liquids expected within the test alcove and that are
impermeable to air/oxygen (without generating volatile gases). The seals would contain
instrumentation and access ports for the gas sampling system. Dual redundant closure
seals would be placed in each access drift, in case one seal leaks while in place.
The test alcoves would contain either 150 seven-packs of drums or standard waste
boxes, stacked four across and three high. Test alcoves 3 and 5 would contain a
mixture of specially prepared and packaged wa;te that has not been compacted. Test
alcoves with standard, noncompacted waste wo.ild contain about 1,050 drums or drumvolume equivalents (210 liter or 55-gallon). Test alcoves 4 and 6 would contain similar
waste that has been compacted. Test alcoves with compacted waste would contain
about 350 drums of waste. Waste quantities were selected based on sta:istical
evaluations and practical matters.
Each test alcove would be equipped with rernote reading thermocouples, pressure
gages, and HEPA-filtered gas relief and gas volume monitoring gages. All instruments
would be connected to a computerized data acquisition systern. No apprs ciably
elevated gas pressures would be present in the test alcoves. A gas recirculation
system would be installed to mix gases for sarnpling; it would include inlet and outlet
ducts that penetrate through the inflatable seal with gas sampling ports or septa. All
instrumentation and hardware access would be through a sealed access port in the test
alcove seal. After the waste, backfill, instruments, hardware and seals are installed,
there would be no access to the test alcoves during the tests.
Tracer gases would be added to the test alcoves. Tracer gases would help rr onitor
outflow from the test alcoves to the repository environment, and evaluation of the
changes in concentration over time of thes e tracers would allow compensating
corrections to be applied to all other gases being quantified. Separate tracers would
be used in each test alcove to monitor any potential leakage from one alcove to
another through fractures in the rock.
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Gas quantities, compositions, and generation rates can be significantly affected by,
and would be measured as a function of, several factors:
representative classifications and types of CH TRU waste, and mixtures
thereof
time (periodically over several years)
impacts of intruding, moistening brine
impacts of waste interactions with salt, container metals, and backfill materials
aerobic and anaerobic environment conditions, as representative of the
operational-phase and longer-term, postoperational-phase of the repository,
respectively
•

impacts on gas consumption of potential gas getter materials that surround
or encapsulate the waste containers.

The waste gas production results also include synergisms between the various waste
materials and degradation modes.
Gases periodically collected from each test alcove would be analyzed using a gas
chromatograph/mass spectrometer to determine major and minor gas concentrations,
and changes in those concentrations as a function of time. This allows rates of
generation and/or depletion to be determined. Evaluation of the changes in gas
composition would help to determine the relative importance and kinetics of individual
degradation mechanisms over time and of the subsequent impacts of degradation byproducts on further gas production. The major and minor gases to be analyzed in the
alcove tests are the same as those to be analyzed in bin-scale tests (see Subsection
0.3.1.2).
Gas data collection would begin as soon as each test alcove is filled with TRU waste,
sealed, and the initial alcove gas atmosphere appropriately prepared. These tests are
expected to start providing significant data within months after test emplacement.
However, due to the expected slow rate of gas generation and the lack of sensitivity
due to the large, masking amount of gas atmosphere initially in the alcoves, it is
expected that almost one year will be required before there is an adequate quantity and
quality of data for interpretations. WIPP alcove testing would continue for roughly 5
years, or until the data acquired are sufficient to provide confidence in the reliability of
the information being obtained. Data would be analyzed and evaluated for input to
ongoing performance assessment studies on a near-continuous basis. Data would I5e
fully evaluated and documented in periodic, topical reports.
0.3.2.3 Alcove Test Phases and Schedule
Initiation of Phase 2 testing in alcoves TA5 and TA6 depends on supporting laboratory
data, (Brush 1989) particularly as to the composition and quantities of gas getters, other
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backfill material components, or proposed engineered alternatives. These Phase 2
tests would not be expected to start sooner than FY91.
The first four test alcoves, TA1 - TA4, must be rnined, equipped, and instrumentecl prior
to the first receipt of waste at the WIPP, expectad in FY90. This would be followed by
sequential waste loading and filling for each alcove, alcove sealing, appropriate
atmosphere preparation, and subsequent gas testing. In order to adequately meet
WIPP performance assessment schedule needs, the first four alcoves must be c n-line
and generating data for about one year prior to the end of FY92 (DOE, 1989a). The
remaining two needed test alcoves, TA5 and TA6, would be available for testing at a
somewhat later date.
Detailed test planning for these in situ alcove CH TRU waste tests continued th -ough
1989. Procurement activities for necessary test equipment, instruments, associated
supplies, and the actual CH TRU waste will proceed through and beyond 1990. Site
preparation, including any necessary mining and test installation, also began during
FY90 and will continue for one year or more. Initial data acquisition from these tests,
e.g., baseline-alcove gas analyses and interpretations, is anticipated to start during
FY91. Further descriptions and technical detail3 of these WIPP in situ alcove CH TRU
waste tests will be found in the Test Plan (Molecke, 1989b).
0.3.2.4 Waste Preparation and Transportation
Safe transportation of the waste-filled test drurr s and/or standard waste boxes (SWB)
from the generator/preparer facility to the WIPP s a critical step in the testing prcgram.
The conceptual program design includes the following assumptions with regard to waste
packaging and transportation.
The specially prepared waste is placed in a polyethylene-lined drum or SWB. About
0.5 cubic ft of backfill material would be placed in the bottom of the container. A
special metal corrodant (a mild steel wire screen or mesh) would be inserted n the
container on top of the backfill layer. The container would then be nearly filled wi:h CH
TRU waste in prebreached plastic bags. An additional 0.5 cubic ft of backfill would be
placed over the waste.

The waste-filled containers would be inserted into the TRUPACT-II al the
generator/preparer facility for transportation to the WIPP. Gases released frorn the
drums during transportation would be contained in the TRUPACT-I1 containers.
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0.4 UNDERGROUND TEST OPERATIONAL SAFETY

Concerns regarding operational test safety are addressed in three categories:
emplacement, test monitoring, and mine safety. The major safety consideration in the
first two categories, emplacement and test monitoring, is personnel exposure to
radioactive and/or hazardous constituents. The safety practices during emplacement
operations would be similar to those planned for normal operations. During the test
monitoring and sampling activities, concerns are focused on personnel exposure during
sampling and ventilation due to release of gases from the test bins or rooms. The
third category, mine safety considerations, is focused on room stability and waste
retrieval.

0.4.1

EMPLACEMENT SAFETY CONCERNS

The emplacement operations for testing are anticipated to be similar to planned WIPP
waste handling operations. WIPP waste handling operations would encompass a broad
range of activities. The operating functions at the WIPP involve the handling of waste
for emplacement, operation of surface facilities, and mining operations. Waste handling
consists of shipping container receipt and unloading, waste handling from the surface
to the underground facility, emplacement in the underground test area, and
maintenance of required records. In support of waste handling activities, the surface
and underground facilities would be operated in a manner to ensure operator and
public safety in accordance with the "WIPP Operational Safety Requirements
Administration Plan" and the 'WIPP Radiation Safety Manual" (WEC, 1988a and 1988b).
Unlike plans for normal operations, the emplacement operations, and subsequent
sampling and retrieval, would require operators to be in the downstream ventilation air
flow on a routine basis. This air flow would be monitored for personnel safety. Use
of waste container handling equipment during the Test Phase would be limited to
emplacement and retric ,,al activities. Thus, the potential for an equipment handling
accident would be restricted.
The operational safety requirements are based on the as low as reasonably achievable
(ALARA) principle. The ALARA techniques applied to the WIPP facilities are based on
DOE Order 5480.11, as well as DOE's exposure guide (DOE, 1980a), as appropriate for
this first-of-a-kind facility. Radiation exposure to plant personnel is kept ALARA by
continued review of operations, training, and the functioning of the Radiation Safety and
Emergency Programs Section. The WIPP ALARA program is described in Section 2.0
of the WIPP Radiation Safety Manual (WEC, 1988b). The expected radiation and
chemical doses to plant personnel described in Subsections 5.2.3 and 5.2.4 of this
SEIS, respectively, are based on testing with 10 percent of the totai projected waste and
are far below regulatory guidelines. On this basis, the dose estimates in this SEIS can
be considered a conservative upper bound.
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0.4.2 TEST OPERATIONAL SAFETY CONCIERNS
Safety concerns during the testing are related lo radiological safety, hazardous material
safety, and ventilation. In accordance with DOE Order 5480.5 (DOE, 1986), Operational
Safety Requirements would be developed as necessary to ensure control of apprppriate
safety parameters during the Test Phase. Operating procedures would be developed
by Westinghouse Electric Corporation, the WIF'P operating contractor, in coordlnation
with Sandia National Laboratories, the in situ test coordinator, to guide the testing and
monitoring activities. These procedures would be approved by the Westinghouse
Radiation Safety and Emergency Programs Se:lion.
Radiological and hazardous material safety operations associated with the in situ testing
of actual CH TRU waste would be guided by procedures, which would include s pecific
monitoring and testing requirements. The program would, at the minimum, inclu Je the
following requirements:
•

Gas or other samples taken in the testing program will be monitored for
radiation and volatile organic compounds prior to being removed frcm the
test area, a defined Radioactive Materials Area.

• Appropriate personal protective equip ment will be worn during sampling and
monitoring activities.
•

Radiation Work Permits will be prepared for most or the test ac:ivities
conducted with the actual waste.

• Site Health Physics and Industrial Hygiene personnel will monitor saripling
and other test-related activities.
•

Westinghouse Radiation Safety and EEmergency Programs Section personnel
will review sampling and monitoring procedures.

The ventilation system for the WIPP underground facilities is designed to provide a
suitable environment for personnel and equipment. It is also designed to NI-nova
potential airborne radioactive or hazardous material from the underground area ciuring
routine operations or through HEPA filters in the event of an accident. The vent lation
system is an exhausting system in which the underground area is maintained below
atmospheric pressure. The design airflow quantities are based on standard local,
State, and Federal industrial and mining laws .and practices. Air quantities supplied
to the underground area have been determined to meet or exceed the criteria specified
in the Mine Safety and Health Administration code.
All gases released through the pressure relief v alves on bins and alcove seals would
already have been filtered through a non-gas-sorbing HEPA filter. Therefore, the
potential for a radioactive release from within the bins or drums is very small. Released
gases are expected to be predominantly nitrogen, with low concentrations of carbon
dioxide, carbon monoxide, hydrogen, oxygen, tracers, and possibly methane and other
volatile organics. These released gases would be vented to the person-access area or
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directly to a mine ventilation duct to be carried away by normal mine ventilation.
Separate chromatograph/mass spectrometry analyses of gases from the test bins and
alcoves would provide a measure of the possible hazard of such gas released in small
quantities. If necessary, samples of mine air in the immediate vicinity of the test room
person-access areas may a►so be analyzed for safety assurances.

0.4.3

MINE SAFETY CONCERNS

Guaranteeing the retrievability of CH TRU waste emplaced and related operational mine
safety are major concerns in the design of the underground testing program. The test
areas must remain stable and open during the Test Phase and for several more years
to assure retrievability. Concerns about rock spalling, fracturing, and slabbing would
be mitigated by rock bolts and wire mesh.
In order to minimize the rock instability uncertainties, the roofs of the test alcoves and
rooms would be supported using patterned rock bolting, which has been successfully
used for stability in other portions of the underground. The rock bolt system, which
was designed and installed in Panel 1, consists of three-fourths inch diameter by tenfoot long mechanically anchored bolts. A similar rock bolting pattern would be
implemented in the alcoves. Wire mesh would also be added. The support system
has been designed to support the full weight of the immediate roof beam up to the first
anhydrite layer in the roof. The pattern is staggered in order to increase bolt hole
distance, and, therefore, reduce the potential for fracturing between holes. It is not
expected that the bolting will prevent creep of the salt nor stop the fracturing and
separating that have been observed in the underground. Rather, the bolting would
prevent roof rock from falling, once it has fractured and has become detached. In
order to maintain the gas and brine leak-tight integrity of the test room roofs, certain
precautions must be taken with regard to rock bolt installation, testing and sealing
procedures. Appropriate types of caulking sealant would be injected into the rock bolt
holes; degassing and volatilization of the sealant material would be kept to a minimum
to limit interference with subsequent gas sampling and analyses.
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0.5 POST-TEST OPERATIONAL SAFETY

Post-test operational safety concerns focus on three main issues: retrieval of bins,
retrieval of drums, and options for disposition of the waste used in the tests. Safety
concerns associated with bin retrieval include handling and processing the was.te and
possible exposure to radiation and hazardous materials. Radiological exposures to the
workers and to the public from retrieval operations are discussed in Subsectio 5.2.3
of this document. While potential drum hand ing accident scenarios are not different
than during emplacement, the probability of container failure during handling riay be
higher, particularly for drums from the test alcoves because of the potential for drum
corrosion or damage during the test period. In addition, retrieval of waste frorr backfilled rooms may be more complex resulting in a higher probability of an accident during
retrieval operations. However, as discussed in Subsection 5.2.3, special procedures
and provisions would be employed to reduce worker exposures in the eve it that
retrieval of the waste is required. Disposition of the waste after the tests is subject to
regulatory requirements and available disposa or storage facilities. A Waste Ratrieval
Plan (DOE, 1989d) is currently being developed to describe the processes,
administrative controls and procedures, and crganizational responsibilities that would
be implemented to ensure safe and effective removal of emplaced TRU waste.

0.5.1

BIN RETRIEVAL

At the end of the test period, the bins would sill be filled with various combinatl ons of
CH TRU waste, backfill, and brine. Gases, potentially with radioactive or hazardous
constituents, are also expected to be in the bins. The gases would be purged by
flushing through the HEPA filters on the bins. The HEPA filters would remove any
radioactive particulates. The gases would be vented through the facility ventilation
system. Any free liquids would be removed from the bins. The waste in the bins
could be further desiccated by flushing the bins with warm air or injecting s Drptive
materials. Disposition of the liquid and the wE,ste is discussed in Subsection 0.5.2.
Safety precautions during the post-test period would be similar to those taken during
the test period (Subsection 0.4.2). Gas and liquids removed from the test bins would
be monitored for radiation and volatile organic cmmpounds prior to being removed from
the test area. During all post-test activities, ap Propriate personal protective equipment
would be worn. Site health physicists and industrial hygienists would monitor posttest-related activities. Radiation work permits would be prepared for the post-test
activities conducted with the actual waste. The Radiation Safety and Emergency
Programs Section personnel would review sampling and monitoring procedures in use
during post-test activities.
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0.5.2 ALCOVE RETRIEVAL
At the conclusion of the alcove test measurements, five of the alcoves would contain
various combinations of waste, backfill, drums, and gas. The injected brine is expected
to be predominantly sorbed on the waste matrix materials; very little free liquid is
anticipated. If a decision to retrieve waste is made at the end of the Test Phase, a
contamination control area would be established in the waste retrieval chambers during
waste retrieval operations. Air flow in the control area would be maintained such that
workers remain in the upstream flow of the working face of the waste stack. Current
plans are to continuously fitter area exhausts through a single HEPA filter, reducing the
concentration of particulates released to the underground exhaust shaft by a factor of
1,000 before release to the atmosphere.
The gas atmosphere in each alcove would be purged (flushed, or simply released) into
the normal mine ventilation system. The plug seals would then be removed. In the
test alcoves where backfill was installed, the backfill would be removed, possibly by
vacuuming as waste retrieval proceeds.
Safety precautions during the post-test period would be similar to those taken during
the test period (Subsection 0.4.2). Gas removed from the test bins and alcoves would
be monitored for radiation and volatile organic compounds prior to being removed from
the test area. During all post-test activities, appropriate personal protective equipment
would be worn. Site health physics personnel and industrial hygienists would monitor
post-test-related activities. Radiation Work Permits would be prepared for the post-test
activities conducted with the actual waste. The Radiation Safety and Emergency
Programs Section personnel would review sampling and monitoring procedures in use
during post-test activities.
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P.1 INTRODUCTION

This appendix has been prepared in response to comments requesting that thi3 SEIS
evaluate TRU waste retrieval, certification, hand ing, and processing activities that would
be conducted at the various generator/storaga facilities for the purpose of pre paring
the waste for transport to the WIPP. In the 1980 FEIS, Subsection 9.8, and in this
SEIS, Subsection 5.2.1, waste retrieval and processing at the Idaho National Engir eering
Laboratory are discussed. These discussions include: 1) waste characteristics and
management methods; 2)the consequences of current operations from routine heindling
and potential accidents; and 3) the methods used to retrieve, process, and ship waste.
This appendix provides information that describes the current and planned TRU waste
retrieval and processing activities at representative DOE generator/storage fa;:ilities.
Many of these activities would support TRU waste certification and preparation for
transport to the WIPP. However, these retrieval and processing activities wo.ild be
applicable even if the No Action Alternative were implemented. For example, waste
containers currently in retrievable storage on as phalt pads and covered with plas:ic and
soil will ultimately have to be retrieved and altered (treated or repackaged) to avoid a
release of materials from package degradation. Once this becomes necessary, it would
be appropriate to assay the packages to better characterize the contents. Other
treatments could be applied at this time as appropriate. Therefore, the processes
described herein are not unique to WIPP operations. Appropriate NEPA documentation
has been or will be prepared for any proposed rnodifications to TRU waste manaGement
activities of the various DOE facilities. This appendix also provides a description of bin
and waste preparation that would occur at the. generator/storage facilities prior to the
Test Phase.
This appendix draws upon the following docurnentation:
• Idaho National Engineering Laboratm. A draft Environmental ASSeSsment
for the Process Experimental Pilot Plant (PREPP) has been prepared and is
undergoing internal review. Other NEPA documentation will be prepared for
other retrieval and process facilities as proposed.1
• Hanford Reservation. A Final Environmental Impact Statement (DC E/EIS0113),"Disposal of Hanford Defense High-Level, TRU and Tank Waste"(DOE,
1987a), was published in December 1987 and a Record of Decisicn was
issued on April 4, 1988 (53 FR 12449).

1 Copies of preliminary drafts of documents in internal review are not yet publicly
available; descriptive information and environmental consequence5 are
preliminary and subject to change.
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•

Los Alamos National Laboratory. A draft Environmental Assessment
addressing waste retrieval, processing, and shipment to the WIPP has been
prepared and is undergoing internal review.2

• Oak Ridge National Laboratory.
A draft Environmental Assessment
addressing CH TRU waste has been prepared and is undergoing internal
review.2 A similar Environmental Assessment addressing RH waste will be
prepared in 1992.
• Savannah River Site.
DOE/EA-0315, "Environmental Assessment on
Management Activities for Newly Generated TRU Waste, Savannah River
Planr (DOE, 1988a) and a finding of no significant impact covers retrieval,
treatment, and packaging for shipment to the WIPP.
• Rocky Flats Plant. DOE/EIS-0064, "Final Environmental Impact Statement:
Rocky Flats Plant Site" was published in April, 1980. Also, an Environmental
Assessment to consider the potential environmental impacts that may occur
from construction and operation of a Supercompactor and Repackaging
Facility and a Transuranic Waste Shredder has been prepared and is
undergoing internal review.2
• WIPP Site. WIPP 89-011, "Draft Plan for the Waste Isolation Pilot Plant Test
Phase, Performance Assessment and Operations Demonstration" has been
prepared (DOE, 1989).
The DOE believes that the waste retrieval and processing activities described herein are
representative of those that likely would occur at other DOE facilities that may eventually
transport post-1970 TRU waste to the WIPP. This belief is based on the following:
• The similarity in retrieval and processing approaches at the various facilities
and the nature of retrievable storage among facilities.
• The volume of retrievably stored CH TRU waste at the six DOE facilities
described constitutes 98 percent of the total retrievably stored inventory (see
Table 3.1).
• The magnitude of the consequences presented for the Idaho National
Engineering Laboratory, Hanford Reservation, and Savannah River Site.
As noted elsewhere in this SEIS, the DOE will issue another SEIS at the conclusion of
the Test Phase; such a SEIS would update the information contained in this Appendix
for all 10 DOE facilities and would analyze in detail the system-wide impacts (including
those from retrieval, handling, processing, and transportation) of disposal of post-1970
TRU waste in the WIPP.

2 Copies of preliminary drafts of documents in internal review are not provided.
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P.2 SAVANNAH FHVER SITE

P.2.1

RETRIEVAL AND PROCESSING

TRU waste at the Savannah River Site is in rotrievable storage on concrete pads or
buried in shallow trenches. It is contained in concrete and steel boxes, concrete
culverts, and galvanized steel drums covered with 4 ft of soil or tornado netting (in use
since 1985).
The 4-ft soil cover would be removed from the stored waste pads by earth-nioving
equipment to within 6 to 12 inches of the waste containers. The remaining soil would
be removed with the remotely operated, HEPA-filtered soil vacuum. Drums wo ild be
removed using a shielded lifting canister. La rge steel boxes and concrete c Averts
would be lifted from the pads and placed directly on a transport trailer for shiprnent to
the TRU Waste Processing Facility building.
Retrieved TRU waste and the newly generated TRU waste requiring processing prior to
certification would be processed at a new TIRU Waste Processing Facility. A flow
diagram for TRU waste processing at the Savannah River Site is depicted in Figure
P.2.1. The TRU Waste Processing Facility is scheduled to begin operation in 1995.
Waste containers would be received at the TRU Waste Processing Facility through an
airlock into a high bay storage and opening area. The TRU Waste Processing Facility
would be used to vent, purge, x-ray, and assay the storage containers; size-reduce the
large waste not suitable for shipment; solidify free liquids, resins, and sludgo; and
repackage the waste to meet WIPP Waste Acceptance Criteria (WAC). (The WAC are
described in Appendix A.) Large steel boxes would be opened in this area, and
plywood boxes within the large steel boxes would be removed to be processed
IndMdually. Culverts would be opened remotely, and drums would be removed and

placed into a cell where they would be vented, purged with inert gas, and fitted with
a filter vent before going to the verification area. Any gases vented from the drums
would pass through the building exhaust system.
In the verification area, drums and boxes woulcl be assayed to determine curie content
for inventory control and record purposes. Each container would then be x-rayed to
verify compliance with the WAC.
After being x-rayed, containers not conforming to the WAC would pass throL gh an
airlock into the remote waste-preparation cell. This cell would have lead-shielded
viewing windows and a remote operator's console. All waste-preparation activities
would be performed remotely with the aid of a telerobot. This robot would handle
several tools, including a plasma arc torch, to size-reduce large objects. The telerobot
would remove any objects identified in the x-ray process that do not meet the WAC.
An electric worktable would be provided so that the telerobot can work on large bulky
objects.

P-3

NEWLY GENERATED
WASTE

STORED
WASTE

NONCERTIFIABLE

CERTIFIABLE

EXIST!
RTIFICATION, FACILI

'•" TRANSURANIC (TRU
ASTE FA CIL I
No-

TRU
CERTIFIED

LOW-LEVEL
WASTE

FIGURE P.2.1
SAVANNAH RIVER SITE TRU WASTE MANAGEMENT PLAN
P-4

Drums and other pieces of equipment may be placed in a shredder for size-reduction.
Some smaller equipment would be placed directly in a drum overpack for romoval
using bagiess transfer systems. These systems would significantly reduce the a mount
of waste generated during the bagout operation by eliminating the need for drum liners
and plastic bags. Operations in this cell would be completely remote. A closed circuit
television would provide localized viewing of individual equipment operations.
Waste forms segregated as requiring additional processing, such as HEPA filters and
respirable fines, would be stabilized or solidified in the TRU Waste Processing Facility
to meet the WAC. An in-cell vacuum clea ning system would remove dust and
contamination. Drums of processed waste would be removed from the processing
area using the bagless transfer system and transported to the shipping area, where they
would be prepared for shipment to the Waste Certification Facility. In the Waste
Certification Facility, drums would be classified as low-level waste or WIPP-certified TRU
waste. Low-level waste would be disposed of onsite. Certified drums of TRU waste
would be sent to retrievable storage in the bu lel ground for eventual shipment to the
WIPP.

P.2.2 CONSEQUENCES
P.2.2.1 Routine Operations
During routine operations at the Savannah River Site, the impact of atmospheric
releases from TRU waste activities is negligit le. Any releases from the TRU Waste
Processing Facility and other activities would be well below applicable Sta:e and
Federal standards.
Plutonium 238 and 239 would be the major radionuclides released to the atmosphere
during normal operations. The annual release to the atmosphere is estimated to be
less than 6.7 x 10-5 Ci of Pu-239 and/or Pu-238. The radiological doses to the
maximally exposed individual members of the public and the general population at the
Savannah River Site boundary, 7 mi from the TRU waste facility, have been calculated
using methods described in ICRP Publication 30 (ICRP, 1979) and others. Radiation
doses due to normal atmospheric releases are expected to result in a maximum
individual dose of 3.5 x 104 mrem per year efective dose equivalent. These releases
are significantly below the EPA standard of 25 mrem/year to members of the general
public from radioactive emissions in 40 CFF Part 191 and 40 CFR Part 61. The
collective effective dose equivalent is estimated to be 1.2 x 10-2 person-rem/year. These
values are small compared with background whole-body doses of 93 mrem por year
to the maximally exposed individual and 5.1 x 104 person-rem per year to the
population within 50 miles of the facility.
Routine TRU waste retrieval and processing operations would result in insignificant
amounts of radiation exposure to the operating personnel. Occupational dose es1 imates
for normal operations were based on overall occupational doses experienced at the
Savannah River Site. Because the work that would be done in the TRU Waste
Processing Facility would involve less potential for radiation exposure than most other
Savannah River Site activities, this approach is, expected to overestimate occupational
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radiation exposures. The average occupational dose during TRU wasie normal
operations was estimated to be 0.22 rem per year, a dose well within the DOE
occupational exposure limit of 5 rem per year as stated in DOE Order 5480.11 (DOE,
1988a).
P.2.2.2 Facility Accidents—Retrieval
The potential impacts of retrieval are assumed to be simiiar to those resulting from
current operations for burial ground TRU waste management activities. For the
purposes of this subsection, the consequences of potential accidents to the onsite
population, offsite maximally exposed individual, and offsite population are discussed.
P.2.2.2.1 Natural Phenomena. High winds (including straight winds, hurricanes, and
tornadoes) could adversely impact the retrieval operations in the burial ground. TRU
waste to be retrieved is stored on concrete pads. A 4-ft layer of soil was mounded
over the containers until mid-1985. Since then, waste containers placed on concrete
pads are covered with tornado netting. The total number of drums on concrete pads
is approximately 4,500, but the drums at greatest risk from high winds are those
potentially exposed on the perimeters of the pads, up to 420 drums during retrieval
operations. The threshold damage speed for straight winds is estimated to be 100
mph. Winds in excess of 100 mph could cause some drum damage and partial content
release. Straight winds of 1 00-1 50 mph could result in 10 percent (42) of the exposed
drums being ruptured. An estimated 10 percent of the contents of the 42 drums (0.5
Ci/drum) would become airborne since the drums contain a variety of alphacontaminated solid waste, some of which is not likely to be dispersed. An estimated
1 percent of that released would be respirable. Therefore, this event would result in
a release of 2.1 x 10-2 Ci (assumed to be Pu-238). In the extreme case of winds over
150 mph, 20 percent of the perimeter drums would be ruptured, and 4.2 x 10-2 Ci
would be released.
Failure of concrete culverts is not assumed to occur in even a 150 mph wind. Hence,
drums requiring storage in the culverts would retain their integrity.
The threshold damage speed for tornado winds is estimated to be 113 mph. During
tornadoes with wind speeds in excess of 113 mph, drums may become airborne for
short distances, causing some to rupture. A windspeed of 113-157 mph is
conservatively assumed to rupture 12 percent of the drums on the face of a half-filled
pad, approximately 50 drums. A tornado of 158-206 mph would rupture 25 percent
of the drums on the perimeter, or 105 drums. Using the same assumptions as for
straight winds, the consequences would be 2.5 x 10-2 Ci and 5.3 x 10-2 Ci, respectively.
The probabilities of tornadoes occurring at the Savannah River Site with these wind
speeds are 4.5 x 10-5/year and 4.0 x 10-6/year, respectively.
P.2.2.2.2 Process-Related Accidents. Process-related accidents are the direct result of
burial ground operations (e.g., criticality, fires and drum ruptures).
No criticality incidents have ever occurred at the Savannah River Site; however, where
fissile materials are present, potential criticality incidents cannot be precluded. A
nuclear criticality event would be no worse than an explosion with respect to the
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dispersal of particulate matter; and in this respect, the offsite consequences would be
less severe than for fires. The greatest hazard of a nuclear criticality event would be
direct radiation to the operating personnel. However, the overall frequency for a nJclear
criticality event is so small that the risk can be ignored when compared to the risks
from other abnormal events.
To date, no fires have occurred in any of the Savannah River Site TRU waste siorage
drums or culverts during operations. However, fire is a serious hazard in the burial
ground because of the types of waste. Fires in drums could arise from sponta -mous
combustion, drum rupture, lightning, vehicle crashes, or aircraft crashes.
The release due to fires would depend upon the quantity of material involved. The
pad could hold up to 4,500 drums. The quantity of TRU radionuclides in a 55-gal
drum placed on the pad is limited to no more than 0.5 Ci, so the maximum quaritity of
TRU radionuclides on the uncovered pad woulcl be 2,250 Ci. Although large qua ntities
of radionuclides might be on the pad, few containers would actually be involved in a
TRU pad fire. It is assumed that one 55-gal drum would be involved in a TRU pEid fire.
Previous studies have shown that in the event of fire, only those combustion products
less than 10 microns are likely to travel beyoncl the plant boundary. Waste-producing
combustion products smaller than 10 microns represent approximately 1 percent of the
total material at risk or 5.0 x 10-3 Ci (0.5 Ci/drum).
lf a fire occurred in a culvert, it would have a consequence only while the culvert lid is
off to load additional drums. However, this could occur only in the TRU Waste
Processing Facility because culverts remain closed during retrieval and transport into
the TRU Waste Processing Facility. A culvert The is assumed to involve only one drum
containing an average of 167 Ci of Pu-238; thorefore, the release is 1.7 Ci (1 percent
of the total material is at risk).
No ruptures have occurred in the history of TRU waste storage at the Savanna River
Site. Potential for rupture from internal pressure build-up is present in TRU waste
drums containing alpha activity in contact whh cellulosic material. lf drum rJpture
occurred from such overpressurization, some radioactive material could be dispersed.
As in the case of an internal fire, the drum lid seal would fail, allowing the overpressure
to be relieved. Released radioactive material that is airborne and respirable should not
exceed 1 percent of the drum contents. Conservatively assuming drum conte nts to
be 0.5 Ci Pu-238, a release to the atmosphere is estimated to be 0.005 Ci Pu438.
Drum damage can result from corrosion during storage or from mishandling during
transport. Mishandling can result in drums being dropped, crushed, punctured, or
dented. The release from such accidents would be localized since insufficient energy
is available to disperse the radioactive nuclides. However, the potential for operator
exposure remains. It is estimated that 1 percent of the contents of the darnaged
container would be released and 1 percent of the release, or 5.0 x 10-5 Ci Pu-238,
would become airborne.
The maximally exposed offsite individual woulcl receive the highest exposure from an
accident in the burial ground which results in a fire in a culvert. The effective dose
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equivalent for this accident was calculated to be 4.4 rem, which is well below the DOE
guide of 25 rem for postulated accidental releases for nonreactor nuclear facilities.
The upper-bound latent cancer risk to the total onsite and offsite populations would be
about two additional deaths among the total population within 50 mi. This population
is expected to experience about 110,000 cancer deaths during the same time frame
from unrelated causes. The maximum individual risk off the site would represent less
than a 1 percent increase in normal cancer risk. Consequences of all other postulated
accidents are so much smaller than this example that they do not require analysis.
Table P.2.1 summarizes the consequences from postulated accidents at the burial
ground.
P.2.2.3 Facility Accidents—TRU Waste Processing Facility
The following discussion of potential accidents in the TRU Waste Processing Facility is
based on the analysis of potential processing accidents at the burial ground.
The categories of abnormal events analyzed are natural phenomena and process-related
accidents. An aircraft crash or a criticality accident are not considered credible
accidents because of the extremely low frequency of occurrence. The threshold
damage speed for straight winds and tornado winds is 100 mph.
The accident in the TRU Waste Processing Facility resulting in the highest exposure to
an offsite individual was determined to be a tornado (> 200 mph). The effective dose
equivalent was calculated to be 2.0 rem, which is well below the DOE guideline of 25
rem. The upper-bound latent cancer risk to the total onsite and offsite populations
would be about two additional deaths among the total population within 50 mi. This
population is expected to experience about 110,000 cancer deaths during the same
time frame from unrelated ("natural") causes.
Table P.2.2 summarizes the consequences for postulated accidents in the TRU Waste
Processing Facility.
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TABLE P.2.1 Summary of consi3quences from
accidents in the burial grounda

postulated

Effective dose equivalent

Accident

Curies
released

Off-site
On-site
population
population
(person-rem) (person-rem)

Offsite
maxim ally
exposed
indivic ual
(mrem)

Windsb
100 mph
> 150 mph

2.1x10-2
4.2x10-2

1.6x10-1

2.21(10-1

4.4
6.3

6.3x104
7.3x104

2.5x10-2
5.3x104

9.3
2.1x101

1.6x101
3.5x101

1.3x10-2
2.7

1.7
5.0x10-3

9.3x103
2.8x101

2.0x104
6.1x101

4.4x103
1.3x101

5.0x10-3
5.0x10-5

2.8x101
2.8x10-1

6.1x101
6.1X10-1

1.3x101
1.3x10-1

Tornado
113-157 mph
158-206 mph
Fire
Drum in culvert
Drum on pad
Drum rupture
Internal pressure
External pressure

a Estimated from the analysis of potential buria ground accidents reported in DF STSA200-10, Supp. 8.
b Straight winds.

P-9

TABLE P.2.2 Summary of consequences from postulated
accidents in the TRU Waste Processing Facilitya

Effective dose equivalent

Curies
released
Accident

On-site
Off-site
population
population
(person-rem) (person-rem)

Offsite
maximum
individual
(mrem)

Pu-238

Pu-239

4.3

8.8

4.7x10-2
9.5x10-2

5.1x101
7.3x101

7.3x102
1 .1x1 03

1.1x101
1 .8x101

5.2
4.4x101

5.7x10-2
4.7x10-1

1.9x103
1.5x104

2.8x103
2.3x104

2.5x102
2.0x103

0.09-0.2 g

4.3x10-2

5.0x10-4

3.4x102

4.3x102

1.1x102

Vehicie crash

2.2x1 0-2

2.4x104

1.7x102

2.1x102

5.5x101

Fire

8.7x10-3

9.5x10-5

7.3x101

9.3x101

2.5x101

4.3x1 0-3
4.3x1 0-5

4.7x1 0'5
4.7x10'5

3.4x101
3.5x10-1

4.2x1 01
4.3x1 0-1

1 .1x1 01
1.1x10-1

Windsb
100-150 mph
> 150 mph
Tornado
100-200 mph
> 200 mph
Earthquakes

Drum rupture
Internal pressure
External pressure

a Estimated frorn the analysis of potential ETWAF/WCF accidents reported in DPSTSA200-1 7, Rev. 1.
b Straight winds.

P-10

P.3 HANFORD RESERVATION

P.3.1 WASTE CHARACTERISTICS AND CURRENT MANAGEMENT METHODS
TRU waste generated at the Hanford Reservation since 1970 has been retrievably
stored. Most of this waste is contact-handled (CH) waste and is in 55-gal crums,
stored as shown in Figure P.3.1. The containers are covered with plywood, plasticreinforced nylon sheeting, and a 4-ft layer of jncontaminated soil to reduce surface
radiation exposure rates. Hot cell remote-handled (RH) waste is stored in caissons
such as those illustrated in Figure P.3.2. TRU waste unsuitable for asphalt pad or
caisson storage because of size, chemical composition, security requirements, or
surface radiation has been packaged in wooden, concrete, or metal boxes, and stored
in dry waste trenches since approximately 1973. Each trench is covered with plywood
and vinyl plastic and backfilled with dirt (see Figure P.3.3). Newly generatecl TRU
waste is stored in approved storage facilities. These aboveground buildings meet all
Federal, State, and local regulations.

P.3.2 RETRIEVAL
CH TRU waste in retrievable storage trenches and aboveground buildings is Ictored
free of external contamination and packaged to maintain integrity for a minimum of 20
years. It is packaged so that the waste can be retrieved in an open environment
without releasing airborne radioactivity. The soil overburden would be removed using
conventional equipment and/or hand digging as required. Once the overburclen is
removed, the packaged waste would be removed by a forklift or crane.
The current inventory of retrievably stored CH TRU waste would be removed and
transferred for certification to a Waste Receivir g and Processing Facility (Subsection
P.3.3). Waste not directly certifiable would be processed within the Waste Receiving
and Processing Facility to produce waste packages that would meet the WAC.
Until about 1994 when the Waste Receiving and Processing Facility is scheduled to
begin operation, newly generated TRU waste would be retrievably stored on pads or
in buildings. Newly generated TRU waste would be retrieved and, if required,
processed in the same manner as the existing ratrievable TRU solid waste. After 1994,
all CH TRU waste would be processed and packaged to meet the WAC in the facility
as it is generated.
Special equipment would be used to recover the RH TRU waste in caissons. In the
current retrieval scenario this equipment would not require an entry pit to gain EICCess
to the caissons. A recovery building would be positioned over the first caisson row
and would contain a remotely operated manipulator and associated equip nent.
Movement of the building would require roadweys. A new entry cut would be made
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into the caisson. The retrieval operations viould be controlled remotely from an
auxiliary control room. A grappler housing equipped with a telescoping articulated
boom would retrieve the caisson waste stored rnainly in 1-gal and 5-gal containers. An
airlock and conveyor system would be used to transfer the remotely handled cask
containing the retrieved caisson waste. This cask would be remotely sealed and
decontaminated before placement on a truck, The cask would then be transported to
a waste processing facility for conversion to a form suitable for geologic disposal.
A small amount of retrievably stored and newly generated RH TRU waste would also
require processing. This waste may be routecl to a Special Handling and Packaging
Facility designed to process RH TRU waste (not in the Waste Receivincr and
Processing Facility). This facility would be fumtionally similar to the Waste Receiving
and Processing Facility, and its operations would include specific processes required
to meet WAC requirements.

P.3.3 WASTE RECEIVING AND PROCESSING FACILITY
The major functions of the Waste Receiving and Processing Facility would in:..lude:
1) providing for examination, processing, packaging, and certification of retriovabiy
stored CH TRU waste; and 2) providing for ,axamination and certification of newly
generated CH TRU waste for repository disposal.
The Waste Receiving and Processing Facility is conceptually designed to support
examination and certification (to the WAC) of CH TRU waste for permanent dieposal
and is scheduled to be constructed during the 1990s. Processing and pacl4aging
capabilities for CH TRU waste in retrievable storage would be provided in the 'Naste
Receiving and Processing Facility.
In estimating product costs, emissions, and volumes of waste, it is projected that 40
percent of all CH TRU waste would be reclassified as low-level waste after the TRU
waste content of each pack is measured. The projected 40 percent of waste to be
reclassified is based on engineering judgment and historical records.
Waste process systems being considered include waste package inspection, assaying,
repackaging, size reduction, compaction, sorting, shredding, and waste immobilization
in grout. A conceptual process flow diagram for the Waste Receiving and Processing
Facility using a shredding process without incineration is shown in Figure P.3.4.
P.3.3.1. Waste Process Description
P.3.3.1.1 Receiving Dock. The first step in the waste package flow would be to cffload
the waste onto the receiving dock. The dock would be constructed to facilitate
offloading of trucks by forklift and possibly ky crane. Once offloaded, the waste
packages would initially be inspected to determine whether incoming waste meets the
WAC or whether further processing is required. For inspection, the receiving dock
would be equipped with instruments that measure surface coniamination, surface
exposure rates, and physical dimensions. Waste packages with exposure rates greater
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that 200 mR/hr would be treated or placed in a canister overpack to reduce exposure
rates. If it is not cost-effective to place waste packages in a canister overpack, thereby
reducing exposure levels below contact handling limits, the waste would be treated as
RH TRU and transferred to RH TRU waste storage.
P.3.3.1.2 Size-Reduction Rooms. Waste packages that exceed the WAC physical size
requirements would be diverted to the size-reduction room. Here the waste would be
repackaged into drums or steel boxes. The size-reduction area in the Waste Receiving
and Processing Facility would consist of the following: 1) a waste container op ening
chamber (box-opening room), 2) a waste-entry air lock, and 3) a size-reduction cell.
The box-opening chamber would be equipped with commercially available equipment
that would open boxes and sample for internal airborne contamination. The sizereduction cell would be a large stainless steel enclosure equipped with glove port; and
viewing windows. Operations would be perforrned both remotely and manually. The
room would be equipped with a positioning table that rotates horizontally and vert cally,
manipulators and cranes, lightweight dismantling tools, and metal sectioning equipment
including nibblers, mechanical saws, abrasive saws, electric saws, and/or plasma
torches.
P.3.3.1.3 Nondestructive Assay and Examination Room. Waste packages that meet
size, contamination, and exposure criteria would then be routed to the nondestructive
assay and examination (NDA/NDE) room to determine 1) TRU waste content, 2) weight,
and 3) the presence of noncomplying items such as free liquids or cylinders of
compressed gases. Equipment potentially required for the NDA/NDE room includes:
scale systems (both in-floor, drive-on scales ancl smaller scales), neutron- and gammascan assayers, x-ray fluoroscopy equipment, ult-asonic and eddy current systems , and
visual examination instruments. All certified waste would be routed to the shi Pping
dock for transport to the WIPP. Waste that doos not meet WAC would be diverled to
the waste-processing room.
P.3.3.1.4 Waste-Processing Room. Noncertifiable drummed waste would be sent
through the waste-processing room. The room would include an opening and s Drting
glovebox and a shredding and immobilizing processor. The opening and s Prting
glovebox provides for removal of drum lids and for lifting, tilting, and unloading 1)f the
drum to a sorting table. The sorting table would be used to separate drum waste into
certifiable categories and would be equipped with manipulator arms, glove ports , and
tools. This glovebox would also be able to crueh empty drums and repackage waste.
The WAC require immobilization of particulates and removal of all but re3idual
quantities of free liquids. (See Appendix A for a description of the WAC.) The
shredder and immobilizer would process drum waste to meet these immobilization
criteria. The shredding/immobilization process line includes a slow-speed shr adder
with double rotors to shred 55-gal and 83-gal drums and other similarly sized
containers. To minimize contamination and the potential for fire or explosion, the
shredding process would be designed to control dust and sparks.
Packages would be opened and sorted when direct shredding of unopened packages
is not practical. Examples of nonshreddable waste include pressurized gas cylinders
and drums with potentially flammable or explosive contents. Opened drums would be
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sorted to remove noncertifiable contents for further processing. Uncertifiable waste
items would be processed via direct immobilization or other processes as required.
Remote operation and maintenance would minimize any damage resulting from contact
with unshreddable items.
Processed waste would be transferred to a rotating grout-mixing chamber to be
immobilized in grout. Grout formula(s) most suited to immobilize the shredded waste
would be determined by experimental testing. To meet functional requirements, the
grout must immobilize particulates and free liquids generated as a result of the
shredding process. The grouting process would also provide for direct immobilization
of various liquid waste streams. Grouting would probably be required to eliminate
pyrophoric and/or corrosive characteristics of the waste, but other techniques could be
used. The grout/shredded waste mixture would be injected into drums and sent to
the drum-curing room for solidification.

P.3.4 CONSEQUENCES OF WASTE RECEIVING AND PROCESSING OPERATIONS
P.3.4.1 Radiological Emissions
Beginning about 1996, retrievably stored TRU waste would be processed and
repackaged during a 5-year period, and the newly generated TRU waste would be
processed during a subsequent 8-year period. Due to uncertainties associated with
the distribution of the radionuclide inventory, it is conservatively assumed that the
entire radionuclide inventory is present in the fraction of waste drums and boxes that
are shredded. Projected annual releases from the Waste Receiving and Processing
Facility are well below the limits established by the DOE for release in uncontrolled
areas.
P.3.4.2 Radiological Impacts
Dose commitments to the general population and to the maximally exposed individual
are presented in Tables P.3.1 and P.3.2, respectively. The values presented include
doses from the processing of retrievably stored and newly generated CH TRU waste.
Values are given for exposure periods of 1 year and 70 years. The projected
population doses shown in Table P.3.1 are insignificant when compared to the
2.5 x 104 person-rem the offsite population would receive over the same time period
from natural background radiation sources.
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TABLE P.3.1

Population total-body dose commitments(man-rem)
from the processing of retrievably stored and newly
generated CH TRU waste at the Waste Receiving
and Processing Facility

Exposure period

Pathway

1 year

70 years

Air submersion

5.0 x 10'11

9.0 x 10'10

Inhalation

1.2 x 10-5

2.4 x 104

Terrestrial (air paths)

:7.0 x 10-7

4.0 x 104

Total doses

1.2 x 10-5

2.8 x 104

TABLE P.3.2 Maximum individual total-body dose commitments
(rem) from the processing of retrievably stored and
newly generated CH TRU waste at the Waste
Receiving and Processing Facility

Exposure period

Pathway

1 year

70 years

Air submersion

3.7 x 10-16

7.3 x 10-15

Inhalation

9.7 x 1011

2.1 x 10-9

Terrestrial (air paths)

3.6 x 10'12

7.4 x 10-10

Total doses

1.0 x 10-10

2.9 x 10-9
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P.4 LOS ALAMOS NATIONAL LABORATORY

P.4.1 RETRIEVAL AND PROCESSING
CH TRU waste is generated at Los Alamos National Laboratory as a result of
plutonium processing and research and development activities and is currently being
placed into retrievable storage. Subsequently, this waste would be retrieved and
processed by means such as size reduction and incineration, so that it can be certified
for shipment and disposal at the WIPP.
RH TRU waste (contaminated with beta- or gamma-emitting nuclides) would also be
shipped from Los Alamos National Laboratory to the WIPP. The volume of RH TRU
waste is a small percentage (about 0.4 percent) of all retrievably stored TRU waste.
Output of RH TRU waste would cease after the existing inventory of experimental
materials has been processed and the residues from decommissioning and
decontamination have been removed.
Newly generated certified waste would be stored aboveground on an asphalt pad and
protected from the elements by plywood and a plastic cover topped with at least 3 feet
of soil, much in the same manner in which waste has been retrievably stored since
1971.
The TRU waste facilities at Los Alamos National Laboratory would consist of the
following facilities:
• Existing storage facilities
• TRU Waste Size Reduction Facility
• TRU Contaminated Solid Waste Treatment and Development Facility
• TRU Waste Preparation Facility
• TRU Waste Nondestructive Analysis and Examination (NDA-NDE) Facility
• TRU Waste Transportation Facility
• TRU Waste Corrugated Metal Pipe Saw-Processing Facilities
• Other related facilities: liquid waste treatment plant.
The TRU waste facilities would be capable of handling not only newly generated TRU
waste but also stored waste and would, either individually or in conjunction with one
another, produce certified TRU waste. The Size Reduction Facility and the Treatment
and Development Facility are existing online facilities that would be modified.
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Retrievable storage is located at the Los Alamos National Laboratory's Radioactive
Waste Storage Site. Radioactive liquid waste would be treated at the existing liquid
waste treatment plant, which would require no modification. The process p ath for
newly generated and stored TRU waste is presented in Figure P.4.1.
Each facility is discussed below.

P.4.2 WASTE STORAGE SITE
Since 1971, TRU waste has been packaged and stored in either subsurface trenches
or aboveground earth berms at the waste burial site. Two types of packaging have
generally been used. Small items have been stored in 55-gal steel drums (sealed and
coated with bituminous corrosion protection material), and larger items have been
placed in plywood crates (sealed and coated with fiberglass-reinforced poly ester).
Plywood storage crate sizes vary considerably Nith a maximum length of approximately
30 ft.
Retrieval work would require heavy earth-moving equipment (e.g., bulldozer, scraper)
and a crane capable of about a 60-ft reach to remove the overburden. A small •ubber
track front-end loader would also be required to assist in the final stages of this
operation. As the backfill cover is removed, personnel would probe the rerr aining
cover over the waste with metal rods, measuring the thickness of that cover to onsure
that waste packages would not be damaged. This method has proved effective in all
prior excavations of this type. Final excavation of the last 4 inches would require
manual labor to ensure that no packages are breached. Waste would th an be
removed using the crane for larger crates and a forklift for smaller crates and drums.

P.4.3 TRU WASTE SIZE REDUCTION FACILITY
The Size Reduction Facility has been modifiecl to process large items of TRU waste
and to package the cut pieces into certified containers. The facility was designed and
built in the late 1970s and was modified in 1964-1985.
The Size Reduction Facility is a production-oriented prototype designed to repackage
and reduce the volume of various types of metallic waste (such as gloveboxes,
process equipment, and ductwork primarily resulting from decommissioning the old Los
Alamos National Laboratory plutonium facility) contaminated with TRU levels greater
than 100 nCi/g of material. The Size Reductio Facility enclosure is divided int) four
modules according to function: airlock, disassembly, cutting, and packaging/bagout.
To process a waste item, the package would te placed in the Size Reduction Facility
building and the building would be locked. External packaging would be removed
and the item brought into the airlock. The ite m would pass from the airlock 1 o the
disassembly area where attached combustible items would be removed. The item
would then be moved into the cutting area where a plasma torch would be used to cut
it into smaller pieces for packaging. The pieces would be placed into Departmnt of

P-21

GEWNAESRWALTYED

SREDUICZTEION (ITNRCOIEPNAETIRMOAETNITON)
C
E
R
T
I
F
I
E
D
PREPARATION
HWOALSDTING
PROCES ING NDA & NDE TRANSPORT
REUTANSRCTIOETRTVAIE-G5FI4ERDOM (BTGRCUDI)WLASBUTLREIWAL
RESUTNTRCOITERAVT-GEI2E1FIARETDOM
SH (TOFCERAMAMCPGPIEOLSRITAATWYR-Y54)
A

-.11E-1

TO WIPP

LEGEND
NDA - NONDESTRUCTIVE ASSAY
NDE - NONDESTRUCTIVE EXAMINATION
GCD - GREATER CONFINEMENT DISPOSAL
LLW - LOW-LEVEL WASTE
TA - TECHNICAL AREA
CMP - CORRUGATED METAL PIPE

FIGURE P.4.1
LOS ALAMOS NATIONAL LABORATORY TRU WASTE PROCESS FLOW

P-2

Transportation (DOT) Type A-approved metal containers in the bagout area, and the
containers would be sealed for temporary holding at the waste storage site.

P.4.4 TRU CONTAMINATED SOLID WASTE TREATMENT AND DEVELOPMENT
FACILITY (TDF)
The TRU Contaminated Solid Waste Treatment and Development Facility is essentially
a controlled-air incinerator. The facility was designed and constructed as an option
to reduce volume, stabilize chemical composition, and eliminate combustibility ,Df TRU
waste. It was built in the mid-1970s and moclified in 1984-1985. The Treatment and
Development Facility can reduce the volume, of combustible waste and/or destroy
hazardous or toxic solid and liquid chemical waste. Residues (ash)from the Treatment
and Development Facility require additional processing (immobilization) and packaging
in other facilities to meet the WAC. Liquid waste from the exhaust gas cleaning :eystem
would be piped directly to the Liquid Radioactive Waste Treatment Plant.
The principal component of the incineration process is a dual-chamber, commerciallyavailable unit modified for TRU waste. The Los Alamos National Laboratory modified
design could accept a low-density, combustible TRU waste and reduce it by a factor
of up to 40:1 by weight and up to 120:1 by volume to produce a chemically-stable, dry
product (ash). System components include a feed preparation and introductioii train,
an off-gas cleanup system, a scrub-solution reiNcling system, and an ash-removal and
packaging station.
The feed preparation and introduction train assays waste and removes any materials
not suitable for combustion. Noncombustibles are repackaged and processed as
appropriate. The off-gas cleanup system rernoves particulates and acid gases from
effluents and conditions the gas stream for passage through high efficiency particulate
air (HEPA)filters before discharge. The scrub-solution recycling system supplies liquids
at required pressures to the off-gas system and processes these liquids for reGycling
or discharge to the Liquid Radioactive Waste Treatment Plant.

P.4.5 TRU WASTE PREPARATION FACILITY
The TRU Waste Preparation Facility is a tension-support, polyester-fabric-covered shelter.
The initial phase of retrieval operations on stoned waste began in 1985 with retrieval of
the plywood crates of decommissioned equipment. Retrieved waste drums wou d also
be processed at the Waste Preparation Facility.
In the process of retrieving and certifying TRU waste materials, the Waste Preparation
Facility would provide dedicated space for three functionally related operations:
•

Cleaninq: After retrieval, TRU waste drums and storage boxes wo ild be
cleaned, with excess soil removed from plywood storage boxes and excess
soil and bituminous corrosion proteclon coatings removed from steel storage
drums.
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• Inspection: Steel storage drums would be examined and evaluated for
structural integrity and the presence of internal or hidden corrosion using
u►trasonic equipment and visual inspection; unacceptable containers would
be overpacked as required for onsite transport. Storage boxes would be
examined for structural integrity and trapped moisture; they would be
drained if necessary and repaired as required for onsite transport.
• Staginq: Waste drums and boxes would be staged for transport to the next
step in the certification and shipping process.
Experience to date has indicated that high-pressure steam and hot water are most
effective for the types of cleaning required in the Waste Preparation Facility. A
commercial-type portable steam generator unit would be used. Operations at the TRU
Waste Preparation Facility may necessitate periodic decontamination (washdown) of a
portion of the interior of the facility (i.e., where the cleaning operation would be
performed) and co►lection and processing of internal drainage.
All internal drainage and effluents emanating from the facility would be considered
potentially contaminated and held for further processing. Consequently, these liquids
would be collected in a storage tank for sampling and ana►yzing before periodic
transfer to the liquid waste treatment facility. ln addition, residues from removal of the
bituminous corrosion protection coating on steel storage drums would be removed
from the drainage system, processed as a potentially contaminated low-level waste
material, and buried at the storage site.

P.4.6 TRU WASTE NONDESTRUCTIVE EXAMINATION AND ANALYSIS (NDE-NDA)
FACILITY
Retrieved packages (drums) would be examined in the TRU Waste NDA-NDE Facility
and analyzed to validate the nature of the waste matrix and the identity and level of
radioactive elements contained in the waste. Where additional processing of the waste
is not required, this operation would provide the basis for directly certifying a large
portion of stored waste as meeting the WAC.
Drums of TRU waste would be delivered to the NDA-NDE Facility by truck from staging
in the Waste Preparation Facility. Following offloading onto individual carts, the drums
would be subject to nondestructive analysis (NDA) and examination (NDE) using an
active-passive drum assay system and a real time x-ray radiography system. Drums
meeting the WAC would be certified and transferred to the adjacent transportation
facility for transport to the WIPP. Drums intended for additional processing would be
transferred to the appropriate facility. A small fraction of newly generated waste drums
may be reviewed as a quality assurance check on the certification process. Only metal
drums would be examined in this facility. Steel boxes containing TRU waste packed
at the waste size-reduction facility and sectioned pipe from the Corrugated Metal Pipe
Saw-Processing Facility wou►d undergo examination and analysis by a mobile assay
system.
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P.4.7 TRU WASTE TRANSPORTATION FACILITY
The Transportation Facility is constructed as a single building with the NDA-NDE
Facility. These facilities share a common well with the Corrugated Metal Pipe SawProcessing Facility.
The Transportation Facility is a standard design warehouse where certified waste
packages would be loaded into TRUPACT-Ils. A semitrailer and tractor wc uld be
brought inside the Transportation Facility to load the waste containers. A gantrt crane
would assist in transferring the waste into the TRUPACT-II. The sealed TRUPACT-Ils
would then be inspected and tested prior to shipment.

P.4.8 TRU CORRUGATED METAL PIPE (CMP) SAW-PROCESSING FACILITIES
It is proposed that the Corrugated Metal Pipe Saw-Processing Facility be constructed
adjacent to the NDA-NDE Facility-Transportation Facility. Though sharing a common
wall, it would be independent with separate support systems.
The facility would be initially constructed as the Corrugated Metal Pipe Saw-Processing
Facility. The initial operation would be to cut 158 corrugated metal pipes into sections
to be packaged in accordance with the WAC. To be certified, a cut corrugated metal
pipe section must be 4 ft or Iess in length to fit into steel boxes that are within the
WAC weight limit (6,000 lbs). After the corrugated metal pipes have been processed
(approximately 1 year) the facility would be decommissioned, decontaminated, and
refitted as the TRU Waste Processing Facility. Operations of the TRU Waste
Processing Facility would begin in 1993. It would have the capability of h andling
retrieved drums of plutonium processing waste and placing them in a special gl Dvebox
line for certification through sorting, shredding, fixation and immobilization, or
repackaging. Waste such as HEPA filters, soils, and others identified as r eeding
immobilization would also be processed in this facility.
The corrugated metal pipes measure 2.5 ft
diameter by 20 ft in length and weigh
12,000 to 15,000 lbs. They contain a TRU solidified cement paste from the tre atment
of Pu- and Am- contaminated aqueous waste. Corrugated metal pipes are plugged
with uncontaminated concrete. All of the pipes were stored vertically in a 22-ft deep
pit that was backfilled with 2 to 3 ft of tuff. In 1984, the TRU corrugated metal pipes
were retrieved, decontaminated, and transported to the waste storage site. They later
would be transported to the Corrugated Metal Pipe Saw-Processing Facility for
processing.
At the Corrugated Metal Pipe Saw-Processing Facility, the pipes would be offloaded,
stacked on skids, and covered with plastic sheets or canvas tarps during retrievable
storage. During processing, the pipes would be loaded onto a trolley car by gantry
crane and taken from the retrievable storage holding area to a staging area inside the
facility. Here, any protective plastic film would be removed and the pipes x-rayed by
the mobile assay system to locate large metallic objects such as electric motors, which
could impair the cutting operation. The mobile x-ray unit would be a high-intensity
source and would be designed with proper shielding to prevent adverse ra diation
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exposures to personnel and/or the environment. Following x-ray, the pipes would be
moved into a cutting area (a large, semi-hardened, HEPA-ventilated glovebox) for
sawing or sectioning. A wet-cutting operation would be used to contain radioactive
contaminants released in the cutting process. The process area would have curbing
and a liquid waste collection system. Solids from the cutting operation would be
collected in a sump in the liquid drain system where they can be removed, packaged,
and immobilized in a cementation process. TRU liquid waste would be immobilized
in a cementing operation at the processing facility.
After cutting, the sectioned pipes would be moved to a packaging area. Two 4-ft
sections of pipe would be placed in a steel box using remotely operated grappling
hooks similar to log-handling equipment. The box lid would be sealed by welding.
The sealed boxes would be held in the packaging area or transported back to the
storage site until space is available in the transportation operation. When space
becomes available, they would be moved to the Transportation Facility and loaded into
TRUPACT-Ils for shipment to the WIPP.
Upon the completion of the corrugated metal pipe processing, the facility would be
stripped out and set up for other processing operations. The drum processing
operations at the converted facility are scheduled to begin in early 1993 and continue
through 1997.
Processing would involve opening drums and inspecting, sorting, shredding, and
cement-fixing the contained TRU waste. Drums of TRU waste (generally 55 gal) that
are known or suspected of requiring immobilization treatment (e.g., liquid wastes)
would be brought to the Processing Facility from the Waste Preparation and NDA-NDE
Facilities. Drums would be opened in a special glovebox line, and the contents
removed and sorted. Combustibles would be taken to the TDF for incineration. Some
noncombustibles may be certifiable without processing and others would be shredded
and subsequently immobilized in a cement mix inside 55-gal metal containers to meet
the WAC. The containers would be held until space is available in the Transportation
Facility to prepare them for transport to the WIPP.
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P.5 OAK RIDGE NATIONAL LABORATORY

TRU waste is generated in the main Oak Ridge National Laboratories complex,
primarily in the Isotopes Area and the Radiochemical Engineering Development Center.
Newly generated CH TRU waste is packaged in stainless steel drums at the point of
generation and is transported within the Oak Ridge National Laboratory site boundary
to the TRU waste storage area.
Following inspection for structural integrity and radiation surveys, the stored CH TRU
waste containers would be removed from this area, using normal material-ha ndling
methods (crane, forklift, other mechanical equipment). From the staging or nterim
storage area, retrievably stored waste, along with newly generated CH waste, would be
moved to the Waste Examination Assay Facility. Fig. P.5.1 provides a diagram 1g Oak
Ridge National Laboratory CH TRU waste management activities. Here the individual
containers of waste are nondestructively examined and assayed to determine whether
they meet the WIPP WAC.
It is estimated that about 50 percent of the stored CH TRU waste and about 10
percent of the newly generated CH TRU wasle would not meet the WAC as is and,
therefore, would be repackaged.
The material that causes a drum to fail certification (generally free liquids or
compressed gases) would be removed and disposed of in an appropriate manner.
Fine particle materials, in quantities greater tha the WAC allow, would be immobilized
and repackaged for shipment to the WIPP. Then the drum would be repackaged,
sealed, and returned to the assay facility for certification. Transportation of mgiterials
between the repackaging facility and the assay facility would be entirely within the Oak
Ridge National Laboratory site boundaries. Retrievable storage would be requii ed for
waste awaiting either repackaging or shipment 'to the WIPP,following certification. This
retrievable storage would be provided in the existing retrievable storage facilities.
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P.6 IDAHO NATIONAL ENGINEERING LABORATORY

P.6.1

WASTE RETRIEVAL AND PROCESSING

About 61 percent of the pad-stored defense TRU waste in the United States is located
at the Radioactive Waste Management Cornplex (RWMC) of the Idaho National
Engineering Laboratory. Subsection 9.8 of the WIPP FEIS analyzed impacts associated
with retrieving, processing, and handling TRIJ waste at the RWMC. The fo lowing
subsection updates the FEIS discussion by ,analyzing the environmental impacts of
current TRU operations in Idaho and conceptually describing options under
consideration for future processing facilities that would remove TRU waste from
retrievable storage and prepare it for shipment to the WIPP.
P.6.1.1 Waste Characteristics and Current Management Methods
Since 1970, CH TRU waste received at the Radioactive Waste Management Complex
has been stored at the 56-acre Transuranic Storage Area (TSA), a controlled area
surrounded by a security fence. The waste is stored on three asphalt pads known as
TSA-1, TSA-2, and TSA-R and in two coverec enclosures. Approximately 2.3 million
cubic feet of TRU waste is currently stored at the TSA.3
Solid TRU waste has been received from the DOE facilities in government-owned ATMX
railcars or on commercial truck trailers in Type B shipping containers. The ATMX
shipments were made under the authority of a special permit issued by the Deputment
of Transportation (DOT Exemption 5948). The waste is contained in 4 x 4 x 7 f; metal
boxes with welded lids, 55-gal steel drums with polyethylene liners, and 4 x E x 6 ft
steel bins. (Earlier, some of the waste placed on the TSA was stored in containers of
nonstandard sizes.) The containers are intended to be retrievable and contamination
free for at least 20 years.
In the past, the drums and boxes were stacked on the TSA pads with boxes around
the perimeter and drums in the center. The drums were stacked vertically in layers,
with a sheet of 1/2-inch plywood separating each layer. When the stack reached a
height of approximately 16 feet, a cover consisting of 5/8-inch plywood, nylonreinforced polyvinyl sheeting, and 3 feet of soil was emplaced.
Precertified waste (i.e., in compliance with the WIPP WAC) has been received from the
generators and is stored in a covered enclosure.

3 Prior to 1982, TRU waste was defined as t• eying a concentration of alpha-emitting
radionuclides greater than 10 nCi/g TRU. In 1982, the definition was changed to
include only that waste with TRU concentratio ls greater than 100 nCi/g. As a result,
about 1/2 of the 2.3 million ft3 of waste stored at the RWMC is expected to be
reclassified as low-level waste, and is not proposed to be shipped to the WIPP.
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Other current TRU waste operations at the RWMC include the retrieval of drummed
waste that has been stored in a covered enclosure located on the TSA-2 pad, and
certification of that waste for compliance with the WIPP WAC and appropriate
transportation requirements.
This certification takes place in the Stored Waste Examination Pilot Plant (SWEPP) that
provides nondestructive examination and assay capabilities to examine TRU waste.
The facility contains a real-time x-ray radiography (RTR) system to examine the contents
of both boxes and drums, an assay system to determine fissile and transuranic content,
and a container integrity system to assure the waste drums meet DOT metal thickness
requirements for Type A containers. In addition, the facility provides capabilities to
puncture a drum lid (using a sparkless tool) and install a carbon composite filter to vent
any radiolytic-produced gas and provide for pressure equilibrium.
All drums retrieved are vented and examined at this facility. Retrieved waste boxes
are also examined using the RTR and the box assay system. Those waste packages
that meet the WIPP WAC and transportation requirements are so labeled and stored.
Those waste packages that do not meet the WIPP WAC would be further processed
and repackaged before being shipped to the WIPP.
More complete descriptions of the Idaho National Engineering Laboratory, the RWMC,
the TRU waste storage and examination facility, and the TRU waste stored on the TSA
pads can be found in the Safety Analysis for the Radioactive Waste Management
Complex at the Idaho National Engineering Laboratory (DOE, 1986).
P.6.1.2 Environmental Effects of Current Operations
The radiological effects associated with retrieving, examining, venting, and storing TRU
waste are presented below. These impacts are discussed for both workers and the
general population as a result of normal operations and releases due to potential
accidents and violent natural phenomena.
Routine Operations. Measurable exposure to the public or adverse effects on
the surrounding environment would not be expected from the extremely small
airborne releases experienced during routine operations involving TRU waste at
the RWMC. No liquid effluents are expected during routine operations.
Releases during normal operations are discussed in annual DOE environmental
monitoring reports for the Idaho National Engineering Laboratory (DOE, 1987a).
In keeping with the ALARA (as low as reasonably achievable) philosophy, the
radiological exposures to workers during normal operations are limited by
monitoring accumulated personnel dose equivalents and by job preplanning.
The maximum radiation exposure on external waste container surfaces is
restricted to less than 200 mR/hr. Annual dose equivalents to RWMC personnel
including operators, health physics technicians, and supervisors for all RWMC
activities, including TRU waste operations, vary from a maximum of 306 mrem
to less than 20 mrem. This is well below the established DOE occupational
exposure limit of 5 rem per year (DOE, 1988a).
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Accident Conditions. Safety documentation prepared for the current operations
of the RWMC complex, which includes all TRU operations, evaluates the dose
commitments and risks associated with potential operational accidents (e.g.,
fires, explosions, dropped containers), as well as those associated with pctential
natural disasters (e.g., earthquakes, volcanoes, lightning) (DOE, 1986). The
projected consequences and risks of the dominant accident scenarios lor the
general public and workers are summarized in Tables P.6.1 and P.6.2,
respectively.
The maximum exposure to an individual member of the public is shown in Table
P.6.1 to be 2 x 10-2 rem committed whole-body dose equivalent. This exposure
is associated with the occurrence of a tornado with 280 mile per hour Ninds,
which has an extremely low probabiliti of occurrence at the Idaho National
Engineering Laboratory. The highest population exposure is also asscciated
with the tornado and results in a collective dose equivalent of 1 person-rem.
The excess risk to the total exposed population would be 2.8 x 10-4 oxcess
cancer fatalities based on a multiplier of 2.8 x 104 latent r:ancer
fatalities/person-rem.
Table P.6.2 indicates that the highest exposure to the maximally exposed
worker is 0.7 rem, resulting from a fire in the air support weather shield. The
risks of excess cancer to both the workers and average members of the public
are presented in Table P.6.3.
P.6.1.3 Methods for Retrieving and Handling Waste
Several operations would be involved in rernoving the waste and preparing it for
shipment to the WIPP: retrieving waste frorn earthen-covered cells and potential
processing and packaging of the waste to meet current WIPP WAC and transportation
criteria. The FEIS evaluated several options fcir each operation.
Three methods of retrieving waste containers w ere considered: 1) manual handling by
the operators; 2) handling by means of operator-controlled equipment; and 3) ha ndling
by means of remotely controlled equipment. A combination of the first two mothods
is currently being performed for retrieval of drummed waste located at the TSA 2 pad
and would likely be used for the remaining post-1970 TRU waste.
Four confinement methods for waste retrieval were considered: 1) open-air rotrieval
(no confinement); 2) the use of an inflatablis fabric shield to protect against the
weather; 3) the use of a movable, solid-frame Eitructure operating at ambient pressure;
and 4) the use of a movable or nonmovable, solid-frame structure operating at
subatmospheric pressure. The last method is the only one that provides positive
control against the possible release of contamination.
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TABLE P.6.1 Sumrnary of radiological consequences to the public from accidental or abnormal releases during
RWMC/SWEPP operations with stored TRU waste8

Maximally Exposed lndMdual

Population

Committed dose equivalent (rem)b

-o
ea
rv

Event

Release
fraction

Event frequency
yr1

Tornado

5 x 104

1 x 10-7

2x

Earthquake

8 x 10"B

Collective dose equivalent (person-rem)b

Bone

Lung

Body

Bone

Lung

10-2d

4 x 100d

5 x 10-1d

1 x 10°

2 x 103

4 x 103

2 x 104

2 x 10-7

3 x 104

4x

3x

le

4 x 10-1

8 x 10-1

Fire in ASWS/C&S 8 x 10-7

1 x 10-3

1

x le

3 x 10-3

le
4 x le

3 x 10-3

4 x 10°

7 x 10°

Breached container 8 x 10-8

6 x 104

2 x le

3 x 10-5

4 x 10-5

3x

le

4 x 10-2

8 x 10-2

Explosion

1 x 10-4

2 x 10-3d

3 x 1(12d

2x

2 x le

2 x 10-1

4 x 10-1

5 x 10-7

Body

10-2d

a Letter updating tables from WM-PD-86-011-Rev 2(DOE, 1989).
b Exposure calculated using ICRP-2 dosimetry and methodology (DOE, 1986).
Release due to damaged containers.
d

The maximum annual dose equivalent and not the committed dose equivalent is stated.

TABLE P.6.2 Summary of radiological consequences to the maximally exposed worker from accidental or abnormal
events during RWMC/SWEPP operations with stored TRU wastea

Dose equivalent to maximally exposed worker (rem)b

inside facility
Event frequency
(yr1)

Body

Earthquake°

2 x le

1 x 10-i

4x

Fire in ASWS/C&S

1 x 10-3

Breached container

Event

7
3
co
c..)

Bone

Outside facility

Lung

Body

Bone

Lung

10°

6 x 100

8 x 10-5

1 x 10-1

2 x 104

7 x 10-1

2 x 101

6 x 101

4 x le

8 x 10-1

1 x 100

6 x 104

1 x 10-2

4 x 101

6 x 101

8 x le

1 x 104

2 x 10-2

Explosion

1 x le

2 x 10-3

7 x 10-2

4 x 104

1 x 10-3

4 x le

i x le

Lightning strike

4 x le

1 x 10

2 x 10°

4 x 10°

1 x le

1 x 104

2 x le

a Letter updating tables from WM-PD-86-011-Rev 2(DOE, 1989).
b

Fxposure rnicillated using ICRP-2 dosimetry and methodology (DOE, 1986).

° Release due to damaged container.

TABLE P.6.3

Excess cancer risks due to accidents associated with
RWMC/SWEPP operations with TRU stored waste

Excess cancer riske'd'c

Event

Maximally exposed
individual

Average member
of populationd

Maximally exposed
workere

Tornado

6 x 10'6

2 x 10-9

ncf

Earthquake

6 x 10-11

7 x 1 0-13

3 x 10'5

Fire in ASWS/CS

3 x 10'10

7 x 10'12

2 x 10-4

Breached container

6 x 10'12

7 x 104

3 x 10-6

Explosion

6 x 10-7

4 x 10-13

6 x 10-7

a Health risks are expressed as the probability of an individual contracting a fatal
cancer during his/her lifetime as a result of RWMC/SWEPP related activities.
b

Risk of contracting fatal cancer: 2.8 x 104 fatalities/person-rem (BEIR, 1980).
Health effects risk estimates for genetic effects would be somewhat lower than the
numbers presented in the table for cancer fatalities--by a factor of 0.918.

d Risk to an average member of the population is the product of the collective
population exposure (Table P.6.1) by 2.8 x 104 fatalities/person-rem divided by an
estimated population of 129,000.
e Risk based on exposure within the facility (Table P.6.2).
Not calculated.
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Four potential processing options were also considered in the FEIS: 1) shipping as is,
2) overpacking, 3) repackaging only, and 4) treatment and packaging. A slagging
pyrolysis incineration (SPI) process was proposed for waste treatment and was
analyzed in detail in the FEIS. Incineration was the selected processing technology
because it was anticipated that free liquid and combustible limitations in thi? WIPP
WAC would make some of the stored waste unacceptable. Waste feed to the SPI was
to be blended with glassforming compounds (soil) so the noncombustible ash would
be melted at the incineration temperature and form a glass-like slag with low
leachability. The molten slag was to be packaged in steel drums. Since 1930, this
process was evaluated on an experimental basis and was proven inadeqL ate for
development for reliable treatment of stored --RU waste (Tait, 1983). No furth ar DOE
development of the process has occurred.
The following subsections discuss conceptual operations of facilities that rnay be
proposed for the retrieval and processing/packaging of TRU waste at the Idaho
National Engineering Laboratory. At such time that specific facilities are propos ed, the
appropriate NEPA documentation will be prepared for these new facilities and
operations.
P.6.1.4 Retrieval Building and Operations
The retrieval building currently under concepi:ual design would be either a mobile or
large, fixed single-walled structure. Subatmospheric pressure would be maintained
The
inside to prevent the escape of contaminants during retrieval operations
ventilation system would include roughing filters and a bank of high-eficiency
particulate air (HEPA) filters, for an estimated overall decontamination factor of 1,000.
Prior to erection of the building over the retrieval area, most of the soil cover rnay be
removed. After the building is in place, the remainder of the soil, the polyvinyl
sheeting, and the plywood cover would be removed to expose the waste coritainers
and permit retrieval.
Waste containers would be inventoried and examined to confirm their integrity. Any

breached containers would be placed in a waste transfer container and loadecl into a
transfer vehicle. Forklifts would remove the intact containers from the stacks an place
them into the transfer vehicle. The waste iNould be transferred from the retrieval
building to drum-venting and -examining facilities. Following venting and examining,
the container would be placed in storage modules for eventual transfer to a processing
facility or a transporter Ioading facility. All transfers would be made using the
controlled roadways within the RWMC.
P.6.1.5 Processing to Meet WIPP WAC
Facilities are also being conceptually designed to provide for the storage, treatment,
and repackaging of the retrieved waste to me at the WIPP WAC. Noncertifiable drums
and boxes would be segregated, based on nondestructive exarnination, into waste
packages containing large metallic components, packages containing liquids or
respirable/dispersible particulates, and oversize packages that do not meet
transportation requirements. Treatment procasses under consideration include size
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reduction using mechanical and plasma arc cutting to size-reduce metallic components,
immobilization to stabilize free liquids or respirable/dispersible particulates, and
shredding/compaction to shred and repackage waste.
These facilities would be designed to ensure two levels of containment (in addition to
the waste container) for all waste processing and repackaging areas. The ventilation
system would be designed to maintain progressively lower pressures between the
outside atrnosphere and the waste processing areas. All air removed by the ventilation
systems would pass through appropriate HEPA filtration systems for an estimated
overall decontamination factor of 1,000.
Prior to construction of these facilities under conceptual design, NEPA documentation
will be prepared to analyze the impacts of the proposed retrieval, treatment, and
repackaging activities at the Idaho National Engineering Laboratory; alternatives would
be considered.

P.6.2 PROCESS EXPERIMENTAL PILOT PLANT
The 1980 FEIS discussed in Subsection 9.8 the effects of removing the stored TRU
waste from the Idaho National Engineering Laboratory. Three methods of processing
were considered: slagging pyrolysis, repackaging only, and overpacking. Further
investigation indicated that slagging pyrolysis would not meet performance objectives.
As an alternative, shredding and incineration were considered and an experimental
research and development process plant known as the Process Experimental Pilot
Plant (PREPP) was constructed to demonstrate the efficacy of a process to certify a
limited volume of TRU waste in retrievable storage.
The PREPP is designed to process waste to
•

provide processing and repackaging to meet DOT 49 CFR 173 transport
requirements

• comply with current EPA land disposal restrictions per 40 CFR Part 268
• reduce waste volume by incineration
• process materials into a form meeting the WIPP or other disposal facility
waste acceptance criteria (see Appendix A)
• any combination of these requirements.
P.6.2.1

Existing Facilities and Process

The PREPP is located at the Test Area North (TAN) site on the Idaho National
Engineering Laboratory. This area also includes the Water Reactor Research Test
Facility, Special Manufacturing Capability Facility, Spent Fuel Technology Facilities, and
the Technical Support Facility.
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The PREPP occupies a portion of the TAN-607' building that was originally designated
as the north machine bay. It is a two-story, double-walled, steel enclosure, with the
interior separated into compartments by concrete floors, internal steel walls, and air
locks.
Waste containers (drums or boxes) would be delivered to PREPP and unloaded in the
shipping/receiving area or waste storage facility using mechanical methods. Containers
would then be visually inspected for shipping damage, and the container infornation
would be logged into a waste tracking system.
To initiate processing, the waste containers would be transported from the receiving
area through airlocks to the opening and verific:ation enclosure. Containers would then
be transferred to the shredder enclosure or maintained in the opening and verification
enclosure until unprocessable items are removed from the container. The waste
containers would then be fed into an electric-powered shredder with counter-rotating
intermeshing teeth. The shredded waste would then be transferred by a conveyor and
auger feed system to the rotary kiln.
The refractory-lined kiln and secondary combustion chamber comprise the incin ?ration
system. In the kiln, the shredded waste would be exposed to a 1,500 to 1,1300° F
(815 to 982° C) oxidizing environment maintained at a slightly negative pressure. All
combustibles would be burned or gasified. Combustion gases would then pass to
the secondary combustion chamber, where they would be subjected to tempe-atures
in the range of 1,800 to 2,300° F (892 to 1,280° C), ensuring complete combustion.
The gases would then be directed to the offgas treatment system.
Following incineration, the solid waste residue would drop onto the dis:targe
conveyor. After cooling, this ash would be separated into coarse and fine components
by the trommel ash segregator. This unit consists of two rotating concentric drums
with holes such that fine ash would drop into the hopper below while larger pieces
would continue through the trommel to the drum fill enclosure. The fine ash would
then be transferred from the trommel hopper to filtering hopper tanks by a pneumatic
transport system.
The transport air would be separated from the fine ash by fabric bag filters and would
continue through a high efficiency particulate air (HEPA) filter and eventually Exhaust
from the building via the filtered HVAC system. When the bag filter accumulates a
cubic foot of fine ash, it would discharge to a blender tank below. After thorough
blending, the fine ash could be sampled to ascertain chemical and physical properties.
This information would then be used to properly mix the ash waste into the grout.
Coarse material arrives at the drum fill enclosure room, where operators using glove
ports, enclosed rakes, grapples, and leaded acrylic viewing ports would transfer it to
the fill drum.
The grout mixer is also located in the drum fill enclosure directly above the fill drum.
The grout mixer is designed to produce one drum or less of grout to minimizo grout
set-up problems and cleaning requirements. Sand, cement, fines, sludge, solution from
the offgas cleaning system, and, if necessary potable water, would be added to the
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grout mixer. Material coming from the fines blender would be weighed in the fines
weigh tank. Discharge from this tank to the grout mixer would be controlled by a
metering valve. Sludge that has been accumulated in the sludge tank would then be
added directly to the grout mixer. Water would be provided to the mixer from the
potable water system. A plasticizer can be added directly to the grout mixer, reducing
the amount of water required in the mixture and improving the flow characteristics of
the grout around the shredded material in the drum.
After mixing, the wet grout would be discharged to the fill drum below. During the
filling process, the operator can mix the grout and coarse material into the drum in
layers, turning the drum vibrator on for short time periods to settle the contents and to
fill any voids.
Once the drums have been filled, they would be surveyed for radiation,
decontaminated if required, weighed, sampled, labelled, and temporarily sealed. After
curing for approximately 3 days, each drum would undergo a final inspection,
decontamination if required, and permanent installation of the lid. Containers meeting
final inspection criteria would then be placed outside the containment area for
shipment to SWEPP or an approved disposal site.
The offgas treatment system is designed to cool and neutralize the offgases and
remove particulates. This system is composed of seven major treatment components:
a wet quencher, a venturi scrubber, an entrainment eliminator, a mist eliminator, gas
reheaters, four prefilters and four banks of dual-stage HEPA filters, and three induced
draft fans.
The PREPP HVAC system consists of supply and exhaust fans, HEPA filters, ductwork
and dampers, air conditioning units, instrumentation, and controls. The system would
be automatically controlled to maintain three pressure control zones for contamination
confinement. This type of pressure zone configuration will ensure that air flows from
areas of least contamination potential (such as the control room) to areas of most
contamination potential (such as the kiln room).
After monitoring for oxygen and carbon monoxide levels (to allow evaluation and
control of the incineration process), the combustion gases will enter the quencher,
where they would be cooled and neutralized by sodium carbonate solution spray.
They would then pass to the venturi scrubber, where particulates are removed and the
gas further neutralized. The entrainment eliminator and the mist eliminator would
remove moisture. The gas would then be heated by reheaters and directed through
the dual-stage HEPA filter bank.
Offgas air would be then directed to the stack. After entering the stack, a
representative sample would be drawn off and routed to a continuous stack monitor.
The stack monitor would be used to quantify and characterize any radioactive material
in the stack exhaust. This information would be used to verify that stack radioactive
releases are below regulatory requirements and to notify operating personnel if limits
are being approached so that process adjustments could be initiated.
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In addition to process monitoring equipment, PREPP would have instrumer tation
throughout the facility to warn personnel of direct radiation or airborne radiol ogical
contamination. Air samples would also be taken and analyzed to determine if organic
hazardous chemicals are present, outside of process equipment. The HVAC system,
which provides room ventilation, would also be equipped with a radiological monitoring
system similar to the one identified for the offg as system.
P.6.2.2

Waste Characteristics

Waste materials that could be treated at the PREPP consist of construction and
demolition materials, laboratory equipment ancl materials, process materials, process
equipment, protective clothing, maintenance equipment, decontamination materiak, and
miscellaneous materials. Waste forms include sludges; combustibles, including rags,
plastics, and wood; inorganics, including glass; and oxidized lead and other metals.
It is anticipated that uncontained free liquids are present in some containers.
Absorbed liquids would also be present in the feed, as absorbent material would be
added to the drums by the waste generators before the containers are sealod for
shipment. The waste currently identified is contained in either plywood boxes cc vered
with fiberglass-reinforced polyester, 55-gal steel drums with 90 mil polyethylene liners,
or steel bins.
PREPP operations would generate soiid incinerator residue and offgas emissions.
Scrubber solution and liquid effluent would be reused or mixed with grout to
encapsulate incinerator residues in the final product drums. Airborne emissions Nould
be minimized by using the best available control technology.
No radioactive or hazardous liquid waste woulci be released from PREPP. All of the
liquid used in the process would either be recycled in the process or mixed with the
final grout in the product waste drums. Approximately 65 ft3 (1.8m3) of solid waste
would be generated each month due to processing operations. This solid waste
includes filter media and decontamination/mairrenance materials. Whenever possible,
these materials would be processed through the incinerator.
Processed TRU waste would be returned to RWMC for certification at SWEPP if
necessary and for storage and eventual loading for transport to the WIPP. The
cemented wastes leaving PREPP are expectecl to meet the WIPP WAC. Containers
would not be allowed to have an alpha contamination level on the outside of the
container greater than 20 dpm/dm2, or 200 dprn/dm2 for beta-gamma isotopes. Also,
the surface gamma dose rates shall be no greater than 200 mR/h; the average ate is
expected to be less than 10 mR/h.
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P.7 ROCKY FLATS PLANT

P.7.1

PROCESSING

The Rocky Flats Plant Supercompaction and Repackaging Facility and TRU Waste
Shredder would process solid waste which is newly generated during routine
production operations, maintenance activities, and laboratory support operations and
may process waste in permitted storage. The Colorado Department of Health currently
recognizes eight permitted storage areas at the Rocky Flats Plant for TRU mixed waste.
The areas differ in size for a total permitted storage capacity of 1,601 yd3. The
storage units are within existing structures having concrete floors covered with epoxy
paint and fenced areas within the buildings, which allow segregation of the storage
facility from adjacent operations.
Two categories of waste would be processed: soft or combustible waste and hard or
noncombustible waste. Combustible waste includes such items as paper and plastic.
Noncombustible waste includes miscellaneous metals, piping, motors, glass, Raschig
rings, process filters, and high-efficiency particulate air (HEPA) filters. The waste types
are separated into designated drums at the point of generation, and separation is
maintained throughout the waste management operations.
Hard waste packaged in 35-gal steel drums would be directly supercompacted (drum
and all) into "pucks," and the pucks would be loaded into 55-gal steel drums for final
disposal. Bags of soft waste, initially packaged in 55-gal drums, would be unpacked
and precompacted into 35-gal drums, and then the 35-gal drums would be
supercompacted as described above. Figure P.7.1 shows a process flow diagram.
The Rocky Flats Plant TRU Waste Shredder would be used to process discarded
graphite molds and filters. Approximately 80 percent of the waste to be processed in
the TRU Waste Shredder would be filters. The remaining 20 percent would be graphite
molds.
The graphite molds would be crushed in the shredder. Approximately 10 to 20 55-gal
drums of classified graphite molds would be processed in 1 month. Each drum would
contain approximately 100 to 150 pounds of molds. Weighing approximately 20
pounds each, the molds would be individually wrapped in heavy vinyl bags inside the
drums. They would be removed from the drums prior to shredding. Once processed,
they would be considered TRU waste.
The filter waste that would be shredded includes HEPA filters and process filters.
Approximately 30 to 70 55-gal drums of combined filter types would be processed in
1 month. The HEPA filters with their frames would be individually wrapped in heavy
vinyl and contained in cardboard boxes. The process filters would be contained in
55-gal drums. The filters would be shredded for volume reduction and packaged in
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SUPERCOMPACTION AND REPACKAGING FACILITY
PROCESS FLOW DIAGRAM

35-gal steel drums for supercompaction in the Supercompaction and Repackaging
Facility as hard waste.
P.7.2

SUPERCOMPACTION
DESCRIPTION

AND

REPACKAGING

FACILITY

EQUIPMENT

Most of the Supercompaction and Repackaging Facility equipment would be contained
in a 1,105 cubic foot single-walled, unshielded glovebox, which would be subdivided
into nine sections:
• the hard-waste airlock entry chamber and associated interlocks
• the soft-waste airlock entry chamber and associated interlocks
• the 30-ton precompactor area
• the drum piercing station
• the press loader/unloader
• the 2,200-ton supercompactor area, which includes a small liquid waste
collection system
• the puck conveyer
• the monorail/hoist
• the load-out area.
The glovebox enclosure would be equipped with two airlock chambers for the
introduction of waste into the system, and two drum ports for the removal of
compacted waste from the system. One of the airlock chambers would receive soft
waste contained in polyethylene bags (i.e., soft-waste airlock). The second chamber
would receive empty 35-gal steel drums and 35-gal steel drums containing hard waste.
Safety interlocks would be installed in each of the two airlock chambers. The airlock
chambers would each be equipped with an inner and an outer door. The interlock
system would control operation of the door by allowing only one of the four doors to
be opened at any given time. In addition, a minimum airflow of 150 feet per minute
directed into the glovebox would automatically be maintained across the opening of
each door.
The remainder of the equipment would be located outside of the glovebox enclosure
and would include a downdraft table with a stainless steel hood and sliding glass
doors for unloading soft waste; hydraulic systems to operate the compactors and the
press loader/unloader; a control station; and peripheral equipment, which includes
instrumentation, associated piping, ductwork, and electrical utilities.
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Drums would be scanned for the presence of tree liquids by the real time radiography
unit prior to being transported to the Supercompaction and Repackaging Facility. If
liquids were detected, the drums would be repackaged.
Drums which are to be compacted in the Sup arcompaction and Repackaging Facility
unit would first be sent to one of several drurn counters to determine the plutonium
content of each drum. Administrative controls would be used to ensure that drums
entering the Supercompaction and Repackaging Facility do not exceed the established
50-gram plutonium limit. if a drum were found to exceed the limit, it would not be
supercompacted but would be repackaged in the Advanced Size Reduction Facility.
Drums and their associated plutonium content would be logged prior to processing in
the Supercompaction and Repackaging Facility. Drums would be arranged for
processing according to the type of material contained, compatibility, the plutonium
content of each of the drums and the final overpacked drum (maximum of 100 grams
of plutonium), and the maximum combined weight (not to exceed 800 pounds).
Additionally, selection of drums for processing in the Supercompaction and
Repackaging Facility would be based on the compatibility of the material contained
(i.e., the expected height following compaction to provide the most efficient pacicaging
of the final drums and, therefore, maximize volume reduction).
P.7.2.1 Hard-Waste Entry into the Supercompaction and Repackaging Facility
Drums of hard waste would be transported from the staging area by a forklift. A 35gal steel drum containing double-bagged hard waste surrounded by a polyethylene
liner would be placed by forklift onto the roller table adjacent to the hard-waste, entry
airlock. The outer airlock door would be opened from the airlock control staticn and
the drum would be pushed manually into the a rlock. The outer door would be dosed
and the interlock systems would then allow the inner door to be opened. The drum
would be automatically conveyed into the glove box by operators working at the c:ontrol
panel and the inner airlock door would be closed.
P.7.2.2 Soft-Waste Entry and Precompaction
A downdraft table would be located outside of the glovebox at the soft-waste e irlock.
It would be equipped with a negative pressure (HEPA) filtration system to minimize the
unlikely spread of radioactive and hazardous contaminants within the room while waste
is being introduced to the glovebox. A stainless steel hood with sliding glass doors
would be placed over the table to increase the effectiveness of the ventilation exhaust
system. The enclosure would be operated at negative pressure with the a r flow
directed into the HEPA filtration system.
Prior to admittance of soft waste into the Supe rcompaction and Repackaging Facility,
an empty 35-gal steel drum would be entered Into the glovebox. The drum would be
transferred to the precompactor area, where it would be clamped to the precompactor.
Polyethylene lined 55-gal drums containing scft TRU waste would be transported to
the staging area to the downdraft table. The lid of the drum would be removed and
contamination surveyed by radiation monitoring personnel. The drum liner containing
double-bagged contents would be removed from the 55-gal drum as a unit. The soft-
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waste airlock chamber outer door would be opened from the airlock control station,
and the liner and waste would be manually entered as a unit into the chamber. Waste
would be manually moved into the glovebox by personnel working outside the
glovebox through gloveports.
Personnel working from outside the glovebox through gloveports would cut open the
drum liner and remove the inner plastic bags containing soft waste. The inner bags
and the liner would then be placed into each empty 35-gal drum located on the
precompactor. The precompactor is a 30-ton force hydraulic compactor. The waste
would be precompacted, and more bags of soft waste (maximum of three additional
55-gal drums) would be introduced into the glovebox by the method described above.
The bags would be added to the 35-gal drum and precompacted until the drum
reaches capacity.
Following precompaction, a lid would then be placed on each 35-gal drum and
secured by an operator working from outside the glovebox. The drum would be
unclamped from the precompactor and the conveyor would then be activated by the
operator to move the drum to the drum piercing station and then to the hydraulic
loader/unloader, where it would be loaded into the supercompactor.
Photoelectric cells located at the centerline of the gloveports on either side of the
precompactor would be connected to safety shutoff devices that disable the
precompactor ram if personnel have their hands in the gloves during actual
precompaction.
P.7.2.3 Supercompaction
Precompacted soft-waste drums and hard-waste drums ready for processing would be
conveyed by motorized conveyer to the drum piercing station. Each drum would be
pierced with four holes prior to supercompaction. The procedure would allow any
entrapped air to escape from the drum and would thereby ensure a greater volume
reduction. The piercing procedure would also reduce the possibility of the drum
springing back following compaction.
A hydraulic loader/unloader would automatically load the drums onto the
supercompactor for compaction. A mold would be hydraulically lowered around the
drum to contain lateral expansion during supercompaction. Once the mold is in
position, the supercompactor power unit will pressurize the hydraulic ram cylinder.
Then the ram will descend and compact the drum and its contents into a puck,
measuring 2 to 18 inches in height. The loader/unloader would again be used to
move the puck from the supercompactor onto an automated conveyer in the load-out
section of the glovebox.
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P.7.3 TRU WASTE SHREDDER DESCRIPTION
P.7.3.1 TRU Waste Shredder Equipment Description
All of the TRU Waste Shredder equipment except the downdraft table would be
contained in a single-walled, lead-shielded glovebox. Unlike the Supercompaction and
Repackaging Facility glovebox, the TRU Waste Shredder would be composed of the
following equipment:
• a downdraft table at the glovebox airlock
• an airlock chamber with safety interlock system
• a shredder (hopper, cutting chamber, and material compressors)
• drum ports in the load-out area
• a dry-chemical fire-suppression system
• a scale.
P.7.3.2 TRU Waste Shredder Process Description
The TRU Waste Shredder would be used to size-reduce graphite molds, HEPA filters,
and process filters by shredding and compressing the material. The graphite molds
and process filters would be contained in 55-gal drums. The incoming whole HEPA
filters would be wrapped in heavy vinyl and contained in lined cardboard boxes.
All drums destined for processing in the TRU Waste Shredder unit would first b e sent
to one of several drum counters. The plutoniurn content of each drum and box would
be determined. Drums and filter boxes entering the TRU Waste Shredder unit would
not exceed established fissile material limits.
Waste Entry. The downdraft table, airlock chamber, and safety interlock system would
be similar to those found in the Supercompaction and Repackaging Facility. Boxes
containing filters and drums containing filter media and graphite waste to be processed
in the TRU Waste Shredder system would be !gaged in the drum storage area. One
box or drum at a time would be transported on a dolly to the TRU Waste Shredder
drum hoist. The box or drum would be raised to the TRU Waste Shredder pl atform
level in front of the downdraft table. The downdraft table hood door would be o Dened
and the contents of the box or drum would then be opened and the contents ma nually
transferred from the downdraft table into the airlock chamber. When the chamber has
been loaded, the outer airlock door would be closed and the inner door opened. The
molds or filters would then be manually moved from the chamber into the glovebox by
operators working outside the glovebox through gloveports.
Shredding and Compactinq. The graphite molds, HEPA filters, process filters, an filter
media would be batched separately for shredding. The waste would be loadecl onto
a conveyer and manually transported to the shredder feed hopper. The shredder
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would be gravity fed through the hopper, located above the shredder chamber. The
shredder would consist of two counter-rotating shafts with knives able to shred molds
into declassified scraps measuring 1 inch by 2 inches by 2 inches or smaller, and
HEPA filters into similar-sized small pieces. The shredder would be equipped with an
automatic kick-out device which would reject unshreddable materials from the shredding
chamber. The unshreddable materials would be removed through kickout doors and
would be disposed along with shredded material.
Shredder material would be extruded through the bottom of the shredder into the
material compressor. Waste material would be compressed and extruded through a
discharge into a tray located on the floor or the glovebox. The material compressor
would be used for further volume reduction of the shredder material. The hopper
loading-shredding-material compression operation would be repeated until all molds
or filters have been processed.
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P.8 BIN-SCALE: TESTS

During the Test Phase, the DOE proposes to operate the WIPP with limited amounts
of waste. For this SEIS, it is assumed that the maximum amount of TRU waste that
would be used during the Test Phase is 10 percent of the TRU waste (by volume) that
could ultimately be emplaced at the WIPP. It is also assumed that waste would be
shipped from all 10 facilities, although it is now likely that only waste from the Rocky
Flats Plant and Idaho National Engineering Laboratory would be used during the initial
phase of the proposed Test Phase. The actual amount and source of waste proposed
for the Test Phase will be determined by the Secretary of Energy.
The bin-scale tests involve testing in multiple large, instrumented metal "bins" with
specially prepared TRU waste and appropriate rnaterial additives. The "prepared" waste
includes up to 6 drum-volume-equivalents of a specific type of actual CH TRU waste
with added backfill materials (including salt), metal corrodants (mild steel wire rnesh),
and brine (to be injected at WIPP). Within each individual test bin there will be a
specific type of TRU waste, either noncompacted or compacted. Any plastic bags
encapsulating this waste will be "prebreached"; that is, the bags will be sliced or
slashed, or the waste itself will be shredded. This "prebreaching" permits contact
between, and interactions of, the waste with a:her added components within the bin,
and within a time frame shorter than expected in the repository. Additional details
regarding the bin-scale tests are presented in Appendix O.
Special preparation of the waste and bin preparation would occur at the generator
facilities. The program design includes the follcwing assumptions with regard to waste
packaging and transportation.
Two additions must be made to the preinstrurnented bin before the waste would be
placed in the test bin. First, about a half-drurn volume of backfill material would be
placed in the bottom of the test bin. Second, about 6 drum-equivalents of bare,
unpainted steel (mild steel wire mesh) would be placed along the bottom and side
walls of the bin. The bins would then be remctely filled with waste.
Prior to bin loading, a waste characterization effort would be undertaken. Although
this characterization effort is evolving, it is currently anticipated that the volatile organic
compounds in the headspace of each drum would be sampled and its constitjents'
concentrations determined. After gas sampling, each drum would be opened and its
contents qualitatively assessed by visual inspe ction (i.e., relative evaluation of waste
type and form). In addition, for processed sludges only, a sample would be col ected
from each drum and would be subjected to a complete chemical and radiobgical
analysis by recognized protocols. After sampling, waste would be placed in the bins.
After the waste is placed in the bins, anothei half-drum volume of backfill m Medal
would be sprinkled on top of the waste materials. The mated bin-lid and liner-lid
combination would then be attached to the bin and sealed. The filled bin would be
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checked for surface contamination and, if necessary, decontaminated following
standard procedures of the generator facility.
The waste-filled test bins would be inserted into standard waste box (SWB) facilities
for transportation to the WIPP. The upper gas valves on the test bins (with HEPA
filters) would be left in the open, gas-release position during transportation. Therefore,
any gases vented would also be filtered through the redundant HEPA filter of the SWB.
The SWBs would be loaded into the TRUPACT-ll transportation containers and trucked
to the WIPP. Waste bins would be removed from the SWBs in the WIPP underground
and brine would be injected just prior to emplacement. The procedures for loading
and assembling TRUPACT-Ils are presented in Appendix L.
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