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ABSTRACT

A conceptual design of a processing system for approximately 180
gallons of contaminated NaK (sodium/potassium eutectic alloy) is
presented. This NaK resulted from an incident at EBR-1 at the Idaho
National Engineering Laboratory in 1955. The proposed method of
decommissioning the Nak is to chemically deactivate it by combdining it with
gaseous chlorine. This process will produce a solid mass of potassium
chloride and scdium chloride salts which will mitigate the conseguences of
further chemical reaction of the NaK should the storage containers be
breached in any way. Following the processing of the NaK, the storage
vessels will be transferred tc an appropriate storage faciiity for

radicactive wastes.
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SUMMARY

This conceptual design report addresses the processing system for the
chemical deactivation of the EBR-I Mark-II radioactively contaminated
sodium/potassium (NaK) primary reactant coolant presently stored at the
Army Reentry Vehicle Facility Site (ARVFS) bunker. The design presented in
this report is still somewhat preliminary in that some necessary operating
data will not be obtained until early FY 1988. These data, when available,
will not grossly 1mpact the conceptual design presented in this report, but

adverse reactions occurring during

€ C
he NakK containers, the processing of the NaK will take place

transport of t

at the ARVFS. This will necessitate that all required services, e.g.,
potable water, electrical power, etc., be supplied through portabie
equipment

The processing system will include subsystems and equipment to:
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(1) provide secondary containment for the NaK containers with internal
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chlorine system to meter and vaporize chlorine prior to injection into the

chemical reactor; (4) chemical reactor with necessary thermometry and
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pressure sensing squipment; \J} vacuum system Lo evacuate secondary
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containers and chemical reactor prior tc operation; {6) chemical reactor
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provide emergency shutdown of system if required.

ated process control system to monitor/control process and

The system will be designed to accommodate necessary residual Nak

decontamination and subsequent breakdown of components for disposal. The
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supplied by portable generating equipment.



Construction cost of this project is estimated at $860,000.00 (1887
Dollars). EG&G Idaho, Inc. will design the structures, systems, and
components. Due to the D&D and R&D nature cof this project, the skid
mounted units will be fabricated by EG&G maintenance personnel. This

project s not covered by Davis-Bacon legislation.

Present schedule calls for the preliminary design to be initiated in
mid-FY1987 and completed by the end of the first quarter FY 1988. System
testing will be performed during the fourth quarter FY 1988 and actual
processing of the ARVFS NaK will be performed during the third gquarter of
FY1989.

This Conceptual Design Report describes the complete processing system
and necessary ancillary systems.
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1. PROJECT DESCRIPTION
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Experimental Breeder Reactor - I (EBR-I) in November 1955. Thi

3
ontaminated NaK, which is contained in four vessels, is currently stored

in an underground bunker located at the Army Reentry Vehicle Facility Site
(ARVFS) Tocated approximately at the center of the Idaho National
Engineering Laboratory (INEL) (see Figure 1). Figure 2 shows the ARVFS
bunker and site.

fabricated from pipe sections {Figure 3). After the cleanup of the EBR-I
Mark-II core, the NaK was stored in a pit at the EBR-I site until 1974
During decontaminatinn and decommissioning (D&D) cperations for EBR-I in
1974, this contaminated NaK was removed from the EBR-I pit, placed in a
dumpster, and then moved to storage at the ARVFS bunker (Figure 4). An
inspection of the ARVFS bunker and the NaK containers was performed in
1979, Since that time, the NaK containers have noi been further disturbed
During the M IT core meltdown, uranium-238 was being transmuted to
plutonium—229 It is believed that the radicactive contamination was from

d
e surrounding blanket being transmuted.
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sample of plutonium, contained in a foil inside the

reactor, was not recovered during cleanup, and is likely to be present in
the NaK. The present level of contamination of the NaK (Appendix A) is
estimated to be less than 30 g of radioactive material; it may alsoc contain
o par vl e S a Aakwvd e
D Munl I QA 'uQaie b vio LRI R | g e

This Conceptual Design Report describes the processing system for the
NaK stored at the ARVFS bunker
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Aerial view of ARVFS looking to the east,

Figure 2.
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Figure 3. Four containers of contaminated NaK in storage pit at the INEL
EBR-1 site from 1955 to 1974.
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1.2 Project Objactives

The objectives of this project are as follows:

1. Chemically deactivate the NzK

. Dispose of the contaminated product at a designated burial site

3. Chemically deactivate any residual NaK in the containers, and

dispose of the containers at a designated burial site

4. D&D any contaminated process equipment used in these operations

5. D&D the ARVFS bunker site.

These objectives will be accomplished in a safe manner to minimize
hazards to the workers, the public, and the envircnment. The work will be
performed in compliance with appropriate standards, regulations, and

guidelines.

Compietion of the above technical objectives will ailow for the
effective disposition of the NaK, and will return the ARVFS bunker and
immediate area to a reusable condition. Upon completicon, the EBR-1 NaK,
which is now coensidered a significant potential hazard, will be removed

from the Surpius Facilities Management Program priority listing of projects.

1.3 Facility Description

1.3.1 Pnysical

The physical description of the NaK containers and of ARVFS have been
presented in detail in several reports (see References 1-5). The
description provided in this document is a summary of the information

centained in those reports.



NaK has been stored in two stainless steel 55 gal Mine Safety

Appliance (MSA) drums and in two carbon steel containers fabricated from

pl

ipe sections. During the inspection in 1979 (Reference 5), the smaller of
these fabricated vessels indicated some minimal external corrosion. No
information exists concerning the internal condition of the NakK

containers. Several attempts in 1

N
(]

[od

)

ting engineering drawings for the two
fa 1855 incident have been unsuccessful.

The four containers were originally blanketed with argon during their
F h

esa four containers hay

1]

since been placed inside a

[~ PR Tha

sheet metal dumpster and covered with vermiculite to a depth of
P

a

approximately 12 in. above the NaK containers. The dumpster and contents
have been stored inside an underground bunker at the ARVFS site since 1974
(Figure 5)

ARVFS is lccated approximately 1 mile due east of Lincoln Bivd., about
2-1/2 miles ncrtheast of the Naval Reactor Facility (Figure 1). This
remote location has neither electrical nor water service. However, a
230 WA line runs past the site, 1/4 mile to the east; and 1/2 mile to the
west is a water well, USGS 17. The Big Lost River is approximateily 1 mile

te the west.

ARVFS consists cof an earth-covered bunker (Figure Z), a cylindrical
test pit, and a metal shed covering the test pit (Figure 6). A cable

ure €) runs from the test pit to the bunker,

e n ARMCO multiplate arch building, ¢ ft 3 in. h a
15 ft wide and 18 ft long. It has a concrete floor zbout 9 ft

o rantay
e oenueyt & d Loniretle

i

below grade. Soil is mounded over the top of the building about 3 ft

higher than the surrcunding terrain.

The cylindrical test pit is an open~top vessel made of 1/4 in A-3¢

structural steel. It has an inside diameter of 12 ft and is 16 ft deep.

The metal shed covering the test pit is a wood-frame structure, with

corrugated sheet metal nailed to three sides and to the floor (Figure 7).
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Figure 5. Dumpster containing MNaK drums and containers in ARVFS bunker.
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Aerial view of ARVFS looking to the west,

Figure 6.
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The hand-operated crane, seen in Figure 7 in front of the shed, has since

been removed and excessed. The metal shed is 9 x 17 ft and about 8 ft

| gn.

The cable trench, approximately 100 ft long, runs from the west side
he bunker (Figure 8). The trench is 1.5 ft high and

1 ft wide, and is made of concrete.

The chemical hazards associated with NaK have been described in detail
in an Engineering Design File {EDF) document, Appendix B. The EDF
addresses toxicity, fire, and explesion hazards. It also addresses

1 NakK, which may not actually be present, but which

iperoxide (Kﬂ ).
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ermal explcsions,

tant materials. Reaction
¥ ucing no gaseous

products. However, the reaction is extremely exothermic and could possibly

vaporize excess NaK which could lead to an increase in pressure,

NaK is a toxic substance and, as explained in Appendix B, will readily

attack 1iving tissue because of the moisture and oxidizing potential of
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It is possible that air has infiltrated one or more of the containers

since their original containment. Oxygen may react with the potassium

present to form potassium supercxide, potassium peroxide, and potassium

oxide The sodium may react tc form sodium oxide. The sodium and
tassium oxides, which are essentially inert, could potentially

rystallize in such & manner that KOZ and X0 are iso?ated from the bulk

aof tne Nak. This isolation could be broken with movement or vibration of
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‘Original covers to
test pit

Figure 8. Metal shed and cable trench at ARVFS looking east.



the containers. If the contaminants are present, they could react as
described above if brought into sudden and immediate contact. Experiments
are being conducted in conjunction with this program which sxpose Nak
samples to air in order to determine if oxides could form through small
leaks in the NaK containers.

1.3.3 Radiological Hazards

The radiological hazards associated with NakK have been addressed in

detail in an EDF (Appendix A). This EDF utilizes the available
radiclogical information from earlier surveys to assess the hazards that
will likely be encountered at the time of processing. This EDF on
radiclogical haza
(Appendix C). A s

the following discy

rds is further supported by an EDF on exposure estimates
summary of the findings of these two EDFs is provided in

The ECF on radiological hazards reevaluated the 1955 EBR-I meltdown
rd

and roncluded that the daminant rad1n1nn1ra1 hazar

2

Y2l
w
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ll!

ted with the Nak

processing was fission product contamination. Based upen core operating

history and makeup, a calculated (maximum credible value) fission product

inventory for the NaX was developed. The inventory is presented in
Appendix A.
The EOF on radiation exposure uses the fission product inventory and

data gathered from radiation exposure estimates made in 1974 and 197

9t
project exposure estimates. These exposure rates are presented in ppendwx
b

C, which also estimates thicknesses of lead or sail required to esta

"'I—“

1ish
the amount of time workers could spend in the high gamma field while

remaining in compliance with EG&G Idahc Administrative Dose Guidelines.
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2. DESIGN REGQUIREMENTS

2.1 Functional Requirements

This project consists of building skid-mounted processing units to
chemically deactivate the EBR-I Mark-II NaK with chlorine gas to produce
scdium chloride (NaCl) and potassium chloride (KC1) salts. These
skid-mounted units will also have the necessary eguipment to enclose the
Nak containers and remotely penetrate the NaK containers tc allow for the
processing of NaK.

The system will be designed so that, at the completion of processing
Nak, the system can be easily dismantled and chemically deactivated of any
residual NaK before its disposal as contaminated equipment. The system
will be designed sc that all wastes, including the NaCl and KCI
radioactively contaminated product, can be disposed of under existing INEL

and Department of Energy {DUE) waste acceptance criteria (Reference 6, 8).

Because of the radiological hazard associated with this project, the
unit will be remotely/automatically controlled and operated to the greatest
degree reasonably possible.

ALARA (as low as reasonably achievable) principles of radiation
exposure to personnel will pe of prime importance in design and operation

of the processing.

2.2 Operaticnal Reguirements

The actual process flow rates, operating parameters, and control
parameters cannot be specified at this time. Further experimental work is
planned during FY 1988. However, it is believed that the NaK will be

reacted in a batchwise manner with a depth of 1-2 cm being reacted at once.

The following discussion addresses the generail operational

requirements that can be identified at this point in the project cycle.




2.2.1 NaK Handling, Containment, and Movﬁng Equipment
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into secondary containment. This operation will be accomplished through
the use of INEL Maintenance's hoisting and rigging equipment. To reduce
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Z2.2.2 Reaction Systems

NaK will be introduced in a batchwise manner into the reaction vesse]

by means of a metering system. The reaction vessel will have necessary
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flow. The chlorine injection system will be designed to feed the required
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Once initiated, the NaK processing will be continuous {24 hr/day)
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continuous operaticn. Shculd system shutdown be necessary, design

provisions will be incorporated to allow safe shutdown and restart.

2.2.3 Ancillary System Requirements
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electrical power must be provided by portable
0

should be available for process

perations, control trailer regquirements,
and area lighting. Power generation will have immediate backup capability
for safe shutdown of the processing eguipment should failure of the power

generation system occcur.



Water, both potable and service, will be brought in and stored

onsite.

Since operations are to be performed during summer months, it is not

anvisioned that process steam or fuel will be required.

O0ffice, control room, lunchroom, and restroom space will be provided

by the short-term rental of a trailer. Human wastes will be stored
temporarily onsite during cperations and then transported to Central
Facilities Area {CFA) for waste treatment.

During all operations, the ARVFS bunker area will be closed to all bu

required personnel. The road to the bunker will be posted with INEL
Security personnel to ensure that unauthorized personnel are not permitted

into the area.

2.2.4 Process Control Requirements

Processing will be controlied (manually/autematically) from a remote

microprocessor system located in the trailer.

The contyrol trailer will be located bDehind an earthen berm and

sufficient?y removed from the processing area to ensure minimal

—_

cgical

exposure to operating persocnnel.
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2.2.5 Safety Equipment Requirements

Necessary continucus air monitoring {CAM) and remote area monitoring

(RAM) equipment will be located in close proximity to the processing area
£
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leaks, should they occur
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The quantity, type, and location of these components will be specified

during Title II design.
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In addition, chlorine and caustic metals detection equipment will be
located in such a manner as to notify operating personnel should a system

teak occur.

Necessary fire fighting equipment for NaK or chlorine fires will be
provided during operations. Fire fighting equipment wil} be specified
during Title II design by EGAG Idaho Safety and the INEL Fire Department.

Necessary personnel training will be provided by these two organizations.

Two-way radic communications will be constantly available in the
control trailer during operations to notify INEL organizations, should an
emergency occur that requires assistance, e.g., ambulance service.

2.3 Related Work

No related work that will be impacted by, or cause impact to this

project's performance is anticipated to be ongoing at the INEL.

2.4 Interfaces

Organizational interfaces for this project are definad in the
project's D&0 Plan. These interfaces include D&D Programs, Engineering and
Project Management Directorate personnel, Quality, Safety, Procurement,
Planning and Budgets, Security, and Radicactive Waste Management Complex
(RWMCY.

2.5 Situations Requiring Special Considerations or Attention

2.5.1 Access and Security Access

ihe ARVFS bunker ic located in a noncontrolled access portion of the
INEL. During operations, INEL security will control road access to the

bunker area to restrict entrance except to authorized personnel,

17



2.5.2 Design Packages

This project is not covered under Davis-Bacon legislation. A}l
constructicn and cperations will be performed by EG&G Idaho personnel.
Construction wiil be performed by EG&G Idaho maintenance personnel. For
formal as typically required for construction by outside centractors. The
COP will contain necessary engineering drawings and special conditions for
the constructien, Quality Control inspection, and system cperability (S0)
testing of the project.

2.5.3 Quality Level

A1l compeonents for this project are Quality Level B. Special Quality
inspecticn instructions may be required for certain components, and
these requirements will be specified during title design.

2.5.4 Llong-Lead Items

Ne items require over six-months lead time.

2.5.5 Safety Items

Special consiceration shouid be given to location of ail
safety-related equipment. In particular, since the processing will take
place outdoors, all radiological and hazardous materials detection

equipment should be located to accommodate the prevailing wind patterns.

Since the process will be operated for 24 hr/day, the processing of

all four NakK containers will be continucus/sequentially. Special attention
must be given to area lighting to cover the process area. operator routes,

and potential emergency routes, should an emergency arise.

The operaticn will be performed during a period when dry/fair weather

is anticipated. This will be done to minimize the conseguences shoulcd the
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untikely incident of a NaK leak cccur. However, poor weather will not

affect normal operations.

2.6 Applicable Design Codes and Standards

i1 work on this project will be governed by the latest edition of the

following codes and standards.

" ~

2.6.1 OQepartment of tnergy Codes (Manuals)

1. DOE Order 5480.1A, Chapter XI, "Requirements for Radiation
Protection®

2. DOE-ID Appendix 0550, "Standard Operational Safety Requirements"

3. DOE-ID Publicatien 12044, "Operational Safety Design Criteria

Manual"

4. DCE-Crder-ID-5700.6, "Quality Assurance"

5. IDO-10074, "INEL Transuranic Waste Acceptance Criteria®

6. DOE/ID-10112, "INEL Low-Level Radioactive Waste Acceptance

Criteria®

7. DOE/ID-10112, "Report on Criteria for Packaging Low-Level
Radicactive Waste for Receipt at the Idaho National Engineering

Laboratory Radicactive Waste Management Complex"
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9, INEL Guality Manual for Construction

2.6.2 Code of Federal Regulaticns (CFR)

1. Title 29 CFR, 1910, "Occupational Safety and Health Standards"

2. Title 29 CFR, 1926, "Safety and Health Regulations for
Construction®
3. Title 40 CFR 61, Subpart H

2.6.3 General Reference Codes

1. ASME Boiler and Pressure Vessel Code, Section III, Subsection NC

[
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3. DOE Heisting and Rigging Manual

4. American Welding Society (AWS), D1.1, "Structural Welding Code"

5. National Iastitute for Occupational Safety and Health (NIOSH)
5. National Electrical Manufacturers Association (NEMA)

7.  American Institute of Steel Construction (AISC)

8. Underwriters Laboratories, Inc., standards and directories of
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10.

11,

12.
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Ameri

can National Standards Institute, ANSI-CZ, "National

Eiectrical Code (NEC)"

Ameri

El

P

can National Standards Institute, ANSI-C2, "National

ctrical Safety Code"

Uniform Building Code (UBC)

Ameri

Ameri

a.

can Iron and Steel Institute, Cold Formed Steei Design Manual

can Society of Testing and Materials (ASTM)

A53, "Pipe, Steel, Black and Hot Dipped Zinc-Coated Welded

and Seamless!

and Hot Dipped Zinc-Coated
]

nless, For Ordinary Uses"

Al85, "Welded Steel Wire Fabric for Concrete Reinforcement"

AE15, "Deformed and Plain Billet--Steel Bars for Concrete
Reinforcement"

A36, "Structural Steel"

A27¢, "Stainless and Heat Resisting "
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A473, "Stainless and Heat Resisting Steel Bars and Shapes



A266, "Forgings, Carbon Steel, for Pressure Vessel Components"

A312, "Seamless and We

A133, "Alloy-Steel and Stainless Steel Bolting Materials for

Cmoms s i n

A194, "Carbon and Alloy Steel Nuts for Bolts for
~t =
\¥)

Tammamn +iva Sovyicn
ooyl

1 d ot D cciivds =
Aign=rressure 4l

A269, "Seamless and Welded Austenitic Stainless Steel Tubing

£ At B s
TOr LEngrdi aerviee

A182, "Forged or Rolled Alloy-Steel Pipe Flanges, Forged
[

Fittings, and Valves and Parts for High Temperatu vice"
14. Uniform Plumbing Code
2.6.4 Qther
1. FG&G Idaho, Inc., Quality Manual
2. EG&G Idaho, Inc., Safety Manual
3. OSHA 29 CFR 1926.901
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3. NaK DECOMMISSIONING PROCESS DESCRIPTION

This section addresses the conceptualized processing scheme for the
ARVFS stored NaK from entry into the ARVFS bunker through the processing of
the NaK, and the subsequent decommissioning of contaminated processing

eguipment. The decommissioning of the ARVFS area wiil not be addressed in

detail in this document, but has been covered in the D&D Plan (Reference 9).

3.1 NaK Handling Prior to Chemical! Deactivation

Detailed discussion of this procedure can be found in EDF NAKOO6,
Appendix D.

Prior to actual entry into the ARVFS bunker, a preliminary radiation
survey will be made around the bunker entrance and steel closure plate to
determine if any unanticipated contamination is present as compared to the
readings from the 1979 EBR-I Mark-II NaK Bunker Inspection, Reference §.
After this preliminary inspection, the welded retainers on the steel
closure plate to the bunker will be removed, and the closure plate will be
1ifted from the bunker entrance. The inside of the bunker will then be
surveyed for radiation and Teak tested for possible liquid metal
contamination. If the radiation levels are as expected and the leak test
indicates no leakage from the NaK containers, the dumpster will then be
pulied out of the bunker., The 1id wiil be removed from the dumpster, and
the vermiculite and any residual sand will be vacuumed from the dumpster to
expose the NaK containers. The vermiculite will be inspected to make sure

it is net radioactively contaminated before it is disposed c¢f in landfill.

The existing Tifting frameworks and valve covers for the two MSA drums
will De removed. New 1ifting frameworks will be attached and the drums
will be 1ifted trom the dumpster and then placed into their individual
secondary containers. Prior to actual placement into the secondary
cortainers, the drums will De cleaned, either mechanically or with
compressed air, to remove any residual sand vermicuiite or dirt. Figure 9
represents a conceptualized secondary container for the NaK containers as

well as a conceptualized reactor vessel.
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Once the secondary container is sealed, the secondary container will
be evacuated and blanketed with argon gas. The NaK containers will be
penetrated, both top and bottom with a remote penetration system to allow
the NaK to drain. Figure 10 presents a diagram of the conceptualized
penetration system. The remote penetration system consists of a rotating
shaft and cutting bit which bores through the centainer from top to
bottom. These two penetrations in the container should ailow the Nak to
drain from the container. Seals on the penetrator shaft have been shown to
be satisfactory in preventing gas from escaping from the vessel. This
remote penetrator was tested and proven during FY 1987. This procedure

will be performed for all four of the NaK containers.

After a container has been penetrated, the motor drive will be removed
from the secondary container for use on the cther containers. A gasketed
flange will be installed over the penetration access in order to provide an

absclute seal should the secondary vessel experience any overpressure.

3.2 NaK Lhemical Processing

A study was initiated to evaluate possible methods to accomplish the
chemical deactivation of the contaminated NaK. The conclusions reached in
this study were that the processing of the NaK with chlorine gas was the
safest, would produce the smallest waste volume, and be the most
cost-effective of the alternatives investigated. This evaluation is
contained in EDF NAKOO1, Appendix E.

Chemical deactivation of NaK was demonstrated during experiments
performed in FY 1987. These experiments were intended tc determine the
feasibility of converting the liquid metal to stable salts of sodium and
potassium. Conclusions resulting from these experiments were that gaseous
cniorine could be introduced to pooled NaK and produce a stable product
consisting of sodium chloride and potassium chloride. These experiments
showed that depths of up to 2 cm of NaK could be processed at a time, that

total conversion to product is possibie if the reaction is complete prior
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to solidification of the salt, and that small quantities of air (partial

pressure of about 0.06 atm) lead to faster and more complete reactions.

Once the NaK containers have been penetrated and the liquid metal has
been allowed to flow into the secondary container, the NaK is ready to be
processed. The secondary containers will be pressurized with argon gas and
the NaK will be pressure-fed as well as gravity-fed to the NaK metering
system, in preparation for batch processing of the Nak.

The metering system, as seen in Figure 9, is comprised of two ball
valves separated by a length of pipe. In order to meter NaK into the
reaction vessel, the bottom ball valve will be closed and the upper batll
valve will be opened, allowing the length of pipe to fill with liquid
metal. Introduction of NaK to the reaction vessel will be accomplished by
clesing the upper ball valve and ocpening the bottom valve. A small amount
of argon gas will be introduced to the metering system in corder to
facilitate the rlow of NaK through the hottom valve. The bottom valve will
be closed and the metering system will be evacuated in preparation for
subsequent metering of NaK. This manner of injecting NaK into the reactor

is a simple technique with a minimal possibility of plugging.

The reactor vessel, situated directly beneath the secondary container
and metering system assembly, will be initially evacuated prior to the
introduction of NakK. This will assist the flow of NaK from the metering
system, and will prevent chlorine from the prevyious reacticn sequence from
entering the metering system. The NaK will be introduced as a thin layer
covering the product of the previous reacticn. Unce the desired guantity
of NakK has been introduced to the reactor vessel (to a depth of 1-2 cm),
the tottom metering valve wiil be closed and the argon gas which entered

the reactor vessel during tne metering process will be evacuated.

Once the reactor vessel has been evacuated, chemical processing can
begin. Approximately 1.0 psi oxygen or air (abcut 10 volume percent) wiil

be introduced to the reactor vessel, after which ¢hlorine will be



introduced to the reactor. Chlorine added will only be slightly in excess
of stoichiometric; too much chlorine could lead to corrosion of the reactor

vessel.

When it has been determined that the chlorine has reacted with the
NaK, through temperature and pressure measurements, the excess chiorine
will be evacuated from the reaction vessel. The integrity of the vessel
will be verified by this procedure. The reactor will be allowed to cool

sufficiently prior to introduction and processing of additionai NaK.

Gases which are vented from the reaction vessel will be passed through
a HEPA filter prior to venting to the atmosphere. Chlorine gas will be
neutralized with a sodium hydrexide sclution (to form a salt solution)
prior to filtraticon. Since the gaseous chlorine will be completely

neutralized, vented gases will be comprised of argon and air (or oxygen).

Chemical processing of the NaK will proceed centinuously until each of

the NaK containers has been successfully processed.

3.3 System Decommissioning

After completion of processing the NaK, any residual NaK contained in
the secondary containment vessels, piping, filtration system, and NaK pump
will be reacted with chiorine prior to disposal at appropriate racdioactive
waste sites. As of this writing a decision has not been made as to whether
the wastes will be classified as Transuranic or Low-lLevel! radiocactive
wastes. It is anticipated that this decision will be made prior to final
design to permit design of vessels and components compatiblie with the

applicable waste acceptance criteria.

The chlorine gas will pass through the various radicactively
contaminated components, reacting with the residual NaK. After the
completion of the chemical decommissioning of the radicactively
contaminated components and piping, the residual chlorine gas in the system

will be chemically reacted with sodium hydroxide (NaOH) prior to removal of
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the reactor to its final disposition. The reaction system will be filled
with a grout mixture to totally immobilize the solid product formed during

the reaction process.

3.4 Preliminary Equipment Specifications

As of this writing the maximum credible pressure which the processing
equipment must withstand has not been determined. It has been suggested
that a reaction of NaK with K02 may occur, liberating heat which could
vaporize some of the liguid NaK. It has been estimated that no
vaporization will occur unless the sample is more than 13 percent KOZ.
Since it is highly unlikely that KO2 exists in this quantity within the
storage containers, the process equipment will be designed to withstand a

pressure of 200 psi, the vapor pressure of chlorine at 120°F.
3.4.1 Vessels
V=-1A & 1B Secondary Containmert for MSA drums

Design Pressure 200 psig @ 200°F
Carbon Steel

Wall Thickness 0.5 in.

26 in. 00 X 61 in. Long

V-2 Secondary Containment for small fabricated container
Design Pressure 200 psig @ 200°F
Carbon Steel

Wall Thickness 0.5 in.
15 in. 0D X 43 in. Long

Design Fressure 200 psig @ 200°F
Carton Steel
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Wall Thickness 0.6 in.
35 in. OD X 61 in. Long

y-4A, 4B & 4C NaK Reactor for MSA drums and large fabricated

container

Design Pressure 200 psig @ 1000°F

Carpon Steel, Ceramic lined (1 in. thickness)
Wall Thickness 0.5 in.

24 in. QD X 48 in. Long

V-4D NaK Reactor for small fabricated centainer
Design Pressure 200 psig @ 1000°F
Carbon Steel, Ceramic lined (1 in. thickness)
Wall Thickness 0.5 in
24 in. 0D X 16 in. Long
V-5 Chlorine Surge Tank
Carbon Steel = Phenclic Resin Lined
Cesign Pressure 200 psig @ 100°F
Jacketed (Carbon Steel)
36 in. ID X 46 in. Long
y-6 Chlorine Storage
Leased
3.4.2 Pump

-1 Vacuum Pump

Air 10 SCFM (max.)
1 Hp 220v/60Hz
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Suction Pressure {min.)} 5 in. water

Discharge Pressure 14 psia

3.4.3 Heat Exchangers

E-1 Chlorine Vaporizer

Hot Water on Steel (Carben Steel)
Stainless Steel Helical Coil (1/2 in.)
Heat Quty 81,000 Btu/hr

3.4.4 Filters

F-1 HEPA Filter

Air/chlorine

10 micron
F-2 Vacuum Pump Filter

Air (1C 5CFM)

10 micron (Ficer)

3.4.%5 Anciliary fguioment

tlectrica) Generators (2) (Leasad or Zorrowed)

2C kW 200v/80Hz

500 gallon Fuel Tank

Trailer (Contrs? Room) (Lezased)
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Portable Restrooms (2) (lLeased)

Portable Area Lighting

5 poles @ 1500 watts/ea.

Portable Potable Water

500 galion Tank with 172 Hp Pump

Process Control System (2)

IBM System II or equivalent with Printer and Color Monitor

3.% Service Requirements

3.8.1 Water Requirements

Water, both potable and service, will be provided by trucking in water
and pumping into the Chicrine Vaperizer and the Potable Water Storage
Tank. Anticipated water needs are 600 gallons (service water) and
1,000 gallons {potable water).

3.5.2 Elecgtrical Reguirements

Electrical power will be supplied by two portable diesel generators
(40 kVA Caterpillar MG-480 v/3-ohase with automatic frequency contrel)
availabie Trom the INEL eguipment pool.
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Anticipated electrical power requirements are as follows:

Item Quantity Pwr/ea Total
Electrically operated valyes 2h 0.1 kVA 2.5 kVA
Fiow control valves 4 0.1 kVA 0.4 kVA
Heating tapes 10 0.5 kVA 5.0 kVA
Pump - vacuum 1 1.0 kVA 1.0 kva
Trailer lights & power 1 10.0 kVA 10.0 kVA
Potabie water system 1 0.5 kVA 0.5 kVA
Process control system 2 0.1 kVA 0.2 kVA
Area lighting 5 1.5 kVA 7.5 kVA
Portable detectors 10 0.5 kVA 5.0 kVA
Communication & alarms - C.5 kVA 0.5 kVA

Estimaved Teotal 32.6 kVA

3.6 Manpower Reguirements

The sperations at the ARVFS Dunker are anticipated to take from 6 to
12 days. Tne site will bDe manned continuousiy during the chemical
processing. Three shifts will provide the needed manpower and they will be

caompriseg of at izast tne following types of persocnnel:

Technical Supervisor 1/snhift
Gperators 2/snift
Health Physicist 1/snift
Gate Security Person Lisnife
Total/snift 5



Additional manpower during daylight operations or as required are

the project manager, the lead engineer, and the safety engineer.
Personnel requirements during the rigging operations and the C&D

operations to the process system and the ARVFS bunker will be determined Dy
planning after receiving necessary Site Work Release (SWR) information.
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4. ALTERNATIVES

Alternatives to processing the NaK stored at the ARVFS bunker were
investigated in 1982 and resulted in an internal report, "Decisien Analysis
for NaK Stored in the ARVFS Bunker", Referance 1. The summary from this

report is presented Le

or processing of the stored
plet
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activities related to continued storage of the Nak.
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y radicactive NakK was transferred from the ccre region invo
tainers: two MSA 55 gal drums and two containers fabricated
from pipe sections. Details of this transfer activity are unavailable.

otal volume is approximately 180 gallens and may contain 10.5 grams of
plutcnium. The four NaK containers were stored in an EBR~I storage pit
until 1974. At that ¢ime, they were remcved from tne storage pit and
placed in a steel dumpster; the dumpster was filled with sand and

transported to the ARVFS bunker for interim storage (Reference 4).

An inspection of the bunker, the dumpster, and tre exterior conditian
of the NaK storage containers was completed in August 1979.

Characterizazion data ohbtained are summarizac in this report (Reference 10).
The methodoiogy used to develop a preposed recommencation invoived a
review of the advantages ana disadvantages for each of seven alternatives

considerec:; these alternatives are:

Alternative l--F-ocess the suorec Nak
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Alternative 2--Transfer the NaK into new storage containers for long
term storage

Alternative 3--Relocate the NaK to above-ground storage

Alternative 4--Transfer the NaK from fabricated containers to MSA drums
Alternative 5--Process the NaK with a cesium gettering system
Alternative 6--Encase the existing NaK containers

Alternative 7--Cc nothing.

Within the abcove alternatives, the D.A. identifies the significant
radiation exposure potential, alkali metal handling hazards (fincluding the
assumption that potassium superoxide exists within the storage containers),
processing system equipment and methods, and possible modes for continued
storage. Considerations which must be evaluated for a processing site or
for the design of complex processing systems are beyond the scope of this
report.

O0f +he seven alternatives considered, Alternative 1 (process the
stored NakK) is recommended. This alternative would involve the selection
of & processing site, the design, construction, and testing of a processing
system, processing the contaminated NaK, and the shipment of all wastes to
approved INEL disposal locations. The regquired documentation, design and

safety studies would be completed prior to the construction and cperation

‘of the processing system. This alternative would completely process the

stored NaK and best meet the objectives considered in the decision analysis
because all hazards would be removed and no future remedial action would be
required. The program requifed for tne performance of this alternative can
be scheduled over a two-to-three year period to minimize funding and EG&G

organizaticnal impacts without significant increase in risk.
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5. QCUTLINE SPECIFICATIONS

T 2

he folilowing specificaticns, derived for cost-estimating purposes, do
not serve as a commitment for design. They are subject to change
c 1 Ammlndbambaiiinn]l /Chwimbirmal
J.od MGt wbWdral/ Wi e Lldra

5.1.1 Excavation

Excavation will consist of common excavation. Excavation material not
required for backfilling will remain at the site for use during the D&0

a
eraticns to be performed on the ARVES bunker at the com
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A1l backfill material shall be free from trash, organic material, and
frazen particles. ATl backfill shall be compacted to 75% of maximum
density at cptimal moisture content, as determined By the American
Association of State Highway and Transportation Offizials (AASHTQ), Method
of Test T-99.

5.1.2 Concrete

5.1.4 Structural Steel

Structural steel and miscellaneous metals shall conform to ASTM A3B

and AISC. 1z snat! nave cone shop coat of rust=inhibiting metal primer.
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Exposed piping and conduit shall be defired and identified in
accerdance with the American Standards Scheme for the Identification of

Dipmdin
r 1

-
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5.1.6 Protective Ccatings

The coating shall be epoxy~-type, contamination-resistant coating. It
shall be Amercoat or an approved equal. Surfaces shall receive at least
one coat of primer and two top coats.

5.2 Instrumentation and Ceontrols

Instrumentation and control systems shall be grounded and located in
the contrcl room traiier.

A1l instrumentation, contrel, and communication equipment shall be
sufficiently protected, shielded, and isolated from electrical noise. A
single point grounding system shall be used to reduce noise interference.
The wire runs, conduit, and wireways for the instrumentation and control
wiring shall be separated from the power wiring systems,

5.2.1 Frocess Monitoring and Control

Control equipment and necessary signal conditioning squipment shall be
instailed in the control trailer. Contrcl and signal-conditioning
equipment shall be rack-mounted and laid out within human engineering

guidelines.

Control equipment shall be digital, microprocessor-based where
possible, with an emphasis on reliability and accuracy. An operatcr
annunciator system shall Le installed in the control trailer with
additional annunciators located throughout the ARVFS area.
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5.2.2 Communication Systems

Two way radio system will be installed in the control room to allow

for constant contact with INEL security and the Fire Department.

5.3 Electrica! Svstems

The installation shall comply with the applicable parts of the Tatest
National Electrical Code (NEC). A1l equipment and material shall be
manufactured and tested in accordance with the latest applicable standards
of the Institute of Eiectrical ang Eiectronic Engineers {IEEE), the
National £lectrical Manufacturer's Association (NEMA), and the
Underwriters' Laboratories, Inc. (UL).

Power will be supplied by one 4C-kVA generator. Provision will be

made for sufficient backup capability for safe shutdown of the processing

equipment should the primary system fail.

5.3.1 Lighting

Sufficient area lighting will be installed to meet OSHA and [NEL

requirements,

2.3.2 Wiring and Devices

A1l wiring and devices shall be UL-Tisted and installed in accoraance

with NZC requirements.

Wiring systems shal! be separated according to voltage and eiectrical
nofse requirements. Adcitional grounding cacacity snal: pe acdeg o ai.
power services to electrizaiiy ncoisy equipment. Instrument anc Conirol
wiring shall nct be comtined with power wiring. A separate grounding

system (single-poirt) snall oe provided for each system.



5.4 Piping

oo cetame
Piping Systems

The piping and fittings shall be carbon steel conforming toc ASTM AS53

5.4.2 Stainless Steel Piping Systems

The piping and fittings shall be welded/flanged construction of
stainless steel type 304L.
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6. SECURITY REQUIREMENTS
The ARVFS bunker area has no security cther than the security
perimeter surrounding the INEL. INEL security personnel will be stationed
at the ARVFS bunker turnoff road from Lincolin Beulevard to prevent entrance
to the area by unauthcrized personnel during cperations. The security
personnel at the road will have two-way communications established between

INEL security and the NaK processing control trailer.
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7. PRELIMINARY SAFETY EVALUATION

This preliminary safety evaluation identifies and summarizes the
hazards and risks associated with this project as identified at this phase
of the design cycle. Each hazard is described, and the appropriate safety
measure to minimize the hazard is develcped. Recovery measures to be used,
should an unpredicted incident occur, are also described. The
administrative contrals developed to ensure safe working conditions and
practices are discussed.

A Preliminary Safety Analysis Report (PSAR) will be prepared as
Title I design nears completion. A Final Safety Analysis Report (FSAR)
will be pubiished after prototype testing and prior tc processing of the
NaK. The PSAR will benefit not only from design work, but also from
Jaboratory and development work completed during FY 1987, and testing work
during FY 1988. The SAR will describe the hazards (including the
possibility of thermal explosions, NaK or chlorine leaks, fires, and
admixture reactions), the probability and consequences of such avents, and
the barriers and controls to be employed to reduce the probability or

conseguences of such events.

7.1 Industrial Health and Safety

A1l work will be conducted in accerdance with established regulations
in effect at the INEL, including, but not necessarily limited to, ID
Appendix 0550, IDC-12044, DOE Order 5480.1A , the EGAG Safety Manual, the
EG&G and OCE Hoisting and Rigging Manual, and the Qccupational Safety and

Health Act of 1570, Area health and safety personnel will be assigned to
the project to evaluate the safety and health aspects of the cperations for

protection of property and personnel involved in the operations.

Cranes and hoisting operations will meet the EG&G and DOE Hoisting and

Rigging Manual reguirements.
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Any hazardous material will be transparted according to the EGRG Safety
Manual, Section 19 and in compliance with 00T regulations. Radioactive
material will be transported according toc the EG&G Safety Manual, Section 13.

7.2 Hazards Associated with the NaK Processing

The hazards of processing the NaK have been addressed in EDFs and are
available as appendices to this report. Work will be performed under the
review and guidance of the Safety and Environmental Programs, and
appropriate safety measures will bDe developed and implemented as they are
identified.

A1l operators and supervisory personnel will be required to attend Nak
training sessions that will be conducted by 3afety and Environmenta]
Programs prior to performing the processing. Only those personnel sc
trained will be allowed access to the area during ongoing operations.

7.2.1 Electrical

Electrical power for the operations will be provided from portabie
generators. Backup systems will be immediately ready should a problem
arise with the primary power generator. To prevent system shutdown snould
a temporary power failure occur, critical process instrumentation and the

process control system will have emergency battery backup.

7.2.2 Hcisting

The noisting hazards asscciated with eguioment failure, fnzorrect
rigging orocedures, and inadequate operating procedures may be
encourtered. Megsures will be implemented to minimize risks from noisting
hazards. Lifting instructions and/or detailed procedures with rigging
sketches will be included in engineering work packages that involve 1ifting

large eauipment or hazardous tems. The job foreman for hoisting

operations will be a rigging specialist who will ensure compiiance with the

£GdG and DOt Hoisting and Rigging Manual.
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7.2.2.1 Equipment Adequacy. To ensure equipment adequacy, the crane,

Hoisting and Rigging Manua!l, Section VII. The person in charge of the 1ift

will verify this certification prior to use of crane and associated lifting
adequately for the load.

7.2.2.2 Procedures. The EG&G and DOE Hoisting and Rigging Manual
will be adhered to strictly in the procedures to be followed during

hoisting and rigging operations. All equipment operators and riggers will
be fully qualified for the particular equipment and Toad being rigged for
hoisting.

7.2.3 Radiation Exposure

To prevent undue worker exposure, all D&D site operations personnel
will be trained radiation workers and respirator-trained. This ensures
familiarity with radiation hazards and procedures for work performance in
radiation fields.

A1l D&D work performed will be under HP technician and Safety
Engineering surveillance. Constant air monitors (CAMs) will be operating
continuously, sampling air near the work location and downwind from the
area in which wark is being performed. Personnel working in the
contamination area will wear anti-C clothing, protective respiratory
equipment and appropriate radiation dosimetry. Components producing
significant radiation fields in an area will be removed or shielded as soon
as possible te reduce the working field during removal of remaining
components. '

Should any D&D operation expose NaK cutside the reactor vessel or
other containments, the operation will be stopped, until the source of the
leak can be iaentified and corrected. Any leak will be surveyed for

radiation hazards, and removed befcre continuing operaticns. [7 periodic
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smearing reveals the presence of contamination levels that present a

hazard, 0&D work will stop, and the contamination will be cleaned up

A1l tasks in this project will be covered by approved engineering work
nambasmae Eunwmu n A, l Au{ cdinm w3 TTl ko Tasat it 4 cmanls  d ook e
LGy . =% R-3 W Vil i P Wil We L TUARA (D WUT A Tl UL LT Uy
and procedures to incorporate the ALARA philoscphy of personnel radiation
exposure. Guidance on maintaining exposures to ALARA levels is given in
the EG&G RAD CON Manual, Chapter 3. Provisions shall be included in the

instructions and packages to ensure that the maximum allowable personnel
radiation dose is not exceeded. If a CAM indicates the presence of

airbnrne ar‘+1u1+u that exrceeds allowable 11m1+c *ha wark 3arvea will ha
act W ! fte, tha work arez 111 be

¥

evacuated until the activity abates or workers equipped with appropriate

respiratory protection can remove the socurce of air activity.
As a minimum, workers will survey themselves for contamination before
their shift (as a baseline only), before taking breaks, before leaving the

work area, and again at the end of their shift.

7.3 Hazards Associated with Natural Phenomera

7.3.1 Earthguake

Earthauake hazards are extremely remote. If an sarthquake snould
occur during D&0 operations, the work will stop and the hazardous work area
will be evacuated immediately, after safe shutdown; work will later be
resumed after assessment of the working conditions. The probability of an
earthquake ccourring auring the D&AD operaticns is extremely low, but it
exists. Some of the prcbable consequences of an earthguake occurring are
discussed here to identify tne associated risks. The major risk is a
noisting incicent. If an earthquake shouid occur during a hoisting
operation. the load could possibly sway encugh to lose its rigging and
drop.  Bacause of the swaying of the load, the falling material could

possibly nit someone. Damage and/cr shock to the containers Zould alse
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result in extreme conditions such as an explosion or fire. Probability of
an earthquake occurring during the movement of the containers is extremely
small.

The INEL is located between the Intermcuntain Seismic Belt to the
south and east and the Central Idaho Seismic Belt to the north. There is
evidence of seismic activity near the INEL within recent geclogical times.
Prior to the 1983 Mackay earthquake, the most recent activity of large
seismic-induced displacements near the INEL have been placed at 4,000 to
30,000 years ago . This conclusion was bDased on geolegical studies of the
Arco and Howe scarps. In a review of this data during 1972, the largest
earthquake that may be expected to occur near the ARVFS was determined not
to exceed magnitude 7 (Richter scale). This was based on the nearest
active fault, the Arco scarp, with an epicenter assumed to be approximately
16 miles from the ARVFS.

During the seismic analysis period of the 1978s, the INEL was within a
Uniform Building Code (UBC) Seismic Probability Zone 3. The seismic zone
is now 2. The change from a Seismic Zone 3 to 2 was approved at the
International Conference of Building Officials meeting of October 8, 198].

In a previous safety analysis of an operating TRA facility (the Sodium
Loop Safety Facility Hazards Assessment), & major earthquake which would
normally cause some structural damage was postulated to have an unlikely
probability of occurrence. Experience cbserved during the 1983 Mackay
earthquake showed anly minor structural effects on INEL facilities.

7.3.2.1 Excessive Runoff. Runoff from snowmelt in the Lost River and

]

the Little Lost River, and Birch Creek. The Big Lost River channel runs
between the TRA and the Idaho Chemical Processing Plant (ICPP) to the nmeorth

. o e e —~

Al |

AN; the ciosest approach tc ARV

towards VFS is one mile away. Often this
1

F
channel is dry, irch £reek feeds towards TAN and the large depression in
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the northern part of the INEL. Thus, flcoding from the Birch Creek
drainage is nct a problem to this prcject because the ARVFS is on much
higher ground. The Little Lost River drains east to an area northeast of
ARVFS and is located in a depression relative to ARVFS.

The primary concern is the possibility of flooding from the Big Lost
River. ARVFS is located about one mile from the Big Lost River. Two dams
are located on the river upstream of ARVFS: the Mackay Reservoir, about
50 miles upstream from the ARVFS, and the INEL flood diversion dam, about
10 miles upstream from the ARVFS. Several factors can influence and
amplify the conditions for flooding: remaining reservoir capacity,
snowpack, climatic change and ground conditions affecting seepage.
Assuming the reservoir is full, a very large snowpack, a rapid warming
trend, and the ground still frozen (eliminating seepage losses), the river
channel could overfiow. The INEL flood diversion facilities consisting of
the dam, dikes, and spreading areas to the south have been designed to
divert a Big Lost River flood away from the INEL facilities under normal
flood conditions. Weather conditions will be of primary concern in
scheduling the actual processing operations. Since the NaK will react
viclently with water, it is imperative that the processing takes place
during dry weather should a Jeak in the system occur.

In the Preliminary Safety Analysis Report (PSAR) for the Sixth ICPP
Calcineg Sciids Storage Facility (CSSF) (see Reference 10), the worst-case
flooding conditions at the ICPP were shown as a probable maximum
precipitaticn storm occurring between the Diversion Dam Facilities and the
ICPP.  This would be in the form of a Jarge thunderstorm develcooing into
twe t¢ tnree inches of rainfall for about a one-hour duration, which could
Tead to a flash flood in the Big Lost River channel. Maximum crest of the
flooded river was shown to De afzer about two hours, with a flow rate of
approximately 33,000 cfs. The ficoded water elevation was found to just
reach the building complex of (PP-601/6C2 which has an elevation of
4915.7 fe2et above sea level. Since tne nominal elevation at ARVFS is
approximately 4830 feet above sea tevel, it is likely that the probable
maximum precipitation storm could cause flooding at the ARVFS, since no

major topographic highs exist
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in the immediate area to the scuth of ARVFS. Although an earth berm exists
near the bunker, the maximum precipitation storm would likely inundate the

- o . ; :
bunker area if additional berms were not put in place. This again make

L EREAY I 1 Ww 1

W

it
imperative that the processing be scheduled cduring dry warm weather. July
through October is the driest portion of the year and the likely window for

7.3.2.2 Dam Failure. Failure of the INEL Diversion Dam Facilities
and the Mackay Reservoir dam are considered. The Diversion Oam Facilities
include the dam, four fiood water impounding areas (A, B, C and D) and
connecting channels. Impounding areas A and B require dikes to retain the
water. According to the Sixth CSSF PSAR, failure of dike 2 at impounding
area B is more critical than dike 1 at impounding area A. Further, the
resulting river flcoding condition was found to be essentially the same as
the postulated probable maximum precipitation flood; hence, this failure
event could also cause flood waters at the ARVFS.

Failure of the Mackay Dam has been studied by the US Geological
Survey. The Mackay Dam is an earthen dam, abcut 80 feet high and
approximately 1968 feet long at dam crest on the Big Lost River 4.5 miles
northwest of Mackay, Idaho. The reserveir behind the dam contains
1.93 million cubic feet of water at spillway crest. The dam was built in
1965. The study results are considered valid downstream cnly to above the
diversion dam, due to inadeguate knowlege of flood plain geometry below the
diversion dam. At a distance of 2.5 miles above the diversion dam, the
peak discharge for a full breach was calculated to te about 54,000 c<fs. In
the ICPP PSAR for the Sixth CSSF, it was shown that a flood cf about
81,000 cfs would be necessary to fiood CPP 601/602. Such an event would be
a2 cause of concern for probable flcoding at ARVFS.

7.3.3 Lightning
As previously noted, scheduling of the activities will be done taking

into account applicable weather forecasts. The potential for accidents

from a lightning strike should oe minimized. However, an ancmalous
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thunderstorm could occur that may create a concern. Rigging and hoisting
will not be initiated when a pctential lightning hazard exits. If .-

. . .
tightning should strike any part of the o n evalua

ot

iAan
1o

Af +h
il i

-
[V Y 4

p
cdamage will be made prior to resumption of work.

7.3.4 Tarrado and/or High Winds

Work will be terminated on the project any time tornado or high wing
warnings are in effect at the INEL. Evaluaticn of any damage will be mace
prior to resumption of worx. Hopefully by scheduling the.processing of the
NaK only during favorable weather conditicns, the Tikelihcod of such events

will be minimized.

7.4 Administrative Contrpols

7.4.1 Training

Personnel working on the D&D project will receive standard EG&G safety
training applicable to the tasks involved. This training includes:

1. Radiation worker training

2. Respirator training

3. Initial safety meeting to acquaint workers with hazards of work,
4, Work instructions and/or procedures reviewed and discussed with

involved personnel prior to performance.

5. Jaily meetings to identify job progress, future tasks, and
potential hazards of upcoming work.

6. In additicn to the standara safety training, ail nersonnel will
be reguired to be certified in NaK safety training. This course

will be taugnt in advance of other operational training.
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7.4.2 Site_Work Release

low a aualified craftsman to complete the job within normal

supervision standards.

7.4.3 Safe Work Permits

A safe work permit (SWP) will be required for all jobs involving
radiation safety. The criteria for use of a SWP are specified in the EGRG
RAD CON Manual, Chapter 7. A required SWP will be processed at the
beginning of each phase of the operations where appropriate.
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8. ENVIRCNMENTAL DOCUMENTATION

The processing of the NaK and return of the ARVFS bunker to a reusable
condition will remove a significant radiological hazard from the INEL, and
convert this hazard into a safe disposable form. This activity will,
however, not be performed without scme environmental concerns. At this
time, dus %o zhe conceptual state of the project, these concerns cannot be
addressed in detail. With the information from the developmental
laboratory work, an environmental evaluaticn for the prototype test was
prepared. A final evaluation will be prepared in the same time frame that
the Safety Analysis Report will be updated to incorporate final design
informaticn.

In terms of summarizing potential environmental concerns at this time,
it is recegnized that the NaK processing will result in the transformation
of TRU waste mixed with NaK to a stable sait form for disposal.

This project may require minor short-term adjustments to the
environmen: (e.g., modifications to an existing berm at ARVFS)}. Any
short-term alterations to the site will be returned to their "near-natural"
state upon completion of the processing and the decommissioning of the
ARVFS facility.

This project is not anticipated to result in any change in noise
levels, afr emissions, or ligquid effiuents. The NaK in its present form
contains 2400 nCi/g of transuranic (special nuclear classified) material.
The NaK is included under the Resource Conservation and Recovery Act (RCRA)
as a hazardous mixed waste, according to the most recent guidance from
00E-KQ legal office.

Suggested alternatives that might be addressed in the environmental

evaluation are:

l. Process the NaK as proposed
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2. Process the NaK by some other technigue (addressed in Reference 1)

[F¥]

Transfer the NaK into new storage containers (addressed in

Reference 1)
4. Do rothing {addressed in Reference 1).

These atternatives have received a thorough analysis and option 1 is

the only reasonable course to follow.
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COST ESTIMATE SUMMARY

9.

Cost details are in

the project are summarized in Table 1, EG&G Form-1589.

Appendix G.

However, the labaratory process development, conceptual design

included here.
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TABLE 1

S EC2G e COST ESTIMATE SUMMARY

PO A0 18
(Mow, 11980

Type of Eatimate: Conceptual - File No.. _ 8084

T 1011~ T T

Project: _ARVFS NakK Dad }
1

Prepared By: A, R. Millward 2 gnt Checked/Approved By: /,@/
Unescsiated Escaiation

Psrtormance Specitication
| Titte | and il Design 90,000 3,500
} Titie () Inspection 10,000 500

~ Construction CostsSuybtotal , . ......... P e e e s s e .o

--------------------

Totails:
104.000

.

189,000

.

Directindirect Coats: 189,000

4000 Improvement to Land 20,000 __L.Q_Q_Q___.__
%000 Buildings/Structuras
8000 Utlities

7000 Equipment 160,000 8,000

8000 Demoiition and Removal

indirect Costa:

Canstruction Manageament

el = = et om e

-y : Py A |
RG] CSOGIinesT 4Ny LUN3ITUuclion MEaRIRGeInont

Constryction Management Reserve
Governmaent Furnished Equipment/Materials Subtotal, |, |, ,
Pyrcnased By-.(CM)
Purchased By _ EG&G 310,000 15.000
Procurament Fee 42.000 2,000

Project Administration Costs Subtotal

Project Managemant

Project Supoort

Suptotal:

Contingency L2 % Of SUBIOtAN . o o vt e e e e e e e

Escalation: (inciuged in atcve Totais) 30,4

Taota!l Estimated Cost:

D R R R R I B N L

............................................

&2 ,000
198,000

860,000

Commants: —2raiaet Acministraticn will he funded by otner funding means,
Construc=ion labor will be done bv EGAG site grafis
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10. METHOD OF ACCOMPLISHMENT

Th

0

3
[
ot

n "Decommissioning and Decontamination Plan for Processing the Contaminated

NaK at the INEL," Reference 9. Figure !l presents the management structure

in place to accomplish this project, and Figure 12 presents the Work

Breakdown Structure {(WBS) for the project.

The design, procurement of equipment, inspection, and project
administration will be performed by EG&G Idaho. Cesign, censtruction, and
inspection will be performed in accordance with the guidelines of the EG&G

Quality Manual and the EG&G Engineering Standard Practices Manual.
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A new project baseline schedule is presently undergoing preparation on

11.

SCHEDULE

a computerized project management information system (PROMIS) to be
finalized during the first guarter of FY 1988,

follows:

Preliminary Decig
Prototype Test
Firal Design
Process EBR-I Nak

n
it

58

Start

J

4th
4t
3rd Q FY88
3rd Q FY89

o
L2 L
-n -
-
o 0
553

A tentative schedule is as

Complete



12. QUALITY ASSURANCE
Tlid e mwadnmd ;2711 ke emnsameldclad sdemam Fha ariAm ] dmme
P S })TUJELL wilili e QLLUUP!IQHBU Wil (%3] BUIUGFI [ ]
Program Plan, Waste Manzgement Programs, 053-3/1/86, and the
Manual.
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Summar

Figsion product inventory estimates are required to supporst
nlammad Ajiemacal AFf Pﬁn#amwnafad Mai Fwnm tha 1485 :HD-T mn1+dﬂmn.

TRINH IS wWigdpWwaes !l L) - - T whd W TYY

w
Maximum credible fission procuct inventory and activity estimates are
developed using conservative models for tha core irradiation history
and fission product ralease to the Nak.

Background

The EBR-I Mark II core had been fabricated using a uranium -
2 wth zZirconium d;ﬁg‘y for both fusel and blanket regions. The fue)
region (93.2 wt% U) contained approximately 52 kilograms 33y,
The second core was installed in the eariy part of 1954 and operatad
intermittently until late 1955. A partial meltdown occurred on
November 29, 1955, and involved 40 -~ 50% aof the fueled (core)
region.t There was no significant invelvement of the axial blanket
regions in the meltdown. Plutonium sampies totaling 10.5 grams were
not reiovered from the core and assumed dispersed to the molten fuel

alloy.

The damaged core was removed early in 1956. The NaK coolant was
transferred to containers and stored at the EBR-[ site until 1874
when it was mgved to a bunker at the Army Reentry Vehicle Facility
Sita (ARVFS) Past radiological hazard charactarization work
1nc1udes r3d1atwon surveys of the NaK containers prior to the 1974
retfocation® and during a bunker inspection” conducted in August,
1979, Radiological consequences of fires invoiving the NaK were
addressed in References 4 and 5.

Fission product contamination provides the dominant radioclogical
hazard associated with the NaK processing. The NaK drum contents are
not yet well characterized but ccuid potentia]Iy include sotid fuel
particle debris, ramains of the ﬂ'ULUHlum samples, soructural
material activation products, and potassium=40.

Activated structural material and *9¢ activity levels shouicd be
very low compared with the fission product activity levels. Some
accident scenarios (e.g., NaK fire and atmospnheric dispersal) may
require consideration of 40x and the plutonium samples; these
contaminants will not impact shielding reguirements. Materials of
radiological significance in the fuel depris would oe Timited to
yranium and the retained fission products. Negligible quantities of

38py would have been oroduced in the high enrichment core region
1nvo1v§d in the meltdown. No criticality hazard exists as long as
the 233y inventory is less than about 760 grams.6 Estimates of
TRU contant may be required prigr ta final disposal.
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Calculational Model

The core fission product inventory availaple for release to the
NaK coolant is a function of the core operating history. COperating
nistory cata is difficuit (pernaps impossibie)} to recover after more
cthan 30 years. The only definitive items identified_to date are
measured radial and axial fissien rate distributions’/ for tne
earlier (Mark [) core icading Snd a reported maximum core Burnup of
approximataly Q.1 azom percent® at the time of the meltdown.

Fission product fnventories have been ca?cu?ated using the
isotopic generation and dep1§ ion code ORIGENZ2® and a modified
cross saction library. The U, radiative capture cross saction
was adjusted to reflect measured+¥ capture-tc-fission ratios
reported for the EBR-I Mark [ core loading. The measured ratios
varied from abouz 2 11 at the core center to about 0.17 at the core
geriphery. The U radiative capture cross section was adjusted

based on the lowest reporied value {0 11 + £.01). This }JIU‘-=dUI= 1s

conservative since it will result in the highest calculated fission
product inventory for a specified atom percent burnup.

The burnup for the entire fuel region was conservatively assumed
to be the 0.1 atom percent reported as the core maximum. The entire
gxposure was assumed to be accumulated at constant cower during the
45 days of operation immediately preceding the maltcown. The
resulting burnup is about 45 MWd compared to the more consarvative
assumption of 75 MwWd utiiized in the analyses reported in References
4 and 5.

The calculated inventory was decayed %o August, 1988. The antire
fission nroduct inventary from 50% of the core region was assumed o

be re]eased to the NaK. Ali the released fission products, inciuding
noble gases and other volatiles, were assumed to remain in the Nak.

The isotopic inventory associated with the unrecovered plutenium
samoles was aoproximated using CRIGENZ and assuming simple cecay of
tne initial 10.5 gram sample inventory %o August, 1988. This
conservative treatment yields the maximum neavy metal *nventory, the
fission product inventory resu!t1ng from fission events in tne

ward A FRae Feam Sha cn Tad ~aw
i A v L L J 11 Wil -"G Al b ek e b
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Results

Calculatad fission product inventories are snown in Tabie 1. All
fisston products with an activity of greater than one microcurie are
listed. The correspending mass for each isctope is included. The
calculated fission product glemental composition is Tisued in Table
2. AVl fission product eiements with mass inventories of greater
than one milligram are shown. The total activity fer all isotopes of

that element is aliso tabulatad,.
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The total fission product mass inventory fs aporoximately 23.3
grams and the total fissicn product activity is about 133 curies,
The calculated fission product decay heat is only 380 milliwatts.

The initial and August, 1988, plutonium sample inventories are
listad in Tabie 3. Table 4 documents the ORIGENZ input model
employed for tne fission product inventory calculations.

Conclusions

The calzulated figssion product inventcries hinge an two critical
assumptions made for this ana1ys1s. The entire exposure history has
peen constructed around a single reported burnup value. Although
there is no reason to suspect the reported burnup, it is
disconcerting to not have some confirmation of so important a

parametar,

The assumption of total fission product release to the NakK is
also important. This assumption is clear]y conservative for the

primary applicaticn of estimating maximum fission product

contamination levals in the Nak. Actua1 re1ease fractions could be
expected to vary from almest completea for many volatiies (e.g.,
halogens) to vsr¥ Ema11 for many isotopes preferentially retained in
the fuel (e.g. Ce}. A1l reported values should be viewed as

the maximum cred1b?e fission product inventories in the Nak.
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TABLE 1. CALCULATED ISOTOPIC INVENTORY FOR EBR-I1 NaK {ALL FISSION
PRODUCTS FRCM 50% OF CORE, DECAYED TQ AUGUST 1988).

Inventory Activity
[sotcpe (Grams) (Curies)
3y 5.24 x 1076 5.05 x 1072
79se 4.17 x 1073 2.91 x 107¢
85y 2.76 x 1073 1.08 x 100
90sp 2.36 x 1071 3.22 x 10!
90y 5.91 x 10°3 3,22 x 10t
93zp 5.99 x 1071 1.51 x 1073
23mp 4.11 x 1076 1.16 x 1073
997¢ 6.09 x 1071 1.03 x 1072
107p4 2.06 x 1072 1.06 x 10°3
113mcy 8.64 x 10°8 1.87 x 1073
121mgy 6.72 x 1077 3.98 x 1073
1235y 1.38 x 106 1.42 x 1073
125m7q 1.92 x 1078 3.47 x 1074
1265y 9.07 x 1073 2.58 x 1074
1265y 4.31 x 10710 3.60 x 1073
126mgy 3.28 x 1012 2.58 x 1074
1291 3.20 x 1072 1.62 x 1073
134cs 1.25 x 1079 1.62 x 1078
135¢s 3.3¢ x 107} 9,61 x 107¢
137cs 2.92 x 107!} 3.41 x 10t
137mg, 6.00 x 108 3.23 x 104
1470m 5,93 x 1073 5.50 x 1072
131gp 4.90 x 1078 1.29 x 160
152¢gy 3.43 x 1078 5.94 x 1076
134¢y 1.14 x 1076 3.97 x 1074
153g, 5,74 x 1073 2.67 x 1072
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TABLE 2. CALCULATED ELEMENT [NVENTORY FOR EBR-I NaK (ALL FISSION
PRODUCTS FRCM 50% QF CORE, DECAYED T0O AUGUST 1988).

Tmisamemmis At dird ey
£lement L?é:;;;}J ?E;;;égi
Se 4.38 x 1072 2.91 x 10°¢
Br 1.72 x 1072 0.0
Kr 3.06 x 107 1.08 x 109
Rb 3.29 x 1071 1.96 x 1078
Sr 5.57 x 1071 3.22 x 10i
Y 4.25 x 1071 3.22 x 10%
Zr 3.15 x 109 1.51 x 1073
Ma 2.38 x 10© 0.0
Te §.09 x 107t 1.03 x 1072
Ru 1.14 x 109 2.48 x 1078
Rh 3.26 x 1073 2,48 x 1078
Pd 1.88 x 107} 1.06 x 1073
Ag 4.84 x 1073 <10-9
cd 1.11 x 1072 1.87 x 1073
In 1.85 x 10-3 <10°9
Sn 2.35 x 1072 2.97 x 1078
Sb 5.14 x 1073 1.71 x 1073
Te 2.51 x 107! 3.47 x 107¢
! 1.13 x 1071 1.62 x 1073
Xe 2.89 x 10@ 3.9
Cs 2.12 x 100 3.41 x 104
3a 1.38 x 19 3.23 x 10%
La 8.94 x 1071 <1079
Ce 1.67 x 100 2.05 x 1078
or 8.29 x 1071 <1072
Nd 2.96 x 109 <1679
sm 5.98 x 107} 1.29 x 160
Eu 3.95 x 1072 2.70 x 1072 o
&d 9.83 x 1073 <1679
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TABLE 3.

E3R-I PLUTCNIUM SAMPLE PRCPERTIES.

[sotope

ZJSU

leu

Zlﬁpu
Zhﬂpu
Zhlpu
zuzpu

z“lAm

TOTAL

Novembar 1355
[nventory Activity
{Grams) (Curies)
9.97 x 109 6.20 x 10°1
4.97 x 1071 1.13 x 107!
3.15 x 102 3.25 x 100
1.26 x 1073  4.81 x 1076
10.500 3.983

August 1988

[nventory Activity

{Grams) {Curies)
9.22 x 1073 1.99 x 1078
1.69 x 1073 1,09 x 1077
9.96 x 100 6.20 x 1071
4.95 x 107} 1.13 x 107}
6.54 x 1073 6.74 x 107¢
1.26 x 1073 4.81 x 1078
2.42 x 1072 8.30 x 1072
10.498 1.450
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TABLE 4.

CRIGENZ INPUT MCDEL.

Tac
AR

ouT
DEC
MOV
HED
HED
ouT
STP
2

922350
922380

5.138

0.0 0.0
2.929 0.0 0.0

EBR-I MARX II FUEL (32 %G
CONSTANT FLUX IRRADIATICN

3 1.0E-25 5 1.0E-12 7
Q00
922350 922380 -1
0 0 2 3 0 =205 206
g 102 103 10
88888 88888 8
88787 87868 8
gag787 878568 3
r 2 =1 -1 1 1
5.0 4.96E+12 i 2
10.0 4.96E+12 2 3
15.0 4.96E+12 3 4
20.0 4,96E+12 4 5
28.0 4.96E+12 5 )
30.0 4.96E~+12 6 7
35.0 4.96E+12 7 8
40.0 4 .98E+12 8 9
45.0 4 288+12 g 10
0 0 ¢ ¢
32.67 10 i

i 2 Q 0.5

1 * AUG 1988

2 *HALF CORE

2 0 0 0

4

922350 221.2766

46.71 0.0 0.0 -1

0.0 6.0 0.0 -1
u-235)
TO C.1 ATOM PERCENT BURNUP
1.0E-26 27 0.1 28 1.0E-75
9 3 0 4 0
3888 898888 88838
8686 86855 5588
8686 86888 828838

& 2

4 0

4 0

50

& 0

a0

& 0

4 0

a0

5 G
323800 15.9412 0

g.0
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ABSTRACT

This EDF addresses the chemical hazards associated with the EBR-I Mark-II Nak.
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Introduction

Tnis EDF addresses the chemical hazards associated with the
decommissioning of the EBR-I Mark-[I NaK stored at the ARVFS

Bunker. The radiological concerns associated with this material
will be discussed in a subsequent EDF. The purpose of this EDF is
to specify the hazards, not to formally address tne methodology of
how these materials wil]l be safely handlied. That discussion will
take place in subsequent EDF's, cesign package documents, and safety
documents. Oue £o the uncertainties associated with the-contamirants
of this material, this EDOF will also address the chemical hazards
associated with contaminants which may not actuaily be present, but
which have some probability of existing in the NaK. [n addition,
the chemical hazards associated with the planned chemical
deactivation of the NakK will also be addressed. The chemical
hazards of the materials will be discussed under the following
classifications (where data is availabie):

1) Toxicological Characteristics
2) Fire Hazards

3) Explesion Hazards

1. HNaK Eutectic Metal

1.1 Physical Properties

Sodium=-potassium ailoy is generally referred tc as Nak.
Futectic NaK is an alloy containing approximately 78%
cotassium {(K) and 22% soedium (Na). The melting point is
-12.6 C (9.3 F). Ligquid NaK is simifar to mercury in
appearance. The density and viscosity of sutectic NaK at
20 C {68 F) are 0.87 g/cc ana 0.9 centipoise, respectively,
compared to 1.0 g/cc and 1.0 centipoise, respectively, for
water at 20 C. The boiling point of eutectic NaK is 785 C
{1445 F). The surface tension, at room temperature, 18
.approximately 105 dynes/cm, compared to water wnhich has a
surface tension of 72 .8 dynes/cm at rgom ctemperature.

1.2 Toxicoiogical Characteristics

NaK in elemental form is hignly reactive, garticuiarly with
moisture, with which it reacts violiently, and therefere,
attacks living tissue. NaK reacts exotnermally with the
moisture of body or tissue surfaces, causing thermal and
chemical burns dug T©o the reaction with NakK and the
nydroxides formed. NaK jis not a systemic poison.

If exposeda to air, the NaK will burn to oroduce cxides;
these oxides will react with mecisture tc form their
raspective hydroxides which are extremeiy corresive and
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irritating to skin, eyes, and mucous membrane. Ingestion
may cause violent pain in throat and epigastrium,
hematemesis, and collapse. Inhalation of the dust can
cause damage to the upper respiratory tract ana lung

tissue, depending upon the severity of the exposure., Thy

Sy wMwpwiiarily it e A W T e

<
affects of inha]at1on may vary from mild irritation of the
mucous membrane to a severe pneumonitis. [t can cause an
irritation to the skin.

3

Fire Hazard

Sodium-potassium alloy reacts violently with moisture to
Torm hydroxides and hydrogen. The reaction evoives much

hnn? AAICt AT +hn ma+:1 bof's] cnl:f*nw T+ alen iAnitae +hn
ngawv causing e meLla spratiuey +C &:58C0 1gnhiLes tne

hydrogen, which burns, or, if there are sufficient
concentrations, the hydrogen can explode. Burning NaK is a
Class D fire and reguires and reguires a Class D
extinguishing agent; dry powdered soda ash or NaCl are
recommended.

Explosion Hazard

lall waasrtre vyimlantly wit tima Fallmuinag mararniale (indaw
ey TRl Le Vi igheiy Wioch i 01 0WiNng Taldyiars WGy
required conditions of temperature, state of divisien, and

reactant concentrations: acetylene, air, chlorocuprate,
water, AlBry, metal halides, ammonium chlorocuprate,
ammonium bromide, ammonium icdide, ammonium sulfates and
nitrates, antimony and arsenic halides, bismuth oxide,
boric acid, carbon, carbon dioxide, carbon disulfide,
carbon tetrachloride, charcoal, chiorinated hydrocarbons,
and a number of other compounds. When reacting with water,

1 FEl asAamt AameaambuaEd anma ad RuysAnasan Ioa A
QUIIILIEHb LuiiLTniviravivis i YWD worl can ce MTIIClhaLoud L

explode if oxygen is present. Potassium metal, if exposed
to the air, will form the peroxide (X,05), potassium

oxide (KZO), and the supercxice (KOZ) The the

percxide and the superoxide are strong oxidizing ¢compounds,
and if sufficient oxidizable material is present, can cause
thermal expiosions, deflagarations, or detonations
depending upon the reactant.

~1

i fU¥ \
ride {(KC1)

0

2.1

2.2

Physical Properties

Colorless or white crystals or powder. KCI is soluble in
water. Specific gravity is 1.987. Melting pocint is 773 C
(1500 F) and it sublimes at 1500 C (2880 f).

Toxicological Characterstics

KC1 is a nutrient and/or dietary suppliement food aaditive.
Large oral doses cause gastric irritations, purging,
weakness, and circulatory preblems.
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2.3 Fire Hazard
None,

2.4 Explosign Hazard

None.

Sodium Chioride (NaCl}]

3.1 Physical Properties

Coloriess, transparent crystals or white crystailine
powder. NaCl is soluble in water. Specific gravity is
2.165. Melting peint is 801 C (1554 F), and NaCl ooiis at
1413 C (2717 F).

3.2 Toxicological Characteristics

NaCl is commen table salt. A skin or eye irritant.
[ngestion of large quantities can cause irritation of the

stomach,
3.3 Fire Hazard
None,

3.4 Explosion Hazard

Ngne.

Chlorine (Cl,)

4,1 Physical Properties

Greenish-vellowisn gas, liguid, or rhombic crystal.
Scecific gravity of vapor is 2.49 (heavier than air).
Melting peint is ~101 C (-160 F). Boiling point i3 =34.5 C
i=-30 F). Vapor pressure at 20 C (68 F) is 4800 mm (92.3

~ed )
S35

4,2 Toxicelogical Characteristics

Chlorine is extremely irritating to the mucous membrane of
the eyes at 3 ppm and the respiratory ftract. [t ccmbines
with moisture to form hydrochloric acid and tiberate
nascent oxygen, B8oth these substances, if present in
quantity, cause inflammation of the tissue with which they
come in centact. If the lung tissues are attacked,
oulmonary edema may result. A concentration of 3.5 cpm
produces a detectadble odor; 15 ppm causes immediate

irritation of the threat. Concentrations of 50 ppm are
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dangerous for even short exposures, 1000 ppm may be fatal,
even when the exposure is brief. Because of its intensely
irritating properties, severe industrial exposure seldom
occurs, as the workman is forced to leave the axposure area
before he can be seriously affected. I[n cases wnere tnis
is impossible, the initial irritation of the eyes and
mucous membrane of the nose and threat is followed Dy a
cough, a feeling of suffocation, and iater, pain and a
feeling of constriction of the chest. [f the exposure has
been severe, pulmonary edema may follow, with rales being
heard over the chest. [t is a common air contaminant. It
is used in the chlorination of swimming pools and water
supplies.

| —
rire

L1

[P |
didrd

£
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Since chlorine is a strong oxidizer, stronger than oxygen,
it can react to cause fires upon contact with many
substances which are combustible in air if the proper
concentrations of reactants are present.

4.4 Exp]osion‘Hazard

,,,,,,,,, ]

There is a potential of explosion with many organic and
metal materials if sufficient concentrations, division of
reactants, and confinement are present. The danger of
explosion is greatly reduced if the reactants are not
confined.

Potassium Superoxide (KO- or K-04) L

5.1 Physical Properties

Potassium superoxide is yellowish in color, resembiing
flowers of sulfur. K02 has a specific gravity of 2.14.

It meits at 380 C (716 F) and disassociates at 6C0O C (11i2
Fy.

8.2 Toxicological Characteristics

Potassium superoxide, although not a systemic poison, is a
very strong oxidizer. It will attack living tissue in the
same manner as potassium hydroxide, since it reacts with
the moisture in the skin to form the hydroxide, see section
1.2.

There is a strong possibility that air has leaked into one or
more of the NaK containers since there original containment. If
air has gotten inte the containers, oxygen will react with the
potassium present to form potassium superoxide, potassium
peroxide, and potassium oxide. The potassium oxide, which is
essentially inert, can bridge within the containers and isolate
the potassium super and peroxides from the NaK. This bridge
could be broken with movement or vibration of the containers.
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5.3 Fire Hazard

Since potasswum superoxide 1s such a strong oxidizing
material, it can initiate fires with many materials which
will combust in air. [t will not itself burn in air,

5.4 Explosion Hazard

KOz is such a strong oxidizer, there is considerable

concern about explosions. [f the superoxide comes in
contact with organic materials, it can detorate. [t can
also react so exothermaily with other materiais, that there
is the gotential of a thermal explosion under certain
conditions of confinement and sufficient reactants. Of
particular concern, is the thermal reaction between NaK and

KOZ.

Potassium Peroxide (K20>)
Although not as strong an oxidizer as KO, it still presents
the same toxicological, fire, and explosion hazards as the

superoxide.

Potassium Peroxyferrate (KsFelg) ¢

Can self axplode or react viciently with non-metais

Potassium Chromates 2

Potassium Bichromate KgCr 04} or Potassium Chromate
(KpCrOgq), these compounds are potentialiy carcinogenic.

Uranjum {(UZ38) 3

9.1 Physicai Properties

A heavy, silvery-wnite, malleable, ductiie
saftar-than-steel metal. Specific gravity is 18.9%; it
meits at 1132 C {2183 F}, and beils at 3818 C (7286 F).

ANt

Jranium {238) is non-radioactive.

if the supercxide has formea insice the centainers, this is a
ootential corrcsion product between the superoxide and the
stainiess steel containers,

The Mark [I fuel =27ements which contaminated this NaK were
{238) being transmuted to Pu(239). It is highly preobaple that
the NaK contains some U(Z238).
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Toxicological Characteristics

Uranium is a nighly toxic element on an acute basis. The
permissible Tevels for soluble compounds are dased on
chemical toxicity. The high chemical toxicity of U and its
salts is largely shown in kidney damage, and acute necrotic
arterial lesicns. The rapid passage of soluble uranium
compounds through the body tends to allow relatively large
amounts to be taken in.

Fire Hazard
Uranium is pyrophoric.

Explosion Hazard

Can react violently with certain oxidizers, including air.
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ABSTRACT

Radiation exposure rates were calculated at several points around the four EBR-I
Mark II core NaK containers. The calculations were designed to produce bounding
values for the potential exposure rates that could be encountered during disposal
of the EBR-I Mark II core NaK. The data included in this report is conservative
and can be used for calculating shielding requirements or in planning radiation
safety procedures. The highest radiation exposure rate calculated was 35.7 R/n
at the side of the MSA container. Approximately 98% of all exposure rates
calculated were due to Cs-137. Radiation rates as a function of shield thickness
for lead and soil shielding were also calculated.

Intraoduction

In November 1955 the Mark [I core of the EBR-I partially melted during the last
of a series of experiments designed to study its behavior when put on positive
periods with reduced or zero coolant flow. A certain fixed amount of reactivity
was put into the reactor with the control rods, and the reactor was started

up on a short enough period so that temperature differentials would be established
in the fuel slugs. A prompt positive temperature coefficient appeared, and,

as the power increased, the reactivity increased, thus further shortening the
period. When the period reached one second, the operator mistakenly activated
the slow-acting moter-driven control rods instead of the faster acting scram
rods. By the time the scram was initiated the period had reached 0.3 seconds.
The uranium became heated above 720°C and the uranium-iron eutectic formed.
Melting occurred in 40-50% of the EBR-I core. The core assembly was removed
from the reactor by use of a temporary hot cell and shipped tc ANL-W for examing-
tion and disassembly (Reference 1).

The NaK coolant from the EBR-I Mark Il core was contaminated with fission products,
fuel, and plutonium samplies totaling 10.5 grams. The NaK coclant is stored

in four containers at the Army Reentry Vehicle Facility Site {ARVFS). Post
radiological hazard characterization work was performed in 1974 and 1979 (Reference
2). The previous radiation exposure measurements were performed under conditians
of poor geometry and with uncalibrated instruments; therefore, the radiation
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fialds reported are aonly considered rough estimates (Reference 2). This
EDF presents the maximum credibie radiation exposure rates using
conservative models for the core irradiation history and fission preduct

release to the NaK. Discussions of the effects of shielding on radiation
exposure fields and man-rem dose estimates are aitso included.

Analysis

The fission product inventory assumed was that of Reference (3). As
stated in the reference, “Operating history data is difficult (perhaps
impossible) te recover after more than 30 years. The only definitive
items identifisd to date are measured radial and axial fission rate
distributions for the earlier (Mark ) core loading and a reported maximum
core burnup of approximately 0.1 atom present at the time of the

meltdown."

Table 1 lists the fission product radionuclides used in this analysis.
The inventory of activation products was assumed to be negligible because
of the short operating time of the Mark II core and the total lack of

activation product signal in the gamma spectrum taken of the NaK
e dm dmmnm [ Dabamansa 2 Cimiama 74

|lsulﬁ J’-
The ISOSHLD I code was used to model the four NaK containers. The code
input is included as an addendum to the EDF (Reference 4). The following

assumptions were made in the code calculations:

0 The fission product inventory is uniformly distributed throughout
the NaK. The density of the NaK is 0.75 g/c:m3 (Reference 5).

0 The MSA containers were modeled as 2 right circular cylinder with
a radius of 30.16 cm, a height of 91.12 cm, and a steel wall
thickness of 0.3175 cm (Reference 2, Figure 9).

0 The fabricated container #2 was modeled as a right circular
cylinder with a radius of 29.2 cm, a height of 91.12 cm, a steel
wall thickness of 0.3175 cm, and a steel cap 3.175 cm thick
{Reference 2, Figure 10).

Q The fabricated container #1 was modeled as a right circular
cylinder with a radius of 13.0 cm, a neight of 66.0 cm and a wall
thickness of 0.3175 cm (Reference 2, Figure 1l).

The results of the calculations are shown in Table 2. The calculated
radiation exposure rates at the surface cf tne containers varied from
20-36 R/h. The highest values were calculated at the side of MSA
containers, about 36 R/h. These values were calculated conservativeiy and
should bound the actual radiaticn exposure rates encountered ir the
vicinity of the NakK containers.

These calculated values would preclude any extended stay times in the
vicinity of the NaK containers. The £G&G Administrative Dose Guides fer
tne whole body and hands are 0.05 and 0.4 rem/day respectively. Without
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additional shielding, and assuming the worker is cne foot away from the
container while their hands were in contact, woulda limjt stay times to
about 18 seconds. For this reason a series of caiculations were made to
determine the radiation exposure rate as a function of shielding
thickness. The MSA container was used for these calculations since it
nresents the highest radiation exposure rate. The results are shown in
Figure 1. This data can then be used fo plan the amount of shielding
reqguired to perform the necessary nands-on operations during the Nax
container D&D project. For example, assume that workers will be required
to remain in close proximity to each container for approximately 15
minutes. That would result in a total stay time of one hour. Therefore,
the radiation exposure to the whole body shouid not exceed 0.05 R/h.
Figure 1 shows that this would require about 4.3 cm of lead shielding
around the containers.

Per the verbal reguest of M. R. Dolenc of Waste Programs, the radiation
field as a function of shielding thickness using soil was estimated.
Examination of the ISOSHLO II output shows that about 98% of the exposure
is due to the 0.66 MeV photons of the Cs-137/Ba-137m. The attenuation
coefficient for Pb at this energy is approximately 1.28 em™l. For soil
the attenuation coefficient was calculated assuming an atomic eiementai
distributicn of: Oxygen - 0.452, Hydrogen - 0.156, Flurine - 0.189,
Silicon - 5.136, Aluminum - 0.044, and Fe - 0.012; and a density of

1.5 g/cm3 (Reference 6). The attenuation coefficient is then 0.115.

As a first approximation, the ratio of soil/lead to obtain equivalent
radiation exposure rate attentuation is 1.28/0.115 or 11.2 (see Figure

2). Because of the wide variability in soil compesition, water content,
and density a more rigorous calcuiation was not made. Figure 2 gives the
apbroximate radiation field as a function of soil shieid thickness for the
MSA NaK containers.

Conclusions

A series of calculations have been made to bound the potential radiation
exposure rates around the four EBR-I Mark [l NaK containers. These
calculated values are ccnservative, the actual values should be less.

More precise values couid be obtained if the radiological scurce terms
could be defined exactly. As the radiological terms wiil most iikely
remain speculative, the values calculated in this EDF are still useful for
ntanning purposes. The following points should be considered when
applying the calculated values:

0 The radiation exposure rates were for single containers.
Grouping the containers tcgether will modify the expected results
due to a combination of photon field additive interactions,
self-snieiding, and sky=-shine.

0 The radiation fields at the top of the MSA and fabricated
container #2 could be considerably less than the values in Table
1 due to the shielding in their lids. Figure 9 of Reference 2
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shows an 8 inch, 16 inch 0.0. 1id of unstated material on the MSA
container. Figure 10 shows 1.25 inch, 30 inch 0.G. flange on the
fapricated container #2, though the taxt describes it as a 0.5
inch plate.

The data below should assist in the planning of the EBR-[ Mark NaK
container disposal. This data is very preiiminary, more exact

calculations can be made as the project tasks are defined.
Shielding thickness required to remain

Time spent in the in compliance with the EG&G Adminis-
vicinity of each Nak trative Dose Guides
Container (minutes) Lead (cm) Soil (em)

5.0 3.4 38

10.0 4.0 45

20.0 4.6 51

60.0 5.4 61
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TABLE 1. CALCULATED ISOTOPIC INVENTORY FOR EBR-1 NakK  (ALL FISSION
PRODUCTS FROM 50% OF CORE, DECAYED TO AUGUST 1988).
{Reference 2)

Tmimmt
inVENnTory A

[sotope (Grams) {Curies)
3y 5.24 x 1076 5.05 x 1072
735e §.17 x 1073 2.91 x 1074
85k 2.76 x 1073 1.08 x 100
90¢p 2.36 x 1071 3.22 x 101
S0y 5.91 x 1077 3.22 x 10!
93zp 5.99 x 1071 1.51 x 1073
93myp 4.11 x 1078 1.16 x 1073
997¢ 6.00 x 10°1 1.03 x 1072
107p4 2.06 x 1072 1.06 x 1072
113me g 8.64 x 1076 1.87 x 1073
12lmgy 6.72 x 1077 3.98 x 1073
1235 1.38 x 1076 1.42 x 1073
125mTe 1.92 x 1078 3.47 x 1074
A 9.07 x 1073 2.58 x 1074
1265y, 4.31 x 10710 3.60 x 1072
12émgy 3.28 x 10712 2.58 x 1074
129 3,20 x 1072 1.62 x 1073
134cs 1.25 x 1079 1.62 x 1078
133¢s 8.34 x 1071 9.61 x 1074
137¢s 3.92 x 1071 3,41 x 10l
137mg4 6.00 x 1078 3,23 x 10t
147pnm 5.93 x 1073 5,30 x 1072
151gp 4.90 x 1072 1.29 x 109
152¢y 3.43 x 1078 5.94 x 1076
134gy 1.14 x 167° 3.07 x 1074
135y 5.74 x 1073 2.67 x 107¢
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Table 2. Radiation Exposure Rates in the Vicinity
of the NaK Containers (R/hour)
Cantainer Exposure At Exposure Exposure
Type Gegmatry The Surface At 1 Ft. At 3 Ft.
Fabricated #1 Side 23.1 3.38 0.66
Tap 20.3 1.95 0.71
Fabricated #2 Side 34.5 9.61 2.51
Bottom? 33.9 7.78 1.72
MSA Sige 35.7 10.0 . 2.64
BottomP 30.2 7.12 1.57
a. The bottom of the container was calculated to have greater
radiation fields. Exposure rate at the top, due to 0.25 inches
of steel were approximately 17 R/h at the surface and 6 R/h at a
foot.
b. Figure 9 in Reference 7 shows an 8 inch thick, 16 inch 0.D. "Lig

on the MSA container. No information could be cbtained on what
materiai{s) this "Lid" was constructed. This thickness of steel,
for instance, would reduce the exposure rate to about 10 mR/h at

the surface
g surrace,
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1.0 REQUIREMENTS SUMMARY

[a% ]

[ ]

The baseline requirements for thi
Reference 1, Conceptuai NaK Handl
are sunmarized as follows:

w
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rements

1)  Vibration and shock to the drums containing NaK shall be minimized
prior to containment, to reduce the possibility of potassium superoxide
deflagration.

2) Means shall be provided to transport the NaK drums from the ARVFS

3) The NaK filled drums shall be completely contained during drum
penetration and draining to prevent release of NaK to the atmosphere.
The containment shall withstand possible superoxide deflagration,

4) Penetration and draining systems shall be provided capable of removing
the maximum quantity of NaK from the drums.

5) This design shall include equipment necessary to deliver the Nak
to a separate chlorine reaction system.

6) The containment, penetration and draining system size and weight
shall be minimized to reduce\disposa] cost.

7) Features shall be provided to remove or react to a stable form,
all NaK left in the drums following draining.

V1A RS e N MM
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HANDLING PROCESS DESCRI

-

The following sequence provides safe extraction of NaK frem the subject
drums for processing.

2.1 Prerequisites

1)  Closecut of processing equipment fabrication documentation.

2)  Component Checkout and System (perational Testing completion.

Release of approved procedures for NaK handling and removal
from the stgrage drums,
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5) Complation of operational and safety training for participating
personnel.
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2.2 Bunker Entry and Inspection

1) Ensure that nacessary equipment is present.
2} Compiete a radiation survey of the grounds and ARVFS bunker

stael closure plate.

3) Determine the bunker oxygen and radiocactive contamination
levels.

4) Remove welded retainers on the stael closure plate and 1ift
the closure plate from the bunkar entrance.

5) Survey the bunker interior for radiocactive contamination. Determin
the radfation field by survey with myltiple calibrated detactors
and compare to prior data listad in Reference 2, EBR-1 Mark [!

NaK Bunker Inspection.

[ ]
(%)
=
ok

1) Using holes located in the 4-inch channels welded to the dumpster,
attach shackles and cables as necessary for dumpster extraction.
Use pipe segments as rollers to support the dumpster during
extraction. See Figure 6.1.

2) Using a tractor or winch slowly withdraw the dumpstar from
the ARVFS bunker. Wait 20 minutes minimum before proceeding,
ta mitigata the consaauences of nnqqﬂﬂa m-, reactians,

=== SR eSS T e = - - - - -

2.4 QOrum Removal Preparations

1) Provide local shielding to control and minimize exposure.
2} Remove any cover prasent on the dumpster.

3) Visually examine samples of the vermiculite for evidences of
alkali metal, Survey vermiculite samples far radioactive
contamination.

4) Remove the vermiculite dy vacuum to stgrage boxes taking additiona!l
contamination sampies at several levels.

5) Remove any residual sand by vacuum to storage boxas taking
samples for alkali metal and/or radioactive contamination.

§) Complete a detailed radiation survey of the drums using calibrated
detectors.

7}  Using reach rods as necessary remove the existing 1ifting
frameworks and valve covers from the two MSA drums. Refer
to Figure 6.2.

l‘l



2.5

9)
10)

Notea:

remo

Clean the accessible surfaces of the drums to remove sand,
dust, rust and corrosion to the maximum extent possible by
mechanical means and within reasonable exposure limits.

Install drum 1ifting collars (Figure 6.3) on the two MSA drums,
Attach lifting rigging to the 1ifting collars on the two MSA
drums. I[nspect and make necessary repairs to the existing
rigging attached to the two fabricatad drums.

A1l work on tha inside of the dumpster shall be done by

mote means. Personnel shall not enter the dumpster while the

NaK drums are within the dumpster.

Orum Remdval and Insertion into Secondary Containars

)

(9]
—

J reach both the drums in the dumpster

s. Attach the crane to one MSA
drum and then transport the drum into its secondary container.

[
3 ook

Install and seal the secondary container closure including
the top penetrator device and shielding. Leak test the closure.

Repéat Steps 1 and 2 for the second MSA drum. X
Attach the crame to one fabhricatad containar. T1ift the container
out of the dumpster and transport to the location whare cleaning
and nondestructive examination (NDE) can take place.

Us1ng tocal sh1e1d1ng as necessary ¢ clean the bottom of the
fabricated drum to the maximum extent possible by mechanical

means.

Using _ TBD _ NDE technique determine and record the thickness
of the top and bottom of this fabricated drum.

Install the bottom penetrator device, appropriate for the
thickness, into the secondary container,

Transport the fabricataed drum into the corresponding secondary
container.

Install and seal the secondary container cliosurs including
the top penetrator device salected for the material tnickness.

Leak test tne closure,

Cad



2.6

10)
11}

12)

Repeat Steps 4 through 9 for the second fabricated ¢rum.

Complete connections to purge, drain, vacuum, post drain cleaning,
pressurs measurement and penetrator contrel., See Figure §.4.

Install remaining shielding over secondary containers.

Drum Penetration, Liquid Meta] Filtration and Transfer

Rafer to Figure 6.4 for the following operational sequence.

1)

2)

3)

5)

6)

7)

8)

Purge the secondary containers and lines down to the connections
at the reaction chamber with argon gas.

Demonstrate that a temporary pressura difference can be established
from top to bottom in each secondary container by supplying

a small argon pressure in the container top. Isolate the

argon supply from the secondary containers,

Evacuate the secondary containers both above and below the
control seal, and the drain lines down through the filtar
system,

[solate the sacondary containers at all other connections.
Evacuate personnel, arm the shaped charge penetrator on one 't
fabrication drum and detonate that penetrator. Monitor the
sacondary container inner waii temperature for 20 minutes.

If a rise above 50°C occurs wait until the temperature drops
below 50°C before proceeding.

Survey the secondary container for radioactive or alkalf metal
contamination. Proceed only if no contamination is found.

Open the valves downstream of the secondary containment and
init{ate pump operation appropriate to support reaction chamber

operation. Continuously record the NaK flow. If flow fails

to start as indicated by the NaK flow meter, supply a small
argon pressure to the top of the secondary container. (Continue
flowing NaK as approprfate to the reaction chamber until the
flowmetar indicates that all the Nak has been drained from

the secondary container. Stop pump operation and close valves
downstream of the pump.

Confirm that the maximum quantity of NaK has been removed

from the drum by demonstrating that no pressure difference

can be astablished hetween the top and bottom of the secondary
container. A small amount of argon may be introduced into

the top of the seconcary container for this purpose.



2.7

10)

12)

Bring the secondary container to atmospheric pressure using
the argon supply and vent features as necessary. [solate
this secondary contafner at all valves,

Repeat Steps 5 through @ for the second fabricated drum and
for the two MSA drums.

Note: An alternative sequence calls for penetration of all

four NaK drums prior %o draining any drum to the progessing

system. Further evaluation of safety vs operational advantages
will determine which method is used.

ta th

Complete connection the
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Dismantle the secondary containers and piping system in preparation
for final disposal.

Contingency Plans

The following actions are recommended in response to the listad
unanticipated events,

1

™~y
—

Event: 'Radicactive or alkali metal contamination in the ARVFS
bunker or storage dumpster, '
Action: Return the dumpster to a position in the bunker and
cover the bunkar entry. Develop a new disposal plan based
on the extant of the leak and contaminatien,

VT S Bl ol om o Sommin s ook am o

Event: ODrum rupture due to KOy reaction 11f
N sec ondary containers.

or
accident prior to enclosure of drums in the
Action: Extinguish any liquid metal fires using established
procedures and trained personne!. Return the drums to the
dumpster if necessary. Qther action the same as [tem 1.

Event: Failure to accurately determine the thickness of the
fabricated drum tops and bottoms.

Action: Conservatively select the drum nenetrating system
ta assure penpetration.

Event: Alkali metal leak from the sacondary containers or
piping.

Action: Extinguish any 1iquid metal fires using established
nrocedures and trained personnel. Repair the leak{s) as necessary
and within exposure guidelines and proceed with disposal.

{f repair is not possible, develoo 2 new disposal plan based

on the extent af the incident and contamination.

un
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7)

Event: Failure to estabiish a purge through a drum following
the draining sequence.

Action: Evaluate the total NaK removed by integrating the
flowmater recording for that drum, and compare that amount

to what the drum might contain, [f insufficient NaK has been
removed activata backup penetration systems and rspeat draining

sequence.

Event: Filter plugging as indicated by excessivé pressure
drop.

Action: Switch flow to a backup filter in the parallel filter
system.

Event: Line or component plugging as evidenced by loss of
flow or high pressure drop.

Action: Identify plug location using pressure indication.
Replace plugged pipe or component using Tiquid metal freezing,
pipe cutting and rewelding techniques. Local shielding would
be used as necessary.

3.0 EQUIPMENT DESCRIPTIONS

kI

Dumpster Handling Eguipment

This equipment is considered conventional off-the-shelf or on hand.
Detailed descriptions will not be provided. A Tist of equipment
follows:

1)
2}

Winch truck

Survey monitors

Welding and cutting sguipment
Gas analyzers

Water supply tanks

Cable sheaves

Ropes and cables

Electric power and lights



3.2 0Drum Handling Eguipment

Lifting coilars would be required for the two MSA drums. The existing
11fting collars are too bulky to allow insertion of these drums

into their secondary container. The new lifting collars will raguire
a right angle drive to actuate the ¢lamping mechanisms and are

shown in Figure 6.3. The remainder of the drum handling equipment

is assumed to be conventional off-the-sheif or on hand. DOetajled
descriptions will not be provided. A list of this drum handling

aquipment follows:

1) Mobile crane

2) Portable lead shielding

3)  Vacuum for vermiculite and sand removal
4) Boxes for used vermiculite and sand

§) Inspection mirrors

§) Radiation spectral analysis equipment

7)  Right angle drive wrench ©

Lad
Lad

Drum Sacondary Containers

The general features of the secondary containers as shown in Figures 6.5,
6.7 and 6.9 include a flanged closure to allow insertion of the
NaK drums. Each secondary container would be a minimum size to

accept its drum. The wall thickness of the secondary containers
would be selected to withstand possible KOp reaction. The material
of construction is austinetic stainless steel with fabrication
techniques and cleanliness requirements selected to preclude arganics
or other undesirable contaminants. The containers provide a support
to position the NaK drums and a sealing system to isolate the top
penetration zone from the bottom penetration zone in eacn drum

prior to penetration. This seal is necessary to confirm complete

draining of each drum.

Ne@ gy

Additional features of the secondary containers are shown in Figure 6.4,
Instrumentation includes pressure indicators, temperature {ndicators
and necessary penetrator control circuits,

-l dmawm dmsl) R ummn Ty uvasuum
i 1 i i i [ O LS Lt

gngtrat nto the container include: argon supply, uy
connections and a bottom drain connection including screen to prevent
downstream valve plugging.

A lead shielded enclosure to limit personnel exposure wouid bde
built to surround the four secondary containers. This enclosure
incgrporates exit paths for the process Tines with darriers to
protect against direct radiation.




3.4 Drum Penetration System and Altermatives

A number of drum penetration systams were investigated. The three

systams {ncluding shaped charge, driven penetrator and drilling,

are considered most feasibla and are described as follows:

Alternative 1

Timmamm = bammd abm

A secondary container with a linear shaped charge penetration system
is shown in Figure 6.5. Figure 6.6 shows details of this penetration
system.

Linear shaped charge systems function by the explosive phenomenon
known as the Munroe Effect which 1s generaily described as interaction
of detonation products and cavity liner matarial emanating at high
velocity from a shaped charge as the explosive detonates. The
explosive decomposition releases large quantities of gas almost
instantaneously under extreme pressure - as much as several million
pounds per square inch. Shock waves produced by the expanding

gases move oqutward radifally as well as longitudinally, and cenform
generally in shape to the cord cross section. The shock waves
emanating from the lower portion of a typical charge converge in

a plane paralle] to the charge axis and cause an extreme pressure
concentration along the plane of convergence. These directed shock
waves, together with the products of explosive decomposition and g
the metal fragments from the sheathing material, form the primary
cutting action - the jet. I[f a shaped charge is detonated on a

metal plate, the jet exerts a force of several million pounds per
square inch along a very narrow line. This force causes the metal

to be pushed out of the way of the advancing jet by plastic flow.

[f the shaped charge is properly sized the metal plate will be
complataly penetrated or “cut" along the path of the charge.

The linear shaped charge would be formed into a circle of approximately
6 in. in diameter. The charge circle for the drum top would be
somewhat smaller than the one for the bottom to prevent occlusion

of the bottom hole by the piece cut from the top. Thess shaped
charges are placed on or in a standoff system and attached to the

top and bottom of the NaK drums prior to secondary container closure.
The standoff space is necessary to maximize the cutting effect

of the jet. The linear shaped charges are initiated remotely by
electric blasting caps located on the free ends of tha charge. Backup
charges may be installed for use in the event tha first charge

fails to penatrate the drum.

Advantages of this penatration methad include simplicity. extreme
reliability of penetration and low cost. The principle drawback

is high puise pressure inside the sacondary container at detonation
and possible need for greater secondary container wall thickness.
Residual pressure after detonation is expected to be less than
atmospheric pressure if detonation occurs in an evacuated sacondary
container. This linear shaped charge penetration is the recommended
method.



A minor variation of the shaped charge penetraticn system involves

the use of what is called a conical snaped charge. Several variations
axist (hemispherical shaped charge and explosively formed penetrator
or EFP), but basically these systems use a metal shape backed by

a cylinder of explosives to produce a small round hole. More explosive
charge is required to produce equivalent sized holes and therefcre
increase pulse pressure containment problems.

Altarnative 2

A secondary container with a driven penetrator is shown in Figure 6.7,
Figure 6.8 shows the details of this penetrator system.

The concept invelves penetrators incorporating flow paths which

are driven through the drum top and bottom. A seal requirea for

post drain purge is incorporated into the penetrator housing.

The force to propel the penetrator may be provided by a propellent
charge {1.e., gun powder), by compressad gas or by a gas shock

wave produced in a shock tube. The configuration would vary depending
on the propelling method used. The sealing systems allow bleed

of f of the propelient pressure after penetration with no radicactive

release.

Advantages of these systems include; no pulse pressure inside the
secondary container, bettar confinement of the NakK (i.e., no NaK ¥
on the secondary container walls}, and much Tess perturbation of

the Nak and poassible K0j.

Principle drawbacks include the high pressures and/or leng barrels
required to achieve sufficient emerqy to penetrate the fabricated
drums, smaller resulting hole size and the requirement for significant
research and development to ensure reliable penetraticon. Unknowns
concerning material type and thickness of the fabricated drum tops

and bottoms decrease the probability of penetration.

Alternative 3

Figure 6.9 shows a secondary container system incorporating a drill
type penetrator. Drill torgue wouid be provided by an electric
motor and drill feed would e pneumatic. Shaft seals would allow
penetration of the drill bit shaft through the secondary container.

Advantages of this system include; no pulse prassure inside the
secondary container, better NaK confinement, and minimum perturbation
of the NaK and possible KQp.

The disadvantages include a potential for seal failure and radicactive
ralease %0 the environment. [f the drilling equipment is mocved

inside the secondary container then the container must be very

large. A further disadvantage would be the relatively small crain
hole. There is also a concern of unreiiable penetraticn due to
unknowns of fabricated drum thickness and materfal type and Decause

no cutting ofl can be used due to explosive reaction with XGz.



3.5 Draining System and Pump

3.8

3.7

Refer to Figure 6.4. The draining system consists of piping from
the drain connections of the secondary containers and the pump,
flow metar, filtar systam and valves.

A conventional ac conduction or 1inear inductfon pump with proper
procsgs system prassurs gutput, and a straight throat mountad in

a verticle orientation would be used. The flow metar would be

an electromagnetic type. The filter system would consist of as
many as eight separate filters mounted in parallel with isolation
valves to facilitate switching in the event of plugging. Pressure
indicators would serve to identify impending plugging. The filter
pore size would be selected to preclude clogging of nozzles in

the processing systam. The valves would be all welded bellows
seal type. All containment material is austinetic stainless steel.
A flow control system would use input from the processing system
(such as chlorine flow rate and/or temperature) to control Nak
flow based on indication from the NaK flowmeter.

Auxiliary Systems

Refer to Figure 6.4. Auxiliary systems include argon gas supply,
vacuum system and penetrator control system. -y
The argon gas supply system used for purging prior to penetration,

and to confirm complete draining, consists of argon bottles, pressure
requlator, valves, and flow indicator. A filter is included to
prevent possible release of contamination.

The vacuum system evacuates the secondary contafners and downstream
lines prior to drum penetration and incorporates both a LNz Nak
trap and an exhaust filter to prevent release of cantamination.

The penetrator control system would consist of detonmator gcontroals
and safaty intarlocks or in the avent of one of the other penetrator

W w T

systems, the necaessary electrical controls for their operation.

Safety Equipment

=y

The following equipment is expected to be
operations leading to, during, and after

i use or ¢
NaK draining:
1)  Portable CAM (Constant Air Monitor)

2) Radiation monitors with atarms

L

)y  Safety barriers

-
—r

Alkal
a N N 1N

-—ts

metal protaective ¢lothing

“n
—

Scott Air Packs or other emergency breathing equipment

10




6) Alkali metal and electrical fire fighting equipment including
remote controllaed fire suppression compound delfvery systems
and/or portable alkali metal fire extinguishers with extension
nozzles

7) Shallow alkali metal catch pans under secondary containers
and along the lifting path from the dumpster to the secondary
containers

8) Safety shower

9) Emergency lighting

10) Connections to the Warning Communications Center
11) Emergency transportation

g gmem ek me o dm o e

2} Oxygen monitor

4.0 CODES AND_STANDARDS

The codes and standards recommended to apply for the design of the Nak
Handling System are as follows:

1)  ASME Boiler and Pressure Vessal Code Section III Subsection NC
for all Nak or Nak vapor containing piping and vessels.

2)  ANSI B31.1 for all other pressure or vacuum piping.

3)  ANSI/NFPA 70-1984 (National £lectrical Code) for all electrical
systems.

4) DOE Hoisting and Rigging Manual.

5)  DOE-ID 5480.1, Chapter XI for Radiation Protection.
6) EG&G Standard 7022 for Cleanliness

7) EG&G Standard 7017 for Electrical Fabrication

8) EG&G Standard 70068 for Component Marking

9)  ASTM Matarial Standards

NOTE: The version of the above Codes and Stan

start of final design shall appiy.

IR

.
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1.0 INTROCUCTION

This EDF reports the results of Proof-of-Principle tests conducted to

develop information about penetrators and penetrator shaft seals necessary to
complete detailed design of NaK Orum Container and Penetratecr systems.
Successful performance of seals and penetrators is considered éssential to safe
disposal of the contaminated NaK. The final container and penetrator systems
will penetrate the storage drums and prevent the release of NaK and/or radio-
active contamination. - This Proof-of-Principle Testing was conducted per the

Test Specification ES 51128 dated 04-29-87.

2.0 TEST EQUIPMENT
Figure 1 is a schematic diagram of the test setup. Photos of the
system are identified with numbers from 87-312-1-1 to 87-312-1-12. The objects

specifically under test are the seals and cutters. Bearings and the drive
shaft are indirectly tested as they affect the performance of the seals and
cutters.

The seals tested in this program are of two types, Parker nitrile
rubber seal #A51 1870100021 and this same seal with the polymer expansion ring
replaced by a metal wire coiled expansion ring.

The cutter system is of special design but is based on the J+L
Industries Multi-Tool system for “£" type blades (Pilot Holder #EH32, Pilot #'s
EX20 and EX25, and "€" type blades in 2 in., 2-1/2 in. and 3 in. sizes). This
tool system was selected because it turns the displaced material, for 3 inch
diameter, almost entirely intc chips leaving ne significant plug to interfere
with the subsegquent penetration in the drum bottom. The changes from the
standard tool are as follows:

1. A new too] holder was developed which carries the requisite
1 in. pilet drill and all three "£" cutters s¢ that a 3 in. hola

can be cut with one pass. Through development testing (not
specifically required in ES 51128) Stainiess Type 17-4 material
was selected shaped and hardened to approximately Rockwell 45(C)
by heating to 9009F followed by gradual cooling in air. The
pilots are machined integral with the tool holder.
2. The pilot drill (mounted in the new tool holder) is made
shortening the shank of an entirely hardened centering a
spotting drill, Series SPO 1 in. diameter with 1-1/4 in. flute
length. Shortening is needed to minimize the cverall lengtn of
the tool.

by
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3. The "E" blades were modified to incorporate a 10° angle

relative to a line normal to the cutter shaft. This
modification minimizes the thickness of the rings left after
penetrations.

This cutting tool wiil be defined by EG&G d;éﬁing number 423330.

The bearings are journal type Kamatics KARON #KRJ16-58-020. They are
special high load bearings and were selected to minimize the spacing between
bearings and in turn reduce the overall height of the drilling system.

The shafting is Thomson Industries hardened and ground round way 1.0
in. nominal diameter (.999 actual diameter). The coupons in the test rig are
approximately one foot below the lower bearing and the bearings are spaced 4
inches apart.

3.0

3.1 Seal Leakage Tests. The shaft seals were tested with the cutter
shaft stationary, rotating, translating, and rotating plus translating during
penetration of a 1/2 in. thick mild carbon steel coupon. The shaft was turned
at 80 rpm and the feed rate was set at .0022 inches per revolution. No
Jubricant of any type was used on the shaft or penetrator. The leak rate
varied between 3 x 107/ and 5 x 10°/ standard cubic centimeters per second
{scc/sec) of helium across a one atmosphere pressure difference. The leak rate
was not dependent on mode {i.e., transiating vs. translating plus rotating) ana
seemed to vary more as a function of seal position along the axis cof the

snaft. The leak testing was conducted with the seals reversed (put in to hold
pressure out) using a Vacuum Instrument Corporation Model MD-180 Teak checking
instrument. The calibration of the instrument was confirmed using a calibrated
standard leak at 3.9 x 10'8 sce/sec nelium. The inside of the observation
chamber was evacuated and maintained at a vacuum between 20 and 50 microns
during leak testing. Higher micron readings were assumed to occur as a resuit
of heating of the coupon during drilling. Leak testing of the observation
champber revealed leaks which were repaired except for those at the glass
lighting ports and observation port. These were sealed with duct seal and
carefully checked before testing.

Three incidents occurred during this testing which are wortny of note
and are detailed as foilows:

1. After fabrication of the observation cnamber, gross leaks were
identified using a fluid leak testing agent. This fluid rapidly
promoted rusting of the Thompson Roundway shaft at the interface
with the bearings. Oisassembly cleaning and pelisning of the
shaft was necessary.
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2. During penetration at the 2-1/2 in. diameter cutter, an

eccentric motion was established which resulted in visible
flexing of the seal and bearing cartridge as it was mounted in
the top of the observation chamber. However, no appreciable
change in the leak rate occurred. The capacity for the seal and
bearing system to handle the associated loads without failure or
leakage, supports selection of these components for use in
subsequent design.

3. The seal and bearing cartridge incorporates a cyiindrical seal
retainer. This seal retainer seized to the shaft twice during
operation of the penetration system due to insufficient radial
clearance. Each time, stainless steel was transferred from the
retainer ento the Thomnson Roundway. This necessitated careful
removal of the stainless steel and repolishing of the shaft,
however, no extra leakage could be attributed to these repairs.
This seizing problem was finally cured by providing approxi-
mately .015 in. radial clearance between the shaft and the seal
retainer,

The second fajlure provided an opportunity to replace the
standard Parker #A51 18701000 21 seal with the similar seal
incorporating a metal expansion ring. No difference in sealing

or wear performance was detected between the two types of seals.

The bearings were measured following the testing. The upper bearing was found
tc have a maximum aof .0005 inches of wear, the lower bearing was found to have
a maximum of .0007 inches of wear; relative to the newly instalied dimension.
The two sets of seals were examined after the testing. The lower seal in each
case showed some minor abrasion damage to the sharp edge of the sealing lip.
This is believed to be due to the assembly process and apparently had little or

P ¥ gy g R Y. T
no affect on the performance,

3.2 Cutter Tests. The cutter system as described in Section 2.0 was used
to cut two each, 1/2 in. thick mild carbon steel and 1/16 in. thick 300 series
stainless stee! coupons. The cutter was turned at 80 rpms with the feed set on
.0022 inches per revolution. The coupons incorporated shallow dams on the
upper surfaces around the cutter penetrated area and cups peneath the cutter
penetrated area to retain NaK at the cutting interface. Approximately 30 cubic
centemeters of NaK were poured onto the cutter-coupon interface during the
penetration operation on each coupon. The observation chamber was maintained
filled with argon gas with a slight positive pressure to prevent any air in
Teakage. In each test, the coupons were successfully penetrated, and after Nak
removal, had an appearance similar to coupons penetrated without the presencs
of NaK. The cutter system showed minimai wear similar to that produced by
penetration testing without NaK.

i A
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Following testing, the test assembly was cleaned of NaK using steam
and water mist. Al1 the NaK used in the testing was reacted at the ARA 4
(building 616) test location,

Two incidents occurred during this testing which are worthy cf note
and are detailed as follows:

1. During cutting at the 2 inch and 3 inch diameters, stoppages
occurred due to toraue requirements in excess of the boring bar
motor capacity. Several factors may have contributed to this
stoppage including; limited motor power (1-1/2 HP), long power
supply cords and the fact that the bar is not designed to
provide the high axial thrust. Short retraction and restart
were all that was required to complete penetration.

2. The changeout between the third and fourth coupon was accom-
plished without chip removal or NaK cleaning. Limited air in
leakage reacted with some NaK on chips resulting in a yellow
product assumed to be X0, Greater care was exercised by
personnel during observation of the subsequent coupon cutting
operation due to the potential for K-KOp reaction. However,
no significant reaction took place between the yellow substance
and fresh NaK introduced in the final cutting operation.

4.0 DISCUSSION AND CONCLUSIONS

Based on experience in the testing program, care should be taken to
orotect the cutter shaft against corrosion from leak checxing fluids or water.
A stainless cutter shaft might be considered as an alternate.

The opportunity to test two different seals shcwed nc particular
advantages for either one. On this basis, the less expensive and readily
available standard seal should be used.

The cutter design develoned and used in this test program appears
completely acceptable for penetrating multiple 1/2 in. carbon or sheet
stainiess steel layers, when operated at 80 rpms and .0022 (inches per
revolution) feed. The bearings of the size and type used with a spacing of 4
inches or greater will work to support the cutter shaft allowing the seals tc

maintain cantainment,

The 1-1/2 HP motor appears to be barely adeguate for drive power with
the present cutter design. Torgue and thrust requirements should be predicted
by anmalysis and a drive system of greater power selected for use in sudsaquent
design.
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EBR-1 Mark-II radioactively contaminated Nak stored at ARVFS Bunker,

The conclusion reached by this EDF is that the processing of the Nak with
chlorine is the best process option. The major concerns in performing this
selection were:

1. Safety

2. Environmentai‘impact

3. Final waste form stabiiity

4. Final waste form volume

5. Cost
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[NTRQOUCTION

Four containars of contaminated Sodium/Potassium {NaK) are
stored in an underground bunker at the ARMY Reentry
vehicle Site (ARVFS). The NaK was originally used as
orimary reactor coclant in the EBR-I. Ouring November
1955 this NaK was radioactively centaminated during the
testing of tpe EBR-I Mark [I fuel. During tnis tasting,
Uranium (238) was oeing transmuted to Plutonium (239) wnen
che core gverheatad. [t is unknown as to how mucn of the
Uranium had been transmuted and how much of this material
was released into the NaK during the core failure. [n
addition. a 10.5 gram foil sample of Plutenium was peing
tested insiae the reacter: this sample was [ost and
pelileved to be contained in the NaK. Estimates have Deen

made that the NaK contains about 16 grams of radioactive
material. No deocumentation for this estimate nhas been

9 W i e - == aLk

found. The NaK also probably contains some
non-radioactive fuel rod qebris.

This NaK cooiant. astimated volume is 200 gal {maximum),
was removed from the reactor and placed into two 35 gai
Mine Safety Appliance Researcn (MSAR) drums and two
containers fapricated from pipe. E£acn container was
sressurized witn an argon blanket gas. These containers
were then placed in a storage pit at the EBR-[ site until
1974, Quring 1974, these drums were removed from thnis
starage pit, and then placed into a steel aumpster. The
dumpster was filled with sand and the package transferreaq

to the ARVFS bunker.

A punker inspection was performed in August 1379 to
cnmaracterize the external condition of the Nak

containers. Most of the sand was removed from around the
cantainers ana radiation and physical measuraments were
+aken. No contamination external o tne containers or in
rhe removed sanag was found. The containers/drums were not
moved or 1ifted during this inspection activity:
tnerefare. no information exists on tne condition of the
pottams of tnese containers. Vermiculite was aaded to the
aumpster te a depth of approximately 12 in. atbove the
drums. The sneet metal dumoster 1ia was reclaced and tne
cackage located inside tne punker for continued storage.

Inspection of =he NaK storage containers 1n 1879 verified
tnat the integrity of the containers had not teen
sreacned. However. the smaller of tne fapricated
containers did nave some rust on its lower cuter surface.
dased on Tnese inspection resuits, 1t can be assumed tnat
no significant external deterioratior of tre containers
nas occurrad during their storage. AiTnougn the externai
sondition of the containers nas peen varifisd.
uncertainties exist regarding tne overali Tntegrity of the

sontainers since corrgsion could e gccurring Tnsige tne
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cantainers. [n particular. the fapricated containers are
of concern since design and construction information on
these two containers cannot be located.

There is also some concern that th NaK may caont in

Potassium Superoxide, ; wnich aresent, cou
present signiticant orob ems during the nana ing OT these

containers.

Radiation data far the NaK c¢ontainers and dumpster taken
n August of 1979 are summarized in Table 1. The

isotopic curie guantities that were caicuiated {(during
1979) to be present in the E3R=-[ NaK are presented in
Tabie 2. Figure l presents the radiaticn levels measured
for tnese drums prior o their relocation to the bunker in
1974, Comparison of tne 1974 measurements with the 1979
measuremants SNOws a significant discrepancy. Further
complicating This issue was the Known miscaligration of
the radifation meter used during the 1979 inspection. Oue
to the significance of the ragiation hazard associated
with these drums, and the inability %o reinspect the drums
porior to their processing in L3988, the 1979 readings will
be used for engineering. This should be sufficiently
conservative for perscnnel safety. (See references 1 & Z)

Process Evaluation Considerations

in selecting a orcposed preocess tor the chemical
geactivation anag stabilization of the radiocactively
contamirated NaK eutectic solution from EBR-I. tne
following process scheme cnaracteristics were of prime
mportance:

1} Safety (both cnemicaiiy and radiologically)
2} Potential of adverse envirgmmenta! impact
Hnrinn nrnrateinn

Finai Waste Form Staaoility
4) Final Waste Form Volumes
3) Cost (cperational and eguipment)

Also of concern, although to a jfesser degree than the
cnaracteristics listed apbove were tne following
cansiderations:

Service Reauirements (water. power, eT(.) at

orocessing site

i Ceula tne Nak be processed at or near its
grasent locaticn.

3] Rate of Droc9551ng

<} Simplicity of Process Scheme

[

1~

in cerTorming the evaluation. Zonsideraticn was given <o
metnods wnich nave been emolcyed 1n the past. [n
adgition. otner potential chemical methcds were aiso

. investigated.
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PROCESSES INVESTIGATED

[n the giscussion belgw. brief descriptions of the various
arocessing scenartas investigated are oresanted. This

st does not include all the orocess schemes conceived
dur1ng this exercise: it contains only tnose schemes not

e e T
rejected off-nand because of safety. complexity. or cost.

3.1 Steam/Nitrogen Reaction

3.

2

This process nas been used successTully te
chemically deactivate 1iquid sodium ana NaK. in
some cases where the NakK was radioactively
contaminated. (See Reference 3} and 4). The
nrocess uses the fact that Na and K will react

with watar %2 anm nudrnvﬁﬁe:

2 NaKZ + 6 HZO —e 2 NaOH + 4 KOH = 3 H, 1

along with hyarogen gas. The water (water
vapor!, in significant ailution with nitrecgen, is

oassed over the metal to pe reacted. The
‘nitrogen serves two functions: (1}the NaK-water

reaction is exotnermic and the nitrogen conducts
a nortiaon of the heat af reactian away from the
reactants to maintain reasonable working
remperatures: and (2) the hydrogen generated can
present a significant exnTasion nazard with air,
therefore the nitrogen serves as a diluent to
maintain the nydrogen concentration below
explosion limits when it is venteg from the
system,

The hydraoxides generated Dy this process are
neutralizea with mineral acidas (e.g.. sulfuric
acid) prior to disposal. The off-gas 1s vented
through a filter {HEPA) to prevent the
introduction of radicactive material into the
atmosphere. Figure 2 iilustrates this process
schematic form.

in
[N

dxygen Reaction

This process nas aiso peen successfully employea
zo cnemicaily ceactivate Sodium. (See Rererence
3). In this orocess, warm alr. with & small
amount of moisture to cataiyze tne reaction. 1s

a

slowiy passeq over the sagium to axidixe it. A

smali amount of nydragen is produced n This
reaction. out this is maintained gelow the
compustion limits by maintaining a iow partial

. pressure of water in the reactant gas stream.

The Sodium Ox:ce can be stored in its soiid Torm
or it can be furtner stapilizea by reacting with
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water to form sodium nhydroxida. This can then
be reacted with mineral acids to form salt
solutions. The advantage of this system is that
smalier guantities of nydregen are formed during
the reaction.

4 Na + 0, == Na 0.
< -0, —eko, ¢

[

This process is illustrated in figure 3.

This orocess is not as attractive when processing
Potassium containing Tiguid metal sglutisns. The
Sotassium preferentially reacts with the Oxygen
to form Potassium Superoxice. (See Reference 6).
This superaoxide can then spontaneously react with
sogium te form sodgium and potassium oxides. The
rate and exotherm of this reaction is similar o
thermite reactions., and although not explcsive in
the normal sense. can produce sufficient therma!
snergy to penetrate the vessel containing the
reactants, release sufficient energy to

oroduce a thermal expiosion. (See Reference 7).

- v
o

Reaction witn Alconois

Alconcls are milaly acidic ang wili react with
alkali metals to form alkoxides. The relative
acidity of the alcohols is tert:ary <secondary<
crimary<methanol. The reaction rate befween the
alkali metal and the alcohoi is ennancea with tne
presence ot a small amount of water due ta the
fermation of nydronium icns in the sciuticn. The
reactions with alconols preduce Mydrogen:

Z ROHM = ZNa == 2 RQONa + H
R is a pararfin chain

A flow scheme for this reaction is scnematically
illyustrated in Figure 4, (See Reference 8).

A safety concern would be tne presence of KO
wnich could react violently with tne crganic”
cnain af the alcanegt.

£

<eaction with Sulfur

The alkall metals react with Sulfur to Term ionic
mglecuies, i.e., solunie in water.

JNag + § == Ng 3
. . 3
+Na + 28 Na-;2
ANa + 35 =—e Na'St

5 3
bl - [
- - \j-u

- 25— {mT
“ g

NAKOO1
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In this reaction scheme. the Sulfur wouid be in
the molten state (siightly greater than 120 C)
----- 1 The NaK would De
slowly introauced into the vessel To react with
the Sulfur. Oue to density considerations
(NaKk €<Na _3<S) the reactor would have to Dde
agitated® Upon completion of the pracessing of
rhe Nak, the vessel would pe allowed te cool.
solidifying tne Suitur and Suifide mixture, ang
then disposed. This process is itllustrated in
Figure 5.

Aeagtion with Acids

The alkaii metals react vigorous!y with all
actas. The acids which were considered in this
investigation were:

Sulfuric

Hydrochloric

Nitric

nydrogen Sulfige

Ammonia

in ail of these systems. Hydrogen is produced.
Due to the cancerns associated with the handling
af these fluigs. there is na advantage of tnese
redaction schemes over the reactian with water
vapor, also actidic to alkali metals.

Keaction with ralogens

"he nalogens (Fluorine. Chiorine, Bromine, and
lodine) are very reactive with tne alkali metais
and react to form ionic saits, e.g.. NaCl.

Fluorine ana Chlorine are gasses at standard
conditions. Bromine is a liguic. and lcdine is a
soiid. Due to the significant exotnerm for tnese
reactions, the nalogens snhould be gilutea in an
1nert gas. This congition thererore restricts
Rromine and [odine from being straongly
considered.

in tn1s reaction scheme. tne NaK woulc be slowly
sprayed into a dilute atmospnere of Flucrine or
Chiorine.

Na = C1, == 2 NaCi

2 1

2 .

2 K + C}7‘—*-2 KC)
The diluting gas shcula pe Helium or Argon, atner
gasses. e.¢.. nitrogen. weuid react in tnis

desired finai oroqucts.
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Fluorine or Chlorine would be slowly injected
into the reaction vessel to maintatn the desired
partial pressure. At the compietion of the
orocessing of the NaK, the small amount of
residual halogen gas would be vented tnrough an
absarbant, e.g.. water: the vessel ourged witn

Helium., and then the entire system cculid pe

disposeaq.
Depending upon the process flow rates. it may De
necessary to provide some form of cgoling for tn

reaction vessel,
Figure 6 illustrates this process.

CHARACTERIZATION QF PROCESSES

The discussion pbelow briefly describes the characteristic
of the 1nvest1gatea processes. This disgussion is

1

orimarily aimed at addressing the process considarations

cutlineg in Sec¢tion [I of this EOF.

4.l Steam/Nitrogen Reaction

This orocess is illustrated in Figure 2.
. 1.1 safety

This process has been successfully used to
orocess Nax w1th radigactive contamination
oresent. The safety concerns. i.e.. Hydrogen,

caustic nandiing, and heat ¢f reaction, have
geen safely monitored ang controlled. The
control! system reguired for the safe operatio
of this process does present a supstantiai
cost penalty, but not an unaffeordanie one.
Real time ana chraomatograpnic (GC) analyticai

n

gquiogment is reauired to manitor the ragiation

and explgsion hazards. The system for
nandling tne NaK reguires ng adaitianal
aquipment when compareg to the other
arocessing options.

The process safety considerations must alse
address tne handling of caustic ana acrds if
tne oroduct is to be neutralized erigr to
storage.

+.1.2 Cost (Querational and Faulpment)
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The system represents a moderately nigh total
equipment cost; the major cost items are:

Nitrogen Heater
Steam Lenerator

Gas Moving Equipment
HEPA Filter

3as Sampii iyt

e aa At iaal Cmiiimmacms
g and Apaiyticai Cguipment

=

Operational costs should be slightly nignher
due to the energy reguirements ror steam
generation, gas heating, and gas moving
equipment. Sufficient water wouid be reguired
for the processing and neutralization steps.
Manpower costs would probably be comparable to
the other proposed systems.

Final Waste Form Stability

fhe hydroxides generated uncer this oprocess
are corrosive and, due to the iong half-lives
of the radionuclide contamination, the product
should be neutralized witn acid prior to iong
term storage.

Final Wasts Farm Volumes

The volume of radioactive wastes generated Dy
this process are fairly nigh. The S1G Sodium
deactivation produced approximately 2000 gal
of 11guid waste in the orocessing of about &0
gal of sodium. {See Reference 3). This
suggests that the final amount of ligquia waste
from processing the EBR-] NaK would be
aparoximately 3000-5000 qal.

Ouring the processing, the following
components would become contaminated ancd would
nave to be eithar decontaminated or wastea:

Nitrogen reater. Gas Comoressor, NaK Pump, Nak
Storage Tank. Demister, ana HEPA Filter.

Potential of Envirommental [inpact

The potentia:! for environmentzal impact aduring
the processing is considerea to be of moderate
coercern. The o0ssible sources of
contamination are gas circuiation !ine leaxs,
compressor or pump leaks. and cossinie REPA
filter failure.
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QtHer Cecnsiderations

Due to the amount of power and water required
for the process, it may not be practical to

process tne Nak at its present locatien. The
rate of the orocessing snould be about average

when compared To tne other processing omtions.

This process scheme 15 fairly complicated when
compared to some of the other process options.

4.2 QOxygen Reaction

This process 15 illustrated in Figure 3.

§.2.1

4.3 Alceohal

Jafety

The only major safety cancern for this system
wnen compared to the cther process cptions is
the hign probability of formation of votassium
superoxide. This superoxide would remain in
the system, unless it reacted (potentially
violently). For this reason. aithougn this is
a viable process for sodium, it does not
& v rocessing of Nak
Further discussion of this orocess is
unnecessary.

Process

This process 1s illustrated in Figure 4.

a 21
=L ad e

faraty

& similar process is routineiy used to clean
Sedium containers in inaustry. The porocess
snouia work safely for clieaning NaK components
and containers with tne carefuil selection of
tne alcensi to be used. Since tne cff-gas
grocuced wiil be rign in Hydrogen., the same
safety considerations anc safety eauioment

in the
Steam/Nitrogen orocess option.

Tme process does present a significant safety
concern 1f applied to the processing of the
t3R-1 NakK. There is consicerable concern,
althougn no oositive evidence. tnat tne £3R-]
NaX contains Potassium Superoxide. £
oresent. this comoound can De anticipated to
attack tne C-C and C-H bonas of the aicenel.
ang if significant guantities of the
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superoxide are present an explosive mixture
coula be generated within the reactor. Prior
to using this prccess. determination must be
made as whether or not supsroxide |

(J’l
Lo

3
ot

There would be a significant cost and schedule
penalty associated witn the sampling of the
NaK containers to determine the presence cof
superoxide, and since this process option
appears to offer no unigue advantages over tne
other procassing eptions. cantinuea
investigation of the aiconol orocess is

unwarranted.

4.4 Reaction with Su!fur

This process is iliustrated in Figure 3.

4.4.1 Safety

Thare is no evidence that this reaction scheme
has been used in the past to process sodium or
sodium-potassium mixtures. The reaction 1Is
Known . to proceed at a reasonable rate in the
oresence of a catalyst, e.g.. iron.
A significant safety advantage of This concept
over some of the other process options is that
no gaseous reaction product is formed., There
are only two significant safety concerns
associated with this concept (in aadition to
the NaK hanaling concerns). These are:

1) the need for 15C 1b steam anc¢ the

potential of sulfur leakage and

subsequent fires. Molten sulfur is

PRy [N - 1 i
routinely handled in the chemical and

petroleum industries on a very safe
pasis., and it is therefore felt that
these safety concerns are not
oronibitive. [t is suggested that if
this process is the one chosen. that an
outside A/E. e.g., Matthew Hall
Engineering, [nc, Houston. Texas, withn
experience in suifur systems De used.
Sulfur oiping and valving systems are
vary difficult to design due to freezing
and plugging problems.

2) The potential of uncontrollable
reactions between KO_ and Suifur if
aopreciabie quantitibs of KO were o
enter the reactor.
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4.4,2 Cost {Qperaticrnai and Equipment)

This system represents a moderataly nign total
equipment costT; the major cast items for
thisprocess are:

Reactor Vessei (130 1b jacketed and
agitated)

Sulfur Storage ana Piping System

130 b Steam Baoiler
COperational costs will be higher than oth
options due to the fuei costs for the ste
generator. Manpower costs would probab]y ba
comparable to the other proposed systems.

- - m
f1 er

w O

4.4.3 Fina! Wasta Form Stahility

The seolid material generated, K. 5 ana Na, 3
and S. are all staple chemicals=and shou@d not
i mmesRY At e waws 9

UIGQGH\. a 1Y Teailh fiadaaarnrd

storage.

i e s
an 19ong term

4.4.4 Final Waste Form Volumes

The final waste volume should oe no greater
than two to three times the tnitiai Nax
volume. This volume increase is primarily due

To the nged to process the NaK in excess

Wil Vigiew AR -

sulfur,

Tne equipment %o be 0 & 0'd or wasted after
the processing would be the NaK storage tank
and tne NaK pump and piping.

4.4.5 Potential of Environmental [mpact

The potential far enviranmentai impact during
the processing is consicerad tc be of
igw-moderate concern., The potential scgurces
Tor radigactive material entering the
enviranment are from ieaks in tne NaK storage,
pump. ana transfer lines. The cnance of
Sulfur leaxing 1s Tow anga weula not be of
conseguence unless a catastropnic leak
gcecurred,

4.4.5 Qther Considerations

Th1s pracess could be operatedq at the NakK's
Ofesent sﬁte. put would reguire the use of

it
....... 1 ] emmam mAtiar Thie
P LSRRI W 1 S LI 1
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orocessing scheme is less compiex than some
systems considered, but the piping and Sulfur
storage systems would require that these
systems be wasted to prevent a substantial
waste volume from being generated 1f they were
to be cleanad.

Aeaction with Acids

Since there is no distinc¢t advantage of operating
with acid over the Steam/Nitrogen process. and
since the eguipment costs for acid hanaling woula
require higher overall costs. this pregcess will
not be considerad to be a viable agtion,

tign with Halgogens

o8~
= O e 11 b B ~d

This process is iliustrated in Figure 6.

There are aistinct advantages of using Chlorine
over the case where Fiucrine is the considered
reactant. These advantages are:

Materials of construction costs
The lower chemical reactivity of Chiorire
compared to Fluorine
Package cnlorinators are available at a
reascnable cast wnich woulg mean a lower
design and construction cost.
for thesa reasons, Chlorine will be considered a
netter option than Fluorine, ana wiil be compared
76 the other process ootions in the following
discussion,

Safety
is

Although chiorine 1
strong oulmonary irr
~outinely and safe!
aublic neaith impo

very reactive and a
o it i

a

tan
ty due
rtance

Chiorire 15 extremely irratating To THNe mucous
memprane of tha eyes at 3pom ana tne
respiratory tract. [t comDines with moisture
to liperate nascent gxygen and form
nydracnioric acid. S3oth these substances., 1f
oresent in guantity, cause inTlammation of tne
tisstes witn whicn they come in contact. [f
che lung tissues are attacked, opuimonary adema
may result. A concentration of 3.3 oom
sroducas a detactable odor; 15 opm causes
immediate irrataticn ¢f the tnroat.
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Concentrations of 50 pom are dangerous for
aven short exposures. 1000 pom may ne fatail,
avan wnen the exposure is brief. Because of
1ts intensely irritating croperties. 3jevere
industrial exposure seldom occurs. as the
workman is forcea to leave exposure area
gefara e can be seriousiy affectead. I[n cases
where this is impossible, the initial
irritation of the eyes and mucous membrane of
the nose and throat is followed by cougn, a
feeling of suffocation, and later, pain and a
feeling of constriction in the chest. If
axposure has been severe, pulmonary-edema may
follow. with rales being heard over tne
chest., [t is a common air contaminant, (See
kaference q)

Fire hazard: Chlorine can react to cause fires
or explosions upon contact with many
substances which are combustiblie with air if
the proper congentrations of reactants are
present.

The reaction petween NaK and chlorine gas nas
4 similar exotherm and free energy of
formation as the reaction between NaK and
oxygen. The mechanisms for the reaction of
oxygen and the reaction of chlorine with Nak
are undoubtabiy different, but it is still

nighty orobable that a controllea reaction
scheme can be demonstrated. ang therefore this
reaction should offer no greater safety hazara
then the combusting of NaK or reacting Nak
with steam. [ndeed., since no Hydrogen is
released in this reaction scheme. the overail
explasion hazard of this process should be

less than the Steam/Nitrogen process.

quioment)

7y

Cost {Qoerational and
{Qoeratignal and

The equipment costs for this system should oe
icwer than the other viabie process ootiens.
Stnce there is no off-gas, Zhere 15 na need
for gas heating, gas moving., or gas fiitration
equipment.

‘ne major capital equioment items wili be the
NaK storage and metering system, the
reactor/final containment. ana the Chicrine
gas metering equipment. Chlorine storage can
ne provided from rental sotties.

The operational costs should De as igw &s or
iower than the other ooticns since no process
neating is reguired. Manpower Costs wouid

orotably be comparacle to tne other options.
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4.6,3 Final Waste Form Stability

The salts generated by this process. NaCl an
KC1, are very stable and common compounds:
and, in a dry enviranment, of no significant

corrosion oroblem.

4.6.4 Finmal Waste Form Volume

The process will gererate the smailest
gquantity of waste of the considered process
options. The salt generated will he
approximately 70 % of the original NakK
volume. The reactor vessel will serve as the
final containment for the waste. The anly
equipment to be disposed of, other than the
reactor, is the NakK storage., pump, feed
system, and the present Nax ceontainers.

d.6,5 Fotential of Environmental Impact

There is no significant probability of
environmental impact with any of the processes
considered if proper control andg menitoring
systems are smployed. Since no gasaous
products are rejeased from this reaction
scheme, the probability of adverse
environmental impact with this porcocess can pe
assumed lower than those grocesses which

croduce & gaseous byproduct.

4.5.6 Jther Considerations

Since this process has not feen used i

______ aFnma [
manner DEeTgre, Tnere 13 & 3:11gnT1Y gre

-
risk in tne successful operation than that
coampared with the steam/nitrogen process,
avercome this risk differential, some
faboratory work will be required te bring the
reactor design confidence level to that of the
cther process options. The cost of this
laboratory work, gver and above the laboratory

work associated with the other processes.
should pe less than § 200 ¥, This axpensa

would e more than offset in equipment cost
savings alone.

a alimarly An

this

n
a

To

Evaluation of Processes and Selection

'n the evaluation of the orocessas, cartain oroject
opjectives were considared of orime impertance. These
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objectives, in their decreasing importance are:
ess the NaK with a

1} The ability to safe K i
manpower tg chemical or

minimal chance of expos
radicactive hazard

2) Potential of adverseiy impacting the environment
auring tne processing

3) Confidence in the process’s ability to react with
all the NaK to remove all chemical hazard. 1.a., to
orevent the inclusion of unreacted MaK in the solid
and liauid oroducts formed

4) Finail waste form stabiiity
5) Final wasta form volume
5) Qverall cost of system and processing

Although this ranking is somewhat subjective, sensitivity
anaiysis of the results indicates that reordering of the
above objectives does not significantiy impact the process

salected.

in addition to these prime objectives, other process
cnharacteristics were rated to select the process., These
¢haracteristics. in the decreasing orcer of their
‘mportance, are:

1) The ability to fiela cperate the system
2) The overall process simpiicity

3} The service requirements (water

®

<t

(]
——

power,
4) Rate of processing the NaK

Finaily, the potential downside characteristics of the
crocesses were rated. These characteristics. in the
gecreasing order of their potential adverse impacts on
meeting the project objectives, are:

—
-t

o | R
i) LMP&acwy
failur

i

2) Anility to further treat the process products if
tnis were to be required at a future date due to
changes 1n disposal raquirements

1) Uncertainties 1n construction and operation

al

iF=

Y llacarraintiag in desian
] artainfiasg In d4esgigd

N e i
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5.1 Results of Evaluation
The resuits of the individual orocess evaluaticns
are presented in Tables 3-1 through 3-6.
5.2 Process Ranking and Selection

Table 4 presents the summary Trom the individual
evaluations. From this table. it can be seen
that the processing of the NakK with Chlorine nas
significant advantages over the gther processes

The major competitors witn this process are the
Sulfur process and the Steam/Nitrogen process.

In making this assessment, since the Cnlorine
system is untried, the scoring was pertormed with
some concern about tne Chiorine systems
performance. [t is this reviewer's nelief, that
these concerns can be dissipated with proper
laboratory testing, ana if the evaluation was
again performed after this laboratory work, the
Chiorine process would be ranked substantiaily
nigher than the other process cotions.

Conclusions

W T

substantial advantages over the other orccessing options
investrigated. Among these advantages are: cost: safety;
simplicity: and final waste form volume.

The processing of the NaK with Chlarine ciearly offers

Cue %o The untried nature of this process, some labcratory
testing 1s requisite. This testing wili not adversely
impact schedule cor cost of the project. The final cost of
completing the project. including the indicated laboratory
work. should still oe Igwer than the other orocessing
opticns investigated.

The laboratory efrort will be primariiy aimed at
auantifying the foliowing engineering cata needs:

1) Reaction rates as a function of concentraticns to
gefine safe resaction parameters

2) Required NaK droplet sizes to prevent inciusion of
Jdnreactea NaK in the saits formed

3) Overall reaction neat-transfer rates to ailow for
reactor design.
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I. INTRODUCTION

Approximatsly 180 gal of contaminated sodium/petassium (NaK) are currently
storsd in a bunker at the ARVFS. Plans for stabilizing this NaK have been
mada. with the mest promising methed being reaction of the NaK with
chlorine gas. Such a process would result in a solid product (MaCl and
KC1) which is chemically stable. The selection of this process was
previously described in EDF NAKOOL.

II. MODEL DESCRIPTION

A computer program has been written which models the reaction of NaK and
Cl1, inside a cylindrical reaction vessel, shown in Figure 1. The mode}
used is a transient, one-dimensional heat conduction finite diffarence
scheme with boundary conditions being the reaction heat flux on the
intarior, and convective heat transfer on the exterior. The number of
nodes is user-specified, as is the pesition of the salt/stael interface
node. At the interface, thermal diffusivity of the sait and steei are
both used.

Tlw =
e 2

Nodal spacing through the salt matrix increases witn tim
assumed to adhers to the steel shell, with the deposit thickness
function of reactant flowrate and deposit density. As the

" Te ¢
8. e i3

oy ey dd mdman s a [ S —‘ -

increases in thickn@éss, the qiscance vslwes

numbar of nodes in the sait.

Backward differencing is used for numerical stability. The time step is
specified by the user, The following equations represent the neat bajance

for the reactor inside surface, an intericr node, and the reactor gutside

surfacs.
QAy t=kA(Ty ke1=T2 k+1) ©/(ramry) = CoVi(Ty k417T k)
KA (71 k*l-TT k++ ) t/{ri=riay) -

kAj+1(T4 k17 Tiet ge1) ©/(r Fiel"ri) ®

CoVi (T4 ke1"Ti k)

KAn(Ta-1, k*é'rn k* +1) t/("n ”n-l) = PAne(Tn,e1”Te) €2
n,k+1"T




where 2 heat flux from chemical reaction
3 area

2 thermal conductivity

= number of nodes

= temperaturs

s time

= radius

z density

= heat capacity

= volume ,

= heat transfer coefficient (convective), outsida
b

coolant tampsrature
scripts 1,1,2,3,...n = refar to node number .
k = rafers to time steap considered

ura arofila require

L =7

n moar s solving N equatiens in N
unknowns, where N is the number of nodes. A tridiagonal matrix solver is
used toc solve for the unknown temperatures. This routine is better-suited
to the problem due to the sparse matrix inveived.

The inside radius of the salt deposit is solved using a Newton-Raphson
iteration method on the function

Ard +8 2+ C (Vt/3.14 - fHRZ) = O

= inside radius of deposit

' =2 NaKk volumetric flowrate

time

reactor height

reactor radius

fraction of H (verticaliy) that deposit
accumuliatas 0.0-1.0

where

r
v
t
H
R
f

The constants A, 8, and C are determined according to the assumption

concerning the deposit growth as follows

Ceposit on A 8 ¢
walls only 0 i 1/Hf
walls, 1 end 1 fH=R 1
walls, 2 ends 1 H/2-R 1/2

When the intarface node number is set to 1, it is assumed that the deposit
accumulates in the bottom of the reactor and that the heat flux is
transferred through the steel shell. This cption can be used to evaluate
heat transfer through the steel wall without the insulating effect of a
salt Tayer.



Both laminar and turbulent flow is regimes are acommodated for a liquid
coclant if the reaction vessal is jacksted. Convective and radiative heat
transfer are allowed when air is used as the coolant.

Whan a liguid coolant is used, the heat transfer coefficient is dependent
on the flowrate of fluid through the exterior shell. It is assumed that
the coolant temperature remains constant. However, if the reactor shell
tamperature exceeds 200 9F, boiling becomes the assumed mode of heat
transfer; the coolant temperature is assumed constant. at 200 °F and the

Gas temperature inside the reactor is calculated from an energy balanca,

1
transferred to the walls

which assumes that the heat ¢
entirely by radiation. This technique overpredicts the gas tamperature,
and is therefora consarvative, because some heat transfer will also occur
dua ta convection and candansation (heat of fusion) of salt on the solid
boundary. Gas temperature is used to calculate reactor pressure from the
ideal gas equation of state. The actual reactor volume (reduced by wall

deposits) is used in calculating reactor pressure.

The program uses 31 input variables to describe the reactor geomatry,
coalant characteristics, NaK and salt physical properties, reactor
operation variables, and reactor heat transfer. A sampie of the program
input and cutput is attached,

Most of the parameters required by the model are available in the
literature. These parameters, however, can only serve as initial
estimatas for properties such as density and therma) conductivity because
of gas inclusions in the solid depesit which will likely occur due te the
processing method. It will be necessary to obtain empirical data for
density, thermal conductivity, heat capacity of the rasuitant salt
deposit, flame temperature, and to de
inclusions in the salt) may be a prob



Paraﬁotric calculations wers made to detsarmine the sensitivity of the
predictions on several variabies. These variabies were heat capacity,
” ‘thcrmal conductivity, and density of the salt deposit, emissivity of the
gas and extarior of the reactor vessel, cooling option (water or air

mmmtndl ssmomdmmimdn £ assmmdra s $
cooled), reactant flowrsts, vesss! diametar, and vesssl wall thi

The results of these calculations are discussed belaw.

‘The input flowrate of NaK was found to be Timited mainly by the reacter
tamperatura. If the inside wall temperature exceeds the salt melting

point (1043 9F), deposition on the walls will cease and molten salt will
accumulata at the bottom of the reactor. The flowrate must be kept low
enough that heat can be conductad through the reactor walls such that the
inside wall temperature is below the salt melting temperature. Although

the model allows calculations for wall temperature values in excess of the
salt melting point, the results discussed below are only for those casas

in which thne temperature was below the melting point.

Figure 2 shows the predicted final inside wall temperature for various NaK
input flowrates and values for deposit thermal conductivity. For the
conditions represented by these predictions, the maximum ailowable
flowrate of NaK is 6=8 Tb/h. Figure 3 shows predicted temperature for a
range of flowrates and deposit densfity values, and also suggests an upper
bound of 6-8 ib/h for the range of other variabies considered. This upper
Timit on NaK input flowrate indicatas that at least 7-9 days will be
required for processing the 180 gai of NaK (4 ft diameter vessel).

The thermal conductivity of the depesit is a major factor affecting the

heat transfer process. Yaiues of 0.20, 0.25, and §.30 Btu/h.ft.°F were
used in the calculation for thermal conductivity, with 0.28 being the

1{terature value for a solid crystal. Predicted final inside wall

temperaturs increases about 100 OF for every 0.05 Btu/hr.f2.0F

decreasa in thermal conductivity, as shown in Figure 2,

~I
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The density of the salit deposit is alse a major factor affecting heat”
transfer through the deposit to the inside of the reactor vessal., The
maximum density possible is about 128 16/ft3, which is that of pure NaCl
(135 1b/ft3) and KC1 (124 1b/ft3) in the proportions in this project
(NaK: approximately 0.33/0.67 mol sodium/mol potassium or 0.33(135) +
0.67(128) => 128 19/7t3). Howsver, it is anticipated that inclusions of
gas, or a granulated crystal, wi'l raduce the density somewhat.
Calculations were made for density values of 110, 90, and 70 1b/ft3 to
account for the possibility of up to 45 % porosity in the salt deposit.
Figure 3 shows that predicted inside wall final tempeﬁature increases
about 150 OF for a decreasa in density of 20 1b/ft3.

Three values of heat capacity of the salt deposit were used: 0.15, 0.21
(Titerature value), and 0.25 Btu/15.°F, Essentially no effect on final
predicted temperature was obsarved for this range of heat capacity.

The choice of cooling option, whether air-cooled by radiation and
convection, or water-cooied, either bDoiling or constant temperature, nhad
very 1ittle effect on the predicted final inside wal! temperature., As
shown in Figure 2, for a NaK flowrate of 8 1b/h, the predicted finail
inside wall temperature decreased from 836 %o 810 °F when a boiling
water bath (200 OF) was used for external cooling. However, at Tower

flowratas (2 1b/hr NaK), the calculated inside wall temperature was

L
e water bath. This is because the assumed hath

-y 1}\1
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tamperature (200 °F) is actually higher than the temperature which would
otherwisa be attained by the bare reactor shell. The cheice of a boiliing
standpoint. A water jacket may be desirable to ensurse that the outside
wal)l temperature is kept within certain limits, however, such as the 140
OF OSHA standard. The predicted final inside wall temperature decreased
from 810 OF to 786 OF for circulating water (70 OF) at a rata of 300

goh, which would also make this option questionablie frem a heat transfer

point of view.

1 g
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Very 1ittle effect was observed on the predictad final inside wall
temperature for a variation in exterior emissivity from 0.50 to 0.90.
This is attributed to the fact that the cutside snell temperaturs was Tow
enough (about 200 °F) that radiation, being a function of temperature to
the fourth power, nad a negligible effect on the total heat transfer.

The predicted outside shell temperature was observed to be relatively
constant, from about 200 to 220 SF. This temperature was maintained for
a wide variety of NaK input flowrates, exterior wall emissivity, cocling
options (water or air), and values for salt deposit thermal conductivity
and density.

Differential thermal expansion between the salt deposit and the stael

T

Tasd ®a addiiatinm im 4

el
shell could lsad to situaticns whi only

¢ Wiy

Initial estimates are that a salt deposit will expand up to 100 times that

eriments can identify.

of the 1" thick steel shell. This is attributad te the nigher coefficient

-w

of thermal exp

thickness of the salt. This greater expansion will undoubtedly lead to
fracture of the salt deposit, resulting in either the flaking and
attrition of the deposit, or the sealing of the resulting cracks with
additional deposition. Laboratory experiments will characterize this
issue more fully.

xpansion, the greater temparature risa, as well as the grsater

The final vesssl pressure {proportional to gas temperature) was predicted
to be a function of both NaK flowrate and assumed gas emissivity.
Pressure is also dependent somewhat on salt deposit density, with higher
pressures resulting from lower salt density due to decreased reactor
volume. Pressure increased about 1 atm for each 2 lb/hr increase in NaK
flowrate, and increasad about 1.5 atm when the gas emissivity was
decreased from 0.5 to 0.1, as shown in Figure 4,

The affect of reactor inside diameter on predictad final inside wall
temperature is shown in Figure 5. The increased surface area with larger
diameters provided bettar heat dissipation, and allowed higher flowrates
of NaK. Whereas a 4 ft vessel diametsr allowed a NaK input flowrate of
apout 8 1b/h, a rate of 25 Ib/h could ba aliowed with a & ft vessel

R
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diameter. By using a 6 ft diameter vessel, the 180 gal of NaK could be
processed in as little as 2-3 days.

Vessal wall thickness was also usad as a parametsr in calculating
temperature profiles through the salt deposit and steel reactor shell.
The wall thickness has a very negligibhle effect on predicted temperature
profiles, with final temperature increasing only about 1.3 OF for each
inch of additional stael wail thickness.

The vessal pressure is proportional to the amount of matarial which is
present in the gas phase. The gas inventory depends on thne fractional
conversion of chlorine in the process (assumed to be 1.00 for these
calculations), and the initial partial pressure of inert gases present in

the reactor. The parametric calculations were made for an inert gas
partial pressure of 1.0 atm. Decreasing the initial inert gas partial
pressure would dacrease the final predictad pressure proportionally. 2 i

The predicted temperature of the gas (which determines the vessel
pressure) as it ts calculated by the model, is not substantially greatesr
than the predicted inside wall tamperature, the gas temperature being
about 100 OF higher than the wall temperature (depending on assumed gas
emissivity). Therafore, the inside wall temperature is a fair
anproximation of the inside gas temperaturs.

A second set of paramatric calculations was performed to datermine the
effect of no salt deposit on the inside wall temperature. This was done
in ordar to bound the heat transfer grocess if the products either did not
deposit on the wall or in some way fell off. The salt deposit was allowed
to collect at the bottom of the reactor, but not on the reactor walis.

The heat flux from the exothermic reaction was assumed to be evenly

distributed on the insids surface of the steel shell.

In most cases, the predicted final inside wali temperaturas was independent
of salt deposit physical properties. The exception was a slight
dependence on sait density; Jower values for density produced larger
volumes of deposit cn the bottom of the reactor, which in turn mage for



smaller surface area of steel shall above the deposit. The net effect was
slightly higher temperatures at lower values of salt density.

Reactor inside diameter also affected the predicted inside temperature of
the stae)] shell. Figure 6 shows that temperature decreased 30-40 9F for
a 6 inch increase in inside diametar.

Figure 6 also demonstratas another intaresting result of these
calculations, which is that permissible flowrates were significantly
higher when no salt deposit was covering the steel shell. The previous
Timit on flowrate was detarmined from the melting point of the salt
deposit on the inside surface. This temperature was extremely sansitive
to flowrate due to the insulating properties of the salt deposit. As the
depesit grew thicker, the temperature increasad in part due to the
increase in insulation. When no deposit covered the steel shell, the heat
was conductad much more effectively to the outside of the reaction vessel,
wnere it was dissipated to the snvironment. Much higher reactant

flowratas were possible because of the enhanced heat transfer.

The entire flowsheet, inciuding the reactor, was modeled using ASPEN, a
1

procsss simulation model, Floweheats for 6 and 8 1b/hr of NakK are shown
in Figures 7 and 8, respectively. Copies of the ASPEN computer runs are
attached.

.iguid chlorine is supplied through standard-size cylinders, each
containing 150 b of chlerine (10 cyiinders required). The temperature of
the chlorine is kept constant with a water jacket. The chlerine is pumped
to an expansion valve, whers the pressure is raduced and the liguid
partially flashes to vapor. A heat exchanger is usad to completsly
vaporize the mixture by raising the tempsrature. The gaseous chlorine is
then allowed to entar the reactor, “

-~
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Liquid NaK is pumped from secondary containers (described in EDF NAKOO6)
into the reaction vessel. A dispersion mechanism, such as a spray nozzle,
will be used in order to uniformiy distribute the NaK. A constant surfaca
to volume ratic for the droplets will be maintained as the Nak flowrate is
varied, This will prevent any pressure transients attributed to unsteady
reaction rates.

-
leop which includes the reaction vessel where heat js absorbed and a
cooling tower where heat is rejectad. The watar is also used to keep the

Tiguid chlerine cool and ¢

an arize the sub-cooled liguid/vapor mixturs.

(3]

There is a possibility that potassium superoxide (KOp) is present in the
NaK containers due to air infiltration during the 30 years of storage.

The solid contaminants will be filtered to avoid being introduced into the
reactor. Calculations with a thermochemical equilibrium program suggest
that chlorine has a much greater affinity for potassium and sodium than
for oxygen. It is thought that potassium oxides reacting with chiorine
will induca no pressurae transients not already associated with the

NaK/C1, reaction. Laboratory experiments will be preformed to confirm

this.
V. CONCLUSIONS

[t was found that the reactor inside wall temperature was the factor which
Timitad the NaK processing time. Major variables affecting the
temperature are Nak input flowrate, salt deposit density and thermal
conductivity, and reaction vessel diameter. Variables which have less
noticesable effects on processing time are salt depesit heat capacity, gas
emissivity, reactor shell emissivity, ccoling mode, and vessel wall
thickness. Minimum processing time for 130 gal of NaK is 2-3 days for a &
ft diameter vessal, and 7-3 days for a 4 ft diameter vessel. As little as
12 hours are necassary to procass the NaK if the deposit coliacts on the
bottom of the reactor.




Results of the parametric calculations indicate that laboratory

prasent. Accurats values for thermal conductivity and density of the
deposit, as well as reaction tamperature and pressure, are essantial to
the prediction of reactor performance. [t is alsc necsssary to detarmine
if the salt deposit will adhere to the reactor walis, or if it will
collact at the dottom of the reactor.

i
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