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PREFACE

The Dose Evaluation Review & Assessment (DERA) Advisory Panel represented
the first organized public involvement in health studies at the INEL. This has been a
good preliminary model for communication between a panel, representing scientific
expertise and citizens interests, and state and federal agencies. Many of our members
represented large constituencies that depended on them to fully participate in and
follow specific site activities.

We hope the constructive working relationship between the Idaho Department
of Health and Welfare (IDHW) and the citizens it serves can be preserved in future
models for public input to health-related studies.

The DERA panel wishes to thank the people who have contributed to their
understanding of INEL activities and to their work. Pat McGavran, of the IDHW
Division of Health, has provided valuable insights to and support of this panel.

We also are grateful to Kara Stevens, of the Division of Health staff, who
worked with us in preparation of the several drafts of this report and for her help in
the administrative details of the panel’s work.

We also want to thank the technical presenters, state and federal officials, and
members of the public who addressed the scientific issues and areas of concern

related to our work.
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1.0 EXECUTIVE SUMMARY

The Dose Evaluation Review and Assessment (DERA) Advisory Panel was formed by
the Division of Health of the Idaho Department of Health and Welfare (IDHW) to
review models commonly used to evaluate health risks for environmental
contaminants produced by the Idaho National Engineering Laboratory (INEL) in
Southeastern Idaho. We were also asked to review and evaluate the INEL Historical
Dose Evaluation (IHDE) report, published by the U.S. Department of Energy (DOE) in
1991. The IHDE report describes, in detail, the atmospheric releases of radionuclides
and resulting doses to offsite populations over the entire operating history of the INEL.
We met seven times to review and discuss published documents and solicit public

comments pertaining to its three objectives:

° Review atmospheric dispersion and dose assessment models
° Review water models

° Review the methodology and findings of the IHDE

It was not within our mission to confirm or refute the estimates provided in the IHDE,
or in any of the other documents we reviewed. The purpose of these
recommendations is to ensure that any future work is conducted in a public forum

using sound and impartial scientific methods.

Atmospheric Dispersion and Dose Assessment Models

We reviewed documentation and evaluation of MESODIF (Mesoscale Diffusion), the
computer model used to predict the air transport of radionuclides to offsite locations.
When MESODIF was tested by the National Oceanic and Atmospheric Administration
(NOAA) against a set of short-term data collected during summertime conditions at

the INEL, there was no clear indication that it always produced conservative results.



However, an evaluation performed by the Nuclear Regulatory Commission (NRC)

showed that MESODIF did not perform any better or worse than nine other models.

We recommend that MESODIF be evaluated more extensively using both short-term
and long-term data sets for both the INEL and non-INEL locations. Testing MESODIF
with this type of data set will allow a formal comparison to be made against other

models currently in use.

In order to interpret previous results obtained with MESODIF, it is important to provide
complete documentation of past and current uses of MESODIF. It is also very
important that any updated version of MESODIF (or its replacement) be fully

documented and that the new model be made available to outside users for review.

We understand that NOAA is in the process of upgrading the MESODIF model and
installing new meteorological measurement systems. The new version of MESODIF
should be rigorously evaluated with the data sets described above. The evaluation
should address both short- and long-term averages, and the analysis should follow
current model validation protocols. The revised version of MESODIF should be
evaluated against both observations and other models. The revised model should also

incorporate analyses of uncertainty for its predictions.

The dose assessment models used at the INEL include the most common pathways
of exposure to people but ignore the other pathways, such as inhalation of
radionuclides resuspended from soil into the air, the ingestion of contaminated soil,
and the ingestion of the meat from game and range animals that incorporate
radionuclides on the site. Also, the doses resulting from ground contamination due

to wet deposition (rain or snow) are not considered.

Traditionally, doses have been calculated for hypothetical individuals assumed to

reside at the offsite location near the INEL site boundary, where the time-integrated
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concentrations in air were highest. Doses received onsite by INEL waorkers,
construction workers, security guards, field researchers, or ranchers herding stock

have not been modeled and there are no alternate estimates for these.

In order to estimate doses from the pathways considered, the INEL made use of
models that had been accepted by regulatory agencies, including the default
parameter values for these models. No uncertainty analysis was performed and
conservative assumptions were made in most cases in order to ensure that the
calculated doses were overestimated. However, these dose estimates are based upon

MESODIF air concentrations which are not necessarily conservative.

With respect to dose assessment models, the main recommendation for future studies
is to use realistic models and to include rigorous analyses of uncertainty. These
models should be based on site-specific data and make use of lifestyle and dietary
habits that could be obtained through surveys. There should also be better
documentation of the process by which predictions of the dose models were
validated. Existing environmental monitoring data should be evaluated for use in

model validation.

Water Models

The Snake River Plain Aquifer (SRPA) serves as the drinking water source for many
residents of Southern Idaho and as the water supply for over one million acres of
irrigated land and a large aquaculture industry. For these reasons, the public is

concerned about potential contamination to the aquifer from operations at the INEL.

A comprehensive review of all water quality monitoring investigations including
regional, local, and site-specific research should be conducted. The review should
also summarize existing models and their applications. All existing water quality

information should be centralized in a single database, which should also characterize



areas of contamination for type, extent, and source of contaminant plume for both

chemicals and radionuclides.

In the future, water quality monitoring at regional, local, and site-specific levels should
be continued and geologic, hydrologic, and geophysical studies should be conducted
to further characterize the regional setting and to help define parameters for future
modeling efforts. Data from all investigations should be added to a centralized

database.

State-of-the-art groundwater and solute-transport models should be developed as
predictive tools to simulate contaminant migration over time, both within and beyond
the INEL boundaries.

INEL Historical Dose Evaluation

The IHDE is a substantial compilation of data describing the operating history of the
INEL, and establishes a chronology for operational and episodic radioactive releases
that have taken place at the INEL. It is a major step toward addressing public
concerns on the health risks posed by activities at the INEL. The following specific
recommendations, though critical, are not based on evidence that doses were
substantially different than those reported in the IHDE.

We recommend that more work be done on reconstructing doses from toxic exposures
to workers and members of the public potentially affected by the INEL operations.
Future work should include independent collection and verification of data,
comparisons between modeled and monitored data, rigorous uncertainty analyses, and
a quality assurance program for all data collection and analysis. Doses should be
reconstructed for hazardous chemicals and all potential exposure pathways, including
groundwater and soil ingestion. Radiation and chemical exposure to INEL and contract
workers from outdoor activities and ingestion of contaminated drinking water should

be evaluated. We recommend a phased approach with careful planning to avoid
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unnecessary duplication. The dose reconstruction project at the INEL should be

similar in scope to the dose reconstructions at Hanford, Fernald, and Rocky Flats.

The lack of public involvement was a major shortcoming in the IHDE report. We
recommend that future studies involve full public participation. We are concerned that
Centers for Disease Control and Prevention (CDC) is proceeding with its dose
reconstruction without a mechanism for adequate public participation and oversight.
We urge the State of Idaho and its congressional delegation to assure the
establishment of an advisory group composed of representatives of the public and
independent technical experts. Substantive work on the dose reconstruction should

not begin before a mechanism is established for public participation and oversight.

We recommend an independent evaluation of the health risks from exposure to

chemicals and ionizing radiation to all persons who have worked at the INEL.

Radiation exposure from outdoor activities and from contaminated drinking water

should be quantified in the CDC dose reconstruction.

Because of the number of federal and state health studies, there should be a single
state agency that acts as a public and technical point of contact for information about
all health and risk studies at the INEL.

The public needs to have access to all data and results. We recommend that all
relevant classified documents be declassified, and that all documents used in the CDC

dose reconstruction be available for public review.



2.0 INTRODUCTION

This report summarizes the findings and recommendations of the Dose Evaluation
Review and Assessment (DERA) Advisory Panel to the Idaho Department of Health
and Welfare (IDHW). The panel was formed by the Division of Health of the IDHW
to review dose models commonly used to evaluate health risks for environmental
contaminants produced by the Idaho National Engineering Laboratory (INEL) in Idaho
Falls, Idaho. We were also asked to review and evaluate the INEL Historical Dose
Evaluation (IHDE), published by the U.S. Department of Energy (DOE) in 1991, for the
purpose of describing, in detail, the offsite releases of radionuclides from the INEL
over its entire operating history. We are hopeful that its findings will be used by the
various federal, state, and local agencies involved in assessing the public health risks
from the INEL.

2.1 The DERA Advisory Panel
In June 1990, a Health Agreement signed by the U.S. DOE and the IDHW provided

for the creation of a panel to:

1) Review current models used by the INEL for assessing radiation doses to the
public for their accuracy and adequacy and recommend appropriate follow-up
actions to the state; and

2) Review the IHDE and the report of the Peer Review Panel established by the
U.S. DOE to evaluate the IHDE report and provide the state with
recommendations regarding the need for modifications, more comprehensive

studies, or both.

Richard Donovan, former director of the IDHW, appointed 14 individuals to serve on
the DERA Advisory Panel in April 1991, after soliciting and receiving nominations for

potential members from concerned citizens throughout the state.



The members, the groups they represent, and their areas of technical expertise are:

> Duane Allen, Oil Chemical & Atomic Workers International Union, Labor Groups
» André Bouville, Ph.D., National Cancer Institute, Environmental Pathways

> Beatrice Brailsford, Snake River Alliance, Environmental Groups

> Charles Brockway, Ph.D., University of I[daho Water Resources Research

Institute, Hydrogeology

> Barbara Brooks*, U.S. Department of Energy, Office of Health

> Suzanne Budge, Idaho Council on Industry and the Environment, Commerce
Groups

> Bernard Graham, Ph.D., Idaho State University, Health Physics

> Bradley Jahn, Idaho Falls, Public

> Brian Lamb, Ph.D., Washington State University, Meteorology

> Jerry Leitch*, U.S. Environmental Protection Agency

> Carl Pendleton, Shoshone, Public

> James Ruttenber, Ph.D., M.D., University of Colorado, Epidemiology

> Margrit von Braun, Ph.D., University of Idaho, Risk Assessment

> Mary Washakie, Fort Hall Business Council, Shoshone-Bannock Tribe

* ex officio (non-voting) members

Some panel members were selected for their expertise in the scientific disciplines
required for dose reconstruction and environmental modeling which include
meteorology, risk assessment, hydrogeology, and environmental exposure
assessment. Other panel members represented the general public, Native Americans,
environmental groups, commerce, and labor. Four subcommittees were formed to:
1) review atmospheric models; 2) review water models; 3) review the IHDE report;
and 4) help the panel communicate with the public. The DERA Advisory Panel held
seven public meetings in various locations throughout the state. These meetings
included working sessions for report review and writing, presentations by outside

experts, and numerous public comment periods. Dates and locations were:
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Idaho Falls June 19-20, 1991

Twin Falls October 1-2, 1991
Boise January 22-23, 1992
Pocatello April 13-14, 1992
Moscow July 27-28, 1992

Boise September 28-29, 1992
Boise November 16-17, 1992

Each meeting was open to the public and most were advertised with press releases
and paid advertisements. During the meetings, we encouraged public participation
and sought written and verbal comments. The meetings were not conducted as
hearings. Rather, we encouraged open discussion about issues of concern. We
acknowledge our limitations in being able to formally respond to all comments, such
as is done in a responsiveness summary required by numerous federal statutes.
However, we made every effort to actively involve members of the public and to
consider their concerns throughout development of this report. We sent a postcard
describing the draft report to the 4,200 people currently on the INEL Oversight mailing
list and provided copies to those who requested them. Written and oral comments

were considered in producing the final report.

Appendix A contains the minutes of each of our meetings. Section 7.0 provides a
listing of written comments from the public which is available as an addendum to this
report. Copies of our correspondence, technical materials, and tapes of the meetings

are available from the State Office of Environmental Health in Boise.

2.2 Description of the INEL Site

In 1949, the National Reactor Testing Station (NRTS) was established by the Federal
Government to provide a site where various kinds of nuclear reactors and support
facilities could be built and tested. The name was changed in August 1974 to the

Idaho National Engineering Laboratory (INEL) to better reflect the broader mission of
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the site. Over the years, the INEL site has been operated by the Atomic Energy
Commission (AEC), the Energy Research and Development Administration (ERDA), and
is currently operated by the U.S. DOE.

The INEL site is located on the Upper Snake River Plain (SRP) in Southeastern Idaho
and includes an area of 890 square miles (2300 square km) (Figure 1). It is isolated
from large population centers. Approximately 121,000 people reside within a 50 mile
(80 km) radius of the site’s geographic center, but none within 10 miles (16 km) of
the center. Within a 94 mile (150 km) radius, there are about 272,000 residents. No
appreciable amount of surface water flows from the INEL Site to offsite areas. The
Big Lost River, Little Lost River, and Birch Creek are intermittent streams that flow
onto the INEL site and sink into porous soils and fractured basalt, ultimately
recharging the SRPA. The SRPA, underlying 9,600 square miles of the Eastern SRP,
is composed of highly permeable basalt and interbed materials. Groundwater flow is
generally from northeast to southwest with over 7 million acre-feet of water passing
through the aquifer each year. It serves as the water supply for over one million acres
of irrigated land. Springs issuing from the aquifer constitute the water supply for
aquaculture facilities which raise over 70 percent of the nation’s commercial rainbow
trout. In addition, groundwater from the aquifer is the domestic supply for some
120,000 rural residents.

The INEL lies at the foot of the Lost River, Lemhi, and Bitterroot-Centennial Mountain
Ranges which are generally oriented northeast to southwest and act to channel
westerly prevailing winds into predominately southwesterly winds. Northeasterly
winds occur as the second most common wind. Because of the surrounding mountain
barriers, air masses entering the area are dry and the region has semi-desert
characteristics. In terms of atmospheric diffusion conditions, this implies intense solar
heating and vigorous vertical mixing during summer days and strong radiational

cooling of the ground with suppression of vertical motion during clear nights. During
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periods without strong weather systems in the area, northeasterly winds occur late
at night and in the early morning due to cold air drainage down the valleys and across
- the INEL. During the day, winds shift to the southwest in an up-valley flow. Late
morning and early evening flow patterns during the transition periods can be very
complex. In the summer, temperature inversions corresponding to limited vertical
mixing occur approximately 50 percent of the time. In the winter, the presence of a
snow-covered surface causes more intense inversion formation and temperature
inversions occur as much as 60 percent of the time. Overall, an inversion can be
expected to form on almost every day of the year. (For more information see Clawson
et al., 1989; Yanskey et al., 1966.)

The first nuclear reactor on the INEL Site was the Experimental Breeder Reactor No.
1 (EBR-1), which achieved initial criticality in 1951. Since the INEL Site was
established, 53 reactors have been built and tested. In addition, the Idaho Chemical
Processing Plant (ICPP) reprocessed spent fuel and recovered uranium from 1953 to
1989. The INEL is also a major nuclear waste storage and disposal site. Shallow land
disposal has been used for over 5 million cubic feet of low-level waste. Over 2 million
cubic feet of transuranic waste was buried at the INEL, and 1.3 million cubic feet of
Transuranic waste are stored there. Nearly half a million cubic feet of high-level
waste is stored as calcine and in liquid form, and 760 metric tons of spent fuel are
stored in pools and in dry casks. The operation of those facilities has resulted in

releases of radioactive materials into the environment.

Other releases occurred when planned experiments involving radioactive materials
were conducted at the site; examples of such experiments are the Controlled
Environmental Release Tests (CERT), designed for the purpose of studying the transfer
of radioiodine from air to vegetation, cows’ milk, and humans. Most of the
environmental releases have been intentional, except for those from nuclear waste

storage and disposal sites. A notable exception was the accident at the Stationary
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Low Power No. 1 Reactor (SL-1) in 1961, which cost the lives of three workers and

resulted in uncontrolled releases over a period of one month.

Numerous efforts have begun to address the environmental and health concerns
related to the site. In 1987, the INEL and the Environmental Protection Agency (EPA)
signed an agreement to bring the INEL into compliance with provisions of the
Resource Conservation and Recovery Act (RCRA). In November 1989, the INEL was
added to the National Priorities List (NPL) of Superfund sites. The 1987 RCRA
Consent Order was superseded by the Federal Facilities Agreement signed in 1990 by
the State, EPA, and the U.S. DOE to guide Superfund cleanup. ’Superfund’ or
Comprehensive Environmental Response, Compensation and Liability Act (CERCLA)
risk assessments have been initiated at some release sites. The Agency for Toxic
Substances and Disease Registry (ATSDR) has conducted onsite visits as part of a
public health assessment. The Centers for Disease Control and Prevention (CDC)
plans to conduct a historical dose reconstruction at the INEL beginning in the Fall of
1992.

2.3 An Overview of Procedures Used in Making Dose Estimates

The purpose of making historical dose estimates is for assessing health risks
associated with these doses, a process called risk assessment. The procedures used
in estimating doses over the operational history of a nuclear facility vary considerably
depending on the desired accuracy of the estimates. For instance, the IHDE made
estimates for worst-case conditions, which required much less effort than more

realistic ones with estimates of their uncertainty.

Often, estimates such as those made in the IHDE, are termed dose evaluations or dose
estimates. These procedures are commonly used in risk assessments for compliance
with RCRA and CERCLA. The term dose reconstruction is applied to the procedures

that yield the most realistic estimates, accompanied by their uncertainties. Regardless
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of the degree of accuracy in estimates of historical doses, the general methodologic

approach is the same.

The first step in a dose reconstruction is a thorough review of production and
environmental monitoring data to identify radionuclides and chemicals that may pose
health risks. Environmental monitoring data, when appropriately collected and
analyzed, are the best for reconstructing doses. Because such data are usually not
available, particularly for early years of operation, dose reconstruction must rely

heavily on models of radionuclide movement in the environment.

These models usually depend on a source term - the quantity of radioactive material
released to the environment over a defined period of time. Source terms are
estimated by extensively reviewing data in production records, recordings from stack
monitoring, and from mass-balance analysis - a technique which compares quantities

of starting material with the quantity of finished products.

The radionuclides and chemicals which may provide offsite exposures are then
assessed with screening models that assume conditions that maximize doses and risk
estimates to the public in order to select those that require more detailed modeling
and uncertainty analysis. The screening process can involve different levels of effort,

depending on the particular site and on the availability of funds.

The models used in dose reconstruction incorporate the latest advances in modeling
techniques and rely on large data sets obtained by in-depth investigations. These
models are designed to describe atmospheric dispersion of substances based on local
and regional weather patterns, terrain, and the release characteristics of the facility.
Models are also available for the surface, groundwater, and food chain transport of

radionuclides and chemicals.

13



In order to be meaningful from a public health standpoint, estimated doses are
converted to estimates of disease risk by multiplying them by estimates of disease risk
per unit dose. These risk conversion factors are available in the scientific literature
for cancer and genetic damage to offspring. When using results from an in-depth
dose reconstruction, extensive analyses of the combined uncertainty from all variables
is used to establish the upper and lower bounds for risk as well as to estimate the

median risk for the exposed group.

2.4 Structure of the Report

Chapters 3 and 4 provide detailed reviews of the air and water models used at the
INEL, and Chapter 5 is a critical review of the IHDE. We reviewed and discussed the
many health-related studies planned by different governmental agencies and were
concerned that efforts might be duplicative and confusing. Therefore, we included
Chapter 6 in an attempt to describe our understanding of the current and planned
health-related studies at the site. Chapter 7 summarizes the public comments we
have received which are available as an addendum to this report. Chapter 8 is a

listing of references for this report.
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3.0 REVIEW OF AIR MODELS USED AT INEL

One of our goals is to assess the accuracy and appropriateness of models in general,
and specifically the MESODIF (Mesoscale Diffusion) model, as tools for estimating air
concentrations used to determine deposition and doses to the population within the
region surrounding the INEL. Specific objectives of the review covered in this section

include:

1) Completing a review of the field study and model evaluation exercises
conducted at the INEL and summarizing this review with respect to the level of
accuracy obtainable using mesoscale diffusion models; and

2) Completing a qualitative comparison of the modeling methods incorporated in
MESODIF with methods used in similar models and/or generally representative
of the state-of-the-art for modeling plume diffusion over the distances and
terrain characteristic of the INEL.

The models used to estimate radiation doses resuiting from airborne releases from the

INEL site between 1952 and 1988 can be classified into two categories:

1) Atmospheric dispersion models, used to estimate ground-level air
concentrations at offsite locations; and
2) Dose assessment models, used to calculate the radiation doses to hypothetical

individuals from the estimated air concentrations.

3.1 Atmospheric Dispersion Models

Intr ion

The potential release of airborne radionuclides has been of concern at the INEL since
its inception. To address this concern, an atmospheric transport and dispersion model
can be used. This type of model predicts air concentrations downwind of the release

using information concerning the source and amount of material released in
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conjunction with data describing atmospheric wind and temperature conditions. At
the INEL, the primary model used to estimate air concentrations of radionuclides has
been the MESODIF model developed specifically for use at the INEL. As a result of
the previous and continuing use of MESODIF, our review of air modeling at the INEL

focus on the performance of MESODIF.

Air concentrations predicted with MESODIF or with other dispersion models can be
used in a dose assessment model to estimate the radiation doses to hypothetical
individuals from a variety of pathways. At the INEL, dose estimates have been made
using models based upon NRC guidelines. Our review of the INEL dose assessment

calculations covered these models.

To evaluate MESODIF, the following tasks were completed: review of available field
data, review of performance tests of MESODIF based upon these field data, and
comparison of MESODIF to other available models. The latter task involved a review
of previous model intercomparison studies and also a technical review of the structure
and capabilities of MESODIF as compared with state-of-the-art methods for dispersion
modeling. Our evaluation of the air dose models for the INEL focused primarily upon
how these models compare to other possible methods. In part, this type of evaluation
was necessary since there appeared to be little data available for direct evaluation of

these models on a quantitative basis.

Description of the MESODIF Model

It is useful to give a brief description of the MESODIF model as a basis for comparison
with other models and for understanding why the model may provide more accurate
results in some situations than in others. A more complete technical description of
MESODIF and details of its applications are available in Start et al. (1974) and Start
et al. (1985).
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MESODIF is a Gaussian puff trajectory model which means that emissions from a
point source are modeled by releasing a series of puffs which grow as they are carried
along by the wind. Each puff carries with it a certain mass of pollutant, and as the
puff grows in time, the material in each puff is diluted with ambient air and the

concentration (mass of pollutant per volume of air) decreases.

Within each puff, the concentration is at a maximum at the center of the puff and
decreases with distance, measured from the center in a manner following a Gaussian
or bell-shaped curve. The concentration of material at any downwind receptor is
equal to the sum of the concentrations due to all of the puffs which pass over the
receptor during the sampling interval. A schematic of this puff release and growth

process is shown in Figure 2.

The path or trajectory of each individual puff is determined independently based upon
wind observations within the region of interest. This trajectory calculation involves
several steps. First, wind observations, recorded as six minute averages at as many
as 25 measurement stations, were used to develop a gridded wind field for each time
step during the modeling period. As illustrated in Figure 3, this means that wind
directions and speeds measured at a relatively sparse number of points are used to
estimate the wind direction and speed at a regular array of points covering the entire
modeling area. These estimates for the dense array of points are repeated for each
six minute period. Each puff is moved according to the wind direction and wind speed
from the grid point(s) nearest the current location of the puff. This process is
repeated every six minutes for every puff which remains within the modeling domain.
Puffs which move out of the region of interest or have concentrations diluted to near
zero are removed from the modeling domain. The MESODIF model addresses neither

wet nor dry deposition.
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F.igure 2 Schematic of puff release and growth procedure used in MESODIF to
simulate pollutant dispersion in the atmosphere. The horizontal and vertical
concentration profiles show the pollutant distribution in a puff at some time t, and at
a later time t,. The size of the puff is measured in terms of o, which is the distance
from the centerline to where one standard deviation of the distribution occurs.
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Figure 3. Development of a wind field for use in MESODIF: a) wind direction and
wind speed are measured at a number of surface stations; the arrows represent the
average wind direction and wind speed during a six minute period; and b) measured
winds are interpolated to estimate wind direction and speed at each point in a grid for
the averaging period. This gridded wind field is then used to calculate the puff
transport for that time period.
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The application of MESODIF is limited to the area where the INEL meteorological
monitoring stations are located. This area extends in all directions to approximately
95 miles (150 km) from the center of the INEL.

Previo n rrent U of MESODIF

MESODIF was chosen over other models used for these types of calculations because
it was developed specifically for the INEL and it explicitly accounts for curved plume
trajectories which occur over long travel distances at the INEL. Straight-line Gaussian
plume models, such as AIRDOS, which are required to be used for compliance with
EPA regulations, appear to underpredict ground-level air concentrations at the INEL
Site boundary (U.S. DOE, 1988).

In order to estimate annual averages of ground-level air concentrations of a specific
radionuclide, wind fields are calculated from the INEL surface meteorological stations
for the year of interest and used in the model to obtain average dispersion isopleths
due to a release of unit activity from the ICPP. Estimates of ground-ievel air
concentration are obtained by multiplying the isopleth value by the actual annual

average release rate for a specific radionuclide.

For the years 1952-1972 and 1978, wind data were not available from the INEL
surface wind network. In the IHDE, a nine year average wind field (1974 to 1983)
was used in MESODIF to calculate concentration isopleths for 1952-1972 and 1978.

For episodic releases, short-term (hourly) concentrations were predicted from short-
term wind fields for the period of interest. For the time periods prior to the
deployment of the INEL wind network, meteorological data from Central Facilities Area

(CFA) and an Initial Engine Test (IET) were used to assess episodic releases.

It should also be noted that MESODIF calculations reported in the IHDE were
completed for the period 1952-1987 at offsite locations defined in terms of the
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current INEL boundaries. However, in 1959 the INEL area was enlarged. The IHDE

results do not reflect this change prior to 1959.

MESODIF is used at the INEL as an emergency response tool. In this role, the NOAA
Air Resources Laboratory runs the model and provides near real-time predictions and

analyses to emergency personnel.

There is an extensive effort currently underway to update the meteorological and data
acquisition system at the INEL and to revise or replace the MESODIF model (Ackerman
and Johnson, 1989). The objectives of this upgrade are to improve the INEL
emergency response capability and to improve estimates of the air transport of
hazardous materials. After these changes are implemented, upper-level winds will be
measured at one location on a continuous basis. The revised or new model will be a
multiple-layer code which will use these data to account for the vertical structure of

the atmosphere.

ncertainties in MESODIF
The key aspects of the MESODIF modeling approach which are subject to
uncertainties and which may produce errors in dose estimates can be categorized as
follows:
1) Wind Field and Trajectory Calculations
a. Errors in the surface wind measurements, sparseness of the
measurement array, and lack of upper level wind measurements;
bt Methods for interpolating of wind measurements to a gridded array,
treating air motions at different heights, effects of terrain, and effects of
atmospheric conditions on mean air motions;
c? Methods for calculating puff trajectory, number of puffs released per

hour, and treatment of vertical movements of puffs.

21



2) Puff Growth Rates and Concentration Calculations

a. Errors in the emission rate, material characteristics (gas, particle), and
source properties (continuous stack release, instantaneous or short-term
release);

b. Errors in the initial plume rise (specification of the starting height for
each puff), initial puff size, and effects of buildings upon the initial
dispersion of the plume;

c. Errors in the horizontal and vertical puff dimensions as a function of
travel time, topography, atmospheric conditions, and vertical structure
of the atmosphere;

d. Errors in the puff shape and concentration profile within each puff;

e. Assumption that there is no loss of material from each puff (dry and wet
deposition) as a function of travel time, atmospheric conditions, and
surface characteristics;

f. Absence of modeling of secondary exposure pathways such as
resuspension of particles or revolatilization of gases deposited to

surfaces.

These uncertainties are not addressed explicitly in MESODIF and estimates of
modeling uncertainties do not accompany the IHDE estimates or the INEL annual dose
estimates. However, without estimates of uncertainties in reported concentrations
or doses, the model predictions cannot be used to judge the degree of impact for a
given situation. For example, it is typical for atmospheric dispersion modeils to have
uncertainties on the order of a factor of two. Given this degree of uncertainty,
conclusions regarding predicted concentrations relative to air quality limits cannot be
made unless the predictions are more than a factor of two below the air quality limit.
This need for a clear indication of model uncertainty has been recognized in the
current Hanford Environmental Dose Reconstruction (HEDR) project. In the dispersion
model being formulated for HEDR, a formal uncertainty analysis is built into the model

so that each model prediction will be accompanied by an uncertainty estimate. Future
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modeling estimates made at the INEL should include a formal analysis of the

uncertainty in the estimates.

Other Modeling Methods

Any modeling method used for this scale of problem will share a similar list of
uncertainties and sources of error. This is true for other puff-trajectory models as well
as for more complicated numerical models. Ramsdell (1991) has reviewed a variety
of modeling methods as a basis for selecting a method for the HEDR project. These
methods include straight-line Gaussian models, puff trajectory models, and gradient

theory numerical models.

Straight-line Gaussian models (such as AIRDOS-EPA and CAP-88) represent the
simplest approach to dispersion modeling. In this method, plumes are assumed to
travel in a straight line along the mean wind direction (measured at the source), and

there is no possibility to account for curvature in the plume transport path.

Gradient theory or grid models, which are more complex, use mathematical equations
to describe atmospheric behavior and pollutant diffusion. In the most rigorous case,
these solutions yield predictions of the wind speed, wind direction, temperature, and
pollutant concentration at every point in a three dimensional grid extending
horizontally over the modeling domain and vertically to at least the top of the
atmospheric boundary layer (several kilometers in height). The size of the grids may
be smaller than 2 kilometers horizontally and vary in vertical dimension from less than
100 meters at the surface to up to 1000 meters near the top of the modeled
atmosphere. While these models can be formulated over a range of complexities, this
type of numerical model generally requires much more detailed atmospheric
measurements in order to initiate the model calculation, and the computer

requirements are also much larger than for a puff trajectory model like MESODIF.
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valuating MESQDIF With INEL Field D
In the development of models for use at nuclear facilities, the NRC supported efforts
to obtain improved data bases for the evaluation of atmospheric dispersion models.
The Idaho Field Study, conducted by the NOAA laboratory at the INEL, was one of
these data collection efforts. During July 1981, nine separate tracer releases were
conducted along with tetroon (neutrally weighted balloon) flights, and detailed
meteorological measurements in order to evaluate MESODIF and other models with
regard to use in emergency situations. These tests were generally conducted during
high-pressure, clear-sky conditions. Each release period covered eight hours, and
releases occurred during both daytime and nighttime conditions. Tracer was released
from a height of 45 meters above the surface near the center of the INEL. Tetroons
were released periodically during each test and tracked via radar to beyond the INEL
boundaries. An extensive grid network of ground-level sampling points were used to

obtain tracer concentrations throughout the INEL region.

Start et al. (1985) presented an evaluation of MESODIF in terms of the comparison
of tracer, tetroon, and modeled trajectories and in terms of a comparison between
predicted and observed tracer concentrations. In the comparison of transport paths,
the test area was divided into six zones. For all of the zones, the transport path
based upon the tracer was correctly predicted in 72 percent of the cases (54
observations). In 61 percent of the cases, the resuilts from tetroon, tracer, and model
transport paths were in agreement with one another. There was no apparent
difference between daytime and nighttime test periods. In terms of the area where
measurable tracer was observed (threshold set at 1 percent of maximum observed
concentration), the impact locations were correctly predicted in 81 percent of the
cases, but the size of the impact areas calculated with the model were less than half
(42 percent) of the measured plume impact areas. In addition, the calculated degree
of plume impact (sum of concentrations muitiplied by plume impact area) was 66

percent of the observed plume impact. In terms of concentrations observed at
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specific locations, the model systematically underestimated observed concentrations

by a factor of about two to three.

To summarize these results, the MESODIF model was relatively successful at
predicting the transport path, but the model underestimates the area of impact and
the concentration in the zone of impact. Start et al. (1985) made two

recommendations:

1) Further analyses of these data were needed to determine why the model
underestimated observations; and
2) Further field measurements were needed to investigate the phenomena which

contribute to model errors.

The MESODIF model can also be evaluated from a comparison of predicted and
observed concentrations of radionuclides at offsite locations. In most cases, the
offsite atmospheric concentrations of radionuclides released by INEL facilities usually
have not been high enough to measure. There are, however, exceptions.
Antimony-125 ('2°Sb) is an effluent of the fuel-dissolution process at the Flourinel and
Fuel Storage Facility that could be measured at a few off-site locations from 1986 to
1988. Annual, semi-annual, or quarterly concentrations of '>°Sb were also calculated
using the MESODIF model at some of those locations. The results, as extracted from
the INEL Site Environmental Reports for Calendar Years 1986, 1987, and 1988 (U.S.
DOE 1987; U.S. DOE 1988; U.S. DOE 1989) are given in Table 1.

On the basis of this limited set of data, it does not appear that MESODIF consistently
underestimated or overestimated the average concentrations at off-site locations due

to atmospheric releases.

There are also other opportunities to compare MESODIF calculations with measured

concentrations. For example, environmental monitoring data were used to estimate
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Table 1. Comparison of Measured and MESODIF-Predicted '**Sb Average Air
Concentrations, 1986-1988

YEAR LOCATION MEASURED PREDICTED RATIO

(fCi/m?3) (fCi/m?3) Predicted/

Measured
1986 Atomic City 12 6 0.5
1987 Atomic City 2.2 9 4
1987 Howe 4.8 6 1.3
1987 Arco measurable not
measurable
1987 | average of all locations 2.2 4.5 2
1988 Atomic City 2.2 11 5
1988 Hovye 2.9 3.6 1.3
1988 Reno Ranch 2.5 1.3 0.5
1988 Terreton not 8.4
measurable

Data from U.S. DOE 1987; U.S. DOE 1988; U.S. DOE 1989

26




the dose from lodine-131 ('*"1) at Atomic City for the SL-1 accident in 1961 (lslitzer,
1961), but a comparison of the 'l air concentrations, which were measured or
derived from vegetation samples, with those predicted by MESODIF have not been

made.

Also, the Aircraft Nuclear Propulsion (ANP) program, which was operated in the late
1950’s and the early 1960’s, was designed with field monitoring teams in place,
including, in many cases, aerial monitoring. These data have not been used to
validate the MESODIF model. We recognize that these releases occurred before the
MESODIF model was developed, but suggest they may be useful for future

evaluations.

We have found no evidence that additional work has been done to clarify the source
of the aforementioned model errors or to improve the model through additional field
work or through adaptation of recent scientific advances. The 1981 model evaluation
study yielded a relatively comprehensive database for model evaluation, but the
MESODIF performance was tested with only a limited analysis of these data and the
model performance statistics are not adequate for comparisons between MESODIF

and other models, such as those reviewed by Ramsdell (1991).

The questions which remain unanswered include:

1) How applicable are the results to other times of the year?

2) What is the model accuracy for long term releases and long term dose
caiculations?

3) Have the underestimates of the model in the INEL tracer study ever been

addressed?
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mparison of MESODIF With Qther Model

Since MESODIF is an early version of the puff trajectory models, it is worthwhile to
describe the differences between it and the more recent trajectory models. Modeils
which are currently being used at other U.S. DOE facilities include MESOI 2.0
(Ramsdell et al., 1983) and MESOILT2, a climatological version of MESO! 2.0
(Ramsdell and Burk, 1991) in use at Hanford and in the HEDR project, and the Terrain
Responsive Atmospheric Code (TRAC) developed for use at Rocky Flats and under
consideration for use in the Rocky Flats Dose Reconstruction project (Hodgin, 1986;
1991).

An extensive tracer and meteorological field study was conducted at Rocky Flats in
January, 1991. Its purpose was to develop a database for model evaluation. The
data are now being used to evaluate TRAC as well as other models used at U.S. DOE

facilities. At the present time, MESODIF has not been included in this evaluation.

To compare MESODIF to MESOI 2.0 and TRAC, methods used to develop wind fields,
trajectories and puff diffusion rates, and to treat other atmospheric effects are
summarized in Table 2. Generally, MESODIF is a much simpler model than either
MESOI or TRAC, and TRAC addresses a much wider range of atmospheric effects
from a theoretical basis than either of the others. The main differences among the

models are:

1) the use of a single layer of winds (MESODIF) versus muitiple layers;

2) the use of Gaussian concentration distributions (MESODIF and MESOI 2.0)
versus a non-Gaussian distribution;

3) specification of diffusion rates from local empirical curves (MESODIF and
MESOI 2.0) or from turbulence parameters (MESOI 2.0 and TRAC); and

4) the lack of spatial details in stability and mixing height in MESODIF and MESOI
2.0.
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Table 2.

Comparisdn of MESODIF, MESOI 2.0, and TRAC Puff Trajectory Models

FEATURE

MESODIF

MESOI 2.0

TRAC

Wind Fields 1-minute average Hourly wind fields 5 15-minute average, 4
observations, 1 km & km grids, 3 vertical vertical layers, surface
6 km grids, 1 layer of layers, inverse layer winds obtained
winds, inverse interpolation from from mass
interpolation from observations to obtain conservation solution
observations to obtain wind field, optional that includes
wind field, no explicit terrain adjustment (ad thermal/terrain effects
terrain treatment, no hoc), interpolation of and predicts grid
adjustment of winds intermediate layer winds, temperature,
for atmospheric winds to match and stability
conditions (stability) surface and upper layer | conditions,
winds from intermediate mixing
measurements or layer wind speed
upper air charts constant interpolated
from upper gradient
layer
Stability Field 1 hourly stability class 1 hourly stability class Different stability
from single tower from cloud cover, wind | class for each grid
measurements speed, time of day calculated from
surface scaling theory
Mixing Depth 1 hourly value based 1 hourly value based Local grid values for
upon climatological upon upper air each time step
means sounding, follows
terrain
Plume Rise None Briggs standard Yes, no details
formulas
Building Effects None None Yes, no details
Puff Shape Gaussian Gaussian 6-particle ellipsoid

Puff Growth

Desert diffusion curves

4 options, terrain
effects

Wind shear effects,
local turbulence,
calculated turbulence
terms

29

Deposition None Dry deposition fixed, Dry deposition
wet deposition function of time and
empirical washout grid position, wet
terms deposition empirical
washout terms,
gravitational settling
of large particles
Decay/Growth None Exponential Yes
Resuspension None None Yes, by grid
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It is noteworthy that the HEDR project selected MESOILT2 (a climatological version
of MESO! 2.0) for Phase | calculations and that a revised version of this model
(RACHET, Ramsdell and Burk, 1992) is being developed for further calculations.
MESOILT2 is a modified version of MESODIF and incorporates more details related to

the vertical structure of winds, puff diffusion schemes, and deposition mechanisms.

Ramsdell and Burk (1991) have reported results from a test of MESOI 2.0 against
some monthly average Krypton-85 (®®Kr) measurements. The model accounted for
approximately 58 percent of the variation in the observations. The performance of
this model was better than the weighted average performance of all models used to
estimate monthly means in a model evaluation workshop using data from the
Savannah River Environmental Laboratory (SREL) (Weber et al., 1982). On average,

the model produced resuits about a factor of two higher than the measured values.

While it is clear that TRAC and numerical grid models are based on more realistic
descriptions of the atmospheric physics than simple puff-trajectory models, it is not
necessarily true that these numerical models are significantly more accurate. Ramsdell
(1991) examined model performance resuits for a variety of methods and models and
concluded that the puff model was the best approach for providing air concentrations

and deposition required to perform dose estimates as part of the HEDR project.

Correlation coefficients between observed and predicted concentrations from the
modeling workshop, using data from the Savannah River Laboratory (SRL) (Weber et
al., 1982) for a variety of different models, exhibited surprisingly little difference
among modeling methods (i.e. puff trajectory vs. numerical grid or gradient methods).
Ramsdell summarized these and similar results (Lewellen et al., 1987; Carhart et al.,
1989) by noting that "the standard puff modeis perform as well as the more complex
models;" that "no one class of models performed significantly better than the others;"
and that "differences in the performance of simple and complex dispersion modeis are

smaller than would be expected.” MESODIF was not included in these evaluations.
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The INEL tracer field data were used by Lewellen et al. (1985) to test a number of
different models, including MESODIF. These authors found that neither puff models
nor the gradient theory models performed any better than the simple Gaussian
straight-line models for near-field (less than 10 km) transport distances. For hourly
average concentrations at near-field locations, the best model results showed
agreement within a factor of two at about 40 percent of the receptor locations. One
implication of this result is that predictions of worker exposure at outdoor locations
within 10 km of a release cannot be accurately predicted with the models tested in
this study. Improving the accuracy of these near-field predictions will probably require
more detailed treatment of the effects of plume downwash and enhanced diffusion

due to the presence of buildings near source points.

At longer distances, for 12 hour integrated doses, 60 percent of the predictions
agreed with corresponding observations to within a factor of two. For the maximum
observed values, the level of agreement within a factor of two decreased to
approximately 40 percent. For these distances and integration periods, MESODIF
performed as well as the other models. Two conclusions can be drawn from this
model intercomparison. First, the accuracy of model predictions is limited to
approximately a factor of two. Second, MESODIF is as good as other models
developed for this type of application.

In a test of eight different models (which did not include MESODIF) with long-range
tracer data, Carhart et al. (1989) concluded the following:

1) All of the models overestimated observed concentrations and underestimated

plume spread;

2) Predicted plume arrival times at a receptor lagged behind plume arrival times;
and
3) Use of multi-layer wind fields and an alternate plume diffusion scheme appeared

to improve model performance.
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Given the first result and the fact that MESODIF is quite similar to several of the
models tested, it is perplexing why MESODIF underestimated concentrations in the
1981 INEL tracer study (Start et al. 1985). The second result has potential
implications for the consideration of isotope half-lives in assessing air transport of
radionuclides. In the IHDE, the amount of isotopic decay based upon the transport
time to the site boundary was used to reduce the effective source strength used in
the model calculations. To the extent that plume transport times are less than might

be predicted with a model, the amount of isotope activity may be underestimated.

As indicated previously, more sophisticated models do not necessarily imply more
accurate results. However, it can be expected that a sophisticated model will be
better suited to a wide range of conditions than a simple model. To determine the
accuracy of a model or whether one model is significantly better than another requires
the use of detailed data collected during comprehensive field studies. These data are
used as input to various models, and results are compared with observations and
among models. This type of model evaluation should be required for all models used
to predict environmental transport of hazardous materials. MESODIF has not been

adequately evaluated in this manner.

3.2 Dose Assessment Models

Introduction

MESODIF is used at the INEL to calculate time-integrated concentrations of the
radionuclides in the atmosphere at ground-level for points located beyond the site
boundaries. Calculations are completed for both operational and episodic releases.
Dose assessment models are then needed to estimate the radiation doses received by

the members of the public as a result of identified routes of exposure.
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The dose assessment models generally consist of three parts:

1) Evaluation of the environmental transfer, leading to estimates of the
environmental concentrations of the radionuclides of interest in soil and in
foodstuffs;

2) Determination of the lifestyles and dietary habits of the populations exposed,
leading to estimates of intake for specific radionuclides; and

3) Determination of the dose per unit intake (dose coefficient) for specific
radionuclides and calculation of the radiation doses received by the exposed

population.

Description of the Model d INEL

In the IHDE report, doses were estimated for four routes of offsite exposure: 1)
external exposure from immersion in contaminated air; 2) external exposure from
radionuclides deposited on ground surfaces; 3) internal exposure from inhalation of

contaminated air; and 4) internal exposure from ingestion of contaminated foodstuffs.

Other routes of exposure were not modeled in the IHDE report but are considered in
the annual environmental reports (e.g., U.S. DOE 1991). For example: 1) inhalation
of radioactive materials resuspended into the atmosphere from contaminated soil at
the Radioactive Waste Management Complex (RWMC); 2) ingestion of meat from
game animals such as ducks which reside briefly upon liquid waste ponds, sage
grouse, and antelope that are contaminated onsite and killed for consumption offsite.
A route of exposure that is not considered in the IHDE or in the annual environmental

reports is the ingestion of contaminated soil.

The hypothetical individuals for whom the doses were calculated in the IHDE report
(adults, 10 year-old children, and infants 1 year-old or less) were assumed to reside
at the location near the INEL site boundary where the time-integrated concentrations

in ground-level air were highest for the year considered.
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The doses from environmental releases received onsite by INEL workers, construction
workers, security guards, or ranchers herding livestock have not been included in the
IHDE report.

In their estimates of the hypothetical doses received by offsite residents, the INEL
uses models and default parameter values for these models that have been accepted
by regulatory agencies. Uncertainty analysis is not performed. As shown later,
assumptions are made in order to ensure that the doses calculated are overestimated

for the routes of exposure that were considered.

Environmental Transfer Model by INEL

For the routes of exposure considered in the IHDE report and for INEL annual reports,
estimates of environmental concentrations are based on models developed by the NRC
and published as Regulatory Guide 1.109. Most of the parameter values in these
models are default values that imply conservatism (or tend to overestimate doses).
For example, in a comparison of the models used to calculate the contamination of
milk resulting from the Chernobyl accident, it was found that the NRC models usually

overestimated the measured concentrations in milk.

For external exposure from radionuclides deposited on ground surfaces and for internal
exposure from ingestion, the environmental concentrations of interest are those in soil
and in foodstuffs, respectively. In the case of external exposure from immersion in
air and for internal exposure from inhalation, the environmental concentrations of
interest are those in ground-level air, provided by the MESODIF model. Other routes
of exposure were ignored in the IHDE report because the INEL estimated that they
were less important than the ones that were considered (e.g., ingestion of meat from
game and range animals). The ingestion of contaminated soil was also not

considered.
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Lif le and Di Habi nsi INE

For the IHDE, the hypothetical individuals for whom the doses were calculated in the
IHDE were assumed to have: 1) resided at the same location for 50 years; 2) lived
in dwellings that provide minimal shielding against external radiation and that do not
provide any filtration of incoming air; and 3) consumed only agricultural products
(milk, meat, and produce, for example) that have been grown at the same location.

All of these assumptions are conservative.

D fficien INEL

The internal dose coefficients used in the IHDE report are those recommended by the
International Commission on Radiological Protection (ICRP) in its latest publications
on this subject (ICRP 1978-1981; ICRP 1988). For many radionuclides, the internal
dose coefficients depend on their chemical form. In the IHDE and in its annual
monitoring reports, the INEL assumed that the radionuclides present in the
environment were in the chemical forms that correspond to the highest dose factors.
The external dose coefficients for immersion in contaminated air assumed no
protection by buildings, and those for ground deposition assumed no vertical migration

or wash-off from ground surfaces during the 50 years following deposition.

Description of Other Model

For estimating annual releases of radionuclides and for estimating releases in the IHDE,
INEL used dose assessment models and parameter values that were deliberately
conservative in order to provide overestimates of doses. This is perfectly acceptable
in view of the purpose of the IHDE report. However, the tendency in dose
assessment is to use realistic models and to associate the estimated doses with error
estimates. Models for estimating radionuclides are also dynamic in character, i.e., the
parameter values can change as a function of time. An example of such a model is
PATHWAY, which was used by the U.S. DOE to estimate doses resulting from the
atmospheric bomb tests that were carried out at the Nevada Test Site (NTS). Other

realistic dose assessment models are FOODMARC, a model developed in the United
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Kingdom, and ECOSYS, a model developed in Germany, both of which were used to
estimate the doses resulting from the Chernobyl accident. Validation exercises of
.dose assessment models are now being carried out under the auspices of the
International Atomic Energy Agency. Some of the characteristics of realistic dose
assessment models, in comparison to those used by the INEL, are described below.
All transfer processes are considered and then incorporated in dose assessment
models for realistic conditions if they produce doses to humans. For example, a
realistic dose assessment model for the INEL would include the contamination of
ground surfaces through wet deposition, the resuspension of radionuclides from soil
into the air, the contamination of game and domestic animals that incorporate
radionuclides on the site, the contamination of groundwater consumed by workers,

and the ingestion of soil by children.

It is clear, in particular, that wet deposition processes (scavenging of radioactive
materials to the ground by rain or snow) deserve to be considered. Wet deposition
was ignored in the models used by the INEL because of the low annual precipitation
at the site. In its 1986 Environmental Monitoring Program Report (U.S. DOE 1987),
however, the INEL reported that fallout from the Chernobyl accident was greater in
southeastern Idaho than in most other parts of the continental United States because
of the slow drizzle that occurred during the passage of the radioactive cloud. This

fact alone justifies the inclusion of wet deposition processes in the INEL models.

The values for all model parameters were determined for the unique characteristics of
the site. For example, the pasture intake by cows was varied throughout the year
according to agricultural practices in the area, the interception factor took the standing
crop biomass into account, and the vertical migration of radionuclides deposited on

soil was considered as well.
The doses from external irradiation and from inhalation depend on the amount of time

spent indoors because buildings filter incoming air and because they shield occupants

from gamma radiation. Conservative models such as those used by the INEL lead to
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doses that are overestimated by a factor of about two for inhalation and of about five

for external irradiation.

The doses from ingestion can be very sensitive to the origin of the foodstuffs
consumed. People consuming milk from their backyard cow and eating vegetables
produced in their own garden are likely to receive higher doses than those who obtain
milk and vegetables from a supermarket. The degree to which the INEL model is
conservative can only be determined by surveying agricultural and commercial

practices in the region.

Dose coefficients are used to convert estimates of exposure to estimates of dose. For
external exposures, they depend on the morphology of the exposed person which is
correlated with age. The variability of dose with age is often ignored in view of the
much larger sources of uncertainty for other parameter values. The dose factors for
internally deposited radionuclides also depend on the age of the exposed person and
on the chemical form of the radionuclide. They are usually obtained from ICRP

publications.

Validation of INEL Models With Field Data

Extensive environmental monitoring programs and experiments were carried out at the
INEL. It seems that very little, if any, of the results have been used to determine
parameter values for environmental pathway models. For example, the CERT
experiments were conducted in the 1960’s for the purpose of investigating, in depth,
the deposition-cow-milk foodchain for '*'l. However, it is not clear whether

any of the results that were obtained in the course of those experiments have been

used in the models.

In the same way, after the Chernobyl accident radioactive contamination was
measured in air, precipitation, milk (backyard cows and dairies), sheep, and game

animals. Unfortunately, these measurements were not used to derive transfer factors
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specific for the INEL Site. Appendix E of the IHDE report attempts to compare the

calculated doses with those derived from measurements but fails to derive any

conclusion with respect to the dose assessment models.

3.3 Observations

1)

2)

3)

4)

MESODIF has been tested against a set of short-term data collected during
summertime conditions at the INEL. Generally, there is no clear indication that
the MESODIF model always produces conservative results. While the model
usually predicts the correct transport path (72 percent of the test cases were
correctly predicted), it appears to underestimate the area and degree of plume
impact (measured as the product of concentration and land area), and
radionuclide concentrations. In a comparison of long-term average '2°Sb air
concentrations measured offsite, MESODIF overestimated some, but not all, of
the observed levels. The overestimation of the '2°Sb levels may be related to

the lack of a deposition term (wet or dry) in the model.

An intercomparison between ten models, using the INEL tracer data, showed
that MESODIF did not appear any better or worse than other models. All of the
models agreed, within a factor of 2, with concentrations measured in
the far field (greater than 10 km) for only 60 percent of the time. In the far
field MESODIF did not appear any better or worse than other models.

The radiation doses reported in the IHDE report for the years prior to 1959
were calculated at the current site boundaries which were not established until

after 1959. Priorto 1959, the site boundaries were smaller than they are now.

NOAA is in the process of upgrading MESODIF and is also installing new
meteorological measurement systems. Upper-level winds will be measured on
a continuous basis and the new model will incorporate more details of the

vertical structure of the atmosphere in the calculations.
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5)

6)

7)

The dose assessment models include the most common pathways of exposure
to man but ignore the inhalation of radionuclides resuspended from soil into the
air, the ingestion of contaminated soil, and the ingestion of the meat from game
and range animals that incorporate radionuclides onsite. Also, the ground

contamination due to wet deposition (rain or snow) is not considered.

Traditionally, doses have been calculated for hypothetical individuals assumed
to reside at the offsite location near the INEL site boundary where the
time-integrated concentrations in air were highest. Doses received onsite by
INEL workers, construction workers, security guards, field researchers, or
ranchers herding cattle have not been modeled, and there are no alternate

estimates for these.

To estimate doses from the pathways considered, the INEL used models that
had been accepted by regulatory agencies, including the default parameter
values for these models. No uncertainty analysis was performed and
conservative assumptions were made in most cases in order to ensure that the
calculated doses were overestimated. However, these dose estimates were
based upon MESODIF air concentrations which were not necessarily
conservative, given the degree of underestimation observed in the model

evaluation study (see item 1 above).

3.4 Recommendations

1)

MESODIF should be further evaluated using both short-term and long-term data
sets for both the INEL and other facilities. The INEL data sets which should be
considered include the '*°Sb and °°Kr measurements, data from the SL-1
accident, and results from the ANP program. Non-INEL data such as the tracer
study conducted during 1991 at Rocky Flats provide an alternative for model
evaluation. Testing MESODIF with this type of data set will allow a formal

comparison to be made against other models currently in use.
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2)

3)

4}

In order to interpret previous results obtained with MESODIF, it is important to
provide complete documentation of past and current uses of MESODIF. It is
also very important that the updated version of MESODIF (or its replacement)
be fully documented and that the new model be made available to outside users

for review.

The new version of MESODIF should be rigorously evaluated with the data sets
described above. The evaluation should address both short- and long-term
averages, and the analysis should follow current model validation protocols.
The revised version of MESODIF should be evaluated against both observations
and other models. The revised model should also incorporate analyses of

uncertainty for its predictions.

With respect to dose assessment models, the main recommendation for future
studies is to use realistic models and to include rigorous analyses of
uncertainty. These models should be based on site-specific data and make use
of lifestyle and dietary habits that could be obtained through surveys. There
should also be better documentation of the process by which predictions of the
dose models were validated. Existing environmental monitoring data should be

evaluated for use in model validation.
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4.0 WATER MODELS USED AT INEL

4.1 Introduction

The INEL activities have impacted the aquifer through disposal of waste water by
injecting it into wells and releasing it into percolation ponds. Chemicals and
radionuclides have also leached into the aquifer from waste disposal sites. The SRPA,
in the area impacted by releases from the INEL, has been studied continuously since
the site was established in 1949. Because geologic and hydrologic characterization
of the aquifer has been extensive and has involved hundreds of monitoring wells and
the efforts of several agencies and research groups, a unique opportunity exists to
investigate changes in the aquifer over time. There is an extensive database on the
SRPA which helps define original baseline conditions, predicts contaminant migration
through time, defines the current conditions, and contributes to local and regional

modeling efforts.

The U.S. Geological Survey (USGS) has played the dominant role in research,
monitoring, and documentation. Several other groups, including state and federal
agencies and universities, have been involved in water quality research and
monitoring. A large quantity of data exists on water quality monitoring of various
contaminant plumes as well as the hydrologic, geologic, and geophysical nature of the
aquifer that underlies the INEL site and surrounding region. Application of a regional
transport model to the area of the SRPA underlying the INEL is complicated by the
non-homogeneity and anisotropy of the basalt flows and interbed formations. Three
dimensional modeling is a necessity to understand contaminant transport impacts, and
calibration of a model requires a thorough knowledge of vertical gradients and
hydraulic conductivities between flow systems. Although a significant amount of data
are available, a thorough analysis of the data is required to define the hydrogeologic

system.
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4.2 Models Used at the INEL

Groundwater models have been used at the INEL since computer modeling came of
age in the early 1970’s. The purpose of this chapter is to review surface and
groundwater models at the INEL, particularly as they relate to prediction of offsite
contaminant levels and dose evaluation. In developing this report, the subcommittee
reviewed available published reports, interviewed the USGS, the State of Idaho, the

INEL Oversight Program, and the contractor personnel.

rf Water Model
HEC 2, a stream water surface profile model, is utilized for flood runoff events to
design dike and flood facilities. The DAMBRK model is used to analyze hydrological
aspects of failure of Mackay dam and to assist in determining location and
management of infiltration of recharge to the aquifer. These models deal with surface
hydrology and hydraulics and do not relate to definition of the groundwater pathway
for contaminant transport. Location of recharge from flood events and subsequent
groundwater recharge need to be considered in evaluating historical groundwater

response and future modeling efforts.

Groundwater Models

The use of groundwater models at the INEL began prior to 1974 when the USGS
began using a two-dimensional transport and dispersion model to simulate the plume
of inorganics and radionuclides beneath the site and offsite (Robertson, 1974; Lewis
and Goldstein, 1982). This model is a two-dimensional finite difference model which
assumed a uniform 250 foot aquifer thickness, negligible aerial recharge, and uniform
transverse and longitudinal dispersivities. The model was used primarily to simulate
chloride and tritium plumes from injection wells used for waste disposal, a practice
which was assumed to have stopped in 1973. This model predicted that tritium
would reach the south INEL boundary in 1980. Tritium was detected in monitoring
wells at the south boundary in 1983. This model has not been updated, but the
USGS plans to construct a new model utilizing the USGS MODFLOW code. A solute-
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transport module for MODFLOW has been developed and is now in the testing and
documentation phase. A well calibrated and verified contaminant transport model can
be used to define areas of the aquifer where additional data are required, for
estimating horizontal and vertical contaminant plume migration in areas where
monitoring has not been conducted, and for predicting trends in contaminant levels

based on future hydrologic and contaminant flux scenarios.

Computer models of regional flows within the SRPA, including the INEL, have been
developed by the University of Idaho (de Sonniville, 1971; Newton, 1978) and the
USGS (Garrabedian, 1986). These models are small-scale flow models that do not
include transport routines and do not predict contaminant flow. They are useful,
however, in defining the general flow paths beneath the INEL with respect to the

Snake River and populated areas on the Eastern SRP.

Table 3 is a summary of groundwater flow and contaminant transport computer codes
used at the INEL. This summary, prepared by the INEL Oversight Program (Barrash,
December 1991, personal communication), follows this section. It outlines the
various computer codes, documentation, and references for each model used at the
INEL. Most of these models have been utilized by personnel at EG&G or by other
contractors for evaluating muitiphase fiuid flow, heat transfer, and mass transport in

both saturated and unsaturated porous and fractured media.

Much of the computer modeling has been performed in connection with evaluations
of projects such as the New Production Reactor (NPR) project. Several models such
as the Magnum-2D, CHAINT, TRACR3D, and others have been used at the INEL for
simulating plumes in the SRPA. It appears that at least seven groundwater flow and
transport models have been used or evaluated at the INEL for some purpose. Three
or four unsaturated flow models have also been utilized. Generally, groundwater
models have not been used at the INEL to evaluate the risk of offsite exposure to

radionuclides. The Robertson Model was used to predict offsite contaminant
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Ground Water Flow and Contaminant Transport Computer Codes used at INEL.

'lable 3
STATE OF IDAHO INEL OVERSIGHT PROGRAM

DRAFT

December 3, 1991

Agency

Code Name / Proprietor /
Contact / Verification /
validation

EG&G POREFLOM-30, v. 2.36

Analytical and Computa-
tional Research, Inc.

Akshaf Runchal

POREFLOW version 1.0 has
been extensively veri-
fied and benchmark test-
ed (Magnuson, et., al.,
1990). POREFLOW version
2.36 is an updated,
multifluid, muiltiphase
version of the orfginal
POREFLOW computer code,
Version 1.0,

Application / Prime User

FLUID FLOW, HEAT AND CONTAMI-

NANT TRANSPORT

Swen Magnuson, Subsurface and
Environmental Modeling Unit.

Runchal, A.X., and B. Sagar, 1991, POREFLOW: A Model of Fluid Flow, Heat, and Mass Transport

Code Documentation / Description / Selection Justification / Computing Environment

in Multifluid, Multiphase Fractured or Porous Media, User’s Manual, Version 2.36, Analytic
and Computational Research, Inc.

Versions of POREFLOW prior to Version 2.0 were denoted POREFLO.

POREFLOW is a computer code for solution of multiphase, fluid flow, heat transfer, and mass
transport in variably saturated porous or fractured media. The code uses nodal point
integration on a three-dimensfonal finfte difference grid and employs several solution
options such as ADI, conjugate gradient, etc. POREFLOW {8 written in FORTRAN 77, is
hardware {ndependent and uses FREEFORM command language input.

The code has been used at other DOE sites in similar studies, and several users at INEL are
very familiar with the code.

Requires a workstation or mainframe computer.
References:

S.0. Magnuson, R.G. Baca, A.J. Sondrup, 1990, Independent Verification and Benchmark
Testing of the POREFLOW-3 Computer Code, Version 1.0, EGG-BG-9175.

EG&G

NAGNUM-2D, ver.?:

Westinghouse Hanford
Operations, Richland, WA

(the INEL versfon of the
code is significantly
advanced and modified
from the original base
version).

R.G. Baca, R.C. Arpett

Validation and Verifica-
tion?:

2D SATURATED GROUND WATER FLOW

R.C. Arnett, Subsurface and

Environmental Modeling Unit.

england, R.L., N.W. Kline, K.J. Ekblad, R.G. Baca, 1985, "MAGNUM-2D Computer Codet User’s
Guide," RHI-CR-143 P, Rockwell Hanford Operatfons, Richland, WA

The MAGNUM-20 computer code was originally developed at the Hanford site for modelling
ground water flow in the vicinity of a high-level waste repository. The MAGNUM-2D code is
unique in that it can simulate ground water flow and/or heat transport in a two-dimensional
domain, f.e., radial or Cartesian system.

The MAGNUM-2D code uses a dual permeability approach to represent the hydraulic behavior of
a fractured porous media. The porous zones {n the domain are modeled using standard two-
and three-dimensional fsoparametric finite elements. Discrete fractures are modeled using
line elements which are embedded along the sides of the continuum elements. The code can be
used to produce transient and steady-state simulations of ground water flow.

MAGNUM-2D {s interfaced with support software that computes and plots: streamlines,
pathlines, travel times, velocity vectors, contours, profiles, and time histories.

MAGNUM-20 has been used in ground water modeling studies of plumes {n the Snake River Plain
aquifer. Reference?:

MAGNUM-2D {s written in FORTRAN (F-90) standard. Practical application of MAGNUM-2D
requires availability of a large mainframe or a high-end workstation.
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Ground

Water Flow and Contaminant Transport Codes (cont.)

December’ 3, 1991

Code Name / Proprietor /
Contact / Verification /

Application / Prime User

Code Documentation / Description / Selection Justification / Computing Environment

Agency
validation
EGAG

CHAINT, ver.?

Westinghouse Hanford
Operatfions, Richland, WA

R.G. Baca, R.C. Arnett

Validation and Verifica-
tion?:

2D GROUND WATER CONTAMINANT
TRANSPORT

R.C. Arnett, Subsurface and

Environmental Modeling Unit.

e =

Kline, N.W., R.L. England, and R.G. Baca, 1986, CHAINT Computer Code: Users Guide, RHO-CR-
144 P, Rockwell Hanford Operations, Richland, WA,

CHAINT {s a counterpart to the MAGNUM 2D computer code designed to simulate multicomponent
conteminant transport {n a ground water system. The code considers advection, diffusion and
dispersion, sorption, decay chains, and time varying mass release. CHAINT is limited to 20
systems. CHAINT uses the Galerkin finite element method to solve the transfent form of the
governing equation.

The CHAINT code utilizes a dual permeability approach to represent fractured porous medium.
The code can handle heterogeneous, anisotropic systems with networks of discrete fractures,
The porous zones in the domain are modeled using standard two-dimensional {soparametric
finite elements, {.e., triengles and quadrilaterals. Discrete fractures are modeled using
line elements which are embedded along sides of the continuum elements. In addition, the
code can accommodate a variety of inftfal and boundary conditions.

Primary outputs of the CHAINT code are contaminant concentrations and fluxes at specified
locations.

The CHAINT computer code has been recently used at INEL to model majJor contaminant plumes in
the Snake River Plafn aquifer (Baca, et. al., 1984); the code has also been applied to other
DOE sites. :

CHAINT {s written in FORTRAN (F-90) standard and {s operational on the CRAY supercomputer.
Practical applications of this code require availability of a large mainframe or a high-end
workstation, Support software for this code requires DISSPLA and GKSS graphic kernals.

A copy of the source code can be obtained directly from Westinghouss Hanford Operations in
Richland WA. The INEL version is significantly advanced and modified from the original base

version. This new versfon will be released after preparation and {ssuance of updated
documentation.

References:

Baca, R.G., R.C. Arnett, and D.W. Langford, 1984, “Modeling Fluid Flow in Fractured
Porous Rock Masses by Finite Element Techniques," International Journal of
Numerical Methods in Fluids, Vol. 4, pp. 337-348.
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Ground Water Flow and Contaminant Transport Codes (cont.)

December'a, 1991

Agency

EG&G

Code Name / Proprietor /
Contact / Verification /
validation

MAGNUM-3D, v. 4.0

Westinghouse Hanford
Operations, Richland, WA

(the INEL code {s sig-

nificantly advanced and
modified from the base

version).

R.C. Arnett
MAGNUM-3D has undergone

extensive verification
and benchmarking.

Application / Prime User

SATURATED GROUND WATER FLOW

R.C. Arnett, Subsurface and -

Environmental Modeling Unit.

Code Documentation / Description / Selection Justification / Computing Environment

Estey, S.A., R.C. Arnett, and D.B. Aichele, 1985, "User’s Guide for MAGNUM-3D: A Three-

Dimensional Ground Water Flow Numerical Model,"* RHO-BW-ST-67P, Rockwell Hanford Operations,
Richland, WA.

MAGNUM-3D is a finite element code designed to model saturated flow in fractured porous
media in 2D or 3D. 20 sheet elements are used for discrete zones or for strictly 20
problems and isoparametric hexahedrons or triangular prisms for three dimensional zones.
MAGNUM-3D is used in conjunction with FECTRA for contaminant transport problems.

Compatibility with unsaturated codes, sheet elements for use with discrete zones in basalt,
2 & 3D, substantial set of pre- and post-processors, can adjust to sftuations when transmis-
sivity enisotropy is not aligned with the coordinate system.

Requires a workstation or mainframe computer.

References:

Arnett, R.C., S.A. Estey, and D.B. Afchele, 1986, "Verification and Benchmarking of
the MAGNUM-3D Ground Water Flow Code", RHO-BW-ST-69P. Rockwell Hanford Operations,
Richland, WA.

97

EGRG

FECYRA, v. 2.0

Westinghouse Hanford
operations, Richland, WA

(the INEL version of
this code is signifi-
cantly advanced and mod-
ffied from the base ver-
sfon).

R.C. Arnett

FECTRA has been verified
and benchmarked to a
limited degree.

The FECTRA 3D code is
still under development
and will be available
after completion of code
verification, bench-
marking, and documenta-
tion.

2 & 30 GROUND WATER CONTAMI-
NANT TRANSPORT

R.C. Arnett, Subsurface and -

Environmental Modeling Unit.

User’s manual and code testing report is in preparation, scheduled for completion early in
FY 1992.

FECTRA fs designed to simulate contaminant migration through saturated, fractured, porous
medium. It simulates advection, dispersion, diffusion, decay, and retardation. Using a 2 &
30, finite element solutfon method, FECTRA {8 designed to be used with MAGNUM-3D., MAGNUM-3D
provides the advective flow field for FECTRA.

This code was selected because of its compatibility with MAGNUM-3D, it handles 2 & 30, it
has sheet elements to handle discrete zones, {s specifically applicable to INEL, it is
efficient, and is being used for other projects at INEL. References?:

Requires a workstation or mainframe computer.
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Ground

Water Flow and Contaminant Transport Codes (cont.)

December 3, 1991

Proprietor?:
R.G. Baca

The UNSAT-H code has
been verified using ana-
lytical solutions and
benchmark tested against
other independent codes.
Some limited comparisons
have been made against
field data.

Agency | Code Name / Proprietor / Application / Prime User Code Documentation / Description / Selection Justification / Computing Environment
Contact / Verification /
validation
EG&G FLASH, v. 2.6 FLUID FLOW IN ARID SITE VADOSE | FLASH was used in the verification and benchmark testing of the UNSAT-H computer code (Baca
20NES and Magnuson, 1990). FLASH was used also in the verffication and benchmark testing of the
Proprietor?: PORFLO-3 computer code (Magnuson, et., al., 1990). A technical report on the model theory,
R.G. Baca, Subsurface and numerical technique, and code testing is in preparation and {s expected to be issued in FY-
R.G. Baca Environmental Modeling Unit. 92.
The FLASH computer code The FLASH computer code is designed to model variably saturated flow in fractured porous
has been extensively medfa. The code uses a finite element technique to solve the governing equations for flow
verified and benchmark- and/or heat transport. The code uses line elements for discrete conduits and {soparametric
ed, triangles and quadrilateral elements for porous zones. The FLASH code is used in conjunc-
tion with the FLAME code.
Available codes were reviewed and found inadequate for use at INEL. Primary limitations of
existing codes were (1) {nadequate documentation, (2) unable to handle srid site conditions,
and/or (3) not applicable to fractured-porous basalt geology. Being used for other projects
at INEL. References?:
Requires a wdrkstation or mainframe computer.
References: ;
Baca, R.G., and S.0. Magnuson, 1990, Independent Verfification and Benchmark Testing
of the UNSAT-H Computer Code, Versfon 2.0, EGG-BEG-8811.
Magnuson, S.0., R.G. Baca, A.J. Sondrup, 1990, Independent Verification and Bench-
mark Testing of the POREFLO-3 Computer Code, Versfon 1.0, EGG-BG-9175.
EG&G UNSAT-H, v. 2.0 WATER BALANCE IN ARID SITE The model theory and user {nstructions are documented in Fayer and Jones (1990). Results of

VADOSE 20NE

R.G. Baca, Subsurface and
Environmental Modeling Unit.

code verification and benchmarking are presented in Baca and Magnuson (1990).

M.J. Fayer and T.L. Jones, 1990, UNSAT-H Versfon 2.0: Unsaturated Soil Water and Heat Flow
Model, PNL-6779.

R.G. Baca and S.0. Magnuson, 1990, Independent Verification and Benchmark Testing of the
UNSAT-H Computer Code, Version 2.0, EGG-BEG-8811.

The UNSAT-H code is designed to model soil-moisture dynamics in an arid site vadose zone.
The code solves the one-dimensional Richard’s equation. The code accounts for water flow by

gravity, capillarity, evapotranspiration, and uptake by plants. The code is very useful for
estimating the net infiltration rate into the soil.

A review of water balance codes indicates that UNSAT-H is the only code available that
models sofl-water flow as a function of meteorological conditions, evapotranspiration, etc.
The code {s being used at other DOE sites.

Requires a 80386 PC, 80486 PC, or workstation.
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Ground Water Flow and Contaminant Transport Codes (cont.)

Agency

Code Name / Proprietor /
Contact / Verification /
validation

Proprietor?:
R.G. Baca

The FLAME computer code
has been verified and
benchmarked to a limited
degree.

Application / Prime User

EG&G FLAME, v. 1.0 CONTAMINANT TRANSPORT IN ARID

SITE VADOSE 20NES

R.G. Baca, Subsurface and
Environmental Modeling Unit.

==

Code Documentation / Description / Selection Justification / Computing Environment

The FLAME computer code was only recently developed.
planned for completion in FY-92.

A technical report for the code is

The FLAME computer code is designed to predict contaminant migratfon through a varfably
saturated vadose zone., The code simulates advection, dispersion, diffusion, decay and

sorption. The code uses a finite element technique to solve the governing equation. The
FLAME code is used in conjunction with the FLASH code.

Available codes were reviewed and found to be lacking in varfous arees.

developed for specific application to the hydrogeology of the INEL site.
used for other projects at INEL. References?:

The FLAME code was
The code {3 being

Requires a workstation or mainframe computer.

EG&G

MINTEQ, v. Al

EPA-Athens Research Cen-
ter.

D.S. Brown

MINTEQ was verified dur-
ing development by com-
parison calculations
with WATEQ4. Validation
has only been conducted
for aqueous systems con-
taining Cu(1l), Pu, and
u.

EQUILIBRIUM OF ROCK/WATER
SYSTEMS

C.A. Dicke, Subsurface and
Environmental Modeling Unit.

Brown, 0.S., and J.D. Allison, 1987, MINTEQ A1, An Equilfibrium Metal Speciation Model:
User’s Manual. EPA-600/3-87/012, U.S. EPA, Athens GA.

Felmay, A.R., D.C. Garvin, and E.A. Jenne, 1984, MINTEQ: A Computer Program for Calculating
Aqueous Geochemical Equilibria. (NTIS PBB4-157148) EPA-600/3-84-032, National Technical
Information Service, Springfield, VA,

Peterson, S.R., C.J. Hostetler, W.J. Deutsch, and C.E. Cowan, 1987, MINTEQ Users Manual.
NUREG/CR-4804, PNL-6106, U.S. Nuclear Regulatory Commission, Washington, D.C.

MINTEQ is a geochemical computer code for predicting and evaluating the equilibrium of
inorganic pollutants in a variety of geochemical environments. The code can model the
complex equilibrium relationships among aqueous species, solids, gases, and adsorbed
species. The code can also be used to calculate the consequences of equilibrium mass
transfer between aqueous and solid phases.

The code is used at many DOE sites, is familiar to INEL users, and i{s capable of handling a
wide variety of geochemical problems.

Requires PC’s with 286 processors or greater, workstations, or mainframes.
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Ground Water Flow and Contaminant Transport Codes (cont.)

December 3, 1991

Agency

EG&G

Code Name / Proprietor /
Contact / Verification /
Validation

GRDFLX, ver.?:

U.S. Nuclear Regulatory
Commission

Contact?:

verification and valida-
tion?:

Application / Prime User

Code Documentation / Description / Selection Justification / Computing Environment

— e~ ——

GROUND WATER TRANSPORT AND
RADIOACTIVE DECAY

Art Rood, Subsurface and Envi-
roqmental Modeling Unit.

Documentation?:

GRDFLX consists of two models whose computational mechanics are quite similar though they
perform different tasks. Program GRND calculates the vertically averaged concentration at
points in a uniform aquifer of finite thickness with constant physical transport properties.
Program FLUX calculates the flux of radioactive liquid effluent passing a plane perpendicu-
lar to the ground water flow direction. Both models require most of the same input data
and are for horizontal area sources. The models are formulated as analytical solutions to
the equations of mass transfer for conservative substances {n porous media, Radioactive
decay {s treated separately from the transport computations.

Requires an IBM PC.

Reference:

Codell, R.B., K.T. Key, and G. Whelan, A Collection of Mathematical Models for
Dispersion in Surface Water and Ground Water, NUREG-0848, 1982.

EG&G

Codell NRC Surface Water
Codes

U.S. Nuclear Regulatory
Commission

Contact?:

Verification and valida-
tion?:

20 DISPERSION IN SURFACE WATER

Art Rood, Subsurface and Envi-
ronmental Modeling Unit.

Documentation?:

The codes STTUBE and TUBE are useful for two-dimensional dispersion of a continuous source
into a river after steady state has been attained. These codes require actual river cross
sections and roughness coefficients. RIVLAXK code is also used for dispersion in a river,
but the source may be efther steady or unsteady. The river channel must be of constant
width and depth.

Requires and 18M PC.

Reference:

Codell, R.B., K.T. Key, and G. Whelan, A Collection of Mathematical Models for
Dispersion in Surface Water and Ground Water, NUREG-0868, 1982.
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Ground Water Flow and Contaminant Transport Codes (cont.)

December 3, 1991

Verification and valida-
tion?

Agency | Code Name / Proprietor / Application / Prime User Code Documentation / Description / Selection Justification / Computing Environment
Contact / Verification /
Validation
EG&G Model Name?: STOCHASTIC REPRESENTATION OF Documentation?:
THE SUBSURFACE
version?: A stochastic model has been built, based on currently available data, that provides:
Christine Lee, Subsurface and 1) a statistically inferred data set from which a 3-D real{zation, or other
Proprietor?: Environmental Modeling Unit. representation of parameter values, may be generated,
2) an estimate of the expected error in the model,
Contact?: 3) the minimal data set necessary to generate a stable model of the subsurface
(i.e., how meny wells are necessary to develop a stable view of the subsurface
Verification and valida- characteristics?), and
tion? 4) a sensitivity analysis (i.e., where should new wells be placed?).
Based on data currently available, empirical statistical distributions have been generated
for each of 12-15 parameter (i.e., conductivity, porosity, flow depth, etc.) associated with
the subsurface. As a result, ft is possible to statistically infer parameter values for any
point in the basalt subsurface using well established statistical techniques.
[
The model is essentfally an expert system using empirical statistical distributions at key
points in order to generate statistically sound parameter values.
Computing Environment?:
EG&G Model Name?: FLOOO FLOW MODELING Documentation?:
Version?: Rich Martineau, Subsurface and | Developed own code for 1D flooding model, and developing own code for 20 flooding model.
Environmental Modeling Unit.
Proprietor?: Description?:
Contact?:
Verification and valida-
tion? Computing Environment?:
EGRG Model Name?: GROUND WATER SUSCEPTIBILITY AT | Documentation?:
COCA SITES
Version?: In-house code being developed. 1D, steady state ground water flow and transient chemical
Art Rood, Subsurface and Envi- | transport.
Proprietor?: ronmental Modeling Unit.
Description?:
Contact?:

Computing Environment?:

supagesil s




Ground Water Flow and Contaminant Transport Codes (cont.)

December 3, 1991

ver. 4.0
(TARGET2DH)

Dames and Moore, Inc.,
Denver, CO

Joanna Moreno or Peter
Sinton

Verification and Valida-
tion?:

nant Transport

Anticipated User?:

Agency | Code Name / Proprietor / " Application / Prime User Code Documentation / Description / Selection Justification / Computing Environment
Contact / Verification /
validation
—————=
EG&G Model Name?: FLUID FLOW FROM FAILED CON- Documentat{ion?:
CRETE STRUCTURES
Version?: Developing own code.
John Walton, Subsurface and
Proprietor?: Environmental Modeling Unit. Description?:
Contact?:
Verification and valida-
tion? Computing Environment?:
EG&G Van der Camp SLUG TESTS Documentation?:
Version?: Allan Wylie, Quantitative Description?:
Hydrology Unit.
Proprietor?:
Contact?:
Computing Environment?:
verification and Valida-
tion?
EG&G HEC 1 and HEC 1] (sp?) FLOOD FLOW MODELING Documentatfion?:
Version?: Joe Zukauskas, Waste Manage- Trying to define maximum flood wave for engineering aspects, r.e., RWMC.
ment Unft
Proprietor?: Description?:
Contact?:
Verification and Valida-
tion? Computing Environment?:
EG&G TARGET 2D HORIZONTAL, Ground Water Flow and Contami-

Dames and Moore, Inc., October, 1985, User’s Guide to TARGET_20H, 27 p.

This TARGET code is for modeling two-dimensional, vertically integrated, confined/un-
confined, ground water flow and contaminant transport.

This code has been proposed for use in modeling ground water flow and contaminant transport
in the perched water zone beneath TRA.

The TARGET_20H code {s prepared for 80386- or 80486-based microcomputers using UNIX or
extended-memory DOS operating systems.
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Ground Water Flow and Contaminant Transport Codes (cont.) Decembef 3, 1991

Agency

Code Name / Proprietor /
Contact / Verification /
validation

EG&G

TARGET 2D UNSATURATED,
ver. 4.0
(TARGET20U)

Dames and Moore, Inc.,
Denver, CO

Joanna Moreno or Peter
Sinton

Verification and valida-
tion?:

Application / Prime User

Ground Water Flow and Densfty-
Coupled Contaminant Transport

Anticipated User?:

Code Documentation / Description / Selection Justification / Computing Environment

Dames and Moore, Inc., October, 1985, User’s Guide to TARGET_20U, 28 p.

This TARGET code is for modeling two-dimensional, variably saturated, density coupled,
ground water flow and contaminant transport.

This code has been proposed for use in modeling ground water flow and contaminant transport
in the perched water zone beneath the TRA.

The TARGET_20U code is prepared for 80386- or 80486-based microcomputers using UNIX or
extended-memory DOS operating systems.

EG&G

PLOTARZ2D, ver. 4.0

Dames and Moore, Inc.,
Denver, CO

Joanna Moreno or Peter
Sinton

Verffication and valida-
tion?:

Plotting Programs for TARGET
2D Models

Anticipated User?:

Demes and Moore, Inc., September, 1985, User’s Guide to PLOTAR_2D

PLOTARZD {s a plot programs which permits the graphical representation of results as
generated by a 2-dimensional TARGET ground water code. Both contours of scaler variables
and vector representations of velocity are possible.

The PLOTAR2D code {s prepared for 80386- or 80486-based microcomputers using UNIX or
extended memory DOS operating systems.

EGRG

POSTAR2D, ver.?:

Dames and Moore, Denver

Joanna Moreno or Peter
Sinton

Verification and Valida-
tion?:

Post Processors for TARGET 2D
Models

Anticipated User?:

Documentation?:

POSTAR is designed to assist in the analyses of results of TARGET ground water flow and
solute or heat transport modeling studies. The capabilities of these post-processors are:
- Calculation of time histories of flows of water, solute, or heat energy through

individual nodes or lines of nodes.

- Calculation of fluxes of water, solute, or heat energy through each model boundary.

- Calculation of fluxes of water, solute, or heat energy through all model fixed head
nodes.

- Plots of time histories of water head, solute concentration, or temperature at model
nodes.

- Plots of fluxes of water, solute, or heat energy against distance along any chosen

Line of nodes.

- Plots of time histories of fluxes of water, solute, or heat energy through nodes or
lines of nodes.

Computing Environment?:
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Ground Water Flow and Contaminant Transport Codes (cont.) December’a, 1991

Agency | Code Name / Proprietor / Application / Prime User Code Documentation / Description / Selection Justification / Computing Environment
Contact / Verification /

validation

WINCO | TRACR3D, ver.?: GROUND WATER FLOW AND CONTAMI- | Used to model ground water flow and contaminant transport in the unsaturated vadose zone and
NANT TRANSPORT (3D, finite saturated aquifer zone (Thomes, Chipman, and Berreth, 1986). Flooding was modeled to
Los Alamos National Lab- difference, isothermal code) represent a transient water flow and rainfall over several thousend years, a steady-state
oratory water flow. Radionuclides which completely leach out in the first few years of rainfall
Tom Thomas, Technical Depart- represent a transient contaminant flow whereas the highly {nsoluble radionuclides represent
B.J. Travis ment a steady-state contaminant flow. The vadose zone was modeled as consisting of a top layer
of alluvium, five interbeds, and six layers of basalt; the aquifer consisted of one layer of
Verification and valida- . basalt.,
tion?:

Radionucl ides modeled were Se-79, Sr-90, Tc-99, Cs8-135, and Am-241. It was assumed that the
behavior of Cs-137 would be similar to Sr-90 and the behavior of Am-243, Pu-239, and Pu-240
would be similar to Am-241 based on solubilities, sorption coefficients, and half-l{ves.

References:
Robertson, J.B., May, 1974, Digital Modeling of Radioactive and Chemical Waste
Transport in the Snake River Plain Aquifer at the National Reactor Testing Station,

Idaho, U.S. Geological Survey National Reactor Testing Station Open-File Report,
100-22054.

Robertson, J.B., January, 1977, Numerical Modeling of Subsurface Radiocactive Solute

Transport from Waste - Seepage Ponds at the ldaho National Engineering Laboratory,
100-22057.

Travis, B.J., May, 1984, TRACR3D: A Model of Flow and Transport i{n Porous/Fractured
Media, LA-9667-MS

Thomas, T.R., Chipmen, N.A., and Berreth, J.R., 1986, Impact of Rain, Flood, and
River Water on Potential Near-Surface Disposal of High-Level Radioactive Waste at
the Idaho Chemical Processing Plant; Westinghouse 1daho Nuclear Company, Inc., ldaho
Falls, Idaho; WINCO-1042

Thomas, T.R., 1988, Modeling Hypothetical Ground Water Transport of NO3Cr and Cd at
the ICPP, WINCO report #1060.

Thomas, T.R., 1991, Solute Transport Benchmark Studies for TRACR3D Code Verifica-
tion, WINCO report #1083,

Thomas, T.R., J.A. Del Debbio, 1988, Fitting the Corrective Dispersive Solute
Transport Equation to Soil Column Effluent Data, WINCO report #1053.

Thomas, T.R., J.A. Del Debbio, 1989, Transport Properties of Radionuclides and
Hazardous Chemical Species in the Soils at 1CPP, WINCO report #1068.

Computing Environment?:
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Ground Water Flow and Contaminant Transport Codes (cont.)

December '3, 1991

Agency

WINCO

Code Name / Proprietor /
Contact / Verification /
validation

Application / Prime User

Code Documentation / Description / Selection Justification / Computing Environment

DAMBRK, ver.?:
National Weather Service
D.L. fread

Verification and Valida-
tion?:

HYDRAULIC ROUTING MODEL

Tom Thomas, Technical Depart-
ment

Thomas, T.R., Chipman, N.A., and Berreth, J.R., 1986, Impact of Rain, Flood, and River Water
on Potential Near-Surface Disposal of High-Level Radioactive Waste at the ldaho Chemical
Processing Plant; Westinghouse ldaho Nuclear Company, Inc., ldsho Falls, ldaho; WINCO-1042

Used to model the combined consequences of maximum precipitation {n the Big Lost River
drainage area and a failure of the Mackay Dam located on the Big Lost River about 70 km
northwest of ICPP, The flood wave from this scenario was calculated and routed through the
downstream valley to determine the maximum flooding potential near ICPP. The DAMBRK code
solves equations of continuity and momentum conservation in one dimension.

References:

Fread, D.L., July 18, 1984, DAMBRK: The NWS Dam-Break Flood Forecesting Model,
office of Hydrology, National Weather Service, Silver Spring, Merylend.

Computing Environment?:

V4

UsGs

MODFLOM, ver.?:

Proprietor: Public Do-
main

Contact: Brennon Orr

validation and Verifica-
tion?:

GROUND WATER FLOW AND CONTAMI-
NANT TRANSPORT

pan Ackeriman and Brennon Orr

s ]

McDonald, M.G., A.W. Harbaugh, 1988, A Modular Three-Dimensfonal Finite Difference Ground
Water Flow Model, in Techniques of Water Resources Investigations of the United State
Geological Survey, Book 6, Modeling Techniques, Chapter Al.

MODFLOW is a modular quasi-three-dimensional finite-difference model for solving the
saturated ground water flow equation. Ground water flow {8 simulated using a block-centered
finite difference approach. The equations can be solved using efther the Strongly Implicit
Procedure or the Slice Successive Overrelaxation method.

The modular structure of the code consists of a number of independent packages that deal
with the hydrologic system to be simulated such as wells, areal recharge, evapotranspira-
tion, drains, and streams. Layers within the aquifer can be simulated as confined,
unconfined, or a combination of the two. MODFLOW fncludes a variety of options for source
terms, input/output, boundary conditions, and time dependent data. The code is also
interfaced with pre- and post-processors to afd {n the input and output.

Dan Ackerman is looking at integrating the work that Steve Anderson has done on the
volcanic/sedimentary sequence with his work on transmissivity and trying to develop a model
based on MODFLOW that will simulate ground water flow and contaminant transport at INEL.

Brennon Orr is working on building up input data and modifying MODFLOW to simulate ground
water flow and contaminant transport in perched water systems st INEL.

MOOFLOW is written fn FORTRAN 77 and will run without modification on most computer with a
FORTRAN 77 compiler.

= Pade, wll, =



Ground Water Flow and Contaminant Transport Codes (cont.)

Agency

USGS

Code Name / Proprietor /
Contact / Verification /

validation

Application / Prime User

vs2D, ver.?:
Proprietor?:
Contact?:

validation and verifica-
tion?:

20 VARIABLY SATURATED GROUND
WATER FLOW

John Pittman

Code Documentation / Description / Selection Justification / Computing Environment

Documentation?:

Description?:

John Pittman is building up data from the USGS test trench near the RWMC to be used in a
VS§2D0 (varfably Saturated Two Dimensfonal) model simulating unsaturated zone transport.

Computing Environment?:

g§

December 3, 1991
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concentrations for current and future and operating conditions of injection wells at the
ICPP. A comparatively simple groundwater model was used at EG&G for the
environmental assessment of fuel processing restoration at the INEL (EG&G-Idaho,
1987).

Groundwater Model Simulations

Groundwater flow and contaminant transport models are simulation tools that assist
in evaluating and understanding flow systems. The use of groundwater models for
offsite predictions of contaminant levels is not the most reliable procedure. Proper
use of a model helps determine the validity of aquifer parameter values, points out
anomalies in assumed or measured flux values, and provides estimates of projected
values of flow or contaminant concentrations. They are most useful for filling in
spatial gaps in monitoring data, bridging time gaps in observed data, and flagging
inconsistent data. They can also be used, with caution, to extend estimates of

contaminant levels beyond the boundaries of measured data.

Models are calibrated and verified using measurements made within the spatial and
temporal boundaries of the model. The credibility of extrapolating beyond the
measured boundaries depends on the degree to which modelers are certain about
aquifer parameters and water level data beyond the boundary. At the INEL, the
USGS aquifer model is based on 161 observation wells in the SRPA. While this is a
dense network compared with the remainder of the SRPA, there are still spatial gaps
in the network relative to specific sites and activities. An updated USGS groundwater
model could assist in evaluating the need for new observation wells in the existing

network.

Additional data and information necessary to develop a credible transport model

include:
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1) Better determination of the geologic system including classification of flow
systems or similar groups of basalt flows;

2) Increased definition of the influence of depth on hydraulic head and basait
flows;

3) Definition of hydraulic conductivity and storativity among modeled zones,
especially at large depths;

4) Definition of transverse and longitudinal dispersivities; and

5) Treatment of fracture flows.

The USGS, which is charged with the primary monitoring and evaluation of water
quality in the aquifer, does not have an updated operational groundwater flow and
contaminant-transport model. There are adequate computer codes available which
could be applied to the geologic and water quality data that are now available. The
solute transport model for MODFLOW is in the testing and documentation phase. It
is estimated that this work will be completed in 1994. The additional geologic,
hydrologic, and water quality data available will support the development of a new
model and improve the confidence in predictive capabilities. Development of this

model is in the current USGS five-year plan.

4.3 State Oversight Program Water Quality Model Evaluations

The State of Idaho INEL Oversight Program is conducting an evaluation of
groundwater models used at the INEL by different agencies. The purpose is to gain
familiarity with, and confidence in, operating groundwater models used for specific

research or investigative purposes.

The INEL Oversight Program is not developing new groundwater transport models.
Rather, the program is attempting to secure computer codes and computer capability
to evaluate existing programs, reproduce results, and evaluate adequacy of data sets

used for each model.
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The INEL Oversight Program also conducts research on the unsaturated zone through
programs and contracts with the University of Idaho. These projects will examine the
interaction between surface water and groundwater on the INEL site and evaluate

applicable vadose zone models.

4.4 Groundwater Data

Most of the groundwater data for the early years of operation at the INEL were
obtained by the USGS. They compose the largest single groundwater data set in
Idaho. Some of the data collected before 1987, although collected under established
procedures for that time, lack documentation of Quality Assurance and Quality Control
(QA/QC) procedures (L. Mann, W. Barrash, personal communication). Some of the
early water quality data in the Atomic City and Mud Lake areas have specific
anomalies which need further evaluation. More recent data have been collected under
improved QA/QC procedures by USGS, contractors, research personnel, the
Radiological and Environmental Sciences Laboratory (RESL), INEL Oversight personnel,
and ldaho State University. Generally, these data are not easily accessible and some

may not have been collected under rigid QA/QC procedures.

The technology for water quality data acquisition and analysis has vastly improved
since its first use at the INEL. Analysis of temporal trends and health risks shouid
benefit from these changes. The historical data should be scrutinized and the
procedures for quality control, outlier identification, establishing minimum detection
levels, and laboratory analyses should be documented and included in a central
database. These data should be catalogued as to location, type, and magnitude; and
exclusion criteria for new data should be developed. This database should be

accessible to all users.

The cooperative Environmental Data Management Systems (EDMS), organized by the
State of Idaho INEL Oversight Program and Groundwater Quality Program and

managed by the Idaho Department of Water Resources, would be an appropriate
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program for compiling the comprehensive database. The U.S. DOE is also pursuing
a separate data consolidation program which could evolve into a site-wide data
system. Both the State and the U.S. DOE data consolidation efforts should be

coordinated and aggressively pursued.

4.5 Recommendations

Although the U.S. DOE does not consider ground and surface water pathways to be
significant contributors to offsite radiation dose, longstanding public concern over the
aquifer requires that this issue be explored thoroughly. Ample documentation on the
condition and nature of the SRPA exists and should be treated comprehensively, both
in summarizing current information and for developing future research needs. The
panel found that existing water quality data, historical contamination sources, and
data on aquifer characteristics exist in various agency or organizational files but not
in any single accessible data base. A concerted effort should be made to enhance the
water quality monitoring, hydrologic data base<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>