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DISCLAIMER

Ihis report was prepared as an account of work sponsored by an agency of the
United States Government. Neither the United States Government nor any agency
thereof, nor any of their employees, not any of their contractors, sub-
contractors, or their employees, makes any warranty, express or implied, or
assumes any legal liability or responsibility for the accuracy, completeness,
or usefulness of any information, apparatus, product, or process disclosed, or
represents that its use would not infringe privately o»wned rights. Reference
herein to any specific commercial product, process, or service by trade name,
trademark, manufacturer, or otherwise, dces not necessarily constitute or
imply its endorsement, recommendation, or favoring by the United States
Government or any agency, contractor, or subcontractor thereof., The views and
opinions of authors expressed herein do not necessarily state or reflect those
of the United States Government or any agency, contractor or subcontractor
therenf.
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SURVEY QUESTIONNAIRE

The following document is the result of a mail survey using a questionnaire similar 1o the one presented below.
| Without periodic update, due 1o new and expanding modeling efforts, this docwnent may soon be obsolese.
Therefore, in order 10 keep this living document a constami source of pertinent information it is important that we
receive any additional information regarding models used in the field. Please advise us of any additional models, .
updated versions and/or novel applications. If you can furnish the awthors with any of this information or have any
comments regarding the accuracy of the information contained herein, please take the time 1o compleie this survey.

RADIOLOGIC AND NONRADIOLOGIC ENVIRONMENTAL TRANSFER/PATHWAY

COMPUTER MODELING ACTIVITIES
Name of Respondent; Title:
Organization:
Street
City: State: Zip Code:

Telephone (Commercial)

Site type (E.G., EPA Superfund, DOE Defense, NRC Commercial Nuclear Facilities):

Media impacted (i.e., groundwater, surface water, soils, or structures):

Name of Code (e.g., PRESTO) implemented and literature reference:

Code prepared by:

Code prepared for:

Status of modeling efforts (planned, ongoing, or completed):
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Radioisotopes and nonradiologic contaminants evaluated:

End-points evaluated (e.g., environmental concentration, dose comuitment):

Level-of-effort expended or planned (man-months):

Have you conducted any site-specific model calibration/validation efforts: If so please briefly describe
the nature of these efforts:

Have the results of these modeling and calibration/validation efforts buen published? If so where?

Other cornments:

Paul D. Moskowitz

Environmental Health Scientist

Biomedical and Environmental Assessinent Group
Building 475

Brookhaven National Laboratory

Upton, New York 11973
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ABSTRACT

Massive efforts are underway to cleanup hazardous and radioactive waste sites located
throughout the U.S. To help determine cleanup priorities, computer models are being used to
characterize the source, transport, fate and effects of hazardous chemicals and radioactive
materials found at these sites. Although, the U.S. Environmental Protection Agency (EPA),
the U.S. Department of Energy (DOE), and the U.S. Nuclear Regulatory Commission (NRC)
have provided preliminary guidance to promote the use of computer models for remediation
purposes, no Agency has produced directed guidance on models that must be used in these
efforts. As a result, model selection is currently done on an ad hoc basis. This is
administratively ineffective and costly, and can also result in technically inconsistent decision-
making. To identify what models are actually being used to support decision-making at
hazardous and radioactive waste sites, a project jointly funded by EPA, DOE and NRC was
initiated. The purpose of this project was to: 1) Identify models being used for hazardous and
radioactive waste site assessment purposes; and 2) describe and classify these models. This
report presents the results of this study. A mail survey was conducted to identify models in
use. The survey was sent to ~550 persons engaged in the cleanup of hazardous and radioactive
waste sites; 87 individnals responded. They represented organizations including Federal
Agencies, national laboratories and contractor organizations. The respondents identified 127
computer models that were being used to help support cleanup decision-making. There were a
few models that appeared to be used icross a large number of sites (e.g., RESRAD). In
contrast, the survey results also suggested that most sites were using models which were not
reported in use elsewhere. Information is presented on the types of models being used and the
characteristics of the models in use. Also shown is a list of models available, but not

identified in the survey itself.
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1. INTRODUCTION

Massive efforts are underway to cleanup hazardous and radioactive wastes fuund at
contaminated sites throughout the U.S. [e.g., U.S. Environmental Protection Agency (EPA)
.superfund Sites and the Nuclear Regulatory Commission (NRC) decommissioning sites.] The
nature and extent of cleanup to be accomplished at many of these sites will be based on initial
studies [e.g., Remedial Investigation/Feasibility Studies (RI/FS)] resulting from formally or
informally negotiated agreements between the site and the governing Agency. In these
evaluations, models (e.g., computerized environmental pathway or erigineering) are often used
to characterize the source, transport, fate and effects of hazardous chemicals and radioactive
materials identified at the sites. The models may also be used to characterize benefits of
alternative remediation options.

The EPA (e.g., USEPA, 1988, 1989a, 1989b), the U.S. Department of Energy (DOE)
(e.g., Case et.al., 1989) and NRC (e.g., Kozak, 1989, 1990a, 1990b) have begun preliminary
efforts to promote the consistent use of models for site evaluation purposes at Superfund
hazardous waste sites and low-level radioactive waste repository sites, respectively, No
Agency, however, has published specific, standard protocols to be used as guidance for the
selection of models to be used at these or NRC decommissioning sites. Further, no Agency
has produced lists of "certified” models for selected applications (e.g., uranium in ground
water). As a result, model selection by site Remedial Project Managers (RPMs), their
equivalent, is done on an ad hoc basis. Because of this, RI/FS-type efforts with similar
problems can be based on different models with different outcomes. Some of the selected
models are well known and have been subjected to wide-spread critical review. Others have
been developed for site-specific applications and have not received outside evaluation.
Consequently, Agency review of model choice and validity of the results must be done on a
site-by-site basis, This is administratively ineffective and costly, and can result in inconsistent

decision-making.
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To assist EPA, DOE, NRC and site-level personnel (e.g., On-Scene Coordinators or
RPMs) select appropriate models for RI/FS-type studies and administrators to review these
submissions, this report: Identifies, through the use of a mail survey and a literature review,
models being used for hazardous and radioactive waste assessment purposes at EPA
Superfund, DOE, NRC and other hazardous and radioactive waste sites; and, describes and

classifies these models according to their basic characteristics.

2. THE SURVEY

A mail survey was conducted to identify radiologic and nonradiologic environmental
transfer or pathway computer models which have been used or are being used to support the
cleanup of hazardous and radioactive waste sites. The intent of the survey was to gather basic
administrative and technical information on the extent and type of modeling efforts being
conducted at EPA, DOE, NRC and other hazardoussand radioactive waste sites, and to identify
a point of contact for further follow-up. The survey questionnaire is shown in Table 1.

The survey was conducted in two phases: The first in the Spring of 1990; and, the
second in the Summer of 1991. Mailing lists were developed by compiling names and
addresses provided by EPA, DOE and NRC staff, and selecting names from various technical
reports. The lists included representatives from the three sponsoring Agencies, national
laboratories, universities and consulting engineering firms. The first questionnaire was mailed
to -350 persons; the second questionnaire was sent to an additional -200 persons.

Although the questionnaire received widespread distribution, we know that some
important organizations (e.g., U.S Geological Survey) or personnel engaged in modeling at
hazardous and radioactive waste sites were not contacted. Also, because respondents were
asked to participate in this effort on a voluntary basis, it possible that other ongoing modeling

efforts were not reported. The survey, however, attempted to develop a "snapshot”
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Table 1. Mail Survey Questionnaire

RADIOLOGIC AND NONRADIOLOGIC ENVIRONMENTAL
TRANSFER/PATHWAY
COMPUTER MODELING ACTIVITIES AT EPA/DOE/NRC SITES

Prepared for

Office of Radiation Programs
U.S. Environmental Protection Agency

Office of Environmental Restoration and Waste Management
U. §. Department of Energy

Office of Nuclear Material Safcg and Safeguards
U. S. Nuclear Regulatory Commission

Name of Respondent: Title:
Organization:

Street:

City: State: Zip Code:
Telephone (Commercial):

Site type (€.8.» EPA SUPERFUND, DOE Defense, NRC Commercial Nuclear
Facilites): . |

Media impacted (i.¢., groundwater, surface water, soils, or structures):
MName of code (e.g., PRESTO) implemented:

Code prepared by:

Code prepared for:
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Status of modeling efforts (planined, ongoing, or completed):

Radioisotopes and nonradiologic contaminants evaluated:

End-points evaluated (e.g., environmental concentration, dose commitment):
Level-of-effort expénded or‘plarmed (man-months):

Have you conducted any site-mmiﬁc model calibration/val'dation efforts: If so, please
briefly describe the nature of these efforts:

Have }t)he results of these modeling and calibration/validation efforts been published? If
so, where:

Other comments:

PLEASE RETURN COMPLETED QUESTIONNAIRE TO:

Paul D. Moskowitz

Favironmental Health Scientist

Biomedical and Envitonmental Assessment Group
Brookhaven National Laboratory

Upton, New York 11973

(516 282-2017) (FTS 666-2017)

il
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perspective of a dynamic, rapidly changing community of sites, models, .';nd responsible
parties (e.g., modelers and RPMs). In this context, we believe the list of respondents and
models identified should be illustrative of those involved in the cleanup of hazardous and

radioactive waste sites.

3. MODEL CLASSIFICATION SCHEME

While the Survey was being conducted, we concluded early-ois that a classification
scheme would be needed to organize the discussions on modeling capabilities due to their wide
range of focus. One way to classify models is according to their major purpose (e.g.,
environmental transport, accidents etc.). Another common way to classify models is by the
environmental media they simulate (e.g., air, soil, surface water or ground water). Models
could also be broken down into those groui)s which simulate only the physical transport of a
contaminant through air, soil or water; and those which follow the contaminant through the
food chain to man, producing estimates of dose or risk. A classification scheme based on a
combination of these categories is used here.

The major cét.egories used in this report are:

1. Multi-Media;
Air;
. Surface Water;
. Ground Water,
. Aqueous Geochemistry;
. Engineering/Performance/Accident;,

. Radiation Dose;

GO\]O\LA&UJS\)

. Utilities (Model Support Software).



The firsi four classes of models are concermed with the transport and fate of hazardous
and radioactive materials in the environment, In the first class, Multi-Media models, some
attempt is made to integrate several possible media (e.g., air, ground water, food chain, etc.)
into one simulation. Subclasses within the first group include Hazard Ranking, Radioactive
Fate and Transport, General Purpose and Food Chain. Hazard Ranking models rank waste
sites based on the risks they may present to the public; the numbers produced by these models
are used relative to each other, and are not used to estimate risk at individual facilities. In
contrast, Radioactive Materials Fate and Transport, and General Purpose models provide an
estimate of the environmental transport, exposure and risk presented by releases of radioactive
materials or other types of pollutants, respectively.

Transport models predict the physical movement of contaminants through one media
(e.g., air, surface water and ground water). Air models sometimes include consideration of
other pathways (e.g., soil deposition and agricultural uptake). Similarly, many surface water
models evaluate unsaturated-zone transport of water. This report, however, groups models as
air, surface or ground water on the basis of their primary focus, rather than their pcential
applications or ancillary use.

The other four classes of models are used for more-specific purposes. Aqueous
Geochemical and Hydrogeochemical models attempt to establish the relative abundance or
concentration of various contaminant species. Geochemical models are often used to predict
whether a given dissolved pollutant will be precipitated during transport in a stream or ground
water; or conversely, whether a solid pollutant might be dissolved under certain aqueous
conditions,

The group of models classified as Engineering/Performance/Accident models evaluate
safety and the potential for contaminant transport based on an analysis of human-engineered
structures. Engineering models calculate volumes, slopes or stresses of engineered or natural
structures.  Accident models estimate the transport and ultimate effects of radionuclides

released during an accident in a nuclear reactor. Performance models assess the capability of
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engineered structures meant to isolate waste from the environment; models designed to assess
the risk associated with‘ releases from landfills and other engineered facilities; and models used
to estimate the levels of contaminants that can remain after cleanup based on environmental
transport and risk information.

Radiation dose models determine the amount of shielding needed in a radiation area, or
calculate radiation dose from radioactive substances transported through the environinent as
established by the use of other transport models. The last category, Utilities, includes software

which supports or enhances the use of the aforementioned classes of models.

4, SURVEY RESULTS
4.1  Responses

A total of 87 individuals responded; 61 in Phase 1, and 28 in Phase 2 (two individuals
responded to both surveys). The persons and organizations responding to the survey are listed
in Table 2, along with the models identified by each respondent. Model application responses
were received from individuals, both modelers and division heads supervising a group of
modelers, representing 38 different companies, facilities or Agency Offices. In total, these
respondents identified 127 different models.

Some of the organizations responding to the survey are DOE National Laboratories
with strong research and development programs; and, a few of the models identified were
developed by the respondents and applied at other sites. To the extent allowed by the
information provided in the questionnaire, these development responses are not included in the
analysis of the survey responses. The information provided, however, has been used in
preparing Appendix A which gives a brief description of each of the models identified in the

survey, including the sponsoring agency, a description of the model, and relevant references.
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Data from the survey allows for an analysis of both the type and numbers of unique
models identified, as well as the number of model applications falling into a given category.
Some models are used at many sites, particularly in the DOE community. In contrast, the
survey also suggests that most sites were using models which were not reported in use
elsewhere. Table 3 alphabetically lists the reported models. This Table also presents primary
literature refersnces for most of the models and gives a quick indicator of the model type
(e.g., air and ground water). Finally, the Table indicates whether the model can be used for
radioactive substances and whether it is a detailed or screening-level model. Codes used for
the purpose of modeling ‘non~radioactive substances were included in this table because such
mode:s are often used for radioactive materials with very iohg half-lives (e.g., K-40) relative
to their transit time. |

Table 4 lists the site type at which each model was applied (see section 4.2) as well as
which contaminants were being modeled at the site, the end-points of ‘the modeling effort (see
section 4.7), and the amount of time needed to complete this effort (see section 4.5). Finally,
the Table shows whether the model has been calibrated/validated at the site and whether these

results have been published (see sections 4.6 and 4.8, respectively).

4.2  Site Type

§

In Figure 1 the types of sites (e.g., DOE Defense, EPA Superfund) under investigation
are summarized. By far the largest representation is from DOE-related sites. These account

for more than 75% of the reported site-types.
4.3  Sponsoring Agency

As Table 5 indicates, many of the models identified were developed by or for EPA
(e.g., AIRDOS, RISC, PRESTO, RADRISK), DOE (e.g., BIOTRAN, MEPAS, RESRAD,
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TABLE 5 - Modei—Sponsoring Agency

Department ot Enerqy

ARCL FEMWATER/FEMWASTE MAT123D

BIOTRAN GENI PORFLO

CFEST HARM -1} PORMC-3

DECHEM ISOSHLD RHS—LC

CITTY LTSAMP RSAL

DOSES MEPAS SUMD

DOSTOMAN ML CODE TRACR3D

EQ3/6 RESRAD

Environmental Protection Agency

AIRDCS (~EPA, ~PC, MICRO-) INPUFF

CAP-88 ISCST,LT

CHARM MINTEQ

COMPLY PATHRAE (—EPA,—HAZ)

CREAMS PRESTO

DARTAB RADRISK

HELP SCREEN

HRS-! SIMS

HSPF UTMm

Nuclear Regulatory Agency

CONCOS-Ii ONSITE

DPCT PAGAN

IMPACTS (PART61,~BRC) PATHRISK

MACCS RAECOM (RADON)

MAXI RASCAL

MESOI SWIFT (1, - 1)

MILDOS (—AREA) TEMPEST/FLESCOT

NEFTRAN i TOUGH

NUREG-0707

Other

3d Mixing Cell MOC SFRIPE

AFTOX MODFLOW (MOD3D)  SOIL

BALANCE ODAST STABL.

BARRIER PATH STABLS

Bechtei PC~SLOPE STABLR

BRUNZOG PHREEQE STEPH

GENNMOD PLASM SURFER

GW FLOW RANDOM WALK UNSAT(~2,-H)

GECFLOW RETC.F77 UTEXAS2

HEC—~1,~2 STRIPD VAM2D

Unknown }

CASCADER FLOWPATH SOLUTE

CONSOL FTWORK SOURCE 2

CYLSEC GCDT3DH3,4,5 SPUR

DCM3D HYDROGEOCHEM STRIP 1B

DECOM NEWBOX TDRECH11,12,21,23

FLASH/FLAME ODRECHS6,7 THEM
SEFTBAN
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Engineering 16

Multi Media 33

Geochemical 5
* Including Perlormance, Accident & Rad. Dose Models

2
Ground Water 27

_Frequency of Models/Media category

Surface Water 5
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RSAC) or the NRC (e.g., MACCS, RAECOM, UDAD). A few of the models were
developed for use at a specific site by the individual organizations. Note that the number of
models sponsored by groups other than the three sponsoring Agencies is substantial (30 of
127). The "Other” group includes private corporations, universities, the U.S. Geological
Survey, U.S. Department of Agriculture, Canadian government agencies, State agencies, and

non-profit groups. It is evident that independent model development and support is vigorous.

4.4  Media/Category

There are two important ways to look at the data further; by model, or by application,
The models identified in the survey responses were categorized into the groupings discussed in
Section 3. Figure 2 shows the distribution of the unique models identified among these
categories. The largest number of models fall into the Multi-media category were 33 models
were reported. This was closely followed by the physical transport categories (i.e., air,
surface and ground water) where 32 different models were identificd. Engineering models
which include Performance Assessment, Accident and Radiation Dose models was the next

largest group with 16 models identified. Five Geochemical models were also reported.

4.5  Level-of-Effort

The level-of-effort required for the completion of a modeling task appears to be project
specific, as opposed to model specific. The data obtained from both surveys show a wide
range of man-months needed to complete a project. However, most respondents failed to
answer this question. Figure 3 presents these data in groups of man-months needed to

complete each reported model.
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4.6  Validation/Calibration

Site-specific model validation/calibration efforts were conducted for 53 model
applications.  No validation/calibration studies were conducted for the remaining 121
applications. This survey does not, however, describe how, or what level-of-effort was spent
on validation/calibration. Further inquiry is needed here to determine which models have been’

validated/calibrated, and what was actually done.

4.7 End-Points

Figure 4 depicts the frequency of end-points being evaluated by the reported models.
The overwhelming majority of models are being used for the more general purpose of finding
environmental concentrations of contaminants and radiation dose commitment. Several more

task specific models are also reported with less frequency.

4.8 Publications

Results of the reported modeling and validation/calibration efforts of 53 respondents
were published in various journals and papers. There are no publications for 87 respondents.

Furthermore, 90 respondents did not answer the question,
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TABLE 6: Index of Existing Environmental Pathwey Models

S|N
ujufo
rlrin
vivie
"L
yly
L LLES Lm
B L Agency
Multi—-Madia
Hazard Ranking
DPM o[ DOD
HRS-I [ EPA
RHRS~-LC ® DOE
Radioactive Materials Fate & Transport
COMPLY (~-1I) ® EPA
DECHEM olo| [DOE
DECOM o |
DITTY eo/e| |DOE
Tl DOSES . ORNL/DOE
bt/ DOSTOMAN D DOE
. GENII v{o| [Hanford/DOE
A GENMOD ° AECL
§ GRDFLX o|NRC
¥ IMPACTS (PART61) (~BRC) __ o|e| [RSIC/NRC
ol MILDOS (~AREA) ° NRC
18 NUREG-0707 [ NRC
i ONSITE/MAXI1 » PNL/NRC
18 PAGAN o] |NRC
PATH 0 Genaral Hectric Corp.
PATHRAE (-EPA,~HAZ) ole| [EPA
PRESTO (~II,~EPA~DEEP,— EPA-BRC,-EPA-CPFG) __ | ® DOE/EPA
RESRAD e|e| [ANUDOE
i UDAD ° NRC
General Purpose
. ARCL ° DOE
Bechtel proprictary o| [Bechtel Corp.
CASCADER ®
CONDOS (~II) . NRC
ENPART (cf. GEMS) o/ EPA
FLOWPATH °
FTWORK °
GCDT3DH (=3,~4,~5) °
GEMS ¢ EPA
MICROBE~-SCREEN (cf GEMS) o] EPA
MEPAS elei |DOE
MULTIMED )
ODRECH(-6,~7) °
PATHRISK e |NRC
SPUR 0
STRIP 1B °
SUMO . DOE
. TDRECH (~11,-12,~21,~23) )
TOX -SCREEN (cl. GEMS) 8| EPA
UTM (~TOX) (cf. GEMS) e/o{ |ORNL/EPA
Fooachain
BIOTRAN ° LASLU/DOE
INGDOS ®
TERRA °
THEM [
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TABLE 8: Index of Existing Environmontal Pathway Moduls

S{S8i{N
ujujo:
tirin
vivie
oo ¢
Yy
Vi
: Agency
Air i
ADPIC [)
AFTOX ° U.S. Army
AIRDOCS (~EPA, ~PC, MICRO-, —AIRI) [ JK] RSIC/ORNL/EPA/Qaleson T, S. Ine,
ANEMOS (CRRIS) ®
AVACTRA I @] AsroEnvironment Inc.
AVLAGPAR ® | AgroEnvironment Ine.
BOXMOD [)
CALINE~3 @ | California DCT
CAP-88 ® EPA
CHARM (EI5) [ EPA/Radian Corp./Res. AR, Inc.
COMPLY [ EPA
COMPLEX -1 ®
CRAC2 o
DACRIN ®
DARTAB o0 EPA
GAMS ®
GASPAR °
HARM-~II ® NOE
INPUFF (cf. GEMS) ® EPA/Bowman Env
ISC (~-LT,~ST,BREEZE ~AIR,-HAZ,-WAY) . EPA/Bowman Env/Trinity Cons.
KRONIC [
LTSAMP o DOE
MESO! 9 NRC
ML CODE [ DOE
PAVAN °
PHAST | Technica Inc.
PTPLU~2 °
RAECOM ®e NRC
RsaC-3 ®
RISKPRO-ACSI ®| Goneral Services Corp.
SCREEN ® EPA
SIMS ® EPA
SUBDOSA [
TECJET @ | Tachnica inc.
TOXBOX » I
UNAMRP @ | Bowman Env./Env. In¢./Clary Ass.
XoQmoqQ ®|NRC
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TABLE 6: 'ndex of Existing Environmental Pathway Models

- o<W
eSS C W

®e302Z

sNCY

Surface Water.

Runoff

Agg‘cultwal

GLEAMS (CREAMS)

USDA

HSPF

EPA

MRI

PRZM (PREPRZM) (cf. GEMS)

EPA

STREAMS

WQAM

Urban/Suburban

HSPF

EPA

MRI

STORM

SWMM

EPA

WQAM

L ancfill

HELP

EPA

MRI

SARAH

WQAM

Undeveloped

GLEAMS (CREAMS)

USDA

HSPF

EPA

MRI

WQAM

Streams

Flow

DYNHYDS (sce WASP4)

HEC (~1,-2)

Army Corps of Engineers

HYDRO2D-V

QUALZE

SBUHYD

Univ. Calif. Santa Barbara

TEMPEST/FLESCOT

NRC

TR-20

Transpornt

DYNTOX

EUTROM (sec WASP4)

MEXAMS

MICHRIV

REACHSCAN

i

SARAHR

SLSA

TOXI4 (cf. WASP4)

EPA

WQAM
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TABLE 8: Index of Existing Environmental Pathway Models

2O Z

e <~SCc®
<e<TCc®

-

- Ageney

Flow and Transpon

CEQUALRIV1 d

CEQUALW?2

CODELL NRC

HSPF ‘ o |EPA

QLPLOT

QUAL2E (AQUAL2) .

RIVMOD

WASP4 EPA

Wultiple Surface Water Flow and Transpornt

CORMIX

EXAMBS2 (II) (cf. GEMS) EPA

Foodchain

BIODOSE

FGETS

LADTAP Il

PABLM (FOOD,ARRRG)
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_Agenocy

Ground Water .

Ground Water Flow

Well Analysis
— [AQUIX

FASTEP

GWAP

PARADOP

PTIIPS (~1,~11111)

PUMP ‘

PUMPING TEST PROGRAM PACKAGE

SLUGIX

STEP-MATCH

THEISFIT

TS~-MATCH

TYPCURY

WELLFRAC

WHIP

Drawdown

ANALYTICAL MODELS

GLOVER

HYDROPAL/1

THEIS

THEIS2

UTIL2

WATER - VEL

Unsaturateci— 1d

HELP

EPA

VADOFT (cf. RUSTIC)

EPA

Unsaturated—2d

 [MLTRAN

Unsaturatec!—3d

DCM3D

VADOSE

Saturated- 1d

ODAST

American Geophys. Union

SOIL

IGWMC

Saturated-2d

TAQUIFEM

THEWTA

Nova Scotia Dept. Env.

(‘OCLEY

R.L. Cooley, Nevada Univ.

'LUMYF

S.P. Neuman, Univ. Arizona

FRESURE (-1,~2)

WUSEEP

Northweastern Univ., Dept. CE

1JSGS2D

USGS

W3

llinois State Watar Surv.

VTT

olo|e6idio; /000 @

PNL/DOE

'WELFLO
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TABLE 8: Index of Existing Environmental Pathway Modele

wo e o

e TR I T PR RV ST

[T Y]

8|8iN
ujuio
tirin
vivie
ole
Yy
1R 11] :
Agenoy
Saturated-3d
DPCT ®
EPA~WHPA ®
FE3DGW | PNL/WISAP
GWFL3ID I
MATI123D LK)
RADIAL FINITE DIFFERENCE MODEL ®
RETC.F77 [ USDA
TERZAGI ®| T.N. Narasimhan, Univ. California
USGS3D (Modular, Trescoit) »/USGS
WELLFLO ‘ .
Unsaturated/Saturated— 1d
_lunsaTip ]I JeJu.s. sainity Lab/DOE/NRC/PNL
Unsaturated/Saturated—2d
FEMWATER (cf. FEMWASTE) ¢ | DOE
MAGNUM 2D o EG&QG Idaho
MMT [
TRUST (-11) [
UNSAT (-H;~2) ° U.S. Salinity Lab./DOE/NRC/PNL
MOD2D (~FD) o|USGS
PATHS o | PNU/WISAP
Unsaturated/Saturated—3d
FREEZE @] R.A. Freeze, Univ. Waterloo
GEOFLOW ®
GW FLOW ° NSEL,Canada
MAGNUM 3D o{ EG&G idaho ]
MOD3D (~FD) (MODFLOW) (MODINV) (MACMODFLOWY o | ® USGS ]
PATH3D (]
PC HST3D) ®
PLASM ° llinola State Water Survey
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TABLE 8: Index of Existing Environmentel Pathway Modols

L@ <= C O
<< "C®

®e302

GroundWater Flow and Transport

Unsaturated--1d

CHEMFLO

GLEAMS

ICE-1

PRZM (cf. RUSTIC)

RITZ

TETRANS

VADOFT

Le..‘...

Unsaturated-2d

BIOPLUMEII

FLOWS

GS2

PORFLO-2D

Hanford/DOE

TRIPM

WAFE

Unsaturated—3d

CHAMP

GS3

oie

PERCOL

o | ANL/PNL/ORNL

PORFLO~-3D

Hanford/DOE

PORMC-3

Hanford/DOE

TOUGH

Saturated—1d

AGU~10 PKG (ODAST)

Amaerican Gecphys. Union

GETOUT

PNL/DOE

GWMTM1.2

Princeton Univ.

LAYFLO

MMT

PNL/OOE

NEFTRAN 11

\Saturated—2d

ASM

CATTI

CONMIG

DPCT

C@a8s, Inc.

DUGUID -REEVES

ORNL

EPA~VHS

EPA

Dames & Moore, Inc.

HYDROPAL

9|19|6l010I& O

ISQUAD (~2)

Princeton Univ./Univ. Waterloo

KONBRED (cf. MOC (USGS))

UsSGS

MAGNUM2D--CHAINT

OGRE

LLNL

PATHS

PLUME (~2D)

PORFLOZD

EPA

PTC

eje|d|g|die

RANDOM WALK

llinois State Water Survey

RESTOR

ROBERTSON (-1,-2)

UsaGs

SAFTMOD (cf. RUSTIC)

SALTRP

SHALT

AECL
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TABLE 6: Index of Exiating Environmental Pathway Models

1818IN
uiule
ririn
vivie
¢le
yiy
fin
enoy
TRAFRAP-WT [
TRANS »{USQSY
ated-3d _
ATIZ3D (ef. OEMS) ] ORNL
CFEST eole| |PNL/DOE
ORQVE/QALERKIN o | USCS/Water Rescrose
CGWTR3D ®
HST3D []
PINDER o | Princeten Univ,
PLUME [
PRINCETON [
SOLUTE PKO »
SWENT o [INTERA Env, Cons, Inc,
SWIP2 o SNL/USGS/INTERA Env. Cona. Ine.
TRANSAT?2 o [QTC, Canada
Unsaturated/Saturated—1d
CHAIN o EQAQ idaho
CHAINT ¢ | Hanford
CXPMPM [
HYDRUS | e
ONE-D °
PULSE o
SESOIL (cf. EMS) »
SUMATRA~1 o[U.8. Salinity Lab.
WORM [
Unsaturated/Saturated-2d
FEMWASTE (cf. FEMWATER) o[ DOE
OGROUNDWATER PACKAGE [)
LPMM [
MOC (USGS) olel USGS
MQD3D o{USGS
RW~ANALYT )
SATURN o| QEOTRANS, Ine.
SUTRA o USQASNGYMC/NWWA
TDPLUME ®
TRANUSAT | QTS Ltd,
TWODPLME ®
VAMZD eole| |Hydrogeclogic
vsr |elUBQS
WQAM []

33

] N R T R TR TR TR




TR IR

il L T R TR MR e v
TABLE &: Indax of Existing Environmental Puthway Models
S|8N
uvijuvio
ririn
vivie
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Yy
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Agenoy
Unsaturated/Saturated—3d
3-d MIXING CELL L
BEAVERSOFT 0
FLOWTHROUGH ®
KINZALBACH ®
MAT123D o| {DOE
MT3D (cf MODFLOW) 0(S.S. Popadopulos & Associates
NUTRAN [
NWFT/DVM 6| SNL/NRC
PORFLQ3D ° Hanford/DOE
RUSTIC ®
SEFTRAN ®
SEGOL (]
SLM ®
SWANFLOW ®
SWIFT (~15,-111) e/ & |SNL/NRC/GeoTrans, Inc.
TARGET o
TRACER3D 8| LANUDOE
TRIPM ®
TRUST (MLTRAN) (=II) o | LBL/NRC
WALTON PKG (35) )
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TABLE 6: index of Existing Environmental Pathway Modeis

8i{SiN
wlujo
rjrin
vivie
ale
Yy
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Agency:
Aqueous Geochemistry
Geochemical
BALANCE . usas
ECHEM o
EQ3/6 ® DOE
EQUILE °
GCSOLAR ]
HYDROGEOCHEM ®
MINTEQ) (~A2) (PRODEFA) ° EPA
PHREEQE [ Usas
SOILCHEM [
TRANSCHEM [
WATEQ4P L)
Hydrochemical
CHEMTRN ®
CHEMTRNS []
CPT ®
CTMID o
DYNAMIX o
FASTCHEM (cf. ECHEM) °
FIESTA [
MININR e
TRANCH. o
THCC °
[Engineering/Performance/Accident
ANISN ®
BARRIER [ EPRI
BRUNZOG 0 U.8. Army
BLT (cf. FEMWASTE) o | DOE/EPA
CONSQL ]
DOT °
FLASH/FLAME °
HELP ® EPA
MACCS L] NRC
MORSE~SGS/S °
___|NUTRAN o | AECL/UCRL
 INEWBOX ®
ORIGEN~S L)
PC-SLOPE e Geo—Slope, Canada
RADTRAN (-11) ®
RASCAL » NRC
RSAC [ DOE/EXXON
SFRIPD ® MK Environmental, Inc
SFRIPE [ MK Environmental, Inc
STABLS e DOT
STABL ] R.A. Slegei, Purduo Univ,
STABR [ Univ. Calf. Berkeiey
STEPH [ MK Environmental, Inc
UTEXAS2 @ Texas St. Dept. Hwy. & Pub. Trans.

35




TABLE 6: index of Existing Environmental Pathway Modsis

S|8N
ujufo
ririn
vivie
e
yly *
b
gency
Radiation Dose’
ANDROS o
ANISHTC @ | RSIC/ANL
CRAC2 °
CYLSEC [
DACRIN (of, PABLM) [
DOSHEM ®
HUMTRN [
ISOSHLD ° RSIC/BNWL/DOE
LADTAP o|NRC N
ORIGEN2 ¢ | RSIC/ORNL/DOE
QAD~FN o | RSIC/INEL
RADRISK o EPA
REDIQ °
SQURCE 2 o
Utilities
ANNIE--IDE [)
GKS o | ANSI/Spectragraphics, Inc.
SURFER ) Golden Softiwaie, Inc.
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5. DISCUSSION AND CONCLUSIONS

In any voluntary survey it is essential to question the representativeness of the results,
In this context, the results of the two surveys reported here can be compared with each other
and with previously published technical literature.

In comparing the data coilected within the two surveys reported here, one of the most
striking aspects of the results is the small overlap between the two. As Table 6 indicates only
17 models (13% of the total) were reported in both surveys. While this may suggest that each
of the surveys sampied distinctly different populations, there is one very important reason that
this might not be true. That is, we had originally hypothesized that because no formal
guidance for model use exists, models would be chosen on an ad hoc, site-by-site basis. This
hypothesis appears to be correct. Approximately 60% of the identified models in both surveys
were used at only one site. This could also imply that there may be a substantial amount of
model redundancy, especially in the application of General Purpose or Multi-Media models.

Based on published literature which includes surveys (e.g., Mangold and Tsang, 1991),
review articles (e.g., Case, 1989) and technical literature on model development and
application oriented studies, we know that many other models exist other than the models
identified in this survey. In Table 6, we list and categorize many of these "unidentified”
models. Whether these models are actually being used to support cleanup decisions remains
unanswered. We speculate that these models were not identified because of the dynamic
nature of the modeling community in which models and model applications are constantly
being upgraded and changed. An index of known environmental pathway models,
extrapolated from all referenced literature and revues, and the agency which sponsored their
development is also presented in Table 6. Models reported in the current survey represent
approximately 25% of the known models used in environmental pathway analysis. One

important example of an "unidentified" model is FEMWATER/FEMWASTE. No users of the



model were identified in the survey, yet the use of FEMWATER/FEMWASTE has been
reported in the literature (Sullivan and Suen, 1989).

In conclusion, it is clear that a unified approach to model selection is needed.
Ultimately, this will reduce administrative cost, while improving the technical quality of the
decision-making process. Proactive guidance from the sponsoring Agencies for model
selection is preferable to retroactive correction and improvement, through modification, of an

inappropriately applied model.
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NOTE: This appendix includes expanded listings for ali of the models reported in the two Surveys and soms
models not reported by respondents but known by the authors to be in use. Model descriptions included here
have beea taken with minor editing from descriptions coatained in the references. Any errors or omissions
in thess descriptions are unintentional and are the responsibility of the authors of this report. We would
appreviate receiving notice of any such errors or omissions so that we can correct any future editions of the
text,
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MULTI-MEDIA - HAZARD RANKING

Model Name: HRS-1 (Hazard Ranking System-I)
Sponser: USDOE

Description: Hazard ranking.

Reference: Stenner, R.D., R.A. Peloquin and K.A. Hawley. 1986. Modified Hazard Ranking System/Hazard
Ranking System for Sites With Mixed Radioactive and Hazardous Wastes - Software Documentation,
PNL-6066. Pacific Northwest Laboratory, Richland, Washington.

Model Neme: MEPAS (Multimedia Environmental Pollytant Assessment System)
Sponser: USDOE

Description: MEPAS is a risk computation system developed for hazard ranking applications. MEPAS is
designed to integrate the information available for defining chronic public health risks associated with &
problem, or a series of problems. This system includes multi-pathway transport and fate models. Potential
problems may be characterized by either modeling the environment transport or by input of concentrations at
the receptor.

Individual and population environmental risks are evaluated from radioactive materials, chemical
carcinogens, and noncarcinogens by considering ail major exposure pathways. An internal database provides
chemical, physical, and risk evaluation parameters for 297 constituents. Outputs include intermediate files
(input values, emission rates, environmental concentrations) and a file with impact information including
maximum individual and total population impact magnitudes, timing, and location.

Models are imbedded for air emissions (VOLATE), air transport processes (RAPSCD) and water transport
processes (RADCOND), and effects computation (HAZ). Gaseous and particulate emissicns/fluxes may be
estimated based on site conditions, or input as known parameters. The air transport is a sector average
Gaussian model with deposition and complex terrain modules that account for local temain influences. The
soil transport can use dimensional advection and dispersion. In the vadose zone, the mode! has one
dimensional advection and dispersion. In the saturated zone, the model has one dimensional advection and
three dimensional dispersion. Various linkages of transport through soil, ground water, surface water and
overland runoff are supported.

MEPAS is implemented iz, MS-DOS for use on an TBM-PC or compatible with a computer shell designed for
application to a large number of problems. This Shell allows probiem definition, data entry, reference
tracking, and model running. A set of data input worksheets are generated for each problem for purposes such
as external review or project reconds.

Referme' Dootor. | & G T M. Mﬂey aud C.E. Cowan. 1990. Multimedia Environmental Pollutant

4 ) Sen Analysis of Computer Codes. Prepared for the U.S. Department of
Energy PNL-7296 UC-602 630 Pacxﬁc Northwest Laboratory, Richland, Washington.

Droppo,JG J., GWbelan,IW Buck,DL Smge.BL HoopesandMB Walter. 1989. Supplemental

PNL-7201. Pacific Northwest Laboratory, Richland, Washington.

Whelan. G., D.L. Strenge, J.G. Droppo Jr., and B.L. Steelman. 1987. The Remedial Action Priority System
Wmmum PNL-6200. Pacific Northwest Laboratory, Richland, Washington.
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MULTI-MEDIA - RADIOACTIVE MATERIALS TRANSPORT AND FATE

Model Name: ARCL
Sponser: USDOE

Description: Method to evaluate decommissioning alternatives by using a site-specific radiation
scenario/exposure pathway analysis to determine the acceptable levels of residual radioactive contaminants
that remain.,

. Pacific Northwest

Model Name: DECHEM
Sponsor: USDOE

Description: Multiple pathway model developed for use in determining acceptable levels of chemicals in soil
after clean-up of Uranium Mill Tailings Remedial Action Project Sites (UMTRA). The model considers
exposure through ingestion of contaminated drinking water, ingestion of contaminated food and inhalation of
resuspended soil contaminants,

Reference: Model prepared by the Radiological Assessments Corporation, Neeses, South Carolina, Complete
citation not provided by respondents.

Model Name: DITTY (Dose Integrated Over Ten Thousand Years)
Spouser: USDOE

Description: DITTY was developed to determine the collective dose from long term nuclear waste disposal
sites resulting from ground water pathways. DITTY estimates the time integral of collective dose over a
ten-thousand year period for time-variant radionuclide releases to surface waters, wells or the atmosphere.
Reference: Napier, B.A., R.A. Peloquin, and D.L, Strenge. 1986. -
Calculating Population Dose Integrated Qver Ten Thousand

. 180 e JAALS:
Laboratories, Richland, Washington.

Model Name: DOSES
Sponsor: ORNL

Description: Being developed/used to simplify QC requirements. DOSES calculates dose to man from
measured environmental samples.

Reference: Developed by ORNL for use at ORNL. Complete citation not provided by respondents,
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Model Name: DOSTOMAN
Sponsor: USDOE

Description: Model is designed to provide estimates of long-term dose to man from buried waste. The model
consists of compartments which represent different portions of the environment, including vegetation,
herbivores, atmosphere, ground water, surface water and man.

Reference: Root, R.W. 1981, Documentation and U
Model of Radionuclide Movement. DPST-81-549, E.I. DuPont de Nemours & Co

CM. King, E.L. Wilhite, R.W. Root, Jr., D.J. Fauth, K.R. Routt, R.H. Emslie and R.R. Beckmeyer, R.A.
Fjeld, G.A. Hutto and J.A. Vandeven. 1985. The Savannah River Labomory DOSTOMAN Code - A
Compartmental Pathways Model of Contaminant Transport. Procsedi

Management Program_Seventh

Annual Participants Information Meeting, LasVegas, Nevada 198s.
CONF-8509121-13,

Model Name: GENII (Hanford Env. Dosimetry System Generation IT)
Sponser: USDOE

Description: Comprehensive set of environmental pathway and intermal dosimetry models. Composed of
seven linked computer codes and their associate data libraries

Reference: Napier, B.A,, R.A. Peloqum, D L. Sm:nge and V. Ramsdell 1988 Hanford Environmental
Dosimetry Upgrade iject €) diatio em. 3 Volumes.
PNL-6584. Pacific Northwest Laboratories, Richland, Washmgmn

Model Name: GENMOD
Sponssr: Atomic Energy of Canada

Description: Calculation of internal dose.

Reference: Prepared by Atomic Energy of Canada for use by the Canadian Nuclear Industry. Complete
citation not provided by respondents.

Model Name: MILDOS
Sponsor: USNRC

Description: MILDOS was designed to compute environmental radiation doses from uranium recovery
operatiofs,

Refeu'eue Slrenge,DL andTJ Bander 1981 MIL

Rag g, NUREG/CR-2011, PNL-3767. Pacific
Nonhww Lahomory Rxchla.nd Washmgton
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Model Name: MILDOS-AREA
Sponsor: USDOE

Description: MILDOS-AREA is an improved version of MILDOS. The MILDOS-AREA code provides

improved capability for handling large area sources and updates the dosimetry calculations. Runs on an
IBM-PC computer.

Reference: Yuan, Y.C., J.H.C. Wang, and A, Zielen, 1989. MILDOS-AREA: An Enhanced Yersion of
mmsmmasmm ANL/ES-161. Argonne National Laboratory, illinois.

Model Name: NUREG-0707
Sponsor: NRC

Description: Site-specific limits for aliowable residual contamination.

Reference: Eckerman and Young. Complete citation not provided by respondents.

Modei Name: PATH
Sponsor: GE

Description: Used to implement residual radioactive material guidelines during decommissioning,

Reference: Prepared by Dr. Jaxkal Lee for use at the Geneml Eleanc Shnppmgpoﬂ Station. Based on
guidelines in: A Manual | C >

Meodel Name: PATHI
Sponsor: USNRC - SNL

Description: . PATHI models the physical and biological processes that result in the transport of
radionuclides through the Earth's surface environment and eventual human exposure to these radionuclides.
PATHI is divided into two submodels. The Environmental Transport Submode! represents the long-term
distribution and accumulation of radionuclides in the environment. The Transport-to-Man Submodel
simulates the movement of radionuclides from the environment to humans.

PATHI uses a generalized approach to the simulation of radiopuclide transport from the ground water
through the environment and food chain to humans. The code is not tied to any specific site characteristics.
The Eavironmental Transport Submodel of PATH1 requires that the study area be divided into a number of
compartments, and radionuclide movement between these compartments is represented by a system of linear
differential equations. The user must specify the transfer and decay coefficients for this system of
compartments. In the Transport-To-Man Submodel, radionuclide ingestion is calculated on the basis of
simple food chains and concentration ratios, while the amounst of each radionuclide inhaled is determined
from the amount of radionuclide-containing soil suspended in the air. These calculated ingestion and
inhalation rates are input to the Sandia Dose and Health Effects model, DOSHEM which is incorporated into
PATH],

The code can be run with the ground water code NWFT/DVM using a Latin hypercube sampling routine,
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Reference: Helton J C and Kaestner, P.C., 1981. Ri

Waste: Model Description and User's Manual, the Pathways Model o URBOICR a6 e S
1711 AN.

Campbell, J.E., Longsine, D.E., and Cranwell, R.M., 1981. Risk Methodology for Geologic Disposal of
MNWMWRWMRM NUREG/CR-2081, Sandia National
Laboratory.

Modei Name: RESRAD
Sponser: USDOE

Descriptioa: RESRAD (Gilbert, 1988) is an implementation of the analytical methodology recommended by
the Department of Energy in its guidelines (DOE Order 5400.5, Gilbert et al., 1989) for allowable
concentrations of residual radioactive material in soil encompassed by the Formerly Utilized Sites Remedial
Action Program (FUSRAP) azd Surplus Facilities Management Program (SFMP). RESRAD is a multi-media
model which incorporates within it 2 number of media-specific models all of which have been chosen for
their reliability but general conservatism. Guideline values derived by the models are based on the method of
concentration factors (NRC, 1977; ICRP, 1984, Till and Meyer, 1983; NCRP, 1984).

Pathway analysis for deriving soil concentration guidelines for a specified dose limit is done in four stages:

Source analysis

Environmental transport analysis
Dose/response analysis

Scenario Analysis

¢ & ©® ¢

Source analysis is done using a nondispersive equilibrium model of the leaching process. This is an idealized
process in which the rate of leaching is constant until a radionuclide has been completely removed from the
contaminated zone. Ingrowth and decay of radioactive materials are treated as if they occurred entirely in the
contaminated zone. A contaminated zone is treated as a single homogeneous or inhomogeneous source of
changing thickness, depth, and radionuclide concentrations due to leaching, erosion, ingrowth, and decay.
Principal radicnuclides are those with half-lives greater than 1 year.

Eavironmental transport pathways include air (dust, radon, and other gases) and water (surface and ground
water). Air transport is accomplished by use of a simple mixing model rather than a Gaussian plume model.
The surface water is assumed to be a pond or lake for which (1) the water inflow and outflow are in steady-
state equilibrium, and, (2) the annual inflow of radioactivity into the pond or lake equals the annual quantity
of radioactivity leached from the contaminated zone. Two models are used for calculating the water/soil
concentration ratio for the ground water pathway segment of RESRAD: a mass balance (MB) model and a
dispersionless flow (DF) model. The ground water pathway models implemented in the RESRAD code apply
only to sitaations for which the hydrological strata can reasonably be approximated by a sequence of uniform,
horizoutal layers.

Dose equivalents in organs or tissues of the body are calculated with models that :(1) describe the entrance of
materials iso the body (respiratory and gastrointestinal tract) and the deposition and subsequent retention of
the radionuclides in body organs (referred to as metabolic models); and, (2) estimate the energy deposition in
tissues of the body (JCRP, 1979).

Soil guidelines are based on a family-farm exposure scenario. RESRAD code was developed by Argonne
National Laboratory for AEC/NRC.
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Reference: T.L. Gilbert, M.J. Jusko, K.F. Eckerman. W.R. Hansen, W.E. Kennedy, Jr., B.A. Napier and J.K.

Soldat. 1988. A Manual fo) el delines, January 1988. For the
U.S. Department of Energy.

T.L., Gilbert, C.Yu, Y.C. Yuan, A J. Zielen, M.J. Jusko, and A. Wallo III, 1989. A Manual for Implementing
Residual Radioactive Material Guidelines, June 1989. For the U.S. Department of Eneryy.

Model Name: IMPACTS (PART61)
Spomsor: USNRC

Description: IMPACTS is used to determine disposal facility radiological impacts, including ground water
migration and overflow impacts, intrusion and exposed waste impacts and exposures from potential
operational accidents.

PARTG61 is a system of codes and data files that implements an expansion of the IMPACTS analysis
methodology used during the development of the 10 CFR 61 rule and includes:

CLASIFY: Classifies waste streams into four classes
IMPACTS: Determines radiological impacts
INVERSE: Activity or concentration limits
ECONCMY: Costs of disposal

INTRUDE: Impacts of an intruder

VOLUMES: Waste stream annual volumes

Modifications of the IMPACTS methodology included in PART6] are:

an update of the low-level radioactive waste source term

consideration of additional alternative disposal technologies

expansion of the methodology used to calculate disposal costs

consideration of an additional exposure pathway involving direct human contact with disposed waste due
to a hypothetical drilling scenario; and,

5. use of updated health physics analysis procedures (ICRP-30)

Eabodl

Based on input from CLASIFY, IMPACTS is used to determine most disposal facility radiological impacts
for a given combination of:

1. waste streams and processing options

2. disposal technology alternatives, and
3. disposal site environmental settings.

Reference: Oztunali, 0., W.D. Pon, R. Eng and G.W. Roles. 1986. Lpdate of Part 61 Impacts Analysis
Methodology. Codes and Example Problems, Yolume 2. NUREG/CR-4370-Vol.2

Oztumali, 0.1, and G.W. Roles. 1986. Update of Part 6] Impacts Analysis Methodology. Methodology
Report. Volume 1. NUREG/CR-4370-Vol.1
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Model Name: ONSITE/MAXII
Sponsor: NRC - PNL

Description: ONSITE/MAXI| was developed for use by NRC in reviewing license applications for onsite
disposal of radioactive waste. Several exposure pathways can be simulated to conduct a dose pathway
analysis for human intrusion scenarios,

Exposure pathways that can be evaluated include direct external exposure to contaminated soil or building
surfaces, inhalation of resuspended material, and ingestion of drinking water or terrestrial or aquatic foods.
The user may optionally select ICRP-26 or ICRP-30 dose conversion factors.

Kennedy, Jr., and S.M. Neuder. 1984. Intruder Dose Pathwa
astes: 2 ONi AXIL C

~J &

Reference: Napier, B.A., R.A. Pelogquin, W.E,

01 Kagioact mn.

Analysis for the Onsite Disposal
NUREG/CR-3620 (PNL-4054).

Kennedy, W.E., R.A. Peloquin, B.A. Napier and S.M. Neuder. 1986, 1987. Intruder Dose Pathway Analysis

for the Onsite Disposal of Radioactive Wastes; The ONSITE/MAXI1 Computer Program. NUREG/CR-3620,
Supplement 1, 1986, Supplement 2, 1987.

Model Name: PATHRAE (-EPA)
Sponsor: USEPA

Description: Estimates annual whole-body doses to a critical population group from the land disposal of
below regulatory concern (BRC) wastes. PATHRAE-EPA is expanded from the PRESTO-EPA-CPG and
PRESTO-EPA-BRC models.

PATHRAE-EPA can be used to calculate maximum annual effective dose equivalent to a critical population
group and to an offsite population at risk. Maximum annual doses are calculated to workers during disposal
operations, to offsite personnel after site closure, and to reclzimers and inadvertent intruders afler site closure.
The offsite pathways include ground water transport to a river and to a well, surface (wind or water) erosion,
disposal facility overflow, and atmospheric transport. The onsite pathways of concern arise principally from
worker doses during operations and from postclosure site reclamation or intruder activities such as living and
growing edible vegetation on site and drilling wells for irrigation or drinking water.

Reference: ers, V. and C. Hung, 198
nvironmental Transport and Risk Asses:

7. PATHRAE-EPA: A Low-Level Radicactive Waste
ment Code, Methodolog sers’ Manual. EPA 520/1-87-028

oICT MOGOIVEY Al

Model Name: PRESTO-II (Prediction of Radiation Effects from Shallow Trench Operations)
Sponsor: USDOE

Description: PRESTO-II is designed to serve as a non-site-specific screening model to evaluate possible
health effects from shallow land and waste disposal trenches for a 1000-year period following the end of
disposal operations. PRESTO-IT has been applied to simulate radionuclide transport at several DOE low-level
waste sites and for the USNRC in support of a de minimis classification for waste,

Human exposure scenarios considered include normal releases (including leaching and operational spillage),
human intrusion, and limited site farming of reclamation. Pathways and processes of transit from the trench
to an individual or populaticn include ground water transport, overland flow, erosion, surface water dilution,
suspension, atmospheric transport, deposition, inbalation, external exposure, and ingestion of contaminated
beef, milk, crops, and water. Botl population doses and individual doses, as well as doses to the intruder and
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farmer, may be calculated. Cumulative health effects in terms of cancer deaths are calculated for the
population over the 1000-year period using a life-table approach.

Rel‘eremce. Fnelds DE CJ. Emerson, R.O. Chester, C A. Little and H. Hiromoto. 1986. PRESTO-II: A
port & 3 t Code. Oak Ridge National Laboratory, Oak

Rxdge,’l‘ennessee 0RNL-5970 N

Model Name: PRESTO-EPA
Sponser: USEPA

Description: Simulates transport of low-level radioactive waste material from a shallow trench site and
assesses human risks associated with such transport. This model was modified and added to create the
PRESTO family of models: PRESTO-EPA-POP, PRESTO-EPA-CPG, PRESTO-EPA-DEEP,
PRESTO-EPA-BRC and PATHRAE.

Reference: PRESTO-EPA: A Low-Level Radioactive Waste Environmental Transport and Risk Assessment
Code - Methodology and User's Manual, 1983.

Model Name: PRESTO-EPA-CPG
Sponser: USEPA

Description: Estimates maximum annual whole-body dose to a critical population group from land disposal
of low-level waste by shallow or deep methods. The maximum annual dose associated with the post-
operational phase of low-level waste disposal facilities is determined. All major non-intrusive human
exposure pathways are considered. Time periods up to 10,000 years following the end of disposal may be
assessed,

The conceptual logic and control modifications made in developing the PRESTO-EPA-CPG code include the
simultaneous modeling of leaching from multiple waste forms, the output of organic dose summaries for
specified intervals of time, the calculation of ruclide-specific dose conversion factors used in determining the
total dose for each year, the determination of the maximum annual dose and the year in which it occurs, and
the output of the corresponding dose summaries and detailed DARTAB tabies..

Reference Rogers. V. and C. Hung 1987 PR

Cheng Yeng Hung, 1989. User's Guide for the SY.
Operation System., EPA 520/1-89-017

Model Name: PRESTO-EPA-DEEP
Spenser: USEPA

Description: Estimate cumulative population health effects to local and regional populations from land
disposal of low-level waste by desp methods. The PRESTO-EPA-DEEP code considers low-level waste
disposal by deep well injection, hydrofracture, and deep geologic disposal. The code can be used for
simulating the behavior of a facility for up to 10,000 years following the end of disposal operations.
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The deep disposal scenarios implemented in the PRESTO-EPA-DEEP code consider only the naturally
occurring pathways such as natural ground water and surface water flows and atmospheric transport.
Intrusion scenarios such as accidental drilling, geological faulting, and the failure of the access shaft sealing,
have a probabilistic nature and are not considered. However, a reinterpretation of certain PRESTO-EPA-
DEEP variables will permit a consideration of such stochastic events.

Reference Rogem.V and Hung,C 1987. ER

Model Name: PRESTO-EPA-POP
Spongor:

Description: Estimates cumulative population health effects from land disposal of low level waste by shallow
methods. Health effects to the basin population are calculated for a time period of up to 10,000 years. The
code simulates the leaching of radionuclides from the waste matrix, hydrological, hydrogeological, and
biological transport, the resultant human exposures, and finally the assessment of the probable Lealth effects
for the entire regional water basin population.

The PRESTO-EPA-POP code allows the user to select special human exposure scenarios such as an
inadvertent intruder residing or farming the site, as well as routine migration of radionuclides from the trench
through the hydrologic and atmospheric environmental pathways to crops and drinking water.

Referenee erlds DE CA Lmle, F. Pamga, V. Rogers andC Hung 1987. PRESTQ-EPA-POP: A

Manual, EPA 521/1-87-024-1.

Fnelds D.E. CALmIe.F Pamga,v Rogersandc Hung. 1987. PRESTO-EPA-POP: A Low-Level

521/1.87-004-2.

Cheng Yeng Hung, 1992. User
Operation System, EPA 400R 92003,

Model Name: UDAD
Sponsor: USNRC

Description: UDAD provides estimates of potential radiation exposure to individuals and to the general
population in the vicinity of a uranium processing facility.

Reference: M.H. Momeni, Y. Yuan and A.J. Zielen. 1979. Uranium Dispersicn and Dosimetry (UDAD)
Code. NUREG/CR-0553. Argenne National Laboratory, Illinois.
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MULTI-MEDIA - GENERAL PURPOSE

Model Name: CONDOS-II
Sponser; USNRC

Description:

Reference: Complete citation not provided by respondents.

Model Name: FLASH/FLAME
Sponser:

‘Description:

Reference: Complete citation not provided by respondents.

Model Name: SPUR
Sponser:

Description:

Reference: Complete citation not provided by respondents.

Model Name: SUMO
Sponser: USDOE

Description:

Reference: Complete citation not provided by respondents.

Modei Name: UTM
Sponser: ORNL

Description: UTM does complete ecological interactions modeling (ground water and surface water
transport, vegetation uptake, nutrient recycling) through compartments in a watershed system.

UTM's air, land, and aquatic sub-systems are designed to be run in sequence. The atmospheric component is
based upon a Gaussian piurne modei and calculates deposition rate of aerosols for any point within 3
watershed. Concentrations of airbome aerosols at ground level are also calculated. The model includes
point, area, line, and windblown sources for air pollutants. Deposition occurs by dry fallout and also by
washout caused by rain falling through the plume. Air concentrations and depositions depend upon source
strength, atmospheric stability, and wind speed and direction patterns. The deposition values calculated by
the atmospheric model are used for input to the land component of UTM.

7
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The basic assumption underlying the land component of the UTM is that water is the major carrier of material
through the terrestrial system. Thus, trace-material transport can be modeled by combining hydrologic
calculations with consideration of the chemistry of trace materials in aqueous media. The terrestrial
component ig structjired to receive atmospheric wet- and dryfall input to & watershed canopy and then to
simulate its movem(:ut until it is discharged in stream flow. The model simulates the amount of material
washed from the caropy to the land surface during rainfall and allows for the exchange and uptake or
adsorption of materjals on surface soil. Surface runoff and scouring of soil particies are considered, together

- with leaching of trace elements into the soil profile. An experimentally derived equilibrium distribution
coefficient is used to estimate the concentrations of contaminants in subsurface soil water. This estimated

concentration and the rate of soil water drainage are combined to estimate a subsurface input to the stream
channel, ‘

The outputs from the terrestrial component of UTM enter the channel component, where flows are calculated
using the Chezy-Manning equation. This portion of the program simulates transport of dissolved and
particulate materials in stream flow. Suspended and bed-load iransport are considered by the model. Mixing
ands exchange between aqueous and solid phases for the particular chemical species of concern are also
simulated. If point-source discharges of known strength are released in the stream, the channel component is

 capable of simulating their introduction and subsequent transport.

Reference: Patterson, M.R., et. al. , 1974, ! i is
Hydrologic Transport Model, ORNL-NSF-EATC-7, Oak Ridge National Laboratory, Oak Ridge, TN.

R.J. Luxmore and D.D. Huff. 1989. Analysis of Biogeochemical Cycling in Walker Branch Watershed. PP-
164-196. Springer and Verlag, New York, New York.
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MULTI-MEDIA - FOODCHAIN

Model Name: BIOTRAN

- Spongor: LASL

Deacription: Model is used to predict the flow of transuranic elements (TRU) through specified plant and
animal environments using biomass as a vector.

Reference: Gallegos, A.F., B.J. Garcia. and C.M. Sutton. 1980. Documentati
Model (BIOTRAN). LA-8213-MS. Los Alamos Scientific Laboratory.
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AIR TRANSPORT

Model Name: AFTOX | | \
Sponsor: U.S. Amy
Description: Atmospheric transport,

Reference: Complete citation not provided by respondents.

Model Name: AIRDOS (MICROAIRDOS, AIRDOS-PC)
Spoasor: USEPA - Radiological Assessments Corporation

Description: A modified Gaussian plume equation is used to estimate horizontal and vertical dispersion of
radionuclides released from one (MICROAIRDOS) to six (AIRDOS) stacks or area sources within a polar-
gridded assessment area. Radionuclide concentrations (up to 12 in MICROAIRDOS and 36 in AIRDOS) in
food are estimated by coupling the output of the atmospheric transport code to the USNRC Regulatory Guide
1.109 terrestrial food chain models. Dose conversion factors are input to the code, and doses to man for each
distance and direction specified are estimated for total body, red masrow, lungs, endosteal cells, stomach
wall, LLI wall, thyroid, liver, kiduneys, testes, and ovaries throughout the following exposure modes:

1) immersion in air containing radionuclides

2) exposure to ground surfaces contaminated by deposited radionuclides
3) immersion in contaminated water

4) inbalation of radionuclides in air

5) ingestion of food in the area,

Themdcnmybcnmtoestimntehighestannualindividualdoseinﬂwmaorannualpopulaﬁondose. Ground
concentrations of radionuclide and intake rates by man are tabulated for each environmental Jocation.
Exposures are also calculated and tabulated for inhalation of 22Rn short-lived progeny.

Till, J.E., K.R. Meyer and R.E. Moore. 1987. MICROAIRDOS Vser's Manual and Documentation.
Radiological Assessments Corporation, Neeses, South Carolina.

Model Name: CAP88 (-PC) (Clean Air Act Assessment Package-1988)
Sponsor: USEPA -USDOE - RSIC

Description: The CAP-88 model is a set of computer programs, databases and associated utility program for
estimation of dose and risk from radionuclide emissions to air. CAP-88 is composed of modified versions of
AIRDOS-EPA and DARTAB.

CAP38 allows users to perform full-featured dose and risk assessments for the purpose of demonstrating
compliance with 40 CFR 61.93. CAP88 differs from the dose assessment software AIRDOS in that it
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estimates risk as well as dose, it offers a wider selection of radionuclide and meteorological data, it provides
the capability for collective population assessments, and it allows users greater freedom to alter values of
environmental variables.

CAP88 uses a modified Gaussian plume equation to estimate the average dispersion of radionuclides released
from up to six sources, The sources may be either elevated stacks, such as a smokestack, or uniform area
sources, such as a pile of uranium mill tailings. Plume rise can be calculated assuming either a momentum or
buoyancy-driven plume. Assessments are done for a circular grid of distances and directions for a radius of
80 km around the facility.

The program computes radionuclide concentrations in sir, rates of deposition on ground surfaces,
concentrations in food and intake rates to people from ingestion of food products produced in the assessment
area. Estimates of the radionuclide concentrations in produce, leafy vegetables, milk and meat consumed by
bumans are made by coupling the output of the atmospheric transport models with the USNRC Guide 1.109
terrestrial food chain models.

Dose and risk are estimated by combining the inhalation and ingestion intake rates, air and ground surface
concentrations with the does and risk conversion factors in ICRP Publication 26,

Reference: Parks, B.S., 1991. User's Guide for CAP88-PC: Version 1.0, EPA §20/6-91/022, U. S.
Environmental Protection Agency, Washington D.C.

Model Name: CHARM (Complex Hazardous Air Release Model)
Spoensor: USEPA/Radian Corp.

Description: Atmospheric transport and risk estimates.

Reference: Radian Corp., CHARM, 8501 Mopac Blvd., P.O. Box 9948, Austin TX 78766.

Model Name: COMPLY
Sponser: USEPA

Description: Model is used to demonstrate compliance with the National Emission Standards for Hazardous
Air Pollutants (NESHAPS) for Radionuclides in 40 CFR 61, Subpart I It has various levels of complexity,
the simplest being a list of tables of concentration and possession limits in EPA89. The inost complicated
level is an air dispersion calcula ‘on using a wind rose.

Reference: U.S. Environmental Protection Agency, 1989. User's Guide for the COMPLY Code, EPA
520/1-89-003, U.S. Environmental Protection Agency, Office of Radiation Programs, Washington, D.C.

Model Name: DARTAB
Sponser: USEPA

Description: DARTAB combines radionuclide ~nvironmental exposure data with dogimetric and health
effectz data to generate tabulations of the predicted impact of radioactive airborne effiuents, DARTAB is
independent of the envirommental transport code used to generate the environmental exposure data and the
codes used to produce the dosimetric and health effects data. DARTAB is often used with AIRDOS and
RADRISK.
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Refcrence Begovnch C L., KF Eckcrman.EC Schiatter. 5.Y. Ohnnd RC) Chestet 1981 DARTAB: A

Labomory Oak Rxdge, Tennessce

Model Name: HARM-II (Hazardous Atmosphere Release Model)
Sponsor: USDOE

Description: HARM-IT performs dispersion calculations for both chemical and radiological releases. Both
heavy and simple gases can be modeled.

Reference: NOAA Atmosphere and Diffusion Turbulence Laboratory. Complete citation not provided by
respondents.

Model Name: INPUFF
Sponsor: USEPA - Bowman Engineering

Description: INPUFF simulates dispersion from semi-instantaneous or continuous point sources over
spatially and temporally variable wind field. The algorithm is based upon Gaussian puff assumptions
including a vertically uniform wind directior field and no chemical reactions. The code can estimate
concentrations at up to 100 from multiple point sources.

INPUFF uses three distinct dispersion algorithms, For short travel time dispersion, the user has the option of
using either the Pasquill-Gifford (P-G) scheme or the on-site scheme. The third dispersion algorithm was
designed for use in conjunction with the P-G or on-site scheme when there are long travel times involved.

Features of the code include:

Optional stack downwash

Optional buoyancy induced dispersion

Wind speed extrapolated to release height

Temy, orally variable source characteristics

Temporaily and spatially variable wind field (user supplied)
Consideration of terrain effects through user-supplied wind field
Consideration of moving sourcs

Optional user-supplied subroutine for selecting dispersion coefficients
Optional user-supplied subroutine for estimating plume rise, and
Removal threwgh gravitational settling and deposition.

Reference: Peterson, W.B. and L.G. Lavdas. 1988. INPUFF 2.0 - A Multiple Son tce Gaussian Puff
Dispersion Algorithin User's Guide. U). S. Environmental Protection Agency, 1986 and Supplement, 1988.

Model Name: ISC(LT/ST) (Industrial Source Complex Dispersion Model)
Sponser: USEPA

Description: Combines and enhances dispersion mode] algorithrns to consider poliutant sources other than
emisgions from isolated stacks, such ag fugitive emissions, acrodynamic wake effects, gravitational settling
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and dry deposition in assessing the air quality impact of emissions from a wide variety of industrial source
complex sources. Two major programs: the 1SC Short Term (ISCST) and ISC Long Term (ISCLT).

ISCST uses hourly meteorological data to calculate concentrations for time periods up to 24 hours. ISCLT is

and advance Gaussian plume model for atmospheric dispersion of poilutants, using statistical wind summaries
to calculate quarterly or annual ground-level concentrations of emissions.

Reference: Bowers, J.F., J.B. Bjorklund, and C.S. Cheney. 1979. Industrial Source Complex (ISC)
Dispersion Model User's Guide. EPA-45015-79-030. H.E. Cramez Co., Sait Lake City, Utah,

Model Name: LTSAMP
Sponsor: USDOE

Description: air transport?

Reference: Prepared by Jacobs Engineering for DOE UMTRA Project. Complete citaticn not provided by
respondents,

Mode! Name: MESO!
Spanser: USNRC

Description: Atmospheric transport and dispersion model.

Referme sdell J v, GF Athcyandc S. Glamx 1983 WSQMman_Z.LAnlnmmm&
: ' A and Decay. NUREG/CR-3344 , PNL-4753.

PaclﬁcNonhwestabomory chhland Wa..hmgton |

Mod : Name: MLCODE
Sponser: USDOE

Description: Used to estimate dose and uncertainties in dose estinates resulting froin air releases.

Reference: Prepared by B. Napier for use in the Hanford Dose Reconstruction Project. Complete citation not
provided by respondents.

Model Mame: PREPAR
sponsor: USEPA

Description: Pre-processor for AIRDOS-EPA

Reference: Oak Ridge National Laboratory, 19xx . PREPAR: A User-Friendly Preprocessor to Create
AIRDOS-EPA Input Data Sets. ORNL-5952, Oak Ridge National Laboratory, Oak Ridge, Tennessee.
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Mode! Name: RAECOM
Sponser; USNRC

Description: Code is used to calculate cover thickness and surface fluxes of radon emissions from uranium
mill tailings.

Referemce: Rogers, V.C., K.K. Nielson and D.R. Kalkwarf. 1984. Radon Attenuation Handbook for
Uranium Mill Tailings Cover Design. NUREG/CR-3533

Model Name: SCREEN
Sponser: USEPA

Description: SCREEN incorporates a number of simple screening procedure for estimating the maximum
ground-level concentration of radionuclides for sources in simple fiat or elevated terrain. SCREEN:

accepts user-specified distances,

performs inversion break-up and shoreline fumigation estimates,

includes building downwash effects in the wake region,

performs calculations for the cavity region, and

includes an optional complex terrain screening procedure based on the VALLEY Model 24-hour
screening technique

Reference: Brode, RW., 1988, |
sources, EPA-450/4-88-010.

Medel Name: SIMS
Sponser: USEPA

Description:
Reference: Complete citation not provided by respondents.

Mode! Name: XOQ/DOQ
Spoenser: USNRC

Description: XOQ/DOQ is used in the metecrological evaluation of routine releases from commercial
nuclear power reactors. The model uses a steady-state Gaussian plume assumption to implement Section C of

Regulatory Guide 1.111.

* 0Q/D0Q calculates average relative effluent releases and average relative deposition values at locations
upecified by the user and at standard radial distances and segments for downwind sectors. The code aiso
calcuistes these values at the specified locations for intermittent releases. XOQ/DOQ provides the following

optiong:
both elevated and ground-level sources can be modeled;

the effluent plume of clevaied releases can undergo plume rise due to buoyancy and/or momentum;
ground-level releases can be affected by the additional dispersion due to local building or terrain induced

wikes;
o mensured wind speeds can be extrapolated to other elevations;
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* topography can be varied;

s the plume may be deplets by dry deposition; and

e relative effluent concentrations and average relative deposition values can be amended to reflect the
effects of local air recirculation or stagnation,

: This code can be used to estimate ground-level radionuclide concentrations and deposition amounts
associated with atmospheric releases from waste repository operations. XOQ/DOQ calculates only
normalized radionuclide concentrations and deposition rates; it does not model the subsequent transport of
thess radionuclides through the environment and food chain to man.

Reference: Sagendorf, J.F., and Gall, J.T., 1977. ZOQ/PROQ program for met ‘
mmmmmwmm USNRC, Washington, D.C., NUREG/CR-032A
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SURFACE WATER FLOW AND TRANSPORT

Model Name: Cidell Models
Sponser; (ENRE.

Descrlpq\)ﬁ: ‘J'he Codell series of models are a collection of simple programs used by the Hydrologic
Engineering Section for computing the fate of routinely or accidentaily released radionuclides in surface
waier and ground water. The modeis are straightforward simulations of dispersion with constant coefficients
in simple geometries. Models included can be used for rivers, lakes and growsi water. Programs STTUBE
and TUBE are useful for two-dimensional dispersion of a continuous source iuto 4 river after steady-state has
been attained. Program RIVLAK also simulates dispersion in a river, but the source can be either steady or
unsteady. RIVLAK can be used to calculate two-dimensional dispersion in the near-shore regime of large
lakes. The surface water models in the Codeli codes ignore uptake of radionuclide on sediments.

GROUND is used for calculating dispersion in a three-dimensional aquifer and is most useful for determining
the concentration at wells downgradient of a source released from a vertical plane. Program GRDFLX
provides the same function, but it considers the source to be horizontal.

Reference: Codell, R.B., Key, K.T., and Whelan, G., 1982, i i

A Collection of Mathematical Models for
face Water and Ground Watey, NUREG-0868, U.S. Nuclear Regulatory Commission,

Dispersion in Surf;
Washington, D.C.

Model Name: CREAMS
Sponser: USDA-Agricultural Research Service, Southeast Watershed Research Lab

Description: The CREAMS model can simulate poilutant movemesnt on and from a field site, including such
constituents as fertiiizers (N & P), pesticides, and sediment. The effacts of alternative agricultural practices
on water and land resources can be assessed by simulation of the potential water, soil, nutrient, and pesticide
losses in runoff from agricultural fields. By integrating climatic, geomorphic, agronomic, and soil data with
structural, cultural, and management systems, the model computes relative yields of sediment, nutrients, and
pesticides at the edge of field-sized units. The model structure consists of three major components:
hydrology, erosion/sedimentation, and chemistry. The hydrology component estimates the volume and rate of
runoff, evapotranspiration, soil moisture content, and percolation. The erosion/sedimentation portion of the
model considers the processes of soil detachment, transport, and deposition. The chemistry portion of the
model considers nutrients and pesticides. The transport of soluble and sediment-attached chemicals is
evaluated. Interaction between plants and chemicals within the root zone ig also considered. The model is
designed to require a bare minimum of calibration parameters and land use strategies. The spatial scale of the
model is intended to be the size of an agricultural field. When calibrated with observed data CREAMS can
be used o provide predictive information.

Reference: Knisel, W.G., ed., 1980. Wﬂmuﬂmhmw ~Runoff, and Erosion
from Agricultural Mapagement Systems. U.S. Department of Agriculture, Science and Education
Administration, Conservation Research Report 26, 643 pp.

Model Name: HEC-1
Spenser: U.S. Army Corps of Engineers

Description: Calculation of flood hydrographs.



Reference: HEC-1 Flood Hydrograph Package. User's Guide. 1981. U.S. Army Corps of Engineers, The
Hydrologic Engineering Center.

Mode! Name: HEC.2
Sponser: U.S. Amy Corps of Enginsers

Description: The HEC -2 model calculates water surface profiles for open channels with steady, gradually-
varied flow. The effects of obstructions such as bridges etc. can be considered.

Reference: HEC-2 Water Surface Profiles, User's Manual. 1982. U.S. Army Corps of Engineers, The
Hydrologic Engineering Center.

Model Name: HSPF
Sponser: USEPA, Environmental Research Lab, Athens, GA

Description: HSPF is a continuous simulation model that simulates the time history of the quantity and
quality of runoff from multiple-use watersheds and simulates processes occurring in streams or fully-mixed
lakes receiving watershed runoff. Water quality algorithms include BOD/DO dynamics, carbon, nitrogen, and
phosphorous cycles, suspended and attached phytoplankton, and one species of zooplankton, Submodels also
include sediment transport, pesticide routing and degradation kinetics, and sediment-pesticide interaction.
HSPF is a series of coupled computer codes designed to simulate: 1) watershed hydrology; 2) land surface
runoff; and 3) the fate and transport of pollutants in receiving water bodies. The hydrologic portions of the
model include 1) a watershed hydrology model similar to the Stanford W2icrshed Model; 2) a runoff model
using algorithms similar to the Non-Point Source (NPS) model; 2ud 3) 2 stream routing component using a
kinematic wave approximation. The degradation/transformation process included in the model are:
hydrolysis, photolysis, oxidation, volatilization, and biodegradation. The kinetic reactions are formulated as
second-order processes. Secondary or "daughter” chemicals are also simulated; up to two daughter chemicals
can be analyzed in a single simulation. The one dimension formulation limits application of the model to river
systems where poliutants are uniformly mixed both laterally and vertically; the kinematic wave formulation
of flow in rivers is not applicable to rivers where the gradient is very small or where backwater effects are
preseat; data requirements for the model may be quite extensive depending on the particular application; and
the zero-dimensional representation of lakes assumes that pollutants are uniformly mixed throughout and that
the lake is not stratified.

Reference: Johanson, R.C., Imhof¥, J.C., Kittie, Jr., J.L., and Donigian, Jr., A.S., 1984. Hydrological

mmxwmmm&mmmmw EPA-600/3- 84-066, NTIS PB84
157155.

Model Name: SBUHYD
Spouser: U.C. Santa Burbara

Description: Calculates hydrographs.

Referemce: Stubenhaer, J.M. 1975. The Santa Barbara Urban Hydrograph Method. National Symposium on
. Urban Hydrology and Sediment Control. University of Kentucky, July 1975.
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Model Name: TEMPEST/FLESCOT
Sponsor: USNRC

Description: FLESCOT simulates radionuclide transport in estuaries to obtain accurate radionuclide
distributions which are affected by time-variance, three-dimensional flow, temperature, salinity and
sediments, FLESCOT is a modification of the hydrothermal model TEMPEST.

Estuaries: FLESCOT. Battelle Pacific Northwest Labs, Rxchland Washington “Prepared for r USRC.
NUREG/CR-2423. ,

Onishi, Y. and D.S. Trent. 1985. Three-Dimensional Slmulauon of Flow, Sahmty, Sediment and
Radionuclide Movements in the Hudson River Estuary.

and Hydrology in the Small Computer Age. Hydrology Division/ASCE, Lake Buena Vista, Florida, August
12-17, 1985,

Onishi, Y., D.S. Trent and A.S. Koontz. 1985. Three-Dimensional Simulation of Flow and Sewage Effluent

Migration in the Strait of Juan de Fuca, Washington. Proceedings of the 1985 Specialty Conference on
Environmental Engineering, EE Division/ASCE. Northeastern University, Boston, Mass, July 1-5, 1985.

82

M g g e NI R R g e g R oy

R A L e I U LA O N T R AR LU TN (AN RURR N | L U T U’"UP T+ IR



GROUND WATER - FLOW

Mode! Name: FEMWATER
Sponsor: USDOE - AECL

Description: FEMWATER simulates ground water dynamics in saturated-unsaturated mbsurface systems and
is a complimentary code to FEMW ASTE which sim .lates waste transport .

FEMWATER is a revised finite-element model of water flow through porous .4, Modifications from a
previous version include: ‘

1. computing the flow field in a way consistent with the finite-¢lement approach;

2. evaluating the moisture content increasing rate within the region by a new method consistent with
solving for moisture content and pressure fields; and

3. treating the terms to ensure that a unique relationship between any nonlinear vanable and pressure is
preserved,

The expansion provides four alternative numerical schemes that are more appropriate for many situations.

Reference: Pickens, J.F. and Grisak, G.E., 1979. Mm&ﬂmmmmﬂmﬂumnmmnd
&Mmmﬁmmmmmmwmmm AECL-
TEC-REC-81, National Hydrology Research Institute Inland Waters Directorate, Environment Canada, for
Atomic Epergy of Canada Limited, Whiteshell Nuclear Research Establishment.

Model Name: GW FLOW
Sponsor: Natural Sciences and Engineering Council of Canada.

Description: Saturated ground water flow. Stochastic, finite-element, two-dimensional, fully saturated steady
state ground water flow.

Reference: Complets citation not provided by respondents.

Model Name: MAGNUM (2D/3D)
Sponsor: USDOE - EG&G Idako

Description: MAGNUM simulate coupled heat and ground water flow in a saturated, fractured-porous media.
The MAGNUM computer code is available in two versions - a two-dimensional version, MAGNUM-2D; and
a three-dimensional version, MAGNUM-3D.

MAGNUM-2D simulates transient or steady-state ground water flow and/or coupled heat transport in 3 two-
dimensional Cartesian of axisymmetric domain. MAGNUM-3D simulates heat conduction or ground water
flow but does not account for the fully coupled processes. Both versions of the code have been extensively
verified and benchmarked.

Both versions of MAGNUM use a dual permeability approach to represent the hydraulic behavior of a
fractured-porous media. The porous zones in the domain are modeled using standard two- and three-
dimensional isoparametric finite elements. Discrete fractures are modeled using line or plate elements which
are embedded along the sides of the continuum ¢lements. MAGNUM provides flow field calculations for
input ¢o transport and pathline-travel time modeis.
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Both MAGNUM codes are interfaced with a number of pre- and postprocessors for input/output generation,
In addition, MAGNUM-2D is generally used in conjunction with the CHAINT mass transport model, Ina
similar fashion, MAGNUM.3D is interfaced with the FI:CTRA mass transport code.

Reference: Baca, R.G., Amett, R.C., and Langford, D.W., 1984. "Modeling fluid flow in fractured porous- ;

rock masses by finite element techniques,” International Journal for Numerical Methods in Fluids, v. 4, p.
337.348.

England, R L., Kline, N.W., Ekblad, K.J., and Baca, R.G., MAGNUM-2D Computer Code: User's Guide,
RHO-CR-143 P, Rockwell Hanford Operations, Richland, Washington.

Estey, S.A. Amett, R.C., and Aichele, D.B., 1985. User’s Guide for MAGNUM-3D: A Three-Dimensional
Ground Water Flow Numerical Model, RHO-BW-ST-67 P, Rockwell Hanford Operations, Richland,
Washington. ‘

Model Name: MOD3D
Sponsor: USGS

Description: MOD3D simulates three-dimensional ground water flow in a porous, heterogeneous and
anisotropic medium with irregular boundaries.

Reference: McDonald, G., and Harbraugh, A.W., 1989. A Modular T

! : ensiopal Finite Differency
Ground Water Flow Model: MOD3D. U.S.G.S. Techniques of Water Resource Investigations, Book, 6,
Chapter A1, TWI 6-Al, Washington, D.C.

Model Name: MODFLOW
Sponsor: USGS/IGWNC

Description: MODFLOW is a finite-difference model that simulates flow in three dimensions, Ground Water
flow within the aquifer is simulated using a block-centered finite-difference approach. Layers can be
simulated as confined, unconfined, or a combination of the two. Flow associated with external stresses, such
as wells, can also be simulated. The finite-difference equations can be solved using either the Strongly
Implicit Procedure (SIP) or Slice-Successive-Overrelaration (SSOR).

Reference: McDonald, M.G. and A.W. Harbaugh. 1984. A Modular Three-Dimensional Finite Difference
Ground Water Flow Model: MODFLOW. U.S. Geological Survey Open File Report. 83-875.

Harbaugh, A.W., 1990. A Computer |

2 ICQI08 Gy Moduiar

MODFLQW, USGS Open-File Report 90-392,

Harbaugh, A.W., 1990. A Simple Contouring Program for Gridded Data, USGS Open-File Report 90-144, 37
pp.
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Model Name: PLASM
Sponser: Illinois State Water Survey

Description: Saturated, two dimensional ground water flow. Available for mainframe or PC computers.

Reference: Prickett, T.A. and C.G. Lonnquist. 1971, Selected Digital Computer Techniques for Ground
Water Resource Evaluation, Illinois State Water Survey, Urbans, Mlinois.

Model Name: RETC.¥77
Sponser: USDA

Degcription: Estimation of hydraulic conductivity of unsaturated and porous media.

Reference: Mualem, Y. 1976. A New Model for Predicting the Hydraulic Conductivity of Unsaturated and
Porous Media. Water Resources Rgsearch, Vol 12, No.3

Model Name: SOIL
Sponser: IGWMC

Description: Variably Saturated Flow.

Reference: El-Kadi, 1985. SOIL, version IBM-PC 1.0, International Ground Water Modeling Center, Butler
University, Indianapolis, Indiana.

Model Name: TRUST
Sposser: USNRC - PNL

Description: TRUST provides a versatile tool to solve a wide spectrum of fluid flow problems arising in
variably-saturated, deformable, porous media. The goveming equations express the conservation of fluid
mass in an elemental volume that has a constant volume of solid. Deformation of the skeleton may be
nonelastic.

Permeability and compressibility coefficients may be nonlinearly related to effective stress. Relationships
between permeability and saturation with pore water pressure in the unsaturated zone may include hysteresis.
The code developed by T.N. Narasimhan grew out of the original TRUMP code written by A.L. Edwards.
The code uses an integrated finite difference algorithm for numerically solving the governing equation.
Marching in time is performed by a mixed explicit-implicit numerical procedure in which the time step is
internally controiled. The time step control and related feature in the TRUST code provide an effective
control of the potenrial numerical instabilities that can arise in the course of solving this difficult class of
nonlinesr boundary value problems.

Refereace: Rclsmauer,AE Key. KJI‘ Naxashlmhan,’l‘N and Nelson, R.W., 1982. TRUST: A Computer
0 \ ensional, Deformable Media, NUREG/CR-2360, PNL-3975,
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Model Name: UNSAT2 (-H)
Sponsor: USDOE

Description: The UNSAT-H model simulates the water and heat balance of soils to predict ground water
recharge rates and to assess the ability of earthen covers to prevent drainage into underlying waste zones,
Version 2.0 of the UNSAT-H model simulates the process of water infilration, redistribution, evaporation,
soil-water extraction by plants, deep drainage that becomes recharge, surface energy balance, and soil heat
flow. The mathematical bases are Richards equation for liquid flow, Fick's law for diffusion of water vapor,
Fourier's law for heat conduction, and the theory of coupled water and heat flow in soils proposed by Philip
and de Vries. The model is implemented in FORTRAN as a 1-dimensional finite-difference code with
variable time stepping and mass balance control. Verification and validation testing has been performed,
Future versions of the model are expected to address hysteresis, saow melt, freezing soil, the temperature
dependence of soil properties, a separate air phase, and multiple dimensions.

Reference: L.A. Davis and S.P. Neuman, 1983. Documentation and User's Guide UNSAT-2.
NUREG/CR-3390.

Fayer, M.J.,, G.W. Gee and T.L. Jones. 1986 UNSAT-H Version 1.0: Unsaturated Flow Code: Documentation
MADMMMMMIQM_SM PNL-5899, Pacific Northwest Laboratory, Richland, Washington.

Fayer, M.J., and T L., Jones, 1990. UNSAT-H Versiot urate
PNL-6779, Pacific Northwest Laboratory, Rxchland Washmgton.
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GROUND WATER - TRANSPORT

Model Name: CFEST
Sponsor: USDOE
Description: Energy and Solute Transpont.

Reference. Gupta, S.K.,, C.R. Cole, C T, chand and A.M. Monti. 1987. Coupled Fluid, Energy and Solute
atiual BMI-ONWI-660. Office of Nuclear Waste

lsolauon, Battelle Memorial Insutute. Columbus Oluo |

Model Name: CHAINT
Sponsor: USDOE - Hanford

- Deseription: CHAINT simulates muiticomponent mass transport in a saturated, fractured-porous media.

The CHAINT éompmer code can simulate transient or steady-state mass transport including chain decay. The
two-dimensional code has been extensively verified and benchmarked.

The CHAINT code utilizes a dual permeability approach to represent a fractured-porous medium. The code
can handle heterogeneous, anisotropic systems with networks of discrete fractures. The porous zores in the
domain are modeled using standard two-dimensional isoparametric finite elements, i.e., triangles and
quadrilaterals. Discrete fractures are modeled using line elements which are embedded aiong the sides of the
contingum elements. In addition, the code can accommodate a variety of initial and boundary conditions.

The primary outputs of the CHAINT code are contaminant concentrations and fluxes at specified locations.
CHAINT is interfaced with MAGNUM-2D and with several pre- and post-processes.

Reference: Baca, R.G., Amett, R.C., and Langford, D.W., 1984. "Modeling fluid flow in fractured porous-
rock masses by finite element techniques,” Intemational Journal for Numerical Methods in Fluids, v. 4, p.
337-348.

Kline, N.W., England, R.L., and Baca, R.G., 1986. CHAIbILQommm_m._Um‘s_Gmdm RHO-CR-144 P,
Rockwell Hanford Opemnons, Richland, Washington.

Model Name: DPCT
Sponser: NRC

Description: DPCT (Deterministic-Probabilistic Contaminant Transport) predicts ground water flow and
contaminani transport accounting for advection, dispersion, radioactive decay, and equilibrium sorption for a
single contaminant.

The code treats a two-dimensional vertical cross-section. Almost any water table and geologic configuration
is permissible, and there are a variety of aliowable boundary conditions. Water flow is steady state.

The cross section is divided ir.io a rectangular amray of cells. The head distribution is found by the finite-
eclement method. Solute transport is thea treated by tracking the motion of individual particles,

The principal assumptions of the code are:
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a freatment in two-dimensional cross-section is acceptable;

the solute transport equation is valid,

sorption may be represented as equilibrium adsorption with a specified distribution coefficient;
principal axes of the transmissivity tensor are parallel to coordinate axes everywhere; and
gmund water flows are steady state,

VbW -

References: Schwartz, FW., Crowe, A., 1980. A Dete i
Transport: DPCT. U.S. Nuclear Rzgulnmry Commnssmn Rnpon NUREG/CR- 1609

Model Name: FEMWASTE
Sponsor: USDOE - AECL

Description: FEMW ASTE simulates waste transport through porous media under dynamic ground water
conditions.

‘ FEMWASTE is a finite-element model of waste transport through porous media which simulates the spatial

and temporal distributions of both waste concentration and flux under dynamic ground water conditions. The
transport mechanisms include advection, hydrodynamic dispersion, chemical sorption, and first-order decay.

Reference: Plckens JF. and Grisak, G.E., 1979 mthmmammmﬂmﬂmmmmmd

TEC- REC 81, Nanonal Hydrology Research Insututc Inland Watcrs Du'ectomze Euvuonment Canada, for
Atomic Energy of Canada Limited, Whiteshell Nuclear Research Establishment.

Model Ngme: MAT123D
Sponsor: USDOE

Description: The computer model MAT123D was developed to simulate waste disposal systems. It can be
used to analyze the environmental impacts resulting from disposal of radioactive and chemical wastes in
geologic media. The process of infiltration through disposal cell caps, transient source leaching and solute
transport in geologic media are included. Situations involving saturated-unsaturated media under either
fractured or homogeneous conditions can be modeled.

Reference: Yu, C., 1987. A Si
Systems, Argonne National Laboratory, Illmms

Model Name: MT3D
Sponsor: Papadopolus Inc.

Description: MT3D is a modular threc-dimensional transport model capable of simulating advection,
dispersion, and chemical reactions of dissolved constituents in ground water flow systems (Geeing 1990).
MT3D was developed with support from the U.S. EPA and is distributed by the Kerr Laboratory. ’

MT3D was developed using a similar modular structure as MODFLOW, the U.S, Geological Survey modular
three-dimensional finite-difference ground water fiow model (McDonald and Harbaugh 1988). The modular
structure facilitates linking of the program with a ground water flow model such as MODFLOW, simulating
transport processes independently thereby conserving compute. memory for unused options, and also

I
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simplifies code modifications. It can be used in conjunction with any block-centered finite-difference flow
model, but is especially well-suited for linking with MODFLOW. The ground water flow model is
constructed and calibrated independently assuming that changes in the concentration field will not affect the
flow field measurably. MT3D uses the same spatial discretization and layer types ad MODFLOW. In
addition, the following transport boundary conditions are supported: 1) specified concentration or mass flux
boundaries; and 2) the solute transport ¢ifects of external sources and sinks such as wells, drains, rivers, areal
recharge and evapotranspiration.

MT3D includes four methods for solving the three-dimensional advective. dispersive-reactive equation:
Method of Characteristics (MOC), Modified Method of Characteristics MMOC), Hybrid Method of
Characteristics, and the explicit finite-difference technique. The first three techniques solve the advection
term using a method-of characteristics scheme and the other terms using the finite-difference technique. The
MOC technique uses a conventional particle tracking technique for solving the advection term, MOC
virtually eliminates numerical dispersion, but can be slow and computationally intensive. This technique is

- well-suited for problems where sharp concentrrtion fronts exist. The MMOC technique is similar to MOC in
that it uses particle tracking techniques, but it involves fewer computations. Tho MMOC technique is best
suited for problems where sharp concentration fronts are not present and the error caused by numerical
dispersion can be considered insignificant. The HMOC technique is & mixture of MOC and MMOC, and
attempt to combine the strength of both through an automatic adaptive procedure. The HMOC technique is
well-suited for problems where sharp concentration fronts are present and can be more efficient
computationally than the standard MOC technique. The finite-difference technique uses Taylor-series to
approximate the derivatives, and is susceptible to numerical dispersion. The finite-difference technique is
normally more efficient computationally than the three method-of-characteristics schemes and is best-suited
for prohlems whe:e sharp concentration fronts are not present,

When modeling dispersion, MT3D) can accept a different value for longitudinal dispersivity at each node.
One value per layer is then accapted for the horizontal and vertical transverse dispersivity ratios. Chemical
reaction currently supported by the MT3D model include equilibrium-controlled sorption reactions and first-
order irreversible rate reactions, such as radioactive decay or biodegradation. A single value per layer is
specified for bulk density of the porous medium and distribution coefficient. Porosity can be specified
individually for each node in the model. These parameters are used by MT3D to compute a retardation
factor,

Reference: Zheng, C., 1990. A Modular Three-Dimensional Transport Model for Simulation of Advection,
Dmmmmmummmwmm U.S. Environmental
Protection Agency, Robert S. Kerr Environmental Research Laboratory, Ada, OK.

Medel Nuwe: NEFTRAN (-I)
Spouser: USNRC - SNL

Description: NEFTRAN simulates ground water flow and radionuclide transpost in the saturated zone, and in
the unsaturated zone if moisture content and flow are constant. The code assumes that all flow ig along one-
dimensional paths which are then assembled into multidimensional networks. Flow is determined by the
application of Darcy's law and by requiring conservation of mass at segment junctions, Dispersion is
accounted for by the distributed velocity method described by Campbell et al, (1981). The code accounts for
multiple straight and branched decay chains. The code has the capability to model the source term either as a
leach-limited or a solubility-limited source. In addition, the source term is decoupled from the flow and
transy it sections so that each can be run independently. NEFTRAN is an improved version of the
NWEFT/DVM (Campbell et al., 1981) code and has been shown to reproduce NWFT/DVM resulta,

Reference: Longsine, D.E., Bonano, E.J., and Harlan, C.P., 1987, Users Manusl for the NEFTRAN
Computer Code. NUREG/CR-4766, SAND86-2405.
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Olaguv, N.E., Longsine, D.E., Campbell, ].E., and Leigh, C.D., 1991 User's Manua! for the NEFTRAN 11
Cnmnnmmm:. NUREG/CR-5618, SAND90 2089, Sandia Nauonnl Laboratories, Albuguerque, N.M.

Model Name: ODAST
Sponsor: IGWMC - AGU

Description: ODAST is one program within the AGU-10 package of ground water flow and transport
models which includes the following subprograms:

LTIRD simulates dispersion in a radial flow field, calculating the dimensionless concentration of a particular
solute, injected into an aquifer, as a function of time and radius. It assumes fully penetrating injection welis
- with constant injection rate and concentration at source in & homogeneous and isotropic aquifer of uniform
thickness. Background concentration of the contaminant is assumed to be zzro, The evaluation of the
analytical solution is based on numerical inversion of Laplace transform equations.

ODAST evaluates one-dimensional analytical solute transport including convection, dispersion, decay (at the
soutce and in the aguifer) and adsorption. It can calculate relative concentration at any point downstream
from the contaminant source at any specified tisne. It assumes a homogeneous isotropic aquifer of uniform
thickness, steady-state flow field, and zero background concentration.

TDAST evaluates two-dimensional analytical solute transport. Convection, dispersion, decay (at source and
in the aquifer), and adsorption. Relative concentration can be calculated at any point downstream from a
finits strip source (orthogonal to the direction of flow) at any specified time. The model asswrnes a
homogeneous, isutropic aquifer of uniform thickness, steady-state flow field, and zero background
concentration.

RESSQ is a semi-analytical model of two-dimensional solute transport that calculates the streamline patiern
in an aquifer, location of contaminant fronts about sources at specified times, and concentration versus time at
sinks, The model assumes a homogeneous, isotropic, confined aquifer of umiform thickness, steady-state flow
ficld, and advection and adsorption only (no dispersion or decay). Scurces are represented by fuily
penetrating recharge wells and ponds, and sinks are represented by pumping wells.

RT converts a time series of concentration data from one or more observation wells into a spatial
concentration distribution in the aquifer at specified times. The model assumes a single fully penetrating
production well, steady-state radial flow field, and pegligible regional flow.

Reference: Javendal, [, Doughty, C., and Tsang, C.F., 1984. Ground Water Transport: Handbook of
Mathematical Models, American Cvmphyswa! Union, Wa.tcr Resources Monograph 10, Washington, D.C.

Modei Name: PATHS
Sponser: PNL/DOE

Descriptiom: PATHS provides an approximate contaminant transport ¢valuation by direct solution of the
pathline equations. The steady cases are evaluated by holding the uniform gradient, the head in the pond, and
the well strengths constant. Under such steady-state conditions, only ong set of flow paths, advancing fronts,
and travel tirmes rust be calculated. In the transient cases, each new set of fluid particies leaving the pond or
wells encounters changing velogity effects. Therefore, a range of typical departure times is selected and the
flow paths, front ccafigurations, and travel times are calculated successively for each selected set of fluid
particles Jeaving the contaminant source. The approximate equilibrium coefficient approach is used to give
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the ion exchange delay effects for a single constituent, There are, however, no dispersion effects considered in
the preliminary model. The model can consider as many as 35 wells at optional locations. Wells are
represented as numerically solved by the code to give the paths of the fluid particles and their advance within
time toward the outflow boundary.

The main assumptions of the code are;

1) two-dimensional (horizontal plane) infinite aquifer of constant thickness;

2) confined flow;

3) homogeneous, isotropic materia) with constant properties;

4) wniform flow direction may include transient gradient (flow) strength;

5) round, fully-penetrating weils and cavems;

6) dissipation of the well and cavern heads occurs over a specific radial distance;
T) diffusion and dispersion processes are neglected; and

8) contaminant adsorption is based on linear ¢quilibrium isotherms.

Reference: Nelson R.W. and Schur, J.8., 1980. PATHS — Ground Water Hydraulic Assessment of
Eﬁﬁmmmgﬁﬁmjmlsglamm PNL-3162, Pacific Northwest Laboratory, Richland, WA,

Model Name: PORFLQ (2D/3D)
Sponsor: Hanford - PNL

Description: PORFLO simulates coupled heat, ground water flow and solute transport in a saturated or
unsaturated, porous media. The code is available in either two-dimensional, saturated flow (2ID) or three-
dimensional (3D), unsaturated flow versions.

Both versions of PORFL.O utilize the equivalent porous continuum analogy to represent a porous medium.
The codes can handle heterogeneous, anisctropic systems and can accommodate a variety of boundary
couditions. In addition, the codes use a free-format input mode which makes it exceptionally easy to setup an
input file. The codes also have various options that allow the user to select the processes to be modeled and
the solution method to be used. The codes provide flow field calculations for input to pathline-travel time
models and can be interfaced with a number of post-processors for graphical output.

Referemces Runc.hd AK Sagar, B., R.B. Baca, andNW Klme 198s. mm__A_CQnmanngL{m
Computational Tests,. Rep. RHO-CR. 150 P Basalt Waste Isolanon Prq}ect. Rockwell Hanford Operanons.
Richland, WA.

Runchal, A.K., and Sagar, B., 1989, PORFLO-3: A Mathematical Model for Fluid Flow, Heat and Mass
WMWJMMJMQM Westiaghouse Hanford
Operations, Richland, Washington.

Sagar, B., and Runchal, A K., , 1990. PORFL.O-3: A Mathematical Model for Fluid Flow, Heat and Mass

IW&WMWMLMMMM WHC-EP-(042,
Westinghouse Hanford Operations, Richland, Washington.

Model Name: PORMC-3
Sponser: Hanford
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Dexcription: Hest and solute transport,

Reference: Prepared by Analytic & Computational Research Inc. Complete citation not provided by
respondents.

Model Name: RANDOM WALK
Spoemsor: Nlinois State Water Survey

Deseription: Solute transport, two-dimensional porous media.

Reference: Prickett, T A, T.G. Naymik, and C.G. Lonnquist, 1981. A Random Walk Solute Transport Mdel
For Selected Ground Water Quality Evaluations. Builetin 65, Illinois State Water Survey, Champaign,
Illinois.

Model Name: SUTRA
Sponser: USGS - International Ground Water Modeling Center - National Water Well Association

Description: SUTRA (Saturated-Unsaturated Transport) simulates fluid movement and the transport of either
energy o dissolved substances in a subsurface environment, The model employs a two-dimensional hybrid
finite-element and integrated finite-difference method to appr:ximate the governing equations that describe
the two interdependent processes that are simulated:

1. fluid density-dependent, saturated or unsaturated, ground water flow; and

2. & transport of a solute in the ground water, in which the solute may be sutject to equilibrium adsorption
om the porous matrix, and both first-order and zero-order production or decay, or

2. b, transpoet of thermal energy in the ground water and solid matrix of the aquifer.
Reference Voss, C.L, 1984. SUTRA - Saturated-wnsaturated Transport; A Finite-Element Simulation Model

for Saturated-Unsaturated, Fluid density-Dependent Ground Water Flow with Epergy Transpot of
Chemically-Reactive Single-Species Solute Transport, U.S. Geological Survey, Reston, Virginia. .

Model Name: SWIFT (I1,IIT)
Sponser: JSNRC

Deseription: SWIFT IT & ITI simulate the flow and transport of energy, solute and radionuclides in a
geologic mediwm,

Reference: Reeves, M., D.5. Ward, N.J. Johns and R.M. Cranwell, 1986, The Sandia Waste-Isolation Flow

mrmmmmmmmmmmxmmmmmmm USNRC, Washington,
D.C. NUREG/CR-3328.

Reeves, M. and RM. Cranwell. 1981, User's Manual for the Sandia Waste-Isolation Flow Transport Model
{(SWIFT}, USNRC, Washington, D.C. NUREG/CR-2324.
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Maedel Name: TRACR3D
Spenser: USDOE - LANL

Description: TRACR3D simulates fluid flow and mass transport in » saturated or unsaturated, porous
medium. The code is primarily applied to field probiems involving unsaturated conditions.

TRACR3D utilizes the equivalent porous continuum analogy to represent 8 porous media. The code can
handle heterogeneous, anisotropic systems and can accommodate 8 variety of houndary conditions. The code
is relatively easy to use but can be run on a Cray compartes only. The code has vmousopﬁomthuallowthe
user (o select the processes to be modeled and the solution method to be used.

Reference: Travis, B.J., 1984. TRACRII and jia, LA-9667-MS,
Los Alamos National Labomtory Los Aiamoc, New Memo

Madel Name: USGS MOC
Sponser: USGS

Description: MOC is a two-dimensional model for the simulatior of non-conservative solute transport in
saturated ground water systems. The model is both general in its applicability and flexible in its design.
Thus, it can be applied to a wide range of problems. It computes charges in the spatial concentration
distribution over time caused by convective transport, hydrodynamic dispersion, mixing or dilution from
recharge, and chemical reactions. The chemical reactions include first order irreversible rate reaction (such
as radioactive decay), reversible equilibrium controlled sorption with linear, Fruendlich or I.angmuir
isotherms, and reversible equilibrium controlled ion exchange for monovalent or divalent ions. The model
assumes that fluid density vanations, viscosity changes, and temperature gradients do mot affect the velocity
distribution. MOC does allow modeling heterogeneous and/or anisotropic aquifers.

MOC couples the ground water flow equation with the noa-conservative solute-transport equation. The
comjurier program uses the ADI or SIP procedure to solve the finite difference approximation of the ground
water flow equation. The SIP procedure for solving the ground water flow equation is most useful when areal
discontinuities in transmissivity exist or when the ADY solution does not converge. MOC uses the method of
chamcteristics to solve the solute transport equation. [t uses a particle tracking procedure to represent
comvective transport and a twa-step explicit procedure o solve the finite difference equation that describes
the effects of hydrodynamic dispersion, fluid sources and sinks, and divergence of velocity, The explicit
procedure is subject to stability criteria, but the program satomatically determines and implements the time
siep limitations necessary to satisfy the stability criteria.

MOC uses a rectangular, block-centered, finite difference grid for flux and transport calculations. The grid
size for flow calculations is limited to 40 rows and 40 columns, The grid size for transport calculations is
limuited to 20 rows and 20 columns which can be assigned to any area of the flow grid. The program allows
spatially varying diffuse recharge of discharge, saturated thickness, transmissivity, boundary conditions,
initial heads and initial concentrations and an unlimited number of injection of withi'rawal wells. Up to five
nodes can be designated as observation points for which a summary table of head and concentration versus
time is printed at the end of the calculations.

An imeractive preprocessor, PREMOC, is included with the program to facilitate user friendly data entry snd
editing,

Reference: Konikow, L.F. and J.D. Brederhoft. 1978. Ca'nputu' Model of 'I‘wo-Dunensmml Transport and
Dispession in Ground Water. USGS. Techniques of Water Resor tigation. B ,
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Goode, D.J. and L.F. Konikow. 1989. Modification of a Method-of-Characteristics Soluts Transport Model
W Incorporate Decay and Equilibrium-Controlled Sorption or lon Exchange. USGS Water Resources
Investigations Report 89-4030. :

Model Name: VAM2D (H,3D,3DCG)
Sponser: Hydrogeologic Inc.

Description: VAM2D (NRC, 1989) is & finite element model that couples porous media ‘vater flow and
contaminant transport through the saturated and unsaturated zones. Tho cods was developed for the NRC.
Specific features of the code and processes that the code is capable of simulating include:

Two dimensional flow and transport

Chain-decay transport

Dispersion

Retardation

Anisotropic and/or heterogencous lithology
Confined and/or unconfined aguifers

Aquitards

Steady state or transient conditions

Pulse and step releases from contaminated sources
Point, line or areal sources

® ¢ 9 9 @ o » & ©

There are a whole range of flow and transport processes that VAM2D cannot simulate including vapor
transport, complex geochemical reactions, three-dimensional fate and transpoit, and a variety of processes
that may be essential in the evaluation of selected remedial altenatives. However, these limitations would

generally not preclude the successful application of VAM2D to support the bascline risk assessnent and
characterization program.

VAM2D has been extensively tested through the INTERVAL Program and has been applied at numerous sites
contsminated with radionuclides including: Los Alamos, West Valley, and Maxey Flats.

Reference: Huyakom, P.S., 1989. YAMRD - Variably Sasurated Analysis Model in Two Dimensions.
NUREGY/CR-5352, Hydrogeologic Inc. for the U.S. Nuclear Regulatory Commission, Washington, DC.

Huyakorn, P.S., White, H.O., Kool, J.B., and Buckley, J.E., 1988. YANODH Version L& A _Variably
Hydrogeotogic Inc., Herndon, Virginia.

Huyakorn, P.S., and Panday, S., 1990. YAM3DCG: Variable Saturated Analysis Model in Three Dimensions
with_Preconditioned Conjugate Matrix _Solvers - Documentation and User's Maoyal. Version 2.0,
Hydrogeologic, Inc., Hemdon, Virginia.
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GEOCHEMICAL/HYDROCHEMICAL
Mode! Name: BALANCE (-A)
Sponser: USGS
Description: Hydrochemical mode.
Reference: Parkhurst, D.L., L.N. Plummer and D.C. Thorstenson, 1982, BALANCE.

A Cormaputer Program
mmmmmmmmmmmmﬂm 1.5. Geological Survey, Water
Resources Investigations 82-0014, 33 pp.

Model Name: EQ3/6
Sponser: USDOE

Description: Solute transport.

Reference: Wolery, T.J., Jackson, K.J., Boucier, W.L., Bruton, C.J., Viani, B.E., and Delany, J.M., 1988.
The EQ3/6 software package for geochemical modeling: Current status. American Chemical Society,
Division of Geochemistry, 196th ACS National Meeting, Los Angeles, California, Se(pt. 25-30 (abstract).

Wolery, T.J, et al,, 1990. Cuent Status of the EQ3/6 Sofiware Package for Geochemical Modeling,
Chmﬂmwwmmn‘ D.C. Melchior and R.L. Basset, eds., ACS Symposium Series
416, American Chemical Society, Washington, D.C.

Model Name: HYDROGEQOCHEM
Sponsar:

Description: Hydrochemical model

Reference: G.T. Yeh and V.S, Tripathi. Complete citation not provided by respondents.

Model Name: MINTEQ (A1)(Equilibrium Metal Speciation Model)
Sponser: USEPA

Description: Geochemical model; calculates equilibrium aqueous speciation, adsorption, gas phase
partitioning, solid phase saturation states and precipitation-dissolution of eleven metals.

Reference: Brown, D.5. and I.D. Allison. 1987. MINTEQA1 Metal Speciation Model: A User's Manual.
EPA/600/3-87/012, USEPA, Athens, Georgia.

Felmy, A.R., D.C. Girvin and E.A. Jenne. 1984. MINTEQ - A Program For Calculating Geochemical
Equilibria. EPA/600/3-84-032, USEPA, Athens Georgia.

Model Name: PHREEQE
Sponsar: USGS
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Description: PHREEQE is a FORTRAN IV computer program designed to model geochemical reactions.
Based on an ion pairing aqueous model, PHREEQE can calculate pH, redox potential, and mass transfer as a
function of reaction progress. The composition of solutions in equilibrium with multiple phases can be
calculated. The aqueous model, including elements, aqueous species, and mineral phases, is exterior to the
computer code and is completely user definable. PHREEQE can simulate several types of reactions including
(1) sddition of reactants to a solution, (2) mixing of two waters, and (3) titrating one solution with another. In
each of these cases PHREEQE can simultaneously maintain the reacting solution at equilibrium with multiple
phase boundaries. The program calculates the following quantities during the reaction simulation:

1) pH;

2) pe;

3) total concentration. of elements;

4) amounts of minerals (or other phases) transferred into or out of the aqueous phase;
S) distribution of aqueous species; and

6) saturation state of the aqueous phase with respect to specified mineral phases.

Reference: D.L. Parkhurst, D.C. Therstenson and L.N. Plummer, 1980. PHREEQE -
for Geochemical Calculations. 1J.S. Geological Survey, Water-Resources Investigations 80-96, 209 pp.
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ENGINEERING/PERFORMANCE/ACCIDENT

Model Name: BARRIER
Sponsor: EPRI

Description: Simulates the long-term performance of low-level radicactive wastes disposal facilities.

- Predicts: long-term water balance; degradation of concrete structures over time and cracking and failure of
concrete structures.

BARRIER projects the failure of facility structural components and water flow through the facility prior to
and following failure. Unsaturated ground water flow modeling is based on Darcy's Law for water flow as
extended to unsaturated systems. Facility degradation is modeled mechanistically, employing concrete
deterioration and structural analysis algorithms pertinent to each facility design.

Reference: Shuman, R., V.C. Rogers, N. Chau and G.B. Merrel. 1989, The BARRIER Code: A Tool for

-L&ve] Radioactive Waste Disposal Facilities.
NP-6218-CCML.,

Model Name: BRUNZOG
Spoensor: US ARMY

Description: Calculates depth of thaw penetration.

Reference: Prepared by E.J. Chamberlin, U.S. Army Cold Regions Research and Engineering Laboratory.
Complete citation not provided by respondents.

Morel Name: CONSOL
Sponsor: ?

Description: Calculates settlement,

Reference: Prepared by U.C. Berkeley. Complete citation not provided by respondents.

Model Name: HELP (Hydrologic Evaluation of Landfill Performance)
Sponsor: USEPA

Description: Estimates the amount of surface runof, subsurface drainage and leachate that may result from
the operation of various landfill designs. The program models the effects of hydrologic processes including
precipitation, surface storage, runoff, infiltration, percolation, evapotranspiration, soil moisture storage, and
lateral drainage using a quasi-two-~dimensional approach.

Reference: Schroeder, P.R., J.M. Morgan, T.M. Waiski and A.C. Gibson. 1984. The Hydrologic Evaluation
of Landfill Performance (HELP) Model. EPA/530-SW-84-009.
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Model Name: MACCS (Reactor Accident Consequence Analysis Code)
Sponsor: USNRC

Description: Estimates environmental concentrations, intakes, dose-equivalents and risks resulting from a
reactor accident.

Reference: Developed by Sandia National Laboratories. Complete citation not provided by respondents.

Model Name: ORIGEN?2
Sponsor: RSIC

Description: ORIGENZ is a revised and updated version of ORIGEN (Qak Ridge Isotope Generation).
ORIGEN2 performs a point-depletion calculation on reactor fuel, irradiation of reactor components, and
determines the composition, radiation, and spectra of any part of the fuel cycle. A matrix exponential
technique is applied to compute nuclide concentrations. In some cases the Bateman equation and secular
equilibrium are used. The cross sections are assumed to be constant, except for a number of key actinide
reactions that are varied with burnup. Nuclear libraries supplied with the code provide space and spectrum-
averaged cross-sections. One-group flux is assumed. Output values are used as source terms for radiation
exposure and radiation shielding codes.

Reference: Croff, A.G., 1980. A User's Manual for the ORIGEN2 Computer Code. ORNL/TM-7175

Modei Name: PAGAN (Performance Assessment Ground Water Analysis of low-level Nuclear waste)
Sponser: USNRC - SNL

Description: The PAGAN code is used to assess the performance of low-leve! waste and contains the
transport codes DISPERSE and SURFACE (Kozak et al., 1990). PAGAN calculates release from a source
using either a rinse-release or a leach-limited source-term model. This release term is used as an area source
into the aquifer at the water table, and radionuclide concentrations at various locations and times can be
calculated. If the contaminated aquifer also discharges into a surface water body, the flux of radionuclides
into the surface water can be calculated in a separate run of PAGAN. If the surface water body is a small
flowing river, the radionuclide concentration in the river may be calculated using a simple dilution factor in
PAGAN.

The surface and ground water capabilities of PAGAN have been incorporated into the GENII code (Napier et
al,, 1988).

Refercnce: Chu, MSY Kozak MW, Campbeil J.E., and Thompson BM 1991. A Selt-Teaching

ST hodology, NUREG/CR-5539,
SAND90- 058 i U S. Nuclear Regulatory Commlssxon’ Washmgton D. C. -

Model Name: PC-SLOPE
Spensor: Geo-slope, Inc., commercial product

Description: Failure surface calculations.

Reference: Geo-Slope, Calgary Canada. Complete citation not provided by respondents. ’
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Model Name: RASCAL
Sponsor: USNRC

Description: Estimates dose-equivalents and health effects due to reactor accidents.

Reference: Model prepared by ORNL and Phoenix Associates Inc. Complete citation not provided by
respondents.

Model Name: RSAC (Radiological Safety Analysis Computer Program)
Sponsor: USDOE

Description: Evaluation of the impact of nuclear facilities, operation and accidents. The program caa
calculate: fission product buildup and decay, meteorological diffusion and/or depletion values, and individual

or population doses resulting from inhalation, deposition or ingestion of or direct exposure to radionuclides
released to the environment,

Reference: Wenzel, D.R. 1982. wmmm&mmﬂsﬁmmnmmm ENICO-1002,
Exxon Nuclear Idaho Co., In¢., Idaho Falls.

Model Name: SFRIFD
Sponser: MK Environmental

Description: Calculates safety factors for riprap sizing,

Reference: Developed in-house by MK Environmental, San Francisco, California. Con{plcw citation not
provided by respondents.

Model Name: SFRIPE
Spenser: MK Environmental

Description: Calculates safety factors for riprap sizing,

Reference: Developed in-house by MK Environmental, San Francisco, California. Complete citation not
provided by respondents.

Model Name: STABL
Sponser: Indiana

Description: Calculates failure surfaces, factors of safety ?

Reference: Prepared by R.A. Siegel, Purdue University, for the Indiana State Highway Commission,
Complete citation not provided by respondents.




Model Name: STABLS
Sponsor: US DOT

Description: Calculates failure surfaces, factors of safety.

Reference: Prepared by Purdue University for The Joint Highway Research Project, Federal Highway
Administration, U.S. Department of Transportation, Complete citation not provided by respondents.

Model Name: STABR
Sponsor:

Description:

Reference: Prepared by U.C. Berkeley. Complete citation not provided by respondents.

Model Name: STEPH
Spensor: MK Environmental

Description: Calculates riprap sizing.

Reference: Developed in-house by MK Exvironmental, San Francisco, California. Complete citation not
provided by respondents.

Model Name: UTEXAS2
Sponsor: Texas

Description: Calculates failure surfaces and factors of safety.

Reference: Prepared by Stephen G, Wright for the Texas State Department of Highways and Public
Transportation. Complete citation not provided by respondents..
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RADIATION DOSE

Model Name: ISOSHLD (-II)
Sponser: USDOE

Description: ISOSHLD iy used to caleulate radiation dose at a point from bremsstrahlung and/or gamma rays
emitted from radinisotope sources. ISOSHLD-IT is an extension of ISOSHLD with the added bremsstrabiung
mode, Five shield regions can be handted with up to twenty materials per shield region, the source is
considersd to be the first shield region, {.¢., bremsstrahlung and gamma rays are produced only in the scurce.
Point kemel integration (over the source region) is used to calculate the radiation doses at 8 field point.

Data needed to cajculate ﬁssmn-pmdwm isotopic concentrations, source spectrum distributions, and
attenuation coeflicients are contained in libraries used by the code. Problem input data is thereby minimized,
and information required sprcifies the source-shield configuration and identifies the relevant materiale ~ud
their densities.

i

keference: Engle, R.L., J. Greenborg and M.M. Hendrickson, 1966 ISQSHLD - A Computer Code For

Q;n.mlﬁumhmnmjhxﬂdmg&mlm BNW1L-236, Pacific Northwest Laboratory, Richland,
Washington.

Sxmmom,GL. J J Regm\bal J. Greenbcvrg.BL Kclley. Jr., H.H. Van Tuyl. 1967. ISQSHLI-IL. Coda
‘ . D elded Bremsstrablung Sources. BNWL-236
Supplemem l Pamﬁc Nonhwest Lahomtory. chhland Washington,

Model Name: LADTAP
Sponsaer: USNRC/Qalt Ridge NL

Description:
Reference: Simpson, D.B., and McGill, 1980. [Jsers’ Manual for LARTAP I - A computer Program for

saloulating radiation exposure 1o man from routing ielease of Nuclear Reactor Liguid Effluents, Oak Ridye
National Lab,, Oak Ridge, TN, NUREG/CR-1276 (ORNL/NUREG/TOMC-1).

Model Name: RADRISK
Sponsor: USEPA

Description: Life-table methodology to derive dosimetric and health effects data. Often used with AIRDOS
and DARTAB.

Referemce: Dunning, D.E., Jr,, RW. Leggett and M.G, Yalcintas, 1980. A Combined Methodology for
Estimating Dose Rates and Health EXYicts From Radioactive Pollutanis, ORNL/TM-7105.
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UTILITIES

Model Name: SURFER
Spensor: Golden Software

Description: 3-dimensional gridding, contouring and surface plotting software.
Reference: SURFER, Golden Software, Golden, CO.
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