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DISCLAIMER

[his report was prepared as an account of work sponsored by an agency of the

United States Government. Neither the United States Goverr_ment 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 owned rights. Reference

herein to any specific commercial product, process, or service by trade name,
trademark, manufacturer, or otherwise, does 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
thereof.
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SURVEY QUESTIONNAIRE

, ,, [The following document i3"the result of a maii survO, u.singa qucstion'naire similar, to the onepr,sented b'-etow'-"N.
[Without periodic update, due 1'o new and expanding modeling efforU, th_._document may. soon be obsolete.
['Dtercfore, in order to keep this living document a constant source of pertinent information ii i_ important that we
]receive a_, additional informatior_regarding models u._zdin thefield. Please advise ua of any additionalmodels,
]updated versions and/or novel applicationa. If you canfitrniah the autlu_rswith any of thio informationor have any
[comments regarding lhcaccuracy__ofth._ei.nfol_mationcont.._.ainedher._ein,,._plaas¢take the time to complate thiosurvey.

RADIOI.,OGIC AND NONRADIOLOGIC ENVIRONMENTAL 'I'KANSFER/PATIIWAY

__EL_NG A CTIY_I'YIF_

Name of Respondent: Title:

Organization:

Street

City: State: Zip Code:

Telephone (Commercial)

Site type (E.G., EPA Sv,per fund, 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 efforls (planned, ongoing, or completed):
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Ri_lioiso,topes and nonradiologiccontaminantsevaluated:

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

Levebof-effort expendod or planned (man-months):

Have you conduc.todany site-spvcific model calibration/validation efforts: If so please briefly describe
thenatureofth_eefforts:

Have the remitsof' these modeling and calibration/validation efforts been published? If so where?

Other comments:

= -_ = = ..... = .... = RETURN TO .......

Paul D. Moskowitz
Environmental Health Scientist

Biomedical and Environmental A._t.._sanent Group
o BuilcHng 475
: Brookhaven Natio_m,ILaboratory

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),

ti_e U.S. De,panment 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 individlmls 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 across 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 it.self.
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1. INTRODUCTION -
2

Massive efforts are underway to cleanup hazardous and radioactive wastes f_und at

contaminated sites throughout the U.S. [e.g., U.S. Environmental Protection Agency (EPA)

;upeffund 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 engineering) are often used

to characterize the source, transport, fate and effects of hazardous chemicals and radioactive

:i materials identified at the sites. The models may also be used to characterize benefits of
-|

,I alternative relnediation options.

!!. The EPA (e.g., USEPA, 1988, 1989a, 1989b), the U.S. Department of Energy (DOE)

(e.g., Case ct.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, stand,'u'd 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), !heir

equivalent, is done on an ad hoc basis. Because of this, M/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.



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 tectmical information on the extent and type of modeling efforts being

conducted at EPA, DOE, NRC and other hazardous and 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 I991. Mailing lists were developed by compiling names and

addresses provided by EPA, DOE and NRC staff, and selecting names from various technical

repoxt:_. 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 -290 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
f

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 [_ot reported. The survey, however, attempted to develop a "snapshot"

2
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Table1. MailSurveyQu_tionnaire

RADIOLOGICAND NONRADIOLOGICF..NVIRONMENTAL
_SI__.I_PATffWAY

COMPUTER MODELING ACYIVITIF_AT EPA/DOE/NRC SITES

for

Om._ of RadiationPrograms
U.S. _vu_nmen_ ProtectionAgency

OfficeofEnvironmentalRe,stora_on_d Wast,Mmmgement
U. S. Departmentof E_nergy

OfficeofNuclearMaterialSafetyandSafeguards
U.S.NuclearRegulatoryCommission :

_ iiiii 1_ ii i i -_-_--.-. -- iii .._, i __ jl i i i'1,1 i ...... i i ] IIL_._ illll __. -- ___ •........

Nameof Respondent: Title:

Organization:

Street:

City: State: Zip Code:

Telephone(Commerce):

Sitetype(e.g., EPA SUPERFUND,DOE Defense, NRC CommercialNuclear
Facilities):

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

Nameof code(e.g., PRESTO) implemented:

Codeprcpaz_by:

• Codepmpar_ for:.



.... J ,,Jilt ,,, ,, ...... _, r,dl,, ,i. ,_k
'.... ,, , ,, , d", ,'_ 'l, ....... LI, IllL_J Jlldbjj ,1_,, JJ ,_Jl_J Jl_,,l_ ,_l_ ,_,11_, ,_i, ,LI , ,i_l,ll, lf,

$tausof modelingefforu(plar,ncd,ongoing,or completed):

Radioisotop_and.onradiologiccontaminantsevaluated:

E_ints evaluated(e.;., environmen_concentration,dosecommitment):

L_,veJ-of-effortexpendedor planned(m_-mon_s):

Haveyou conductedany site-sp_ific model calibration/val'.dationefforts: If so, please
brieflydescxibethe natureof theseefforts:

Havetheresultsofthesem_clingandcalibradordvaliclationeffortsbeenpubllsh_?If
so,where:

comments:

PLF_SEP.ETUP.HCO_ Q_ONNA.II_ TO:

PaulD. Moskowit_
EnvironmentalHealthScientist
Biom_licaland Envb_nmentaJAssessmentGroup
Brookl_venNationalLaboratory
Upum_,New Yorkn973
(516282-2017)(Frs666-2017)

4
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perspective of a dynamic, rapidly changing community of sites, modeI,._ and responsible

parties (e.g., modelers and RPMs). In this context, we believe the list o_"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-o;, 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 mt_dels is by the

environmental media they simulate (e.g., air, soil, surface water or ground water). Models

" could also be broken down into those groups which simulate only the physical transport of a

contaminant through air, soil or Water; and tho_ 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 categories used in this report are:

1. Multi-Modia;

2. Air;

3. Surface Water;

4. Ground Water;

5. Aqueous Geochemistry;

6. Engineering/Perfbrmance/Accident;
i,

7. Radiation Dose;

. 8. Utilities (Model Suppot't Software).



The fir_t four classes of models are concerned 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 Rankit_g, 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 produce.xiby these models

are used relative to each other, and are not used tc, estimate risk at individual facilities. In

contrast, Radioactive Materials Fate and Transport, and General Purpose models provide an

estinaate of the environmental transport, expo:;ure and risk presented by rele",_sesof radioactive

materials or other types of po_'lu_ts, respectively.

Transport models predict th,_. physical movement of c.ontaminants through one media

(e.g., air, surface water and ground wate,:). Air models mmetimes 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 pc'ential

applications or ancillary use.

The other four classes of models are used for more-specific puxposes. Aqueous

Geochemica] and HydrogeochemicaJ models attempt to establish the relative abundance or

concentration of various contaminant specie:,. 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 tr:msport 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



'1

engineered structw'es 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 environment 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 RF.,SULTS

4.1 Responses
_

A total of 87 individuals responded; 61 in Phase 1, and 28 in Pha_e 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

a_mlysis 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.

7
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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. Ii1 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 references for most of the models mid 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

models are often used for radioactive materials with very long 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 tar 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 tbr EPA

(e.g., AIRDOS, RISC, PRESTO, RADRISK), DOE (e.g., BIOTRAN, MEPAS, RESRAD,
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TABLE5 - Model- SponsoringAgency

De_rtment of Energy.... ----------
ARCL FEMWATER/FEMWASTE MAT123D
BIOTRAN GENII PORFLO "
CFEST HARM-II PORMC-3
DECHEM ISOSHLD RH6-LC
_ITTY LTSAMP RSAL •
DOSES MEPAS SUMD
DOSTOMAN ML CODE TRACR3D
EQ3/6 RESRAD

Environmental ProtectionAg_n__cY_
AIRDOS (-EPA, -PC, MICRO-) INPUFF
CAP- 88 ISCST, LT
CHARM MINTEQ
COMPLY PATHRAE (- EPA,- HAZ)
CREAMS PRESTO
DARTAB RADRISK
HELP SCREEN
HRS-I SIMS
HSPF UTM

Nuclear Reg_ulat0rYAgency
CONOOS-II ONSITE
DPCT PAGAN
IMPACTS (PART61,-BRC) PATHRISK
MACCS RAECOM (RADON)
MAXI1 RASCAL
MESOI SWIFT (-II,- Iii)
MILDOS (-AREA) TEMPESTIFLESCOT
NEFTRAN II TOUGH
NUREG-0707

()ther
3d Mixing Cell MOC SFRIPE
J_JFTOX MODFLOW (MOD3D) SOIL
BALANCE ODAST STABL
BARRIER PATH STABL5
Bechtel PC-SLOPE STABLR
BRUNZOG PHREEQE STEPH

,GENNMOD PLASM SURFER
GW FLOW RANDOM WALK UNSAT(-2,- H)
GEOFLOW RETC.F77 UTEXAS2

_HE__C-__lt-2 STRIPD VAM2D

Unknown
CASCADER FLOWPATH SOL,UTE
CONSOL FTWORK SOURCE 2 .
CYLSEC GCDT3DH3,4,5 SPUR
DCM3D HYDROGEOCHEM STRIP 1B I
DECOM NEWBOX TDRECH 11,12,21,23 LFLASH/FLAME ODRECH6,7 THEM

SEFT_I_N

_ rJ lille,li Iir _t tsppillPip' = 'tlr'lrprlll? I_llrlr'

TI I_lmfl 'p_r,

fill .... 4....... irl ....... r........... ,=, ,_t_ .......... I_II, H,,_ tl IIi...... Br rl, ,n',ll,,r lr,r, Irl' '1 _ I_ ..................................... I'_'





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 identified. Engineering models

which include Pertbrmance Assessment, Accident and Radiation Dose models was the next

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

4.5 Level-oi-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 us_l for the more genera] purpose of finding _

environmental concentrations of contaminants and ra,diation 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 jounlals and papers. There are no publications for 87 respondents. _

Furthermore, 90 respondents did not answer the que_aion. ._

©
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TABLE 6: Index of Exhstlng Environmental Pathwsy Models
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TABLE 6: Index of Existing Environmental Pathway Models
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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 collected 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 sampled 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

appli_tion 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 ali referenced literature and revues, and the agency which sponsored their

development is also presented in Table 6. Models reported in the cun'ent survey representl)

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

.37



model were identified in the survey, yet the use of FEMWATER/FEMWASTE has been
d

reported in the literature (Sullivan and Suen, 1989).

In conclusion, it is clear that a unified approach to model selection is needed. d

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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MULTI-MEDL_- HAZARD RANKING

Mode!Name:HRS-I (HazardRanking$ystem-D
Sponsor:USDOE

Description:Hazardranking.

Refereuee: Stenner,R.D., R.A. PeloquinandICA. Hawley, 1986. Modified HazardRankingSystem/Hazard
RankingSystem forSites WithMixedRadioactiveandHazardousWastes - SoftwareDocumentation.
PNL-6066. PacificNorthwestLabomto_, Richland,Washington.

Model Name: MEPAS(MultimediaEnvironmentalPollutantAssessmentSystem)
Sponsor:USDOE

Description: MEPASis a risk computationsystem developed for hazardrankingapplications.MEPASis
designedto integratethe informationavailable fordefiningchronicpublic healthrisksassociatedwitha
problem,ora seriesof problems. This systemincludesmulti-pathwaytransportandfatemodels. Potential
problemsmaybe characterizedby eithermodelingthe environmenttransportor by inputof concentrationsat
the receptor.

Individualandpopulationenvironmentalrisks areevaluatedfromradioactivematerials,chemical
carcinogens,andnoncarcinogensby consideringali major exposurepathways_An internaldatabaseprovides
chemical,physical,andriskevaluationparametersfor297 constituents. Outputsinclude in_rmediatefiles
(inputvalues,emissionrates,enviromnentalconcentrations)anda file with impactinfmmafionincluding
maximumindividualand total populationimpactmagnitudes,timing, andlocation.

Modelsare imbeddedforair emissions(VOLATL0,airtranslx_ processes(RAPSCD)andwatertranslxm
processes(KADCOND),araleffectscomputation(HAZ). Gaseves andl_rticulate eanm_or_/flux_may be

besedoa s_teconditions,or inlmtu knownIzmneters. The airmmspoNisasectoraverage
C_aussiaumodelwithdepositionandcomplex tenain modules thataccount fm"local tenain influences. The
soil _ canusedimensionaladvectionand _eL In the vadosezone, themode_hasone
dimensiotud_vection anddispers/on. In the saturatedzone, the model has one dimensionaladvectionand
_ee dimensionaldispersion.Vmom linkagesof translxx_throughsoil, groundwater, surfacewaterand
overlandrunoffaresupported.

MEPASis implemented_ MS-DOSforuse on au IBM-PCor compatible witha computershell designedfor
applic,ation to a largenumberof problems. This Shell allows problemdefinition, dataentry,reference
tracki_g,andmodel running.A set of datainputw_ are generatedforeachproblemforpurposessuch
as externalrevieworprojectrecords.

Referem:e:Doctor,P.G.,T.M. MileyandC.F,.Cowan. 1990. _a Environmental pQlltSal8
_,_s,smr_entSystem0¢IEPAS)_n_tivfly Anal_s_0f C__. Preparedfor theU.S. Departmentof
Energy.PNL-7296,UC-602, 630. PacificNorthwestLaboratory,Richland,Washingtm.

Droppo,J.G.,Jr.,O. Whelau, J.W.Buck, D.L. Strenge, B.L. Hoopes andM.B. Walter.1989. Sul_fJIlf,nl_
MaY.hf,lIlal/_l Formulations:The Mul_a EnvironmentalPollutantAssessment Syuem.fldY,RA_.
PNL-7201.Pacific NorthwestLaboratoW,Rie,.hland,Washingto_

Whelm. O.,D.L. Strenge,J.G.DroppoYr.,z_dB.L. Steelman. 1987. _ Priori_,Syste_
• ' " ' . PNL-6200.PacificNorthwest I_, P,.ichland,Washington.



MULTI-MEDIA- RADIOAffFIVE MATERIALS TRANSPORT AND FATE

Model Nsme: ARCL
Spoumr"USDOE

t)

De_rtpttol: Methodto evaluatedecommissioningalternativesby usinga site-specificradiation
•".,nario/exposurepathwayanalysisto determinethe acceptablelevels of residualradioactivecontaminants
thatnmmin.

Refere, ce: Napier,B.A., andG.F. Piepel. 1988. A._or Ap_plyin_ the AllowableResidtmJ
ContaminationLevelMethod FOrDecommissioning Facilities Oa 'D_,.ttaaLoLd.,,_J_.PacificNorthwest
Laboratory,P.dcMaml,Washington. PNL-6348AJC602.

ModeJName: DECHEM
Sponsor:USDOE

Description:Multiplepathwaymodel developed foruse indeterminingacceptablelevels of chemicals in soi_l
afterclcan-xtpof UraniumMill Tailings Remedial Action ProjectSites (UMTKA). The model considers
exposurethroughingestionof contaminateddrinking water,ingestionof contaminatedfood and inhalation of
_sus_l_ soilcoatami_mts.

Reference: Modelpreparedby theRadiological Assessments Corporation,Neese_,SouthCarolS.na.Complete
cit,_ notprovidedby respondents.

Model Name: DrlTY (DoseIntegratedOverTen ThousandYears)
Spomumr:USDOE

DescriptioI: DI'ITYwas developedto detem_e the collect/ve dose fromlong termnuclearwastedisposal
sitesresultingfrontgroundwaterpathways. DrlTY estimatesthe time integralof collective dose over a
ten-Osmsandyearperiodfor time.variantradionuclide releases to surfacewaters,wellsor the atmosphere.

Reference:Napier,B.A., R.A. Peloquin,andD.L, Strenge. 1986. DITTY-__
_Lc_l]&_tegr',xted OverTen Thousand._. PNL.2M56.PacificNorthwest
Lzbormodes,Richlm_ Washington.

Model Name: DOSES
Sponm': ORNL

I)escriptioa: Beingdevelope_d/usedto simplify QC requirements. DOSES calculatesdose to man from
measmzde.uvironnm_talsam#es.

ReferMee: Developedby ORNL foruse atORNL. Complete citationnotprovidedby respondents.
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ModelName: DOSTOMAN

Sponsor: USDOE

Description: Model is designedto provide estimates of long.term dose to manfromburiedwaste. 'Themodel
consistsof compartmentswhichrepresentdifferentportionsof the environment,includingvege_ion,
herbivores,atmosphere,groundwater, surface waterand man.

Reference:Root,R.W. 1981. Documenta:ionandU_s GuideforIX)STOMAN. A PathwaysComput_
_{Q_J_i_LRa_onuclideMoyement. DPST.810.549,E.I, DuPontde Nemours& Co.

C.M.King,E.L.Wilhite,1LW.Root, Jr., D.J. Fauth,_IL Routt,R.H.Em_ie and R.R. _ckmeyer, R.A.
Fjeld,G.A.HuttoandJ.A. Vandeven. 1985. The SavannahRiverLabora_ry DOSTOMANCode - A
CompartmentalPathwaysModelof ContaminantTransport.Proceedin_of the DOELow-Level Wastl
/_lanaeementProgram_vcnth AnnualParticip_ts InformationMeeting,Las Vegas, Nevada, 1985.
CONF-8509121-13.

ModelName: GENII(HanfordEnv. Dosimetry SystemGenerationII)
Sponsor:USDOE

Description:Comprehensiveset of environmentalpathwayand internaldosimetrymodels. Composedof
sevenlinkedcomputercodesand theirassociate data libraries

Reference: Napier,B.A,, R.A. Peloquin, D.L. StrengeandJ.V. 'Ramsdeii. 1988. HanfordEnvironmental
DosimeCyUpgradeProject, _ - The HanfordEnvironmentalRadiationDosimetrySys_enl.3 Volumes.
PNL-6584.PacificNorthwestLaboratories,Richland,W_xhington.

Model Name: GENMOD

Spon_a':AtomicEnergyo_Caamda

Description:Calculationof internaldose.

Reference: Preparedby Atomic Energyof Canada foruse by the CanadianNuclearIndustry. Complete
citationnotprovidedby respondents.

ModelName: MILDOS
Sponsor:USNRC

Description: MILDOSwasdesignedto compute environmentalradiationdoses ft'oreuraniumrecovery
operations.

Reference: StTenge,D.L.andT.J. Bander. 1981. MR,DOS- A ComputerProgr_ ForC_
F.,l_on Doses FromUrajfium Recovery_Ope_rati9/_. NUREG/CR-2011,PNL-3767. Pacific
Northwest_, Richland,Washington.



Model Name: MILDOS-AREA
Sponsor:USDOE

t

Description: MILDOS-AREAis an improvedversion of MILDOS. TlmMK,DOS.AREAcode provides
improvedcapabilityforhandling large area sourcesand upd_s the dosimetrycalculations. Runs on an

, IBM.,PCcomputer.

Reference:Yuan,Y.C., J.H.C. Wang;and A. Zielen. 1989. MR.DOS-ARF.A:An Enhan_d Versionof
MILDOSforLargeArea Soure4_, ANL/ES-16I. ArgonneNational Laboratory,Illinois.

ModelName: NUREG-0707
Sponsor:NRC

Description:Site-specific limits forallowableresidualcontamination.
,t

Reference: Eckermanand Young. Completecitation not providedby respondents.

_' Model Name: PATH
'i Sponsor:GE

Description: Usedto implementresidual radioactivematerialguidelinesduringdecommissioning.

Reference: 1M_,paredby Dr.SaikaiLee for use at the GeneralF.,lefa-k:ShippingportStation. Based on
guidelinesin: A. ' g ResidualRadioactiveMaterialGui,__

Model Name: PATHI
t_penser:USNRC - SHL

13¢scription:.PATHImodels the physical and biological processesthatresult in the transportof
radioeuclide$throughthe Earth'sbtu'faceenvironmentand eventual humanexposureto these radionuclides.
Pg_Ti-IIis dividedinto two submodels. The EnvironmentalTransportSubmodelrepresentsthe long-term
dis_'ibutionandaccumulationof radionuclidesin the environment. The Transport-to-ManSubmodel
simulatesthe movementof radionuclidesfrom the enviromnentto humans.

PATHIuses a generalized approach to the simulationof radionuclidetransportfromthe groundwater
thro_lghthe environmentand food chain to humans. The code is not tied to any specific site characteristics.
The l_nvironmentalT_ Submodel of PATHI requiresthat the studyareabe divided into a number of
compmments,and radionuclidemovement between these compartmentsis representedby z system of linear
diffenmtialequations. The usermust specify the traasferand decay coefficientsfor this systemof
compartments.In the Tmnslx)rt-To-MznSubmodei, radionuclideingestionis calculated on the basis of
simple foodchains and concentrationratios,while theamount of each rmiionuclideinl_ed is detemdned

. fromtte amountofradionuclide.containingsoft suspendedin theair.Thesecalculatedingestionand
• inhalationratesareinputtothe SandiaDoseandHealthEffectsmodel,DOSHEM whichisincorpo_ into
- PATHI,

' TlmcodecanberunwiththegroundwatercodeNWFT/DVM usingaLatinhypercubesamplingroutine.
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Rcfcrence: Helton,J.C.,andKaes'_er,P.C., 1981. l_sk Methodologyfo ' '
___scription andUser's_ual, the Pathway, HDREG/CK-1636,voi. I, SAND 78-
1711AN.

Campbell,J.E.,Longsme,D.E., andCranwell,R.M., 1981. '" logic Disposalof
Radioacti_ Waste: TheNWF]'/DVMCom_ SUREG/CR-2081,SandiaNational

Model Name: RESRAD
Sponter: USDOE

Descriptim: RESRAD(Gilbert,1988)is an implementationof the analyticalmethodologyrecommendedby
the Departmentof Energyin its guidelines(DOEOrder5400.5, Gilbertet al,, 1989) forallowable
concentrationsof residualradioactivematerialin soil encompassedby the FormerlyUtilizedSites Remedial
ActionProgram(FUSRAP)a_dSurplusFacilities ManagementProgram(SFMP).RESRADis a multi-media
modelwhichincorporateswithinit a numberof media.specific models ali of which havebeenchosenfor
theirreliabilitybutgeneral conservatism.Guideline values derivedby the models areb_ed on the method of
concentrationfactm_(NRC, 1977;ICRP, 1984;Till andMeyer, 1983;NCRP, 1994).

Pathwayanalysisforderivingsoil concentrationguidelines fora specifieddose limitis donein fourstages:

• Sourceanaly_
• Environmental_ analysis
• DoseJrespomeanalysis
• Scen_o _ai_

Sourceanalysisis doneusing anondispersiveequilibriummodel of the leachingprocess.This is an idealized
processinwhichtherateof lea_hingis constantuntila radionuclidehas beencompletelyremovedfromthe
contaminatedzone. Ingrowthanddecay of radioactivematerialsare treatedas if theyoccun_ entirelyin the
con_ zone. A contaminatedzone is treatedas a single homogeneousof inhomogeneoussotm_ of
changingthickness,depth, andradionuclideconcenwationsdue to leaching,erosion,ingrowth,anddecay.
Principalradionuclidesarethosewith half-livesgreaterthan 1year.

Environmeataltransportpathwaysinclude air (dust,radon, andothergases) andwater(surface',rodgrotu_
water).Airwaaspo_ is accomplishedby use of a simplemixing model ratherthanaGaussianplume model.
The p.ufacewater is assumedto bea pondor lake for which (I) the water inflow andoutfloware in s'teady-
stateequih'Iwium,and,(2) the annualinflow of radioactivityinto the pond or lakeequalstheannualqu_tity
of radioactivityleachedfromthecontaminatedzone. Two models al_used forcalculatingthewater/soil
concenUationratioforthe groundwater pathwaysegment of RESRAD:a mass balance(MB)modelm_da
dispersionlcmflow(DF)model.The groundwaterpathwaymodels implementedin theRESRADcode apply
only to sitnationsforwhichthe hydrologicalstratac_'mreasonablybe approximatedby a sequenceof uniform,
horizcmtallayers.

Dose eq_valents in organsortissuesof thebody axe calculatedwith models that:(1) describethe entranceof
materialsimothebody(re_iratoryand_intestinal u-act)andthe depositionandsubsequentretentionof
themdioneclidesin bodyorgans(referredto as metabolic models); and, (2) estimatetheenergy_position in
tif_uesofthe body(ICRP,1979).

Soil guidelinesarebasedon a family-farmexposure scenario.RESRADcode was developedby Argonne
NationalIalboratoryforAEC3NRC.



Reference: T.L. Gilbert, M.J. Jusko, K.F. Eckerman. W.R. Hansen, W.E. Kennedy, Jr., B.A. Napier and J.]C
Soldat. 1988. AManual for Implemf,_ntinfResidual Radioactive Matel_ January 1988. For the

, U.S. Del_snment of Energy.

T.L., Gilbert, C.Yu, Y.C. Yuan, A.J. Zielen, M.J, J, tsko, and A. Wsllo III, 1989, A Manual for Implementiny_,
, _ Radioactive Martial Guidelines. June 1989. For the U.S. Department of Energy.

Model Name: IMPACTS (PART61)
Sponsor: USNRC

Deu:riptien: IMPACTS is used to determine disposal facility radiological impacts, including ground water
migrationand overflow impacts, intrusion and expo_d waste impacts and exposures fzom potential
operational accidents.

PART61 is a system of codes and data files that implements an expansion of the IMPACTS a_dysis
methodology used during the development of the I0 CFR 61 rule and includes:

• CLASIFY: Classifies waste streams into four classes

• IMPACTS: Determines radiological impacts
• INVERSE: Activity or concentration limits
® ECONOMY: Costs of disposal
• INTRUDE: Impacts of an intruder
• VOLUMES: Waste stream annual volumes

Modifications of theIMPACTS methodology included in PART61 are:

1. at update ofthe low.level radioactive waste source term

2. cmsideration of additional alternative disposal technologies
3. expansion of the methodology used to calculate disposal costs

4. consideration of au additional exposure pathway involving direct human con_t with disposed waste due
to a hypothetical drilling scenario; and,

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

B&_[ on input from CLASIFY', IMPACTS is used to determine most disposal facility radiological impacts
for a given combination o_

I. waste streams 'andprocessing options
2. disposal technologyalternatives, and
3. disposal site environmen_ settings.

Reference: Oztunali, O.I., W.D. Port, R. Eng and G.W. Roles. 1986. L!_txiateof Part 61 Im_
_£tgy._Cod_ and Example Problems. Volume 2, NUREG/CR-4370-Vol.2

Oztmmli, O.I., and G.W. Roles. 1986. U_alI_, Impacts Analysis Methodology. Methodolo___
_9JlllnfJ. NUREG/CR-4370-Vol. 1

!
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ModelName: ONSITE/MAXII
Sponsor:NRC- PNL

Description:ONSITE/MAXIIwas developedforuse by NRC in reviewing license applications.foronsite
di_ of radioactivewaste. Several exposurepathwayscanbesimulatedto conducta dosepathway
analysisforhumanintrusionscenarios.

d

Exposurepathwaysthatcan be evaluatedinclude directexternalexposereto con__d soil or building
surfaces,inludationof resuspendedmaterial,andingestionof drinkingwateror terrestrialor aquaticfoods.
Theusermayoptionallyselect ICRP-26or ICRP-30dose conversionfactors.

Reference: Napier,B.A., ]LA. Peloquln,W.E. Kennedy,Jr.,andS.M.Neuder, 1984.II_ttderDose p_hway
forAheOnsiteDispo.s._.RL_ Wasps: The ONS!TE-/MAXII_r ProgTam.

NUREG/CR-3620(PNL-4054),

Kennedy,W.E., ]LA. Peioquin,B.A. Napierand S.M. Neuder. 1986, 1987.IntruderDose PathwayAn,,q_
for theO_ite D__sal of Radioa_d.y.c,..._ga,__ ONSITE/MAXII ComputerPiom"4m.NUREG/CR-3620,
SupplementI, 1986, Supplement2, 1987.

Model Name: PATHRAE(-EPA)
Sponsor:USEPA

Description: Estimatesannualwhole-bodydoses to a criticaJpopulationgroup from thelanddisposalof
below regulatoryconcern(BRC) wastes. PATHRAE-EPAis expandedfromthe PRESTO-EPA-CPGand
PRESTO-EPA-BRCmodels.

PATHR.AE-EPAcanbeused to calculatemaximumannualeffective doseequivalenttoa criticalpopulation
groupandto anoffsitepopulationat risk. Maximum_nnualdoses arecalculatedto workersduring
operations,to offsitepersonnelaftersite closure,and to reclaimersand inadvertentinmukrs aftersite closure.
The offsite pathwaysincludegroundwster ¢ansportto a fiverandto a weil, surface(windorwater)erosion,
disposalfacilityoverflow,andalmo_heric transport.The oosite pathwaysof concernariseprincipallyfrom
workerdosesduringoperationsand frompostclosuresite reclamationor intruderactivities suchas livingand
growingedible vegetationon site anddrillingwells for irrigationor drinkingwater.

Reference:Rogers,V. andC. Hung.1987. P__A: ALow-Level RadioactiveW_I,9_.
FilL_gglM_ilL_g_grt and Risk AssessmentCode, Methodol_ogyandU_JI__. EPA520/1-87-028

ModelName: PRESTO-H(Predictionof RadiationEffects fromShallowTrenchOperations)
Spenser: USDOE

Description:PRESTO-His designedto serveas a non-site-specifics_eening model toevaluatepossible
healtheffects fromshallowlandandwastedisposal U-enchesfora 1000-.yearperiod followingthe end of
disposaloperations.PRF.£'ro-IIhas beenapplied to simulate radionucfidetransportat severalDOE low-level
was_ sitesandfor theUSNRCin supportof a de mini_is classificationfm"wa,m_.

#

Humanexposurescenariosconsideredincl_tdenormalreleases ('mcludingleaching andoperational_,village),
human intrusion,and limited site farmingor reclamation. Pathwaysandprocesses of transitfromthe trench
to an individualor population includegrou_ water transp<m,overlandflow, erosion,surfacewaterdilution,
suspension,atmosphericwsns_rt, deposition,inhalation,externalexposure,andingestionof contaminated
beef,milk, crops,andwater. Bo_ population&_,s andindividualdoses, agwell asdoses to the intnaim"and
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farmer,may be calculated. Cumulative health effects in terms of cancer deaths are calculated for the

l_PUlation over the 1000-year period using a life-table approach.

Reference: Fields, D.E,, C.J. Emerson, P_O, Chester, C.A. Little and H. Hiromoto. 1986.

Low.Level Waste Env&onrnentalT_r_ _J_d]risk AxleS. Oak Ridge National Laboratory, Oak
Ridge, Tennessee. ORNL-5970.

Model Name: PRESTO-EPA

Sponmr: USEPA

Description: Simulates transportof 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: P__oactive Waste Environm#ntal Transportand _$k Assessmen!
_le -_.h__._d U_r's M_u_ 1983.

Model Name: PRESTO_EPA-CPG

Spenser: 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. Tire maximum annual dose associated with the post-
operational phase of low-level waste disposal facilities is detenninecL Ali major non-intrusive human
exposure pathways are considered. Time periods up to 10,000 years foUowing the end of dib_sal 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 s'tunmaries for
,_ecifiod intervals of time, the calculation ofnucli_-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 outputof the c_rreslxmding dose s-tmunsriesand detailed DARTAB tables..

Reference: Rogers. V. and C. Hung. 1987. PRES_PA-Q_G: A._w-Level Kadioactive3_38I_
Environmental Tran__ssmem Code. Met]uxiol _ofy and User'_ ]v_mual. EPA 520/I-87-026.

Cheng Yeng Hung, 1989. _r's (3uide fc_the SY_CP(3 _ -.A._e PI_o_EPA-CPQ
_2perationSysten_ EPA 520/1-89-017

Model Name: PRESTO-EPA-DEEP

Sponsor: USEPA
tl

Description: Estimate cumulative population _alth effects to local and regional populations from land
disposal of low-level waste by deep methods. The PRESTO-F_A-DEEP code considers low-level waste
disposal by deep well injection, hydrofi'acture, am/deep geologic disposaJ. The code can be used for

' simulating the behavior of a facility for up to I0,000 years following the end of disposal _on_.
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The deep dispoud scenarios implemented in _ PRESTO-EPA.DEEP code consider only the naturally
occurring pathways such as natural ground water and surface w_er flows and aUrtospherictransport,
Intn_sionscenarios 1rechas accidental drilling, geological faulting, and the failure of the access shaft sealing, J
have a probabilistic nature and are not considered. However, a reinterpretation of certain PRESTO-EPA-
DEEP variables will permit a comideration of such stochastic events.

Reference: Roger V,, and Hung, C,, 19_7. PRESTO.EPA-DEEP A Low-Level Radioactive Wastg
T_Ji.yi._AtaLTra_portand Risk Asse$_nent Code - Methodology _ U._ EPA 520/1-87-025.

Model Name: PRESTO.EPA-POP
Sponser:

Description: Estimates cumulative population health effects from land disposal of low level waste by shallow
methods. Health effects _othe basin population are calculated for a time period of up to I0,000 years. The
code simulates the leaching of radionuclides from the waste matrix, hydrological, hydrogeological; and
biological transport,the resultanthuman exposures, and finally the assessment of the probable health effects
for the entire regional water basin population.

The PRESTO-EPA-POP code allows the user to select special human expos_trescenarios such as an
inadvertent intruderresiding or farming the site, as well as routine migration of radionuclides from the trench
throughthe hydrologic and atmospheric environmental pathways to crops and drinkingwater.

Reference: Fields. D.E., C.A. Little, F. Parraga, V. Rogers and C. Htmg. 1987. _ -__P_L_
Low, Level RadioaOive Waste E_vironmentsl Tvm sporl a__t Code.Volume l_Ah_
MallllaLEPA 521/1-87-024- I.

Fields. D.E., C.A. Little, F. Parraga, V. Rogers and C. Hung. 1987. PRESTO-EPA-POP: A.]._
Waste Environmental Tra_.A_essment _, Volume 2. User's Man_d. EPA

521/1-87-024-2.

Cheng Yeng Hung, 1992. _ ' _ _ram - A PC VersAonofth_]_
I_A 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 AJ. Zielen. 1979. L_rsion and Dosimetry_(UDAD)
_. NUREG/CR-0553. Argonne National Laboratory, Illinois.
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MULTI-MEDIA - GENERAL PURPOSE

Model Name: CONDOS-II

' Sponnr: USNgC

Description:

Referuce: Complete citation not provided by respondents.

Model Name: FLASH/FLAME

Spenser:

Description:

Reference: Complete citation not provided by respondents.

Model Name: SPUR

Sponsor:

Descriptiom:

Reference: Complete citation not provided by respondents.

Mo_ Name: 5UMO

Spomm': USDOE

Description:

Referemce: Complete citation not provided by respondents.

Model Name: UTM

Spozmw: ORNL

Description: (7I'Mdoes complete, ecological interactions modeling (ground water and sutthce waw_r
_, vegetation uptake, nutrient recycling3 through companmeztts in a watershed system.

. UTM's ak, land,and aquatic sub-systems are designed to be run in sequence. The atmospheric component is
basedupona CmussiaRplumemodel snd calculatesdepositionrageof aerosolsfor any pointwithin a
watershed. Concentrations of airborne aerosols at ground level are also calculated. The model includes

• point, area, line, and windblown sourcesfor air pollutants. Deposition occurs by dry fallout and also by
washoutcaused hy r_n f'_lliug through the phune. Air concentrations and depositionsdependupon source
strength,atm_c stability, and wind speed and direction petter_ The deposition values calculated by
the smtosph_c modelare usedfor input to the land compoue_ of UTM.
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The basic as_pt:ton underlyingthe land component of the UTM is that water is the major carrier of material
through the tetre_tal system. Thus, trace-material translx_ can be modeled by combining hydrologic

calculations,with _'_mideration ,°f the chemistry of trace materials in aqueous media. The terrestrial
component ts slruc_n_d to receive atmospheric wet- and dryfaU input to a watershed canopy and then to
simulate its mo,Teml_utuntil it is discharged in stream flow. The model simulates the amount of material .
w_hed fromt_e ca_vpy to the land surface dur_ rainfall and allows for the exchange and uptake or
adsorption of mate_alj on surface soil. Surface runoff and scouring of soil particlesare 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 subsmface soil water. This estimated

concentrationand the rate of soil water drainage sre combined to estimate a subsurface input to the stream
channel,

' Yne 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 fimulates transportof dissolved and
particulate materials in stream flow. Suspended and bed-load transportare considered by the model. Mixing
andsexchange between aqueous and solid phases for the particularchemical 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. A User'_tManual for the FORTRAN IV Version flfWisconsi_
" ORNL-NSF-EATC-7, Oak Ridge National Laboratory, Oak Ridge, TN.

R.J. Luxmore and D.D. Huff. 1989. Analysis of Biogeochemical Cycling in W_dkerBranch Watershed. pp.
164-196. Springerand Verlag, New York, New York.
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MULTI*MEDIA- FOODCHAIN

ModelName: BIOTRAN
. Sponsor:LASL

Ducriptiou: Modelis usedto predictthe flow of tzansuranicelements(TgU) throughspecifiedplantand
a_malenvironmentsusingbiomassasa vec_r.

Reference: GaUegos,A.F.,BJ. Garcia.andC.M. Sutton.1980, _Docurnentationof TRU Biolo_c01Transport
Mode!_IO_. LA-8213-MS. Los Alamos Scientific Laboratory.

i
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AIR TRANSPORT

t

ModelName: AFTOX /

Spenser: U.S. Army

Description:AtmospherictnmSlX_.

Reference: Completecitationnotprovidedby respondents.

Model Name: AIRDOS(MICROMRDOS,AIRDOS-PC)
Sponsor:USEPA- RadiologicalAssessmentsCorporation

Description:A modifiedGaussianplume equationis used to estimatehorizontalandverticaldispersionof
radionuclidesreleasedfromone (MICROAIRDOS)to six (AIRDOS)stacksor areasourceswithina polar-
griddedassessmentarea. Radionuclideconcentrations(upto 12 in MICROAIRIX)Sand36 in AIRDOS)in
foodareestimatedby couplingtheoutputof the atmospherictransportcode to the USNRCRegulatoryGuide
1.109terrestrialfoodchinmodels.Doseconversionfactorsareinputtothecode,anddosestoman foreach
distanceanddirectionspecifiedaree_matedfortotalbody,redmarrow,lungs,endostealcells,stom_h
wall,LLIwail,thyroid,liver,kidneys,testes,andovariesthroughoutthefollowingexposuremodes'.

I)immersioninairconta/ningradionuclides
2)exposureto groundsurfacescontaminatedbydepositedradionuclides
3)immersionincontaminatedwater
4)_on ofradionuclidesinair
5)inge_onoffoodinthearea.

The codemaybe mn to estimatehighest annualindividualdose in thearea or annualpopulationdose.
_mcentrationsof radionuclideand intake rates by manare tabulatedforeach environmentallocation.
Exposuresare,also calculatedandtabulatedfor inhalationof 222Rnshort-livedprogeny.

Reference: Moore,ILE.,C.F.Baes111,L.M. McDoweU-Boyer,A.P.Watson,F.O.Hoffinan,J.C.Pleasant
andC.W.Miller.1979. AIRlX)S-EPA_A_CpmputerizedMethodologyfor Estimat/nfE_tal
.C_l_ntrations andDose tOManFromAirborne " " . OKHL-5532,EPA 520/1-79-009,
U.S. EPA,Officeoi'RadiationPrograms,Wa._dngton, D.C..

Till, J.B.,K.1LMeyerand 1LE.Moore. 1987. M]ICROAIRDOSl]_l_Ma.nual andDocumgn.t_l;ll_.
RadiologicalAssessmentsCorporation,Neeses, SouthCarolina.

ModelName: CAP88(-PC)(CleanAir Act AssessmentPackage-1988)
Spenser: USEPA-USDOE- RSIC

Description: TheCAP-88model is a set of computerprograms,databasesandassociatedutilityprogramfor
e_dion of doseandriskfromradionucfideemissions to air. CAP-g8is composedof modified versionsof
AIRDOS-EPAandDARTAB.

CAP88allowsusemto performfull-featureddose and risk assessmentsfor the purposeof demonstrating
compliancewith40 EFR 61.93. CAP88 differs from the doseasses_nent softwareAIRDOSin that it
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e_imates riskaswell asdose, it offers a wider selection of radionuclideandmeteorologicaldata, it provides
thecapabilityforcollective populationassessments, and it allows users greaterfreedomto altervalues of

' envffonmentalvariables.

CAP88uses a modifiedGaussianplume equationto esttms_ theavemse dispersionof radicouclidesreleased
, fromupto six sources.The sourcesmay beeitherelevatedstacks,_ch u a smokestack,or uniformarea

sources,suchu apile of uraniummill tailings. Plume rise canbe calculatedassumingeithera momentumof
buoyancy-drivenplume. Assessmentsare donefor a circulargridof _ces anddffectionsfora rsdim of
80 kmaroundthefacility.

Theprogramcompetesradionuclideconcentrations_t air, ratesof depositionon grou_ surfaces,
concentrationsin foodand intake ratesto people from ingestionof foodproductsproducedin the asses_m_ent
area. Estimatesof the radionuclideconcentrationsin produce,lea_ vegetables,milk andmeat consumedby
humansaremadeby couplingthe outputof the atmospherictransportmodels with the USNRCGuide I.109
terrestrialfoodchainmodels.

Dose andrisksreestimatedby combining theinhalationand inge_on intakerates,a/r andgroundsurface
concentrationswiththedoes and risk conversionfactorsin ICRPPublication26.

Reference: Parks,B.S., 1991. L_efs GuideforCAI_-PC: Version1.0. EPA520/6-91/022, U. S.
EnvironmentalProtectionAgency, WashingtonD.C.

ModelName: CHARM(Complex Ha2ardousAir Release Model)
Spem, r: USEP_ Corp.

De_ription: A_'nospheric_rt andrisk estimates.

Reference: RadianCorp.,_, 8501 MOpaCrBlvd.,P.O. Box 9948, AustinTX 78766.

Model Name: COMPLY
Sponsor:USEPA

Descriptiu: Modelis used to demonsw_e compliancewith theNati,maiEmissionStandardsforHazardous
AirPollutsnts(NESHAPS)forRadionuclidesin 40 CFR61, SubpsrtI. It h_s variouslevels of complexity,

simplestbeinga listof tables of concentrationand possession Urn/tsin EPAg9. The most compli'cared
level is an airdispersioncalcuLeion using awind rose.

Reference: U.$. EnvironmentalProtection Agency, 1989. ____J,._ EPA
520/1-89-003,U.S. EnvironmentalProtectionAgency, Office of F_iiation Programs, Washington,D.C..

ModelName: DARTAB
, Spensw: U_W..PA

Detcriptioa: DARTABcombi_:s r'ad/cn_clideenvironmental exposuredatawithdostmetric_ hea/th
eff_c_ d,_ to generatetabulatio_ of the predicted impactofradio_tive _bcw_ effluents. DARTAB is
indepemlemof theen_ental _ code used w _ theenvironmentalexposuredataand the
codesTutedto producethe dostmetricandhealtheffeas deta. DARTABis often usedwifl_,AIRDOSa,ud
RADRISK.
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Reference:Begovich,C.L., K.F.Eckerman,E.C.Schlatter,S.Y. OhrandR.O. Cheer. 1981.
]_mgramm CombineAirborneRadionuclide.EnvironmentalEx_sure Datawit_.Dosimetricand_th

Tabulationsofpredi_. ORNL,-5592.OakRidge National
Laboratory,OakRidge, Tennessee.

ModelName: HARM.II(Hazardous AtmosphereRelease Model)
Sponsor:USDOE

Description:HARM-IIperformsdispersion"calculationsforbothchemical andradiologicalreleases. Both
heavyandsimplegases can bemodeled.

Reference:NOAAAtmosphereand DiffusionTurbulenceLabomtor/_Complete citationnotprovidedby
respondents.

ModelName: INPUFF
Sponsor:USEPA- BowmanEngineering

I)e_ription: INPUFFsimulatesdispersionfromsemi-in_antaneousorcontinuouspointsourcesovera
spatiallym_dtempo_ly variablewind field. The algorithmis basedupon Crax_ianpuffassumptions
includinga verticallyuniformwind directionfieldandno chemicalreactions. The code can e_nm_e
concentrationsatup to 100 frommultiple pointsources.

INPUFFuses threedistinctdispersionalgorithms.Forshorttraveltimedispersion, theuser hasthe optionof
using eitherthePasq_l-Gifford (P-G)scheme orthe on-site scheme. The thirddispersionalgorithmwas
designedfor_e in conjunctionwith the P-G oron-site schemewhen there ue long traveltimes involved.

F_ ofthe code include:

• Optionalstackdownwash
• Optionalbuoyancyinduceddispersion
• Windspeedextrapolatedto releaseheight
• Temv._rallyvariablesour_ characteristics
• Tempcwallyandspatiallyvariablewindfield (user supplied)
• Considerationof terraineffects throughuser-s_ppliedwind field
• Co_dera_on of moving somc_
• Optionaluser-sg,ppli_ subroutinefor selecting dispersioncoefficients
• Optionaluser-s_appliedsubroutinefor estimatingplumerise, and
• Removalthr_gh gravitationalsettling anddeposi_on.

Reference: Petm'so_W.B. andL.G. L_vdas. _988. __Multipte S_ _aa.]_ff
_rsion Aleori_m User'LCtUjSJt¢U. S. Envi_onmentxlProtectionAgency, 1986andSupplement, 1988.

Model Name: ISC_T/SV) Cm_u._nalSourceComplex Dh_erston Model)
Spoetu¢: USEPA

Descripti_m:CombLuesazutentrancesdispersionmodel aJgorith_n_to considerpol]uta_lsources oth_ tlum
e_ fromi_lated stacks, such_m,furtive emissions, aerod_c wakeeffect, gravitationalsettling
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i! anddrydepositionin assessingthe Mrquality impactof emissions f_m a wide varietyof ind_trial source

. complexsources. Twomajorprograms:the ISC ShortTerm0SCST) andISC Long Term(ISCLT).

ISCSTuseshourlymeteorologicaldatato calculate concentration,for timeperiodsup to 24 hours. ISCLTLt
andadvanceGaussianplum_model for atmosphericdispersionof pollutants,using statisticalwind smnm_es

' to calculatequarterlyor azmualground-levelconcentrationsof emissions.

Refereu¢e:Bowers,J.F.,J.B. Bjorklund,andC.S. Cheney. 1979. Indum-ialSourceComplex (ISC)
_mon ModelUser'sGuide.EPA-45015-79-030. H.E.Cramei'Co., Salt LakeCity, Utah.

ModelName: LTSAMP
Sponsor:USDOE

Description:airtransport?

Reference:Preparedby JacobsEngineeringfor DOE UMTRAProject. Complete¢itativnnotprovidedby
respondents.

Mode!Name: MESOI
Spo_er: USNRC

Description: Atm(_heric transportanddispersionmodel.

Referemce:Ramsdell,J.V., G.F. Athey andC.S. Glantz. 1983. ]_,_L_lio__2_0" AnInteractive
• -- 'on McxielWith De_t)ositionandDe_. NURF.ATMCR-3344,PNL-4753.

PacificNorthwestLaboratory,Richland,Washington.

Modd Name: MLCODF
_i Sponsor:USDOE
,t

_; De_riptieu: Usedto estimatedose and uncertainties iu dose estimatesresultingfromairreleases.

I[ Reference:Preparedby B. Napierforuse f_ the HanfordDose ReconstructionProject. Completecitationnot
i_ providedby re_ts.

ModelName: PR_PAR
!f
t 3poasor:USEPA

, Descriptiou: Pr_-poc_ssorforAIRDOS-EPA
,

Reference: OakRidgeNationalLabormory,19xx. P_P_EP_ A Usu-F "
= AJ__._ ORNL-5952, OakRidge NatiooalLabotate_, Oak Ridge, Tennessee.

s
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ModelName: RAECOM
Spomm¢:USNRC

o

Description:Code is usedto calculate cover thicknessandsurfacefluxesof radonemiuions from uranium
mill tailings.

d

Reference: Rogers,V.C., K,IL Nielson andD.R. Kalkwarf. 1984.R0dtzlkAttenuationHandbookfor
UmnimnM_LTaifiv_m_,r.I_m. NUREG/CR-3533

ModelName: SCREEN
Spearer: USEPA

Description: SCREENincorporatesa numberof simple screeningprocedureforestimatingthe maximum
ground-levelconcenwationof radionuclides for sources in simple fiatorelevated terrain. SCREEN:

• acceptsuser-specifieddistances,
• performsinversionbreak-upandshoreline fumigationestimates,
• includesbuildingdownwasheffects inthe wake region,
• performscalculationsforthecavityregion,and
• includesanoptionalcomplexterrainscreeningprocedurebasedontheVALLEY Model24-hour

sm_eningtechnique

Referemce:Brode,ILW.,1988. Screenin_Proceduresforestimatin_the_ o_ualiWimpactof stationsr_
EPA-450/4-88-010.

ModelNine: SIMS
Spemme:USEPA

Ikscri_o,,:

Reft_zce: Completecitationnot provided by respondents.

ModalName: XOQ/D(_
Spoamr: USNRC

Descriptioa: XOQ/DOQis used in the meteorological evaluationofroetine releases fromcommercial
nuclearpowerreactors.The model uses a s_ady-state Gaussianplumeassumptionto implementSection C of
_ Guide 1.111.

"OQ/DOQcalculatesaveragerelative effluentreleasesandaveragerelativedepositionvalues atlocations
_)ecifmdby theusersod at standardradialdistan_s and segments fordownwimlsectors. The code also
calculatesthesevaluesatthespecifiedlocationsforintermittentreleases.XOQ/IX)Qprovidesthefollowing
optio_

• bo_ elevatedandgnmnd-leveisources canbe modeled;
• theeflleentplumeof elevatedreleases canundergoplume rise dueto buoyancyand/ormomentum;
, grmmd-levelreleasescanbe affectedby the additionaldispersim dueto toca_buildingorterraininduced

• _ windspeedscan be extrapolatedto otherdevatimut;

!1 S
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• topographycanbe varied;
. the plumemy be depleu,_ by drydeposition;and

" o relativeemuent concentrationsand averagerelativedepositionvalues can be amendedto reflect the
effectsof localairrecirculationorstagnation.

r

, This code canbeusedto estimate ground.levelradionuclideconcentrationsanddepositionamounts
associaledwithatmosphericreleases fromwaste repos/tonToper_o_. XOQ/DOQcalculatesonly
non_ized radionuclideconcentrationsanddepositionrates; it doesnotmodel thembeequenttransportof
these radionuclidesthroughthe enviroumentandfoodchainto man.

lteference: Sagendoff,J.F., and Gall,J.T., 1977._or meleorolofi'calevaluationof
effluent releasesat nuclear_vower_tation_,USNRC,Washington,D.C., NUREG/CR-0324.
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SURFACE WATER FLOW AND TRANSPORT

/, ,

DescrtPC_m: '!!'_ Cc_leU series of models are a coUection of simple pmgrmns used by the Hydrologic
Engineering Section for computing the fate of _ly or accidentally .released radionuclides in surface
waterand ground water. The models are straightforward simulationmof dispersion with constant coefficients

in simple geometries. Models included can be used for riven, lakes and gr0u_ _v,_ _. Progmm_ STTUBE
and TUBE are useful for two--dimensional dispersion of a continuous source _,to a river a_r 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-algae regime of large
lakes. The surface water models in the CodeH 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: Codeli, R.B., Key, ICT., and WheLan,G., 1982. ' '
D__ace Water and Ground Water. NUREG-0868, U.S. Nuclear Regulatory Commission,
Washington, D.C.

Model Name: CREAMS

Speemr: USDA-AgricuAturalRe,arch Service, Southeast Watershed Re.search Lab

Desc¢iption: The CREAMS model can simulate pollutant movement on and from s field site, including such
constituents as ferti;_zers (N & P), pesticides, and sedimenL The effects of alternative agricultural practices
on water and land resocrces can be assessed by simulation of the potential water, soft, nutrient, and pesticide
lossesin runoff from agricoJturalfields. By integratingclimatic,geomotTAfic, agronomic,andsoil data with
structural,cultural,andmanagementsystems,the model computesrelative yields of sediment,nutrients, and
pesticidesat the edgeof field-sizedunits. The models_ructureconsistsoftbree major components:
hydrology,erosion/sedimentation,and chemistry.The hydrologycomponentestimatesthevolume and rateof
runoff,evapotransphation,soil moisture conlent,andpercolation.The erosion/sedimentationportionof the
model considers the processes of soft detachment, transpo_ and depositioe. The chemiswy portion of the
model considers nutrients and pesticides. The tnmspoa of soluble and sediment-attached chemicals is
evaluatecLInteractionbetween plants and chemicals within the root zone is also considered. The model is
designed to require,a bare minimum ofcalibration parameters a_dX_tdr_ __" _ Sp_ SC_e ofthe
model is intended to be the size of an agriculture] field. When c_lib_a_d with observed data CREAMS can

be used to provide predictive information.

Refereece: Knisel, W.G., ed., 1980. "_AMS: AField-Scale ModeLfoL_Chg.lnJ._ _Runoff. and Erosion
fya_nAericultural Manage_. U.S. Depm_ent of Agriculture, Science and Education
Administration,Conservation Research Report 26, 643 pp.

|

Modal Name: HEC-I

Sponsor:U.S.ArmyCorpsofEngineers

Detcriptien: Calculationof flood hy_.



Refu'euce:HEC.I FloodHydroc,raphPackage.User'sGuidlL 1981. U.S, ArmyCorpsof Engineers,The
• HydrologicEngineeringCenter.

ModelName: HEC.2
Spearer:U.S. ArmyCorpsoi'Engineers

Description:The HEC-2 model calculates water surfaceprofilesforopen channelswith steady,gradually-
variedflow,The effectsof obstructionssuch as bridgesetc. can beconsidered.

Reference: _2 WaterSurfaceProfiles;User'sManual. 1982. U.S. ArmyCorpsof Engineers,The
HydrologicEngineeringCenter.

ModelName: HNPF
Sponsor:USEPA,EnvironmentalResearchLab, Athens,GA

Description:HSPFis a continuoussimulationmodel thatsimulatesthe time historyof the quantityand
qualityofnmoff frommultiple-usewatershedsandsimulatesprocessesoccurringin streamsor fully-mixed
lakesseceivingwatershedrunoff.Waterqualityalgori_zs include BOD/DOdynamics_carbon,nitrogen,and
phosphorouscycles, suspendedand aflachedphytoplankton,andone species of zooplankton.Submodelsalso
includesedimenttransport,pesticide routinganddegradationkinetics,andsediment-pesticideinteraction.
HNPFis a seriesof coupledcomputercodes designed to simulate:i) watershedhydrology;2) landsurface
runoff;and3) the fateandtransportof pollutantsin receivingwaterbodies. The hydrologicportionsof the
modelincludel) awatershedhydrologymodel similarto the StanfordW_..:crshedModel;2) a runoffmodel
usingalgorithmssimilarto the Non-PointSource (SPS) model;_ 3) a streamroutingcomponentusings
kinematicwaveappm_'nation.The degradafion/Um_fonnationprocemincluded in the model are:
hy_, photolysis,oxidation,volatilization,andbiodegrada_oe.The kineticreactionsareformulatedas
se_ _. Secondaryor "daught_?'chemicabarealso simulated;up to two daughterclmnicals
canbeanalyzedina single simulatio4_The one dimensionformulationlimits applicationof the model to fiver
systenw_ pollutantsareuniformlymixedboth ]alendlyandvertically;the kinematicwave formulation
of flowin riversis notapplicableto riverswherethe gradientis verysmallor where backwatereffects are
presem;datarequ_ementsfor the modelmay be quite exte_.sivedependingon the particularapplication;and
the zero-dimensionalrepresentationof lakes assumesthatpollutantsareuniformlymixed throughoutandthat

lakeis notstratified.

Reference:Johanson,R.C.,Imhoff,J.C., Kittle,Jr.,J.L.,andDo,figian,Jr.,A.S., 1984. H._
_nulation Pro_am - FORTRAN(HSPI_3;User's ManualforRelease8.Q.EPA-600/3-84-066,NTISPB84
157155.

Model Name: SBUHYD
Spemm':U.C. Santa

' Description:Calc_dZeshydrographs.

Referesce: Stubenhaer,J.M. 1975. The SantaBarbaraUrbanHydrographMethod.National Symposimnon
. UrbanHydrok_gyandSedimentControl. University of Kentucky,July 1975.
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Modal Name: TEMPEST/FLESCOT
Sponsor:USNRC

Description: FLESCOTsimulatesradionuclidetransportin estuariesto obtainaccurateradionuclide
distributionswhichareaffected by time-variance,three-dimensionalflow, temperature,salinityand
sediments.FLESCOTis a modificationof the hydrothermalmodel TEMPEST.

Reference: Trent,D.S. andY. Onishi. 1989. ]_oc,eedin_ of the ASCE Sgeoalty Confe_tl_,t_qlllaZ_uLa/_
Coasq,_tlCirculationandTs'an.coonModeling. Model- Dat=Comw_riso_. November 15-17, 1989, Newport
RhodeIsland.

Oniski,Y. andD.S.Trent.1982. MathematicalSimulationof SedimentandRadionuclideTransporti_
_,£tu_es' FLESCOT.BattellePacificNorthwestLabs, Richland,Washington. PreparedforUSNRC.
NURF,G/CR-2423.

Onisl_,Y. andD.S.Trent. 1985. Three-DimensionalSimulationof Flow, Salinity,Sediment and
RadionuclideMovementsin the HudsonRiver Estuary. ]_eedinRs of_ S_cialty Conference. Hydraulj_
aad_Hy.d__maJl ComputerAq_ Hydrology Division/ASCE,LakeBuena Vista, Florida,August
12-17,1985.

Onishi,Y., D.S.TrentandA.S. Koontz. 1985. Three-DimensionalSimulationofF'low andSewage Effluent
Migrationinthe Straitof Juande Fuca,Washington. ProceedLn_sof the.L985S_vecialtyConferenceon
F_B.YJ/__U_Z_R, EE Division/ASCE.NortheasternUniversity,Boston,Mass.July 1-5, 1985.
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GROUND WATER - FLOW

Model Name: FEMWATER

Sponsor: USDOE - AECL

Description: FEMWATER simul_.tes ground water dynamics in saturated-_ s_b_ systems and
is a complimentary code to FEMWASTE which sin,dates waste transport.

FEMWATER is a revised finite-element model of water flow through lxxoue rr _ Modifications from a
wevioes version include:

1. computingthe flow field in a way consistent with the finite-element
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 variable and pressure is

preserved.

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

Reference: Pickens, J.F. and Grisak, G.E., 1979. Finite Element Analys_ of Liquid Flo_He_gTranspo_ rt _d
_!ute Transporcma Gr_uu!Water Flow System: GovemingEq ' ' AECL-
TEC-REC-81, National Hydrology Research Institute Inlami Waters Directorate, Environment Canada, for
Atomic Energy of Canada Limited, Whiteshell Nuclear Research Establishmenat.

Model Name: GW FLOW

Spenxr: Natural Sciences and Engineering Council of Canada.

I)esc_ptien: Saturatedgxmmdwater flow. Stochastic, finite-element, _onal, fully satm'ated steady
state ground water flow.

Referenee: Complete citation not provided by respondents.

Model Name: MAGNUM (2D/3D)
Spenser: USDOE - EG&G Idaho

Description: MAGNUM simulate coupled heat and ground waterflow in a saturated,fractured-porousmedia.
The MAGNUM computer code is available in two versions - a two-dimensional version, MAGNUM-2D; and
a ghree-dimensional version, MAGNUM-3D.

MAGNUM-2D simulates transient or ste,,uiy-state grotwd water flow and/_ co_led heat transport in a two.
dimensional Cartesian or axisymmetric domain. MAGNUM-3D simulates heat conduction or ground water
flow bet does not account for the fully coupled processes. Both versions of the code have been extensively

• verified and bend_marke_

Both versions of MAGNUM use a dual permeability appmac2\ to rewesent the hydraMicbehavior of a
• ft'aerated-potatomedia. T_ porous zones in the domain are modeled using standa_ two.. and three,

dimensional isoparameericfudte elements. DLsc_te fractures are modeled usiag line oi"plate elements which
are embedded along the sides of the continuum elements. MAGNUM pt'ovkks flow field calculations for
inputto mmsix_ and _travel time models.



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 mmbTportmodel. In a
similar fashion, MAGNUM.3D is interfaced with the FECTRA mass transport code,

Reference: Baca, ILG., ArnetL R.C., and Langford, D.W., 1984, "Modeling fluid flow in fractured porous-
rock masses by finite element techniques," International Journal for Numerical Methods iu Fluids, v. 4, p.
337.348.

England, ILL., Kline, N.W., Ekblad, ICJ., and Baca, ILG., h_,2D Compu_rCode! Users Guide.
RHO-CR-143 P, Rockwell Hanford Operations, Richland, Washington.

Estey, S.A. Amett, ILC., and Aichcl_, D.B., 1985. L_._L.Ggid_-3D; A Three-Dimen_onaL

GroundWater FIoW_]_ RHO-BW-ST-67 P, Rockwell Hanford Operations, Richland,
Wasl_gton.

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._odular Three-Dimension,qd Finite Differenc_

_Water Flow Model._M._. U.$.G.S. Techniques of Water Resource Investigations, Book, 6,
Chapter AI, TW] 6-AI, Washington, D.C.

Modal Name: MODFLOW
Spemm¢: USGS/IGWNC

Description: MODH.,OW 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 ofthe two. Flow associated with external stre,_es, such

as wells, can also be simulated. The finite-difference e_luationscan be solved using either the Strongly
Implicit Procedm'e (SIP) or Slice-Successive-Overrelax, ation (SSOR).

Reference: McDonald, M.G. and A.W. HarbauglL 1984. A M_ular Three-]_tme_inite Diffcl_n_
__. U.$. Geological Survey Open File Report. 83-875.

Harbaugh,A.W., 1990. A.._pro_,am f_ Ca!_cllJaliagSubre_i_'onaiWater Budgets UsinpL.._,_tl
Survey Modular_Three-DimensioeglFinite-Difference Ground water

M.OD.l_23..W.,USGS Open-File Report 90-392, 46 pp.

Harbaugh, A.W., 1990. AS' ' " USGS Open-File Report 90-144, 37
PP"
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ModelName: PLASM
Spousor:IllinoisStateWaterSurvey

De_:rtptioa:Saturated,twodimensionalgroundwaterflow, AvailableformamhameorPCcomputers.

• Reference: Prickc/t,T.A. andC.G. Lonnquist.1971. _£,[¢,_omDuter_'ec_iques forGround
_Resource Evaluation. Illinois StateWaterSurvey,Urbana,l]linois.

ModalName: RE'I_.F77
Spomsor:USDA

Description:Estimationof hydraulic conductivityof unmturatedandporousmedia.

Reference:Mualem,Y. 1976. A New Model forPredictingtheHydraulicConductivityof Unsaturatedand
PorousMedia. _, Vol 12, No.3

ModelName: SOIL
Spemr: IGWIdC

Description:VariablySaturatedFlow.

Reference:EI-Kadi,1955. SOIL,versionIBM-PC 1.0, InternatimudC_oundWaterModelingCenter,Butler
University,Indianapolis,Indiana.

ModelNsme: TRUST
Spomsr: USNRC- PNL

Deso_fion: TRUST providesa versatiletool to solve a wide spectrumof fluid flow problemsarising in
variably-_ deformable,porousmedia. The governingequationsexpress the conservationof fluid
massin anelementalvolumethathas a constantvolumeof solid. Deformationof the "skeletonmay be
nonelastic.

Permeabilityandcompressibilitycoefficients may be noalinearlyrelaw,d to effective s_ress. Relationships
betweenpermeabilityandsaturationwithpore waterpress_reinthe_ zone may include hysteresis.
Thecode developedby T.N. Narasimbangrew out of the originalTRUMPcode writtenby A.L. Edwards.
Thecodeusesan imeg_atedfinite difference algorithmfornumericallysolving the governingequatkm.
_,,_archingin time is performedby a mixed explicit-implicit num_cai procezlurein whichthe time step is
intermdlycontrolled.The time step controlandrelatedfeaturein theTRUSTcode prov/dean effective
cooUolofthe pommialnumericalinstabilitiesthatcanarise in thecourseof solving this difficult class of
nonfim_Arboundao'valueproblems.

, Refereuee: Reisenauer,A.E., Key, K.T., Nara.shimha_T.N., andNelson,R.W., 1982. _L_t_
_fo_Var_blySatumtc, lt_ow in Multidimensional.I__ NUREG/CR-2360,PNL-3975,
U.S.NuclearRegulatoryCommission,Washingto_ D.C..

Edwards,A.L., I.q_. _ A Comvuter_ogtam f_ Transjenl_.._ate Tem_veratu_
.... RepoUCRL-i4754, NTIS,Springfield,VA (ThirdRevision,

'|97Z)
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ModelNsme: LYNSAT2(.H)
Sponsor:USDOE

Description: The UNSAT.Hmodel simuJatesthewaterand bestbalance of soils to predictgroundwater
rechargeratesandto assess the ability of earthencoversto preventdrainageinto underlyingwaste zones.
Version2.0 of theUNSAT-Hmodel simulatesthe processof water infiltration,redistribution,evaporatioq,_
soil-waterextractionby plants,deep drainagethatbecomes recharge,surfaceenergybalance,andsoft heat
flow.Themathematicalbasesare Richardsequationfor liquid flow,Fick'slaw fordiffusionof watervaix_,
Four/er'slawforheat conduction,and the theoryof coupled waxerandheat flow in son proposedby Philip
anddeVries. The model is implementedin FORTRANas a I.dimensionalfinite.differencecode with
variabletimesteppingandmass balancecontrol. Verificationandvalidationtesting hasbeen performed.
Futureversionsof the modelareexpected to addresshysteresis,saow melt, freezingsoil, the temperature
dependenceof soil properties,a separateairphase,andmultipledimensions.

Reference: L.A. DavisandS.P. Neuman,,1983. _User's GuideUNSAT-2.
NUREG/CR-3390.

Fayer,M.J.,G.W.Gee andT.L. Jones. 1986.UNS_T_-FIVe_ted How Code:Documentation
itri ApplicatiQnsfor the I-ImifordSite, PNL-5899,Pacific NorthwestLaboratory,Richland,Washington.

Fayer,M.J.,andT.L., Jones, 1990. UNSAT-IIVersion2.0"UnmturatedSoil Wale.randIIeat Flow Mode.
PNI_6779,PacificNorthwestLaboratory,Richland,Washington.
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GROUND WATER - TRANSPORT

" Model Name: CFEST

Sponsor: USDOE

* Description: Energy and Solute Transport.

Reference: Gupta, S.K., C.R. Cole, C.T. Kinca_d and A.M. Monti. 1987, Coupled Fluid. EneLfy_
Transport(CFES_ Model'. Formuletion and Users Manual BMI-ONWI-660. Office of Nuclear Waste
Isolation, Battelle Memorial Institute, Columbus Ohio.

Model Name: CHAINT

Sponsor: USDOE - Hanford

Description: CHAINT simulates multicomponent mass tmnslx_ in a saturated, fractured-porous media.

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

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 zones in the
domain are modeled using standard two-dimensional isoparametric finite elements, i.e., triangles and
quadiilaterals. Discrete fractures are modeled using fine elements which are embedded along the sides of the
continmun elements. In addition, the code can accommodate a variety of initial and boundary conditions.

The lzrinutryoutputs of the CHAINT code are contaminant concentnttions and fluxes at specified locations.
CHAINT is interfaced with MAGNUM-2D and with several pre- and pos_-processes.

Ref_mee: Baca, R.G., Amett, R,C., and Langfovd, D.W., 1984. "Modeling fluid flow in fractured porous..
rock masses by finite element techniques," International Journal fcc Numerical Methods in Fluids, v. 4, p.
337-348.

Kline, N.W., England, R.L., and Baca, R.G., 1986. ffctAIST__C.cm_terCode:_User's Guid_ RHO-CK- 144 P,
RockwellHanford Operations, Richland, Washington.

Model Nine: DIM°T

Simmer: NRC

Description: DPCT (Deterministic-Probabilistic Contaminant Transport) predicts ground water flow and
contaminan_transportaccounting for advection, dispersion, _lioactive decay, and equih'brium sorption for a
single contaminant.

The code treats a two-dimensional vertical cross-section. Almost any water table and geologic configuration
, is pe|missible, and them area variety of allowable boundary conditions. Water flow is steady state.

The cross section is divided i_o a rectangular arrayof cells. The head distribution is found by the finite-
. element method. Solute trap"port is then treated by tracking the motion of individual particles.

The _pal assumptions of the code are:

! °
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I. a treatment in two-dimensional cross-section is acceptable;
2. the solute transportequation is valid;
3. sorption may be represented as equilibrium adsorption with a specified distribution coefficient;
4. principal axes of the transmissivity tensor are parallel to coordinate axes everywhere; and
5. ground water flows are steady state.

t

References: Schwartz, F.W., Crowe, A., 1980. A._Atwmlnistic,-Prob_lbili_A_ Mod_l for Contamimgll
Transport--DPCT_.U.S. Nuclear Regulatory Commission Report NUREG/CR-1609.

Model Name: FEMWASTE

Sponsor: USDOE- AECL

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

'FEMWASTE is a finite-element model of waste transport through porous media which simtflates the spatial
and temporal distributions of both waste concentration and flux under dynamic ground water conditions. The
transportmechanisms include advection, hydrodynamic dispersion, chemical sorption, and first-order decay:

Reference: Pickens, J.F. and Grisak, G.E., 1979. F'miteElement Analy_Flow; Hea_Transpo._
_lal__in a Qround WaterFlo__ Sy_em: Govemiag._el Formulatio_ AECL-
TEC-REC-81, National Hydrology Research Institute Inland Waters Directorate, Environment Canada, for
Atomic Energy of Canada Limited, Whiteshell Nuclear Research E,_,ablL_,hment.

Model Name: MATI23D

Sponsor: USDOE

Description: The computer model MATI23D 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 cap_, transient _urce leaching and solute
Uanspo_ in geologic media are included. Situations involving saturated-unsaluvale.Amedia under either
fracturedor homogeneous conditions can be modeled.

Reference: Yu, C., 1987. A Simulation Model for " ' ental _Imeactof W__
_t_a._ Argonue National Laboratory, Illinois.

Model Name: MI3D

Sponsor: PapadopolusInc.

Description: MT3D is a modular three-dimensional transportmodel capable of simulating advection,
-; dispc_on, and chemical reactions of dissolved constituents in ground water flow _ (Geeing 1990).

MT3D was developed with support from the U.S. EPA and is distributed by the KerrLaboratory. ,

MT3D was developed tudng a similar modular structure as MODFLOW, the U.S. Geological Survey modular
three-dimensional finite-difference ground water flow model (McDonald and Harbaugh 1988). The modular
structurefacilitates linking of the program with a ground water flow model such as MODFLOW, simtdating

, transportprocesses independently thereby conserving compute: memov/forunused options, and also
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_implifiescodemodificati_J. It canbe tcsedLnc_njtmctionwith _y block-cenmredfinite-differenceflow
model,b_ iJes'_ci_llywell.suitedfor l_nkin$with MODFLADW.Thegrotmdw_r nowmodelii

• co,t_uctedtud caJibra,tedtndependent,Lya_su_ningt_ ehamgeshatheconcen,trUJonfie_dwill r_otaffectthe
flowfl,eldmeasurably. MT3Duses the same _i_l diaczetiz_on znd _yer typesM MODFLOW. In
sdd_tion_t_ folI,owi_gtr_ort bou_d_y coz_titto_ _ _port_ I)_:_cifl_d c.ou_ntn_,oa ormass flux

• bo_ies', mci 2) thesolute transporteffects of extenud _ouroesaad sinkss_ch M wells, _, rivers_zre_
rene tad evw_rans-pi.rafion.

MT3Di_cludesfourmc_ods forsolving the three-dirne_ion_ladvect/ve.dispersive-re_d.veequation:
Methodo.f__ri_ic_.CMOC),Moc_fied?_.thodo.fC_c_ (M_,_OC),HybridMethodof
__cs, and_e explicitflnite..diffe_ren,cetechnique.Thefur__ tecl_quej solvethe_vection
termusingtmethod-ofcharacteristicsschemea_ theothertermsusingthefinite-differencetechnique.T'ne
MOC tecMiqueusesaco.aventionalparticletrackingtechniquef_'relyingtheadvectiontenn.MOC
virtuallyeEminatesnumericaldis'persio,n,butcanbeslowandcompetatio,nMlytnmnsive.Thisteclmiqtmi_
wdl-mit_! forproblemswheresha_ co,nceat_ioa frontsexist The MMOCtechniq_ t__nil_r toMOC in
t_ _tusesparticletrackingtechniques,butii knvolvesfewexcommons. Tl_,MMOCtecbn.iqueisbest
suitedforproblemswb_eresharpconcentr_ionfrontsarenotpresentandtheerrorcattedbynumerical
dispersioacanbeconsideredinsignificant.TheH_OC techniqueisltmixtureofMOC a_dMMOC, and
a_emp,ttocombinethestrengthofboththroughanautomaticadaptiveprocedure.TheI..Hv(OCtechniqueis
well-suitedforproblemswheresharpc.o.ncentr_io,nfrontsarepresentandcanbemoreefficient
comput_tion_lythanthes_dm'dMOC technique.Thef'mi_,_differencetechniqueusesTaylor-seriesto
_pproximate_e derivatives,andiss'usceptibletonumericaldispersion.The finite-differencetechniqueis
normallymoreefficient computation_llythan the three method-of-cAamcter_sti_schemesand is best-_ited
forpro_blem,wheat sharp concentmtio.nfi'ontsaresot preseRL

WhenmodeRngdispersion,MT2D canaccepta differentvalue forlongiludinaldis_rsiviry ateachnode.
OnevalueIX_l_y_ isthen_ccptedforthehorizontalandverticaltransversedispersivitynttios.Chemical

cmmn_ysuppo_zlbythebfr3Dmodelincludeequflibdum-ccmtrolledsorptionreactionsa_dfirst.
or_ irmvem'blemmre_._ions,suchts radioactive.decayor bio_on. A singlevaluepea"layer is
specifiedforbulk densityof the porousmediuma_d distributioncoef_cient. Porositycan be specified
individuallyfor mc.hnod_in the model. These parametersareusedby MT3D to computea retardation
_'tar.

Refere_e:Zheng,C., 1990. - ' _Model for.SimuI__f_
D__li0J_.... _ _' .._ U.S.Environmental
Pr_ction Agency,RobertS.KerrEnv'i_oranentalResearch _, Ada, OK.

M_ Name: NEFTRAN(-lT)
Spurner:USNRC- SNL

Dex-riptiem:NEFTRANsimul_es groundwater flow andra_onuclide transportin the s_mra_d zone, ,rodin
the _ zoneif moisture content andflow arec_tanL Thecodeassumes that ali flow is alongone-
dimensionalpat_ which arethen assembled into mulUdimensionalnetworks. Flow is determined by the
apl_4icationofD_cy's'lawandb)requiringconservationofmassatsegmentjunctions.Dispersionis
_cotmtedforbythedistributedvelocitymethoddescribedbyCan_pbellet"al.0981).'rbecodeaccountsfor

, multipte sought and branched decay chains. Tlm code has the capabilityto model the source term either as a
l.ea_limited or a solubility..limitcd_urc_. In addition, the_c_roetermisdecoupled fromthe flow and
__ sectionssotl_eachcanberunindependently.NEFTRAN isu_improvedversionofthe
NW'Fr/DVM(Campbellct al., 1981)codeandhasbeenshowntoreproduceNWFT/DVM resulm.

Refere_e: Loagsi_, D.E., Bonano,E.J., at_ H_lan, C.P., 19g7..U'seJ'sManusdfor___l_k_
CompmerCode.NURECdCR-4766,SAND86..2405.
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Model Nlme' ODAS'F

$1_nNr: IGWMC - AGU

Detcrtpflon: ODAST is o,neprogram within the AGU-10 pac_ of groimd wlt_z flow tnd tran.Wx)rt
modeis which includes the following subp_:

LTIRD simula_s dispersion ia a radial flow field, calculating the dimensionless conce.ntrafion of a panicula#
solute,injecmdintoanaquifer,asa Rmctionoftimemd radius,ltassumesfullypenetratinginjectionwells

withcount injectionram andco_cenu'atione sourceinah_anoge_ and,isot_icaquiferofumform
thickn_.Backgroundconcentrationoflhccontaminantisassumedtobe 7_ro,TheevMuaxqonofthe

analyticalsolutionisbasedonnumericalinversionofLaplac_transformequations.

ODAST evalu_sone..dimension_lanal3nic,alsolutetr.aasponincludingconvection,dispersion,decay(atthe

source_d intheaquifer)andadsorption,ltcaacalculaterelativeconcentmtion_anypointdownstream

fromtheconuq.minantsour_atany specifiedtime.Iiassumesshomogez_eousisotropicaquiferofuniform
thickne_, steady-state flow fie|d, and zero background concen_'_tioa.

TDAST evaluates two-dimensionai analytical solute transport Convection, disl_rsioa, decay (a_ ,source and
in the aquifer), and adsorption. Relative con_nu_'ioa can be calcula_d _ any point downs'tream from t
finite _rip source (orthogonal to the direction of flow) at any specified lime. The model assumes a
bomogenecms, isotropic aquifer of uniform ttdckne_, $te._y.state flow field, _uutzero background
concentrat4on.

R£,SSQisssemi-analyti'calmodelof two.dimensionalsoluteu'ansp_th_ calculatesthestreamlinepattern
iaanaquifer,locationofc_atam_tttt frontsabout _s atspecified,tim_,andco_._n_a_tionversus timeat
_. The model assumes a homogeneous, isoffopic, confined aquifer of m_ifo_ thickness, steady-stat_eflow
field,and_vectioaandadsorptiononly(nodispersionordecay).Sottrcesam mpreaontedby fully

penetrating rech,_rgewells and ponds, _ sinks are representedby pumping wells,

RT convertsatime se_es ofconcentrationdatafromoneormoreobsexvat_oclwells intoaspatial

concenu-_ondis_butioaintheaquifer at specifiedtimes,The modelassumes a single fully penetrating

l_'oduct_onweil,smady-sta_radialflowfield,andnegligibleregionalflow.

Reference:]avendal,I.,Doughty,C.,andTsang,C.F.,19_4.___

I__ American Geo,physica_ Union. Water Reso_¢cs Monograph I0, Washington. D,C.

Model Name: PATHS

Spenser: P_E

l)escri, ptiom:PATHS pmxddes an approximate contaminant a'ansp_ evahmtion by direct solution of the
l_thline equations. The ste'_ty cases are evahmted by holding the uniform gngiient, thehead in the pond, and
the well strengths constant Under such steady-stim condition, only oae set of flow paths, advancing fronts,
andtravel times must be calculated. In the transient cases, each new set offluidparticles leaving the pond ot
wells encounters changing velocity effects. "[_emfo_, a range of typical _ times is selected and th_
flow petJ_ fnmt c_,afigurations,and travel times are calculated succe.z_vely for each selected set of fluid
p_icl_s leaving the contaminant source. The a_:_xima_ equilibrium coefficient _ i_ used to give

9O
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the i.o, exchange delay effects for a single constituent, There me, itowever, no ditpertion effects considered in
the preliminary model, Vr_emo_er]L_ consider as many ts 35 wells at optional locations. Wells are

' representedu n_nencaltysolvedby thecodetogivethepathsofthefluidpaa_/ctestadtheiradvancewithin
time towm'd the o,u,tflow boundary.

, The main assumptions of the code are:

1) two-dimettsiotml (horizontal plane) infiai_e _uifer of coo_nt thiclmes,;
2) confinedflow,

3) homogeneous, isotropic mate_al with constant propexties;,

4) uniform flow d_ction may include transient gradient (flow) strength;
5) rouz_d,fully-penetrating wells and caverns;
6)d/_pationof_e wellandc_vem headsoccursover a specificradia_distance;
7)difh_ion_d dispersionproc,cssesare_,eglected; and
8) contaminantadsorptionisbasedon linearequilibrium_.

Reference:NelsonR.W.aad Schur,J.S.,1980.]_____ioAssessment of

_en_tf...C.__.1_l_. PNL-3162,PacificNorthwestLaboratory,Richland,WA.

, Model Nam,: PORFLO (2D/3D)
_, Sponsor: Hanford- PNL

Destription: PORFLO simulates coupled heat, ground water flow and _lute transport in a satxwated or
'{I _. porom media. The code is available in eith_ twoMimensional, mlmated flow (2D) or three..
,_ dimensional (3D), unsaturated flow versions,

Both versions of PORFLO utilize the equivalent porous continuum ar_ogy to represent a porous medium.
" The codesc,'mhaadleheterogeneous,anisotro)picsystemsandcan_nod_s a va_etyofboundary

cooditiom. In a6dition, the _'x_iesuse a .%e.format input mode which makes it exceptionally easy to setup sn
input file. The codes also have various options that allow tlm user to select the prooesse, to be modeled aitd

. the soluti_ method to be used. The codes provide flow field calculatiom for _ to pathline-t_avel time
models and can be interfiw,ed with a number of post-processors for graphical output.

t

: Referemoes: Runchal, A,IC, Sagas, B., 1LB, Baca, and N.W. Kline. 1985. I_ORELL)-..:.A.C.oat__Lf_
Fluid Flow. _ed__ " "' el 'I]3eory ,LN'tmaerical!VlC__
Q._tig_, Rep. RHO-C1L 150 P, Basalt Waste Isolation Project, Rockwell Hanford Operations,
Richland, WA.

Runchal, A.K., and Sagar, B., 1989. i___.2_atical _el for Fl_J_d.Ma_
T.__b_t._-__U_,_LMmmL-_YerstQ_ Wes,_ghouse Hanford
Opemions, Ri_ Washingto_

Sagar,B.,andRunchal,A.K.,,1990._¢_..3' ' ' "__Htat._lld_._

Transpo__ inVariablySaturmod_.l._.___ WHC-EP-0042,

Westh_ghouseHanfordOperations,Richland,Washing_m.

- Model Name: PORMC-3

' Speaser: Haaford

z
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D, tcr_p,tlom'He_ andsolutemms-_:m,t.

Re.ference.'PrepuedbyAnalytic& Computatio.mdResea_'c&Inc.Completecitaxionnotprovidedby
respendentt.

,

M_del Name: RANDOMWALK
Slier: IllinoisS.t_ueWagr Survey

_ption: 5o1_ trazs_rt, two-dimen#onalporousm_l_

Reference:Prickett,T.A.,T.G.Naymik,a_dC.G.Lormquist,1981.&._' f,l
E_I__cL_W_._iI_..F,x_J.0_. Bu_letm65,IllinoisStateWaterSurvey,Champaign,
lIIimu.

Model Name" SUTRA

Spotter: USGS- ]_ntematiormlGround Water Modeling Center - National WaterWell Association

DestTiptio_: SUTRA(Saturated.Un.mtura_dTransport)simulates fluid movementand theu"-'-'-'-'-'-'-'-'a_)ortof either
energyordissolved_ubs_ancesinasubsudaceenvironment.Themodelemploysa two.-dimensiomdhybrid
fmite..elementandintegratedfinite-differencemethodto app.._ximateO_egoverning equations thatdescribe

• the two mterdepemlen!processesthat sre simulated:

I. _ denaity-deper_ent,saturatedor m_mttwated,groundwster flo_, sod

2. t.tran,Vortofasolutein the groumlwater,in which themlmemay be subjecttoequilibriumad._orption
omthepowm matrix,a_dlxahfirst-orderandzero-orderproductionordecay,or

2. b._ ofthermalenergyin_ groundwaterandsolidmatrixoftheaquifer.

ReferetceVoe,,C.I.,1984.SUTRA -S'amrated-_msmuratedTransport___
t_.._mr,_-d:_Umetmmd,.i_u_.dr,mity.:i_r,m_ Flowm__iza_._
_ill__.fdaglt-._..cies SoluteTr_rt. U.S.C.a_logical Survey,Restett,V_rgitq_,

MedalName: SWIFT(II,m)
Spemer:USNRC

Ik,,striptioltt:SWIFTI!& Hlsimulatetheflowandtraa_'portofenergy,soluteandradionuclidesm a
geologicm.,_d_m_.

Reference: Re_wa,M,, D.$. Ward, N,J. John_and R.M. CmnwelL 1986, _]_._l_iLW_a._,-Isoi_7_._.l.Q_
tlafLT_I__g_.13,1__if_ase 4.g4: Theo____, USNRC, Wasl_.ingtor4
D.C.NURE,_CR.3328.

Ree,ve_,M. 'andP.M. Cr--_xweLl.t981. _____/._0._U__.M_
USNRC,Washington,D.C. NUREG/CR-2324.

t
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MsclelName: TI_CIOD

, Sp,_r: USDOE. LA?eL

IX_HIXI,,,: TRACP,3Ddmui_tes fluid flow _d ma_ _ ta t _ or _4, poro_
me4Jm_.The code is primJufly_oplie<lto field problemsi_volv_ uJ_ta,lncedco¢_tioml.

TRACR3DutJiizelthe¢q_vaJeJltporo_ ¢o_t_ull/nIltl,l_o_ to_ gWc_l m_t. T_ code
l_tcrogez_o_,mbo_pic wstemstnd can_.¢_mmodatmu _e_, oft_c_daW ¢onditio_. "I_ code

is_hctvelyeasytousebutcaaberuaona Crayoom_ rely. TEmoodoluBvlwiou_optlou _ 0.Uowthe
u_r totelect the process tobemodeled_ thesolutionmethodto be treed.

RefereBe: Travis,gJ., IgM. _C_3D: A Model o____ 'mp_ LA-9667-MS,
LoeAlamosN_onal LaboratoW,Los Alamos, New Mexico.

ModddName: USGSMOC
Sponsor:USGS

Description:MOCis a two-d_ne_ionaI model forthe simulaxiooofnon-censervative_lute uaasportm
saturaa_gt_nd wa_ersys_a'ns,The model is bothgeneral ia its g.,plicabRitytad flexible in itsdesign.
'l'hu_it canbe appliedto a widerange of problems. It ccm_pute_cJ_u_gesinthe spatialconcentration
_tion overtimecausedby convective trsnspor_hydrodynamicdispersion,mixing or dilution from
rech_e, andchemical re_tioos. The chemicalreactiomincludefirstorderirreversiblerate reaction(such
asradioactivedecay),reversibleequilibrium,controlled_rptioa v_th linear,Fruendlichor l:amgmuix
h_cr_, andrevers,_bleequilibr_u_concoBed ion exdumge formo_ovalentor divalentions. The model

thatfluid densityvari_o_, viscodty chaage_,andtemperaturegrtdieat_do rot affect the velocity
dJstramtioa.MOCdoesallowmodelingheterogeneousm:KI/or_ic _fimL

l_C couplesthegroundwa_J flow _on with the ,ma-co_,_v_ve _ut_mspo_ e¢_o_ The
comts_ programuses theADl or SIP procedure to _lve _ fla__ difference_pproxJmarionof the ground
wmr flowequat_cm.The SIPpmcedme far solving the _ _ flow eq,aatimi=mostusefulwhen_u'eg
_tim in _vity exist or wbe_ the ADI _otutiondoes_x_co_verge. MOC u_esthe method of
__c_ to solve d_esolute_ _o_. lt _ a l:=rtic_tmcki_ proceduretor__
c_.w_ve tnm_rt a_ a two-stepexplicit proced_rem solvethe finitedJf_mce equationthatdescribes
theeffectsofhydrodymmicdtspe_oa, fluid _ szd _i_ks,tnd divergenceof velocity. Ttmexplicit

b _ject to s_bility c_ite_s, but the _ gn_a3maticMlydeterminesandimpleanentsthe _ne
steptimitatiom_cem=ry to mtisfy the stability _teri_

MOCusesa re_ngular, block-centered,finite differencegridforflux _ndtmmpo_ c_cul_ons. The grid
r,,iz=f_rflow calculation:is limitedto 40 rowsand40columm.Thegrid size for transportcalculationsis
lia'_e,ed to 20_r_v_and20columnswhich c_,ubeassignedtoauy _ of the flow grid.The prograsnaUowz
_tlly varyiagdiffuse rechargeor discharge, umme_ thtckne_ _vity, bo_Asry conditions,
htitiaiheadsand initi_ concentr_o_ and an _ numberof in_ec_oztoi'withc'raw_wells. Up to fiw
nod_cambedesignatedasobserv_onpointsforw_ichasummarytableof bead_,r,dconcentrationversus

isIxin_d_ _e endofthec_Iculafic_.

• ARi_a_iveweproees_, PREMOC,is included with theprogrsmto faciJJta_euse_ friendlydataentrysad

. Refertr,¢e:Koeikow,L.F.andJ.D,Bredea'hofl.1978. ComputerModelof Two-Dimensional"h'ansportand
Di_ in C..s-'otmdWa_=. U?_3S.__ff ' ' ," " , Chapter2,,
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Goode,DJ. andL.F. Konikow. |959. Modific,_ttonota Mett_d_f-Chtrtcter/_ Solute T_u_x_ Mode!
to ln_ Decay _ad Equilibrium._ontrolledSo_tion or loa F..xchtnge. USOS Wtter Re.t_m'ce4t
Inve_tttiom Report89-4030. t

Mo_ Nine: VAM2D (H,3D,3DCG)
Spout: Hydrogeologi¢Inc.

Detertpttu: VAM2D(NRC, 1989)Lta finiteelement model thatcouples portm media '_ter flow ea_d
con_t mmqxm throughthe saturatedandeasatm'w_dzcme_ 3q_ecode was developedforthe NRC.
Specificfeatureaof the code routprocessestlm the code is cafmbteof dmulatinginclude:

• Twodimemional flow t_d
• Clu_-decaytrtnspo_

Dispenioa
• RetardatioQ

• Atiisotropic_ heterogeneouslit_logy
• Confinedand/orunconfined aquifers
• Aq, itar_
• Steadystateortnmsieat conditions
• Pulseand_ep releasersfrom contaminatedsource_
• Point,lineor areal so_rces

Therearea wholerangeof flow andwaztspoJ_processes thtrVAM2D cannot simulateincludingvapor
w_ complexgeochemical _om, three-dimensiottalfateand_ tna _ varietyof processes
that maybe essentialin the evslua_on of _elcctedremedialtltetnative,. However,tt_e_elimitaltiomwcmld
generallynot l_'echute the suc.essful appliuttion of VAM2Dto mplxm the baselinerisk assessmentand
chartctmzatioaWogrmn.

VAM2Dhas beenexteamivelytested throughthe iNTERVAL Progrmntnd has been appliedat numerous sites
omtaminmedwithradionuclidesincludinff.Lm Alamos,We_tValley, sndM_y Flats.

_fer_: H_ P.S., 1989. yA_2D- Vm'a___kLi_._.
NURF.,GY/CR-5352,HydrogeologicInc..fm'the U.S. N,t_learRegulatoryCommission, Washington,DC.

Hu_ I_.S.,White, H.O., Kool, J.B., tad Buckley, J.E., 1988. _H ye_ ll_L2k_V_al_fl_
,_tl31rl_l_LEll_ • ' - " " _entation___L_
Hy_c _., Rerndo_ Virginia.

Huyak_ .P.S.,andPamiay,S., 1990.Y.AM.XDC_ ' _ " ." '
.... __l.XCtL__i;_um¢mati_ and_. Version Z.O,

Hydrogeologic,Lm.,Hemdou, Vi_
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GEOCHEMICAL/IIYDROCHEMICAL

Model Name. BALANCE (-A)
Spon_r: USGS

Description: Hydrochemical model.

Reference: Paxld_uxst,D.L., L.N. Plunu_er and D.C. Thors_n_n, 1992. t_LL_-A:Con__ utcr_
___,_f_J, ot._actions in Ground W_ U.S. Geological Survey, Water
R¢_ Inve_gations 82-0014, 33 pp.

r_ Modal Name: EQ3/6
' SponNr: USDOE

:i Descrip6on: Solute transport.

_I Reference: Wolery, T.J., J_kson, K.J., Boucier, W.L., Bruton, C.J., Viani, B.E., and Delany, J.M., 1988.
i_ The EQ3/6 software package for geochemical modeling: Current status. American Chemical Y_ciety,

Division of GeochemLqry, 196rhACS National Meeting, Los Angeles, California, ge[pL 25-30 (abstract).

_! Wolexy, T.J., et al., 1990. _[atus of the __0_ P_kag__hlg,
_ _¢dilj_l_Modeling in Aqueeus_S_ D.C. Melchior and ILL. Basset, eds., ACS Symposium Series

, 416, American Chemical Society, Washington, D,C.

m

: Model Name: HYDROGEOCHEM

$ponuw:

Description: Hydrc_hemical model

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

Model Name: MINTEQ (Al)(Equilibrium Metal Speciation Model)
.. Sponsor: USEPA

Descw_pfion:GeochemiczJ model; calculates equilibrium aqueous special,on, adsorption, gas phas_
: paxt/tioaing, solid phase saturation states and precipitation-dissolution of eleven metals.

Referemce: Brown, D.S. and I D. Allison. 1987. _[_.]_,¢3__¢a,_LA.J.L__IgaL
EPA/60(F3-87/012, USEPA, Athens, Georgia.

Felmy, A.R., D.C. Girvin a_d E.A. _'erm¢. 1984. _INTEO - A _ ' "
' _ EPA/600/3-84-032, USEPA, Athens Geor_

Modal Name: PHREEQE
Sponu¢: USG$
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Description: PHREEQE is a FORTRAN IV computer program designed to model geochemical reactionJ.
Based on an ion pairing aqueous model, PHR_EQE 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 tlm
computer code and is completely user definable. PHREEQE can simula_ sevc.ral types of reactions including
(1) atldition of reactants to a solution, (2) mi×ing of two waters, and ('3) titrating one solution with another. In
each of these cases PHREEQE can simultaneously maintain the reacting solution al equilibrium with multiple
phase boundaries+The programcalculates the following quantities during the reaction simulation:

I) pi-I;
2) pe;
3) total concentration, of elements;
4) amounts of minerals (or other phases) transferred into or out of the aqueous phase;
5') distribution of aqueous species; and
6")saturation state of the aqueous phase ,_th respect to specified mineral phases.

Reference: D.L. Parkhurst, D.C. Thorstenson and L.N. PILmuner,1980. P.__.ed_
_hr, nxir,M_f,.a__. U.S. Geological Survey, Water-Resources Investigations 80-96, 209 pp.
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ENGINEERING/PERFORMANCE/ACCIDENT

0

Model Name: BARRIER

Spomer: EPRI

Description: Simulates the long-term performance of low-level ra_oactive waste disposal facilities.
Predicts: long-term water balance; degradation of concrete structuresover time and cracking and fa_ure of
concrete structures.

BARRIER projects the failure of facility structural components and water flow through the facility priorto
and following failure. Un,_aturatedground 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. Merrcl. 1989. :]:heBARRIERCodeLA To0Lfor

F.,stimatin_theI_n__ Was'le Disvosal Facilities,
N'P-6218-CCML.

Model Name: BRUNZOG

Sponsor: US ARMY

Description: Calculates depth of thaw penetration.

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

Mo_helName: CONSOL
Sponsor: ?

Description: Calcadates settlement.

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

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

Description: Estimates the amount of surface runoff, subsurface drainage and leachate that may result from
the operationof various landfill desigp,_. The _ogram models the effects of hydrologic processes including
precipitation, ._mrf_.x.es_orage, runoff, infiltration, percolation, evapoCanspiration, soil moistm_ storage, and
lateral drainage using a quasi-two-dimensional approach.

Reference: Schroeder, P.R., J.M. Morgan, T.M. Walski and A.C. Gibson. 1984. ___
_. EPA/530-SW-84-009.
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Model Name: MACCS (Reactor Accident Consequence Analysis Code)
Sponsor: USNRC

t

Description: Estimates enviromnental 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: ORIGEN2

Sponsor: RSIC

Description: ORIGEN2 is a revised and updated version of ORIGEN (Oak 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 thatare 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: Croft, A,G., 1980. A_U_fs M_ual for the ORIGEN2 Comp_ O_-7175

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

Description: The PAGAN code is used to assess the performance of low-level waste and contains the
transport codes DISPERSE and SURFACE (Kozak et ai., 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 aquiferat 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 flax of radionuclides
into the surface water can be calculated in a separate run of PAGAN. If the btu'facewater 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).

Refert'nce: Chu, M.S.Y., Kozak, M.W., Can'tpbell, J.E., and Thompson, B.M., I991. ASelt-Teaching
.CJailaktalgtlLt_ - y.fl Waste Performance _Assessment Methodol_.Ly, NUREG/CR-5539,
SANDg0-0583, U.S. Nuclear Regulatory Commission, Washington, D.C .....

Model Name: PC-SLOPE

Sponsor: C.mo-slope, Inc., commercial product
=

Description: Fmlure surfa£,e calculations.

Reference: Geo-Slope, Calgary Canada. Complete citatioa not provided by respondents.
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Model Name: RASCAL

. Sponsor: USNRC

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

Reference: Model prepared by ORNL and Phoenix As.u3ciates Inc. Complete citation not provided by
respondents.

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

Description: Evaluation of the impact of nuclear facilities, operation and accidents. The progrm_ncan
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. IL_.AC-3:_P_liolo__ical Safe__Anal_is Computer Prod'am. ENICO-!002.
Exxon Nuclear Idaho Co., Inc., Idaho Falls.

Modal Name: SFRIPD

Sponsor: MK Environmental

Description: Calculates safety factors for riprapsizing.

!

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

Model Name: SFRIPE

Spenser: MK Environmental

Description: Calculates safety factors for riprapsizing.

Reference: I_velopeA in-house by MK Environment-,d,San Francisco, California. Complete citation not
provided by respondents.

Model Name: STABL

Spon_r: Indiana

Description: Calculates failure surfaces, factors of safety ?
Z

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

A
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Model Name: STABL5

Sponsor: US DOT
8

Description: Calculates failure surfaces, factors of safe_.

Reference: Preparedby Purdue Uni,, ersity for The Joint ttighway Research I_ject, Federal Highway
Administration, U.S. Department of Transportation. Complete citation not provided by respondents.

Model Name: STABR

Sponsor:

Description:

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

Model Name: STEPH

Sponsor: M_;.Environmental

Description: Calculates riprapsizing,

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

Model Name: UTEXAS2

Spemumr:Texa_

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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RADIATIONDOSI¢

Me,el Ntme: I$OSHLD(-II)
Spo,ter: USDOE

DetcrlpttN: ISOSHLDiJ u_d to cttculat_r'_dtttiondose tt a pointft'orebce_lu_g end/orgxrru_l_rays
emi.ttodfromradtot_topemutces, ISOSI.II.D..1]tsan exte_o_ of ISOSHLDwiththe _d bremulr_du_g
mode. Fivesh_el,dregtomseta behaZ_ed with upto twentynutterialspet thteld regtoa,the sourcets
con+tderedto be_ firstshi,e'tdreg+oo,t,e,, brem_u'+Jdung_ gab,nut raystpe produced<3ely_ the +ource,
Pointkemet i_tegratiroa(ove,r the _¢urcerel_On)is usedto calculate the nufi_on doses tl _ field point,)

i D_tan,e,ededto c_Jcul_t¢_ssi,_wprod,_cti,mt_pi¢co_cenuaAio,nJt,_u_e R_ec_ dtr_ribLztio_,a_i
_tenu_o_ coefficientsmmc+_ i_ l,ib_xiesusedby the code,Problemlntmt dm_b therebymixing;

"_ a_d iafocmatioarequh'ed,q_cifies the sowta-sh_eldr_nflg_aion md ideatifies the relevaatm_ri_ _d
• e_rdeasities.

l_efereure: Eng_e,R.L., _.Greenborga_d M.M. Hendfickr,on. 1966. L_._SHLD- A Cor_v_LC_d¢_'2[
"-" " _ : '= '- _-_: ".- __4. Bl_VL-236. P_ific NorthwestLaboratory,,l_c_and,

,+

: SLrru_.ons,G.L.,,_.J,Regimba],J. Gre_nbo_'g,E.L. KelLey,,_r.,H.H.Vm TuyL 1967. _J2:JJ.:_
BjLy_:_atoI_tudec_.culatioaofD____zIzaklXi_L,_._. BNWL-236
Sup,plementI, P_cificNc_rthwestLaboratory,Rich_aadWa,_'dngtoa.

Medel Ntle: LADTA?
Sp_,a_r: USNRC/C_ Ridge NL

Deseripti,m:

Refererce: Simpson,D.B., and McGill, 1980. _,[__J_AP r.l- A com_utcf..Pl]2gl_

I ____t_saa_f_, ,__¢t' __az_I_, Oak_e, National Lab,,Oak R_dge,TN, NUREG/CR-127.6(OI_rl_MC-l).

MorSelNem,e:RADRISK
Spoe_r': US£PA

De_:ript_,,,_:Life-ta:b_emetbodo.logytoderivedosimetrica_lhealtheffectsdata.Oftenuaedwith_S
and DARTAB.

Reference: _8, D.£., Jt,, R.W. Lmggettmd M,G, Y_Icin_, 19_0. ___g_f_
____a./_m _ oR_rr_.?_05.
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Mode,|Name: SURFER

Spetnor: GoldenSoAware
,t

Description:3-dimensiozutlg_'_iding,contouringand surfaceplotting so_,,are.

Refereace: _ Go|denSo._.'ware,Golden,CO.
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