DOE\RL-2007-34
Revision 0

Regulatory Criteria for the
Selection of Vadose Zone
Modeling in Support of
the 200-UW-1 Operable
Unit

Prepared for the U.S. Department of Energy
Assistant Secretary for Environmental Management

#, United States

Qs Richland, Washington 99352

Approved for Public Helease,
Further Dissemination Unfimited



DOE/RL-2007-34
Revision 0

Regulatory Criteria for the Selection
of Vadose Zone Modeling in Support
of the 200-UW-1 Operable Unit

Date Published
July 2008

Prepared for the U.S. Department of Energy
Assistant Secretary for Environmental Management

~\ United States
) Department of Energy

¥ P.O. Box 580
Richland, Washington 99352

Q@m Vazboes

Release Approval Date

Approved for Public Release;




TRADEMARK DISCLAIMER

ARADERARR Ll LA o e
Reference herain to any specific commercial product, process,

or service by trade name, trademark, manufacturer, or
otherwise, does not ecessarily consikie o imply its
endorsement, racommendation, or favoring by the United
States Govemnment or any agency thereof of #s contractors or
subcontractors.

This report has been reproduced from the best available copy.

Printec in the Unied Sxates. of America

DOE/RL-2007-34

Revision 0 3

()

o e SRR



-

DOE/RL-2007-34, Rev. 0
EXECUTIVE SUMMARY

The evaluation of potential impacts to groundwater from contaminants in the vadose zone soils at the
Hanford Site is important for making final remedial action decisions at the Hanford Site. Federal and
state regulations, requirements, and guidelines concerning environmental remediation form the basis for
the methods used to conduct these evaluations. Although many methods and/or models may be used to
evaluate the potential impacts to groundwater, the use of environmental regulatory models (ERMs) is

appropriate for applications to evaluate pathways involving vadose zone and/or groundwater systems.

This document identifies and addresses the items needed for appropriate and consistent regulatory
methods/models for the assessment and characterization of the impacts/risk to groundwater from vadose
zone contamination at the Hanford Site for the 200-UW-1 Operable Unit waste sites. This documentation
may also be used to support other assessments of vadose zone contamination at the Hanford Site. It also
describes the manner in which Federal and state requirements and guidelines concerning the selection and

use of ERMs can be employed to address these issues.
The primary aspects of these issues addressed in this document include the following:

o Identifying and comparing the technical and Federal and state regulatory requirements and
expectations associated with the selection and use of ERMs in general, and specifically for vadose

zone modeling

*  Applying these requirements and guidelines that result in the determination that fate and transport
modeling is the most appropriate model type for most vadose zone modeling risk characterization
applications at the Hanford Site

* Demonstrating the acceptability of the Subsurface Transport Over Multiple Phases (STOMP) code for
implementing the fate and transport model type ‘

» Demonstrating and documenting consistency with Federal and state requirements and guidelines

concerning method/model selection for most vadose zone modeting applications

* Documenting the correspondence of the pertinent Federal and state réquirements and guidelines, as
well as consistency with the Federal guidelines that can satisfies all pertinent regulatory requirements.
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Act of 1980

Code of Federal Regulations

contaminant of concem

Committee on Regulatory Environmental Modeling

concurrent version system

dilution factor

U.S. Department of Energy

Washington State Department of Ecology

U.S. Environmental Protection Agency

environmental regulatory model

features, events, and processes

Geographic and Operational Site Parameters List

instantaneous equilibrium distribution coefficient

maximum contaminant level

not applicable

nonaqueous phase liquid

National Contingency Plan

Nuclear Energy Agency

National Priorities List

U.S. Nuclear Regulatory Commission

operable unit

Pacific Northwest National Laboratory

quality assurance

quality control

remedial action goal

Resource Conservation and Recovery Act of 1976

Revised Code of Washington

Subsurface Transport Over Multiple Phases

Hanford Federal Facility Agreement and Consent Order

total variation diminishing

van Genuchten-Burdine

van Genuchten-Mualem

W ashington Administrative Code

Waste Information Data System
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METRIC CONVERSION CHART

Into metric units Out of metric units 3
If youknow | Multiply by | To get Ifyouknow | Multiplyby |  To get
Length Length
inches 25.40 miilimeters millimeters 0.03937 inches
inches 2.54 centimeters centimeters 0.393701 inches
feet 0.3048 meters meters 3.28084 feet
yards 0.9144 meters meters 1.0936 yards
miles (statute) 1.60934 kilometers kilometers 0.62137 miles (statute)
Area Area
square inches 6.4516 square square 0.155 square inches
centimeters centimeters
square feet 0.09290304 | square meters square meters 10.7639 square feet
square yards 0.8361274 square meters square meters 1.19599 square yards
square miles 2.59 square square 0.386102 square miles
kilometers kilometers
acres 0.404687 hectares hectares 2.47104 acres
Mass (weight) Mass (weight)
ounces (avoir) | 28,34952 grams grams 0.035274 ournces (avoir)
pounds 0.45359237 | kilograms kilograms 2.204623 pounds (avoir)
tons (short) 0.9071847 tons (metric) tons (metric) 1.1023 tons (short)
Volume Volume -
ounces 29.57353 milliliters mitliliters 0.033814 ounces
(U.S., liquid) (U.S,, liquid)
quarts 0.9463529 titers liters 1.0567 quarts
(U.S., liquid) (U.S., liquid)
gallons 3.7854 liters liters 0.26417 gallons
(U.S., liquid) (U.S,, liguid)
cubic feet 0.02831685 | cubic meters cubic meters 35.3147 cubic feet
cubic yards 0.7645549 cubic meters cubic meters 1.308 cubic yards
Temperature Temperature
Fahrenheit subtract 32 Celsius Celsius multiply by Fahrenheit
then 9/5ths, then
multiply by add 32
5/9ths
Energy Energy
kilowatt hour 3412 British thermal { British thermal 0.000293 kilowatt hour
unit unit
kilowatt 0.94782 British therma! | British thermal 1.055 kilowatt
unit per second { unit per second
Force/Pressare Force/Pressure
pounds (force) 6.894757 | kilopascals kilopascals 0.14504 pounds per
per square inch square inch
06/2001
Source: Engineering Unit Conversions, M. R. Lindeburg, PE., Third Ed., 1993, Professional “'\
Publications, Inc., Belmont, California. ~ut
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REGULATORY CRITERIA FOR THE SELECTION OF VADOSE ZONE MODELING
IN SUPPORT OF THE 200-UW-1 OPERABLE UNIT

1.0 INTRODUCTION

This document provides regulatory and technical basis supporting the use of environmental regulatory
models (ERMs) in the evaluations of potential impacts to groundwater from vadose zone contamination at
the Hanford Site for 200-UW-1 Operable Unit (OU) waste sites. The document identifies the Federal and
state regulations, requirements, and guidelines that provide the regulatory and technical basis pertaining
to the selection, use, and required documentation of ERMs. Of particular importance are the requirements
in the Comprehensive Environmental Response, Compensation, and Liability Act of 1980 (CERCLA) and
Resource Conservation and Recovery Act of 1976 (RCRA). The identification of these requirements and
guidelines serve to establish the criteria and expectations necessary for the selection of a vadose zone
model. This document may be also used to support the selection of other vadose zone models to assess
risk from contamination.

The primary use of vadose zone modeling at the Hanford Site is to quantitatively assess potential impacts
to groundwater from contaminants in the vadose zone. Federal and state regulations require the use of
scientifically based method for assessing and demonstrating consistency with the primary objective of
environmental cleanup regulations (i.e., protection of human health and the environment)

(EPA 402-R-93-005, OSWER Directive 9200.4-18, EPA/I 00/B-04/001, Washington Administrative
Code [WAC] 173-340-747). The primary guidelines state these computations involve methods
appropriate for the objectives and conditions of the assessment (e.g., EPA 500-R-94-001,

EPA 402-R-93-005, and OSWER Directive 9200.4-18).

The main issues associated with the assessment of groundwater impacts/risks from vadose zone
contamination at Hanford, therefore, include the following:

e What methods/models are most appropriate for assessing impacts to groundwater from vadose zone
contaminants at the Hanford Site?

e How are appropriate models determined?

e What regulatory requirements and technical rationale are associated with the selection of appropriate
models?

e What regulatory requirements and technical rationale are associated with the use of an appropriate
model for risk-based applications (e.g., risk characterization)?

e What is necessary to demonstrate consistency with these requirements and expectations, and the
acceptability of a method?

This document addresses these issues and focuses on the selection and use of appropriate and acceptable
ERMs for assessing potential impacts to groundwater from vadose zone contamination at Hanford in
support of a final remedial action for the 200-UW-1 OU waste sites. The process for selection and use of
ERM:s discussed in this document may be useful in other applications at Hanford. U.S. Environmental
Protection Agency (EPA) guidance on risk assessment (EPA/540/1 -89/002) states that the evaluation of
risks associated with all relevant pathways and the risk characterization methods be appropriate for the
objectives and conditions of the assessment (e.g., EPA 500-R-94-001, EPA 402-R-93-003, and OSWER
Directive 9200.4-18). Risk characterization associated with the vadose zone to groundwater pathway
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(also referred to here as the “protection of groundwater” pathway) involves a combination of the vadose

zone and groundwater pathways and systems and is particularly important for environmental remediation
efforts at Hanford for several reasons:

1.

Risk characterization efforts associated with the protection of groundwater pathway are integral to the
remediation efforts at the Hanford Site.

The “protection of groundwater” pathway can often dominate the risk and/or hazard posed by soil
contamination and associated soil cleanup levels.

In the absence of a risk-based methods for assessing the levels of soil contaminants protective of

groundwater, soil cleanup levels for this pathway are based soil background levels, detection limits,
or predetermined values.

Federal environmental regulations (e.g., 40 Code of Federal Regulations [CFR] 300, CERCLA, and
RCRA), and Federal risk assessment guidelines (EPA/540/1-89/002, EPA/540/R-92/003) require the
use of technical methods that are risk-based, appropriate for the intended application, appropriate for
the site conditions, and that use site-specific data.

Appropriate risk characterization methods provide a technically valid basis for defining the baseline
risks, which are essential for the risk management and risk communication aspects (National
Research Council 1983, 1994). The baseline risk for the protection of groundwater pathway is
integral to evaluating the efficacy of remedies and to making decisions regarding the allocation of
resources for effectively mitigating the risks at sites to levels/conditions protective of human health
and the environment.

The selection and use of ERMs appropriate for the evaluation of groundwater impacts from contaminants
in the Hanford vadose zone need to be selected in a manner that is technically justified and consistent
with the purpose and requirements of the pertinent Federal and state regulations and guidelines.

This document addresses the issues associated with the need for technically appropriate and regulatory
consistent methods/models for the assessment and characterization of the impacts/risk to groundwater
from vadose zone contamination at Hanford. The following is an overview of the content and
organization of this document, and the manner in which these issues are addressed.

Section 1.0: Introduces the purpose of the document and the issues associated with vadose modeling
at the Hanford. Describes why these issues are important to environmental remediation efforts, how
and why modeling is used in the regulations, and provides an overview of the structure ant contents of
this document.

Section 2,0: Identifies Federal and state requirements, guidelines, and criteria pertaining to the
selection and use of ERMs for assessing impacts/risk to groundwater from vadose zone contaminants
at the Hanford Site.

Section3.0: Provides documentation concerning the technical basis and rationale for using the
processes identified in the Federal guidelines for selecting and using a model type appropriate for
most vadose zone modeling risk characterization applications at the Hanford Site.

Section 4.0: Describes the application of the Federal guidelines for the selection of a model type
capable of meeting the objectives of most vadose modeling risk characterization applications at the
Hanford Site.
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Section 5.0: Describes the required and expected documentation associated with the use of vadose
zone modeling for risk characterization applications.

Section 6.0: Documents an example of the application of the Federal code selection guidelines for
evaluating the adequacy of a code to meet the required attributes and criteria of fate and transport
modeling. The code evaluation/selection process is documented for the Subsurface Transport Over
Mutltiple Phases (STOMP) code.

Section 7.0: Summarizes the manner and extent to which the application of the guidelines concerning
the selection and use of an ERM appropriate for Hanford vadose modeling risk characterization
applications are consistent with Federal requirements and guidelines.

Section 8.0: Documents the demonstration of consistency with state regulations concerning the
selection and use of ERMs pertaining to vadose zone modeling, including the use of the STOMP
code.

Section 9.0: Provides a summary of the information contained in this document regarding the
technical and regulatory requirements and expectations associated with the selection, as well as the
use of ERMs and their applications for vadose zone modeling and risk characterization applications at
the Hanford Site.

Appendix A: Provides a synopsis of technical information pertaining to preferential pathways in the
context of transport-related mechanisms in the conceptual model for vadose zone system at the
Hanford Site.

Appendix B: Provides an example of the application of published guidelines concerning the manner
in which Hanford Site data base information is used in the selection of appropriste, site-specific
model parameters, such as instantaneous equilibrium distribution coefficient (Kd) values.
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2.0 REGULATORY REQUIREMENTS, GUIDELINES, AND CRITERIA
ASSOCIATED WITH THE USE OF ENVIRONMENTAL
REGULATORY MODELS

Federal and state regulations and guidelines identify requirements and recommendations concerning the
selection and use of ERM:s in risk-based applications (e.g., risk characterization) in environmental
remediation efforts. These requirements and recommendations provide guidance on the processes and
rationale for the selection of appropriate models and codes, the use of ERMs, and the expected
documentation of model results. This section identifies and summarizes the processes and criteria
identified in the Federal guidelines concerning the evaluation, selection, and use of an ERM and model
code.

2.1 BACKGROUND ON THE USE OF ENVIRONMENTAL
REGULATORY MODELS

The selection of ERMs methodology is based on the requirements in the following Federal environmental
reguiations:

e National Contingency Plan (NCP) (40 CFR 8665-8865 300)
o CERCLA reguiations
o RCRA regulations

e  Hanford Federal Facility Agreement and Consent Order (Tri-Party Agreement) (Ecology et al.
2003).

The Washington State requirements are contained in the following environmental regulations:
e “Hazardous Waste Management Act” (Revised Code of Washington [RCW] 70.105)

o *“Model Toxics Control Act — Cleanup” (WAC 173-340), in the context of RCRA corrective action,
and also where applicable or relevant and appropriate requirements (ARARs) are pursuant to
CERCLA. (These regulations are overseen by the Washington State Department of Ecology
[Ecology]).

The role of computer models in these Federal and state environmental regulations is to support protection
of human health and the environment. Under CERCLA, the EPA is required to assess the risk to human
health posed by hazardous and radioactive wastes at sites on the National Priorities List (NPL). Both
Federal and state regulations and guidelines recognize the use of ERMs as appropriate methods and tools
for assessing and characterizing risk to human health and the environment. The use of ERMs is
warranted where contaminant behavior invelves media in complex and dynamic systems, such as
groundwater and vadose zone pathways.

2.2 RATIONALE FOR THE USE OF ENVIRONMENTAL
REGULATORY MODELS

The Federal ERM guidelines indicate that the reason for modeling to support environmental regulatory
efforts typically include the following: (1) supporting risk assessment requirements; and (2) identifying,
selecting, and designing remedial alternatives (EPA 402-R-93-009). There are many reasons why
modeling is needed to fuifill the reguiatory requirements associated with the CERCLA remedial action
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and RCRA corrective action processes are identified in the Federal guidelines (Table 2-1). Among these,
the principal reasons (EPA 402-R-94-012) include the following:

Assess the actual or potential risk impacts of the site (i.e., assessment of risk)
Comply with applicable regulations

Define remediation strategies for the site

Evaluate alternative remedies.

This information is summarized in Table 2-1, which identifies where and when modeling is likely to be
needed and used during different phases of the risk assessment and remedial action evaluation process
(EPA 402-R-94-012). The Federal guidelines indicate that, “Notwithstanding the limitations of models, it
is difficult to support remedial decisions or the assessment of risk at a site without the use of models”
(EPA 402-R-93-009).

The following are examples of the EPA primary guidance documents that provide technical rational and
precedents pertaining to the selection and/or use of ERMs, primarily in the context of CERCLA risk
assessment requirements:

e The EPA’s Agency Task Force on Environmental Regulatory Modeling (ATFERM) guidance states
that, “...environmental models...may form part of the scientific basis for regulatory decision making at
EPA” (EPA 1999, 2003a).

e ERM:s are regarded as appropriate tools throughout EPA guidance on environmental risk assessment
(EPA 2001, 2003a; EPA-SAB-EEC-89-012).

e EPA risk assessment supplemental guidance identifies the use of models as being justified where
site-specific data or changes in knowledge over time warrant the use of methods different than the
basic risk characterization methods and formulas (EPA/540/R-92/003, EPA 1992).

Other Federal and state regulations and guidelines that recognize environmental regulatory modeling as
a method for risk assessments and/or the development of media-specific cleanup levels include the
following: .

e Report of Agency Task Force on Environmental Regulatory Modeling: Guidance, Support Needs,
Draft Criteria and Charter (EPA 500-R-94-001)

e A Summary of General Assessment Factors for Evaluating the Quality of Scientific and Technical
Information (EPA 2003b)

e CERCLA Baseline Risk Assessment Reference Manual for Toxicity & Exposure Assessment and Risk
Characterization (DOE/EH-0484)

e Proposed Agency Strategy for the Development of Guidance on Recommended Practices in
Environmental Modeling (EPA 2001)

e Draft Guidance on the Development, Evaluation, and Application of Regulatory Environmental
Models (EPA 2003a)

o  Models Toxics Control Act Cleanup Levels & Risk Calculations (CLARC), Version 3.1
(Ecology 94-145)

e “Deriving Soil Concentrations for Ground Water Protection” (WAC 173-340-747).
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The main issue concerning ERMs, however, concerns the technical basis and regulatory consistency
associated with the selection and use of appropriate models and codes.

Table 2-1. Matrix of Reasons for Modeling in the Remedial Process
(ﬁnm EPA 402-R—94-0 12, Table 2-1). (2 pages)

OpporumltiuforModeling o _5;;_'::5 Scoping* | Chara slml ition® néﬁ:edliuon'

1. When it is not feasible to perform field measurements; P o o
ie.,

e Cannot get access to sampling locations
e Budget is limited

o Time is limited.

2. | When there is concern that downgradient locations may . ; . °
| become contaminated at some time in the future. .

3. | When field data alone are not sufficient to characterize ® °® °®

fully the nature and extent of the contamination,; i.e.,

e  When field sampling is limited in space and time
and needs to be supplemented with models

e  When field sampling results are ambiguous or

suspect.

4. | When there is concern that conditions at a site may o Py ®
change, thereby changing the fate and transport of the
contaminants; i.e.,

s  Seasonal changes in environmental conditions

e  Severe weather (floods, fornadoes)

e  Accidents (fire).

5. | When there is concern that institutional control at the o P e
_ 1 site may be lost at some time in the future resulting in R :
tmummlmcposmwunniosouclnngemtheﬁumd :
' m;:ortofﬂwconmmimnt,ie,
"'Inadvertenthm-udar

_Cmsmwamlugﬁcultme
Drllling,mmenlexplomtion.mining B
Humm inﬁervmtnons (drillmg. mmtions. :

6._'-.: Whenremadlalactwm'mptannedm:hm lsaneed:':“ """
3 itopmdmtlweffwﬁwnessofaltumﬁveremedws, '

7. | When thercis aneed to predict thotime when the - |- .y e e

- | congentration of specific contaminarts at specific - i B S '
locntnmswilldeclmetowceptableluvels(e.g matural |- ' ’ | B

| flushing).

8. Whenthere is concern thatalsometlmemthepast o ® o
individuals were exposed to elevated levels of
contamination and it is desirable to reconstruct the
doses.

9. | When there is concern that contaminants may be o ° o
present but below the lower limits of detection
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Table 2-1. Matrix of Reasons for Modeling in the Remedial Process
(from_EPA 402-R-94-012, Table 2-1). (2 pages)

10. Whenﬁeldmeasummentsreveald:epmmcaofm o e : 0
.contaminants and it is desirible to determiine if and T '

when other contaminants associated with the source
may arrive, and at what levels.

11. | When field measurements reveal the presence of °® ® o
contaminants and it is desirable to identify the source or
sources of the contamination.

12. | When there is a need to determine the timing of the o o 'Y

remedy; i.e., if the remexdy is delayed, is therea '
| potential for environmerital orpubhc healthnnpﬂsin

the future?

13. Whenﬂ:enlsaneedtodctmnmeremedmlamm o o ®
priorities,

14. }'When: demonstrahng eomutency with regulatory ° ® °
requirements.

15. Whenesnmaungﬂwheneﬂtmawstbeneﬁtamlysis o o P
.of alternative remedies.

16.. | When performing a qmntitaﬁve dose orrisk o '. ®
assessment,

17. | When designing the site characterization program and °® o °
identifying exposure pathways of potential significance,

18. | When there is a need to compute or predict the ° o o

concentration distribution in space and time of daughter
‘products from the original source of radionuclides. .
19. | When there is a need to quantify the degree of - ° o O
" | uncertainty in the anticipated behavior of the ' -
.mdimmlidesmtlwenvmmnentandﬂleassociated
20. fWhmeummummnngmﬁlthewbhcahouttln ® o ®
,potentia!impsctsofﬂlesmeandthebeneﬁmofthe

| selected remedy.
NOTE: Areas shaded denote modeling reasons typically associated with the vadose zone protection of gmundwat:r
pathway at the Hanford Site.

® Legend:
@® Denotes an important role.
O  Denotes a less important role.

2.3 FEDERAL GUIDELINES FOR THE SELECTION AND USE
OF ENVIRONMENTAL REGUALTORY MODELS

Federal guidelines specify that the process for using ERMs begins with the development of the rationale
for selecting a modeling method instead of selecting another simpler method for the purpose of the risk
assessment. After demonstrating that the use of an ERM is the appropriate method, the documentation
defines the model objectives. The EPA guidance then recommends adhering to guidelines pertaining to
the selection and use of appropriate model type and codes to accomplish those objectives. The following
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sections identify and summarize the processes and criteria identified in the Federal guidelines concerning
the evaluation and seiection of model types and model code(s) used for ERMs.

The selection of an appropriate method/mode! involves consideration of the strategy for assessing the risk
to human health and the environment posed by waste site contaminants. That strategy includes
identifying the type and quality of information needed to evaluate the risk associated with the waste
site(s). The risk information can include simple screening criteria, quantitative assessments and
characterization of the risk, and/or the determination of soil cleanup levels that are protective of human
health and the environment. Other criteria include consideration of the characteristics of the pathway
and/or system of interest, and the level of model complexity that is consistent with the quality of the
information appropriate for meeting the modeling objectives.

2.4 MODEL AND CODE SELECTION GUIDELINES

Federal guidelines identify a technically based processes for model and code selection
(EPA 402-R-93-009, EPA 402-R-94-012) and provide guidance on the evaluation and application of
ERMs (CREM 2003). The merits of this process include the following:

e It is the product of nearly two decades of consensus building among subject matter experts on the
development, evaluation, and application of ERMs within the scientific community.

» It meets the objectives and intent of Federal and state regulations and guidelines in terms of
describing and explaining the selection process, as well as the scientific reasoning, rationale, and
assumptions associated with the process.

The intent of applying this process is to provide a valid technical basis for the selection of the model.
Although there is no formal corresponding state process for ERM method/model selection (e.g., in
accordance with WAC 173-340-747, Federal guidelines addresses the intent and expectations of both
Federal and state requirements to document the technical basis of the ERM, including the reasons,
rationale, and logic for model and code selection). As noted in Federal guidelines, model selection and
code selection are different but related activities, as described in the following paragraphs.

The EPA technical guidelines indicate that the model selection process begins with defining the
objectives and identifying the type of predictive tasks to be included in the model (EPA 402-R-94-012).
This step is followed by the development of a site conceptual model, which is divided into conceptual
model components. The conceptual model components help to identify the important factors such as the
site features, events, and processes (FEPs) to be included in the model. Model selection involves
identifying the type of predictive tasks to be included in the model, consistent with the objectives and
purpose of the problem, and determining the attributes necessary for a meaningful simulation. These
elements of the model selection process are summarized in the following and are illustrated in Figure 2-1:
1. Define the regulatory purpose of the problem, and describe the rationale/need for modeling.
2. Define the project and site-specific objectives for the use of the ERM.
3. Determine model selection criteria and attributes:

a. Develop a conceptual model and conceptual model components.

b. Determine principal FEPs and phenomena to be modeled.

c. Identify other factors, requirements, or attributes to be included in the selection criteria.
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d. Determine the level of mode! sophistication or capability required to meet the criteria and
attributes. 3
e. Select/identify an appropriate model type.
4. Select a code capable of meeting the criteria and attributes:
a. Identify candidate code(s).
b. Evaluate the administrative criteria associated with the candidate code(s).
c. Evaluate/document adequacy of code(s) to meet model criteria/attributes.
d. Select/identify appropriate modeling code.
5. Document the use of the ERM:
a. Describe the model and code selection process and rationale.
b. Identify the sources of information and the rationale used to develop the input parameters.
¢. Present the model results.

d. Identify the uncertainties in the model and model results, and describe their possible impact on
the results.

e. Identify, provide the rationale, and describe the impact on the model results for the assumptions
used in the model.

f. Identify the limitations of the model and limitations associated with the interpretations of the
model results.

The code selection process focuses on the evaluation and identification of one or more code(s) that meet
the required/necessary modeling criteria and attributes, as well as any administrative criteria

(e.g., availability, computer language, and hardware requirements) that must be factored into the code
selection decision (EPA 402-R-94-012). Code selection involves choosing one or more specific computer
codes that are capable of performing the simulation(s) in a manner that satisfies and incorporates the
required/necessary modeling criteria and attributes.

2.5 MODEL SELECTION PROCESS
2.5.1 Problem Statement, Objectives, and Modeling Need

The EPA’s technical guidelines indicate that the first step in the model selection process is to develop the

problem statements. The problem statements define the reguiatory purpose of the ERM, determine the

objective(s) of the task at hand, and explain the reasons and rationale for using a model to meet the

objective(s) (EPA 402-R-94-012, CREM 2003). The documentation of these elements serves as the top-

level criteria for model selection. The project-specific objectives (e.g., determining cleanup levels) drive

the specific quantitative results required from the model. Combined with the objectives, an initial high-

level description of general characteristics of the system(s) and pathway(s) can be identified prior to o~
formal development of the conceptual site model (e.g., involving a groundwater and/or vadose zone —
system).
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Figure 2-1. Summary of the U.S. Environmental Protection Agency Model (ERM) and Code Evaluation/Selection Process.
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2.5.2 -Conceptual Site Models

The development of the conceptual site model, integral to the conduct of risk assessments, is the next step in the
model selection process (EPA/540/R-92/003, EPA 402-R-94-012, ASTM 1999, CREM 2003). The conceptual
model is the set of characteristics and behavior that reflect the actual site system(s) (EPA 402-R-94-012). The
conceptual model serves as the basis for determining the processes, mechanisms, and phenomenon to be
considered in the selection and use of ERMs (EPA/540/R-92/003). The EPA guidelines state that the required
capabilities of the ERM are based on the nature and type of predictive tasks to be performed, and on information
in the conceptual model that concemn the site’s physical and chemical characteristics, conditions, and system
processes (EPA/540/R-96/003). The conceptual model also serves as the basis for the selection of appropriate
site-specific model input parameters and for evaluating uncertainties, assumptions, and limitations of the model.

The development of the site conceptual model is based on field, laboratory, literature, and other relevant data
and descriptive site information (EPA 402-R-94-012, ASTM 1999, CREM 2003). The approach to developing
an appropriate conceptual model of the site involves integrating the generalized knowledge of physical and
chemical processes with the available site-specific information. Thus, the conceptual model provides a
simplifying framework in which information can be organized and linked to processes that can be simulated
with predictive models (EPA 402-R-94-012).

Typical examples of conceptual mode! components for vadose zone and groundwater systems include the
geology, hydrolog}/, and the nature and extent of contamination. Each conceptual model component
incorporates FEPs" for inclusion in the consideration of the necessary modeling capabilities. The principal FEPs
associated with the conceptual model components are those that must be simulated to achieve the modeling
objectives. These generally include a combination of general physical and/or chemical behavior (e.g., porous
media fluid transport and chemical partitioning) and site~specific factors (e.g., geologic stratigraphy and
recharge). Conceptual models and conceptual model components may also include simplifying assumptions that
are based upon mathematical or scientific rationale, which are necessary and appropriate to simulate the
principal FEPs. '

Other factors, requirements, or attributes to be included in the model selection criteria are then identified. These
can include model complexity, dimensionality, model output requirements, and code-related attributes. Model
complexity includes consideration of spatial and temporal discretization, solution methods, model
dimensionality, quality and quantity of data, and output requirements.

2.5.3 Determination of Environmental Regulatory Model Selection Criteria and Attributes

The next phase in the model selection process involves identifying and determining the model attributes
necessary to meet the objectives of the modeling. These attributes also serve as criteria for model selection.
The ERM attributes and selection criteria are related to and derived from the site conceptual model in the
manner described in Figure 2-2.

! FEPs refers to physical and chemical features, events, and processes of the system that ERMs are required to simulate.
The use of “FEPs” stems from the approach used by the Nuclear Energy Agency (NEA) to assess the conceptual model
components in the context of the combinations of relevant features, events, and processes, and U.S. Nuclear Reguliatory
Commission (NRC) reference to “processes, mechanisms, and phenomena” as FEPs, to define the nature and type of
predictive tasks necessary to be performed by a computer model (NEA 2000, Bailey and Billingham 1998,
PNNL-14702a).
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Figure 2-2. The Relationship of ERM Model Attributes and Selection Criteria to the FEPs

and the Site Conceptual Model.
Site Conceptual Features, Events, Model Attributes
Conceptual Model and Processes and Selection
Model Components (FEPs) Criteria
System Sub-Systems Subsystem
Components and
Characteristics

2.5.4 Principal Features, Events, and Processes

The determination of the principal FEPs involves consideration of the actual physical and chemical systems and
processes in the conceptual model component system (e-g., the hydrologic system in groundwater). Features
are generally physical characteristics and systems that define or describe the area being modeled (e.g., geologic
system). Events are significant occurrences that introduce some stress or change, either natural or artificial, to
the area being modeled (e.g., climate-related events such as groundwater recharge or waste site operation
events). Processes are the mechanisms, phenomena, and/or driving forces associated with the system being
modeled {e.g., fluid transport processes, geochemical processes). For example in vadose zone modeling, the
conceptual model integrates the site-specific knowledge of such items as the site geology (feature), hydrologic
regime (feature), soil properties (feature), waste site discharges (events), waste site remediation (event),
recharge (process), and distribution of contaminants (process).

2.5.5  Other Model Attributes and Criteria to Be Considered

Identifying other model attributes and criteria involves combining the FEPs with other relevant criteria that
collectively describe the attributes of the model necessary to achieve the modeling objectives. Other model
attributes considered in addition to the primary criteria associated with the FEPs include the following:

Model complexity and solution methodology
Model dimensionality

Output requirements

Other application-specific requirements.

The following is a summary of model attributes and criteria commonly considered in the seiection of ERM:s.
2551 Model Complexity and Solution Methodology

The necessary degree of sophistication or complexity of the modeling is a key attribute. The necessary degree
of sophistication of the modeling must be evaluated in terms of both the site-related issues (FEPs) and modeling
objectives (EPA 402-R-94-012). Federal guidelines indicate that the factors with the greatest influence on
determining the type and complexity of modeling needed are (1) the objectives of the modeling; (2) the
environmental conditions and characteristics of the site; and (3) the nature, extent, and behavior of the
contaminants. The combination of these factors determine the modeling needs and type (EPA 402-R-93-009).

Federal guidelines indicate that ERMs should begin with the simplest models and codes that satisfy the
objectives, and then progress toward more sophisticated models/codes until the modeling objectives are
achieved (EPA 402-R-94-012). However, an overly conservative approach may be contradictory to the
objectives of the optimization between remedial activities and the accompanying reduction in risk (EPA 402-
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R-93-009). Complex or semi-complex models, for example, are warranted when FEPs criteria cannot be —~y,
adequately simulated with simpler analytical methods. '

2.5.5.2 Model Dimensionality

The determination of the number of dimensions that a code should be capable of simulating is based primarily
upon the data available, the modeling objectives, and the dimensionality of the FEPs. Certain FEPs

(e.g., geologic layer thickness or recharge rates) may vary spatially and require multiple dimensions in the
model to describe them adequately. Lower dimensionality models tend to be more conservative in their
predictions, and their use frequently limited to screening analyses (EPA 402-R-94-012). Available data can also
affect model dimensionality, because the utility of two- or three-dimensional analysis depends on whether the
quantity and dimensionality of the data are consistent with, and/or support, the number of dimensions in the
model.

2.5.5.3 Modeling of Radionuclides

In accordance with Federal requirements for the use of ERM:s in risk assessment applications involving
radionuclides (OSWER Directive 9200.4-18), the models must take into account the factors listed below and the
adequacy of numerical models to accommodate these factors:

¢ Radioactive decay
e Time (year) peak concentrations in groundwater
¢ (Spatial) movement of contaminants within and between media.

2.55.4 Summary of Guidelines for Identifying Key FEPs and Modeling Attributes

Once the key FEPs have been identified, the model attributes delineate the required capability of the model to
incorporate the FEPs adequately while meeting the objectives of the model. Together, the FEPs and attributes
are criteria used to select the appropriate model type. Model selection involves matching the FEPs and the
model attributes to determine the level of model complexity required to meet the objectives of the model. These
criteria are used in the identification of needed model input parameters and assumptions.

2.6 CODE SELECTION PROCESS

The code selection process involves identifying and evaluating one or more codes that meet the modeling needs
after the model attributes have been determined (EPA 402-R-94-012). The evaluation process identified in
Federal guidelines (EPA 402-R-94-012) involves evaluation of the capability of the code to meet the following:

Modeling objectives
Required mode! attributes
Code-related criteria
Administrative criteria.

The following subsections describe the requirements and expectations associated with the evaluation and use of
the model type attributes and criteria, code-related criteria, and administrative criteria in the code selection
process. .

)
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2.6.1 Code-Related Selection Criteria

The regulatory code-related criteria considered in the code acceptance process (EPA 402-R-94-012) include the
code’s fidelity, usage, and acceptance in the scientific community; the code’s quality assurance (QA) and
quality control (QC) requirements; and the code’s output capability. The technical code-related criteria
considered inciude the code’s ability to simulate the site-specific primary FEPs to the level of detail according to
the required model attributes. Administrative criteria such as the authors, availability, obtainable version
updates, hardware requirements, and computer language are also considered in the code evaluation and selection
process. The code-related criteria recommended in the Federal guidelines for consideration in the code
acceptance process (EPA 402-R-94-012) include the following:

¢ Source code availability
o History of use and acceptance in the scientific community
¢ Code usability
s QA

— Code documentation

— Code testing (e.g., verification and validation)
e Hardware requirements
¢ Solution methodology (consistency with model attribute requirements)
* Code dimensionality (consistency with model attribute requirements)
» Code output (consistency with model attribute requirements).
Application of the code selection and evaluation process ensures that the selected code is capable of
mathematically representing the site, the pathway-related FEPs, and the discrete components of the conceptual
model. The application of this approach can be reduced to three considerations: (1) each key component
(attribute) of the conceptual model is adequately described by the mathematical model, (2) each of the separate
mathematical models has been successfully integrated to where the sum of the patts is equal to the whole, and
(3) the code is accessible and executable (EPA 402-R-94-012). Documentation of the evaluation and selection

process, which includes a description of the adequacy of a specific code to meet these criteria, serves as the
technical basis and rationale for code selection.

2.7 GUIDELINES FOR ENVIRONMENTAL REGULATORY MODEL USE
AND DOCUMENTATION

Documentation of the technical basis and rationale associated with the selection and use of ERMs is necessary
for the demonstration of meeting Federal and/or state requirements (EPA 2003a) and guidelines. The general
model documentation elements recommended by EPA’s Committee on Regulatory Environmental Modeling
(CREM) (CREM 2003) arc summarized in Table 2-2.

2-11




DOE/RL-2007-34, Rev. 0

Table 2-2. Recommended Model Documentation Elements (amended from CREM 2003), Associated

w1th_the Common Model Use Aspects of the Hanford Vadose Zonc Systcm

e Method/model selction

objectives

vadose zone modeling

Management objectives *  Aspects common to Hanford Sections 1.0, 2.0, and 3.0
vadose zone modeling
Model type selection
Conceptual model Aspects common to Hanford Sections 3.0 and 4.0
vadose zone modeling
s Model type/code selection
* Aspects common to Hanford | g, ;005 3.0, 4.0, and 8.0
Choice of technical approach vadose zone modeling Y .
e State requirements
e  Code selection .
. State retunrements Sections 6.0 and 8.0
Model Use
e Ag common to Hanford .
Parameter estimation vadpc:s.c;szone modeling Secnons. 4.0,5.0, and 8.0 and
e  State requirements Appendix B
e  Aspects common to Hanford
Uncertainty/error evaluation vadose zone modeling Sections 5.0 and 8.0
: State requirements
Aspects common to Hanford
Assumption evaluation vadose zone modeling Sections 3.0, 4.0, 5.0, and 8.0
s  State requirements
. + Not applicabie; .
Evaluation of model results . App;’igp ation-specific Not applicable
Limitations in the applicability | « Aspects common to Hanford Section 5.0
of model results vadose zone modeling )
Conclusions of analysis in
relationship to man:gement *  Aspects common to Hanford Section 7.0

Recommendations for
additional analysis, if
necessary

Not applicable
Application-specific

Not applicabie to this document; see
site-specific/waste site-specific document

These elements are intended to encompass the documentation necessary for the demonstration of meeting
Federal and/or state requirements and guidance regarding the use of ERMs. The general documentation
expectations requ]red for meeting Federal guidelines for the selection and use of ERMs are summarized in

Figure 2-3 and also in the context of sequential elements in Table 2-3.

2.7.1

The consideration of model parameters in the use of ERMs involves two aspects: (1) evaluation and selection of

Parameter Estimation Guidelines

model parameters, and (2) evaluation of parameter uncertainty. The followmg is a summary of Federal
guidelines associated with the evaluation and selection of model parameters in the use of ERMs.

2-12
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Figure 2-3. Summary of the Sequential Steps in the Federal Guidelines for ERM Selection
and Use Processes and Documentation Expectations.

These processes involve two main subdivisions:
and (2) elements associated with model use.
refers to both model type and code. The do

(1) elements associated with model and code selection,
Note that the ERM selection process illustrated here
cumentation requirements and expectations associated

with these processes are highlighted in pink.

ERM Model Selection and Use
Documentation Expectations
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Table 2-3. Comparison of Federal and State Requirements and Elements Pertaining to the Selection and Use of Alternative Fate
and Transport Modeling for the Derivation of Soil Levels Protective of Groundwater.

Federal Compliance Elements and Requirements for the Selection and Use

State Compliance Elements for the Derivation of Soil

Rationale of need/use for modeling

Conceptual model(s); description of processes, mechanisms, phenomenon,
0d |site and system (i.e., vadose zone) characteristics to be considered

Determine nature and types of primary system (i.e., vadose zone) FEPs and

_ 'Concentrations for Groundwater Protection, and the State Requirement,
of Environmental Regulatory Models for Risk Based Applications Selection and Use of Alternative Fate and Transport Driver
Models
Purpose/Objectives 340 3
PuiposaiObjectives WAC 173-340-740/745;

WAC 173-340-747

Model (Type) selection; model attributes

none

Evaluation of results

Magnitude & direction of
parameter variability on model
results

Analysis

Model Assumptions

Magnitude & direction of effect]
on model results

Limitations of Modeling & Results

model application
and results

predictive tasks to be modeled Method Selection
Assess/determine other required model requirements/attributes
Method selection/documentation Method selection/documentation WAC 173-340-747
lly Evaluation/assessment of adequacy/capabilities of candidate codes (vs.
Y Al : - o _
Code Selection required model attributes) = Code Selection;: Demonstration of adequacy, QA/QC WAC Lyas i
i Consideration of code-related criteria (characteristics, QA, etc.) and (14, 15, 16)
administrative criteria
Boundary conditions Model Specified parameters WAC 173-340-747(8)(b)
ode
MOd'?i ] Data sources, methods, pedigree FARcpCaRn Other parameters WAC 173-340-702
Parameterization (14, 15, 16)
Rationale for parameter estimation & selection Burdenof proof()-&sssumpnons,. ppoutel
compliance/calculation)
Dominant factors, parameters (New) Scientific Information
Model Use ) : Data/information acceptability,
Documentation Uncertainty / Parameter/variable ranges " S oRoL T e
Sensitivity Analysis Documentation of :

WAC 173-340-702

Adequacy and Quality Accepted methods

of Information

(14, 15, 16)

Assumptions, uncertaintes,
conservatism/protectiveness

QA/QC, model limitations

Conclusions, Recommendations
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The EPA guidance concemning the evaluation and selection of model parameters for use in ERMs
stipulates consideration of the following criteria in the selection of mode] parameters:

1. Values that yield a “reasonable maximum exposure” (EPA/540/1-89/002)
2. “Best-estimate™ values for the actual site conditions and/or properties (EPA 540-R-02-002).

Values that have the lowest uncertainty and/or greatest accuracy, therefore, contribute the least amount of
uncertainty to the model results (EPA 540-R-02-002).

The selection of parameters in the context of these considerations also depends on the extent to which
parameter values are known, or can be estimated. Parameter variability and data gaps are the two main
sources of parameter uncertainty in the use of ERMs (EPA 2001). Where reasonable site data are
available, the parameter estimation can be based on a measured distribution of parameter values. The
parameter variability (due to inherent heterogeneity or diversity of the parameter) is typically manifested
in the range of values. Where parameter data are sparse or data gaps exist, additional conservatism in
parameter estimation may be warranted to account for the associated uncertainty.

Best-estimate values are generally values determined from the reasonable range of measured parameter
variability and best represent the actual site conditions or properties. They are the most probable and least
uncertain values, but they can also represent conservatively biased values where the range of parameter
variability is not well defined. In the context of uncertainties due to parameter variability, the average
values within the parameter ranges have the greatest accuracy and lowest uncertainty (PNNL-13091) and
are, therefore, often considered the best-estimate values (NUREG/CR-6565).

Parameter estimation associated with data gaps or sparse data, however, may require assumptions
regarding the selection and use of estimated or surrogate parameter values (EPA 1999). CERCLA
guidance recommends the use of “best professional judgment” when data gaps are encountered in risk
analysis (EPA/600/Z-92/001). Although best professional judgment is itself a source of uncertainty,
EPA’s position is that, “Expert opinion based on years of observation of similar circumstances usually
carries more weight than anecdotal information” (EPA/600/Z-92/001).

2.72 Guidelines and Expectations for Addressing and Documenting Model Uncertainty,
Assumptions, and Limitations

. As noted in Figures 2-3 and Table 2-3, another primary expectation regarding the use of ERMs concerns

the evaluation of model results, particularly in the context of uncertainty evaluations (EPA/540/1-89/002).
The primary expectations of uncertainty evaluations prescribed in the Federal guidelines include the
identification and analysis of uncertainties, summary/analysis of assumptions, and description of the
modeling limitations, and these are summarized in Table 2-4.

Federal guidelines indicate that a common problem with modeling efforts is the lack of discussion and
documentation dealing with uncertainties, including uncertainties in data, sensitivities, and assumptions
(EPA 540-F-96/002). Environmental risk assessments, particularly in Superfund applications, focus on
providing information necessary to justify action at a site and to select the best remedy for that site
(EPA/540/1-89/002). The Federal guidelines indicate that the evaluation of model uncertainties is
intended to gauge the extent to which the model results are useful or sufficient for assessing the risk at the
site in order to make remedial action decisions. It is not intended to be a quantification of the accuracy of
the model for the sake of accuracy alone. These guidelines state that it is more important to identify the
key site-related variables and assumptions that contribute most to the uncertainty than it is to precisely
quantify the degree of uncertainty in the risk assessment (EPA/540/1-89/002).
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Table 2-4. Primary Expectations For Uncertainty Evaluations Associated with the Use of ERMs.

e Identification of uncertainty factors and parameters in the model to include the following:
- The primary factors and parameters that dominate the risk and/or model results
—  The variables and values used in the risk characterization
—  Description of the selection rationale
—  The range of expected values (as appropriate)
_ Which variable have the greatest range and impact on the results
—  Justification for the use of values that may be less certain.

e  Analysis of uncertainties (e.g., quantitative, semi-quantitative, or qualitative).

o  Summary of the major assumptions in the modeling, the magnitude and direction of the effect on estimated
risk and/or model results.

o  Description of the limitations of the modeling.

2.7.2.1 Sources of Uncertainty

Consistency with requirements and expectations for the evaluation and documentation of model
uncertainties requires understanding of the main sources of potential uncertainty in the model. Potential
sources of uncertainty in ERMs can be divided into three categories (EPA 540/R-02-002):

e Model uncertainty: Uncertainty associated with the model structure/design and simplifying
assumptions.

e Scenario and conceptual model uncertainty: Uncertainty associated with missing or incomplete
information on the FEPs important for the model simulation of the intended systemy(s).

e Parameter uncertainty: Uncertainty in the estimates of input variable in a model.

Some of these sources of uncertainty can be quantified, while others (¢.g., scenario uncertainty) are best
addressed qualitatively (EPA/540/1-89/002).

Model uncertainties are associated with the model structure/design and simplifying assumptions. These
uncertainties also include code-specific factors pertaining to the adequacy, benchmarking/calibrations,
and QA/QC of the selected code.

Scenario and conceptual model uncertainties concern the uncertainties associated with the translation of
gualitative conceptual model components into a quantitative mathematical model, which involves
simplification of the system being modeled. A conceptualization of geologic stratigraphy, for example,
may be represented in a mathematical model as a simplified, layered geology with discrete homogeneous
layers. The validity of the conceptual model can be evaluated by comparing measurements made at the
site to predictions from a mathematical model of the site. The conceptual model and/or the mathematical
model may be modified as a result of new data or observations (PNNL-13091).

Parameter uncertainty refers to uncertainty or variability in parameter values and is generally the focus of
most uncertainty analyses. Federal risk assessment guidance recommends general quantitative
(statistical), semi-quantitative (sensitivity), or qualitative approaches for parameter uncertainty analyses
(EPA/540/1-89/002). Sensitivity analyses are normally used to identify influential model input variables
(EPA 1985, EPA 540-R-02-002). Sensitivity analyses can be used to develop bounds on the exposure or
risk. Alternatively, the guidelines indicate that the most practical approach to characterizing parameter
uncertainty is often the development of a quantitative or qualitative description of the uncertainty for each
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parameter and simply indicating the possible influence of these uncertainties on the final risk estimates
(EPA/540/1-89/002).

2,72.2 Sensitivity Analyses

Federal guidelines recommend performing sensitivity analyses to indicate the magnitude of uncertainty
associated with a model, especially when there is an absence of field data for model validation
(EPA/540/1-89/002, EPA-SAB-06-009). Sensitivity analyses demonstrate the extent to which model
results and risk assessment are affected by the variability within a plausible range of model parameter
values. The design and results of sensitivity analyses are documented on a site-specific, model-specific
basis.

The results of sensitivity analyses can be used to indicate the relative importance of parameter
uncertainties to the model results, specifically in terms of the magnitude and direction of the change in the
model results caused by the variability in the input parameter. The importance of parameter uncertainty is
greatest when the value of the parameter is relatively uncertain and the model results are sensitive to the
parameter’s value, and the importance is lowest when either the model results are insensitive to the
parameter value or the value of the parameter is well known (PNNL-]1309 1). These relationships can be
defined as the product of: the sensitivity of the model result to the parameter value and the uncertainty in
the parameter (as measured by its coefficient of variation):

Importance of parameterto o«  Sensitivity of model results Uncertainty in parameter
uncertainty in mode! result to parameter value value

These relationships can be useful in assessing the importance of modeling parameters when there is
information available on the statistical uncertainty, the model sensitivity to parameter values and/or
ranges, or both.

Table 2-5 is a generic example from an uncertainty analysis for a vadose zone hydrogeologic modeling
case, showing the relative importance of parameter uncertainties to the model results. Evaluation of
uncertainty magnitude serves to prioritize the relative importance of vadose zone modeling parameters
and their uncertainties to the model results. Similar evaluations and summaries can be customized for
site-specific analyses, accompanied by the technical basis and rationale to Jjustify or prioritize the relative
importance of the parameters.

2,72.3 Assumptions Analysis

Federal guidelines underscore the importance of identifying key model assumptions (e.g., linearity,
heterogeneity/homogeneity, steady-state conditions, and equilibrium) and their potential impact.
However, there is as yet no specific guidance on the conduct of assumptions analyses. The only
expectations presented in EPA/600/Z-92/001 refer to identifying the key model assumptions and
discussing their potential impacts on the model results. Most assumptions result from the simplification
of the representation of the FEPs in the model and/or assumptions associated with parameter selection.
The evaluation provides a qualitative estimate of the relative conservatism of the assumptions in terms of
the direction and magnitude of change in the model results caused by the inclusion of the assumption.
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Table 2-5. Generalized Example of Portraying the Relative Importance of Vadose Zone
Hydrogeologic Modefing Parameters in Uncertainty Analyses (from PNNL-13091).

_. - min Dne»tovmbmtymdlo Moﬂ(ﬁmﬁeﬂgu _
o R . Distribution coefficients
g High UZ thickness Net infiltration rate
1 O . . Darcy velocity
- Effective porosity SZ exposure parameters
a Medium . Unsaturated water . .
- N Bulk density content SZ hydraulic conductivity
! Porosity Soﬂ'-type expt?nent UZ saturated hydrau]lc conductivity
Field capacity Dispersivity
UZ = unsaturated zone
SZ = saturated zone

2.7.2.4 Evaluation of Model Limitations

The evaluation of model limitations must consider two types of limitations: (1) limitations associated
with the model, and (2) limitations associated with the applicability of the model results. Model
limitations primarily depend on the model capabilities, model design assumption, model input parameters,
and model/code ability to represent simulations of complex combinations of dynamic FEPs. Limitations
associated with the applicability of the model results concern the extent to which the results are relevant

and applicable for different purposes and objectives, or different conditions, parameters, or assumptions.

Federal guidelines (EPA 540/F-96/002) state that proper documentation of model results should also
address and answer the following questions that are related to model limitations:

1. Do the objectives of the simulation correspond to the decision-making needs?
5 Is the modeler’s conceptual approach consistent with the site’s physical and chemical processes?

3. Can the model satisfy all the components in the conceptual model, and will it provide the results
necessary to satisfy the study’s objectives?

4. Are there sufficient data to characterize the site?

5. Are the model’s data, initial conditions, and boundary conditions identified and consistent with
geology and hydrology?

6. Are the conclusions consistent with the degree of uncertainty or sensitivity ascribed to the model
study, and do these conclusions satisfy the modeler’s original objectives?

These six questions align with the model documentation elements recommended in the EPA’s CREM
documentation guidelines summarized in Table 2-2 (CREM 2003).
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28 STATE REQUIREMENTS

State regulations also identify pathway-specific models for use in establishing “protectiveness” for RCRA
sites and/or as ARARs for CERCLA sites. The Washington State regulation most pertinent to risk-based
applications involving the assessment of soil (vadose zone) contaminant levels protective of groundwater
is WAC 173-340-747, “Deriving Soil Concentrations for Ground Water Protection.” The state
regulations concerning soil cleanup standards for unrestricted land use (WAC 173-340-740), and for
industrial properties (WAC 173-340-745), both direct users to the WAC 173-340-747 for the
determination of soil levels:

“...that will not cause contamination of ground water at levels which exceed ground
water cleanup levels established under WAC 173-340-720 as determined using the
methods described in WAC 173-340-747."

Factors specifically identified in CERCLA guidance (40 CFR 300.400) for the consideration to whether
a requirement is appropriate include the following:

Goals and objectives of the remedial actions at the site

Purpose of the requirement

Whether the use of the requirement at the site is consistent with the purpose
Physical characteristics of the site.

The primary requirements associated with the WAC 173-340-747 are (1) selection and use of one

of seven specified “methods, for “deriving soil concentrations for groundwater protection; and

(2) additional conditional requirements associated with the selection of one of the specified methods.

A summary of the state requirements associated with the WAC 173-340-747 is illustrated schematically
in Figure 2-4. The following is a brief description of these requirements and the conditions and
expectations associated with them., '

2.8.1 Method Selection

The WAC regulations address the need for a scientifically valid method for determining cleanup levels
protective of groundwater. WAC 173-340-747(3), “Overview of Methods,” provides an overview of the
identified methods that may be used for deriving soil concentrations, and that meet the criteria specified
in WAC 173-340-747(2), “General Requirements”. WAC 173-340-747(3) states that:

“Certain methods are tailored for particular types of hazardous substances or sites.
Certain methods are more complex than others and certain methods require the use of
site-specific data. The specific requirements for deriving a soil concentration under

a particular method may also depend on the hazardous substance.”
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Figure 2-4. WAC 173-340-747 Requirements for Deriving Soil Concentrations for Groundwater
Protection Associated with the Selection of Alternative Fate and Transport Modeling.

The notations (747) and (702) refer to requirements specific to WAC 173-340-74
and WAC 173-340-702.

Method Selection (747)

AFT Method Conditional
Requirement (747)

AFT Method Conditional
Requirement (747)

AFT Method Conditional
Requirement (747)

Burden of Proof Conditional
Requirement (702)

Burden of Proof Conditional
Requirement (702)

Use of site-specific data

Y

Rationale for use of specific input parameters
(e.g., sorption, infiltration/recharge, etc.)

|

Compliance with WAC 173-340 702 (14), (15), (16),
as appropriate

|

(14) Burden of Proof
e Trigger: use of methods, exposure scenarios or assumptions
other than defaults
¢ Requirement: demonstrate that (15) and (16) have been met

)

(15) New scientific information in establishing site
cleanup/remediation levels:

® Shall meet the quality of information requirements in
subsection (16)

® Introduced as early in the cleanup process as possible

{4

Burden of Proof Conditional
Requirement (702)

(16) Criteria for quality of information:

(i) Information based on accepted theory or technique within the
scientific community?

(ii) Information derived using standard testing methods or widely
accepted scientific methods?

(iii) Rationale for the proposed modification; review of the relevant
available information provided?

(iv) Validity of assumptions; modifications err on side of protection of
human health and the environment?

(v) Information addresses more highly exposed populations?

(vi) Adequate quality assurance and quality control procedures used?
Significant anomalies explained? Limitations of information
identified; acceptable error rate?
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WAC 173-340-747(2), “General Requirements,” stipulates that one of seven methods specified in

WAC 173-340-747(4) through (10) shall be used to determine the soil concentration that will not cause an
exceedance of the groundwater cleanup level established under WAC 173-340-720, “Ground Water
Cleanup Standards.” The following are the methods identified in WAC 173-340-747(4) through (10):

Fixed parameter three-phase partitioning model (WAC 173-340-747(3][a] and [4])
Variable parameter three-phase partitioning model (WAC 173-340-747[3][b] and [5])
Four-phase partitioning model (WAC 173-340-747[3][c] and [6])

Leaching tests (WAC 173-340-747[3][d] and [7])

Alternative fate and transport model (WAC 173-340-747[3][e] and [8])

Empirical demonstration (WAC 173-340-747[3][f] and [9])

Residual saturation (WAC 173-340-747[3][g] and [10]).

S Ehin R LR e

The WAC 173-340-747 (3) requirements contain no specific provisions or criteria concerning method or
code selection. However, the conditional requirements invoked by the selection of specific methods
include requirements concerning the adequacy and quality of information.

2.8.2 Conditional Requirements

Additional conditional requirements are associated with the selection of each of the methods identified in
WAC 173-340-747(4) through (10). The conditional requirements associated with the selection of the
“alternative fate and transport models” method appear to involve the full range of conditional
requirements identified in WAC 173-340-747 for all of the methods listed. The remainder of this section,
therefore, addresses and describes the conditional requirements associated with the selection of the
“alternative fate and transport models” method.

The conditional requirements associated with the selection of the “alternative fate and transport models”
method include the following:

» Use of site-specific data

* Documentation concerning the technical basis and rationale for the selection of values for several
specific model parameters

* Additional evaluation criteria requirements involving documentation of the technical basis and
rationale concerning the proposed fate and transport models, input parameters, and model
assumptions (WAC 173-340-702[14], [15], and [16]).

The conditional requirements associated with the selection of the “alternative fate and transport models™
method are described in WAC 173-340-747(8) for “...the use of fate and transport models other than
those specified in WAC 173-340-747(4) through (6)...” that are used for establishing soil concentrations.
As specified in WAC 173-340-747(8):

“These alternative models may be used to establish a soil concentration Jor any hazardous
substance... Site-specific data are required for use of these models... “Proposed fate and
transport model, input parameters, and assumptions shall comply with WAC 173-340-702
(14), (15), and (16).”

The selection of the “alternative fate and transport models” method in accordance with

WAC 173-340-747(8) also specifies that, “When using alternative models, chemical portioning and
advective flow may be coupled with other processes to predict contaminant fate and transport...”, with
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the provision that conditions are met concerning the selection and use of a number of specific parameters.
The following are the specific parameters associated with this requirement:

Sorption (deriving Kd from site data)
Vapor-phase partitioning

Natural biodegradation

Dispersion

Decaying source

Dilution

Infiltration (site-specific).

The conditions for consistency with this requirement are inferred to involve documentation of the
regulatory conditions for consistency, identification of the parameter values selected for use in the model,
and the technical basis and/or rationale for the derivation and/or selection of the parameter value(s).

The conditional “evaluation criteria” states that consistency with the “burden of proof” requirements
(found in WAC 173-340-702[14], [15], and [16] concerning the method/model, model parameter values,
and/or assumptions) is also required for the selection and use of the “alternative fate and transport
models” method. These “burden of proof” conditional requirements are invoked as follows:

“For any person responsible for undertaking a cleanup action ... who proposes to:

e Use a reasonable maximum exposure scenario other than the default provided for each
medium

o Use assumptions other than the default values provided for in this chapter

e Establish a cleanup level under Method C, or
Use a conditional point of compliance.”

WAC 173-340-702(14) “Burden of Proof” requirements involve “...demonstrating to the department that
requirements in this chapter [WAC 173-340-702(14), (15), and (16)] have been met to ensure protection
of human health and the environment.”

These requirements primarily concern the appropriateness of the data and information used in the model
and the “burden of proof” to. demonstrate the adequacy of the science and quality of information
concerning model input parameters and assumptions. The elements of these “burden of proof”
requirements (WAC 173-340-702[14, [15], and [16]) are summarized in Figure 2-4. The

WAC 173-340-747 and WAC 173-340-702 requirements are also summarized in Table 2-3.

2.9 COMBINING THE STATE REGULATIONS AND FEDERAL GUIDANCE
FOR THE SELECTION AND USE OF ENVIRONMENTAL REGULATORY
MODELS

The state and Federal regulations and guidelines pertaining to the selection and use of ERMs each have
specific requirements but, overall, most of the requirements and expectations are largely comparable or
can be shown to be essentially equivalent. The alignment of the Federal guidelines and state requirements
concerning the selection and use of ERMs shown in Figure 2-5 illustrates the general correspondence and
comparability of the requirements and consistency criteria. The portions of Figure 2-5 highlighted in blue
refer to the aspects of the framework pertaining to the model and code selection process recommended by
Federal guidelines. The portions of Figure 2-5 highlighted in yellow refer to the parts of the framework
that pertain to the state method selection requirements and attendant conditional requirements. The
vertical organization of the figure is intended to indicate the logical sequence of these requirements, both
in the Federal and state segments.
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Figure 2-5. Framework for Identifying the Processes and Requirements for Demonstrating Consistency
with Federal and Corresponding State Requirements for the Use of Fate
and Transport Modeling for the Derivation of Soil Remedial Action Goal Values.

Blue highlighted sections denote Federal requirements; Yellow highlighted sections
denote State requirements. Horizontal alignment of Federal and state requirements illustrate
corresponding elements and/or processes.
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In this context, the state requirements associated with method/model selection, the modeling objectives,
and application must be consistent with the risk assessment process and methodology. This, in turn,
implies consistency with Federal guidelines for selection and use of environmental models that are
relevant and appropriate to support environmental risk assessment applications. Thus, the technical basis
for the demonstration of consistency with the fundamental requirement of both the Federal and state
regulations (i.e., protectiveness) requires the use of appropriate risk-based methods and processes.

The logic flow in Figure 2-5 illustrates the role of ERMs for risk-based applications (e.g., risk
characterization) where such methods are valuable or necessary. From this point forward (downward in
the figure), the main elements of the Federal processes concerning method/model and code selection,
model use, and model documentation can be reasonably well aligned with the WAC 173-340-747 and
WAC 173-340-702 state requirements. The framework shown in Figure 2-5 indicates that the pertinent
state and Federal requirements and expectations, although structured differently, are largely comparable
or equivalent and can be aligned reasonably well. The following discussion demonstrates the
comparability of the individual state requirements for consistency with corresponding Federal
counterparts.

The state’s conditional requirements concerning the use of site-specific data, model parameterization, and
the “burden of proof™ requirements concerning method/models, input parameters, and assumptions are
effectively consistent with elements of the Federal guidelines for the selection and use of ERMs. The
state requirements concerning the use of site-specific data correspond to the Federal requirements to use
site-specific information in the conduct of risk-based assessments. F inally, the state conditional
requirements regarding model parameter selection are consistent with Federal guidelines concerning the
identification and documentation of the basis for the parameter estimates used to represent the system
FEPs from the conceptual site model.

Other comparable aspects of the “burden of proof” requirements in WAC 173-340-702(14), (15), and (16)
also have corresponding counterparts in the Federal guidelines. The primary emphasis of

WAC 173-340-702(14) is to demonstrate that protection of human health and the environment has been
ensured, which is comparable to the Federal guidance to provide documentation of the basis and rationale
for the model to ensure protection of human health and the environment. The WAC 173-340-702(15)
requirement concerns the use and availability of new scientific information and is consistent with the
Federal guideline requirements to document the basis and rationale for parameter estimates, model
complexity, and code selection. WAC 173-340-702(16) contains criteria for the quality of information,
which is relevant to model, method, and code selection; assumptions; and the technical basis for the
selection of model parameter values. The requirements concerning model uncertainties, assumptions, and
limitations in WAC 173-340-702(16) correspond to requirements in the Federal guidelines for the
analysis of model uncertainties, assumptions, and limitations of the model and model results.

A more detailed side-by-side comparison of the Federal and state requirements and elements associated
with the selection and use of ERMs for vadose zone modeling is shown in Table 2-3. The al ignment and
comparability of the main elements of method/model/code selection and model use documentation in the
Federal and state requirements and guidelines are clearly indicated in Table 2-3. This comparison serves
to illustrate that the Federal regulations and guidelines for the selection and use of ERMs are comparable
and consistent with those in the state regulations for the derivation of soil concentrations for groundwater
protection.

2.10 SUMMARY OF REGULATORY REQUIREMENTS AND GUIDELINES
The use of an ERM for characterization of impacts/risk to groundwater at the Hanford Site involves

observance of, and consistency with, pertinent Federal and state requirements and guidelines. Federal
regulations and guidelines concerning the selection and use stem from the recognized use of ERMs in
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determining protection of human health and the environment. The Federal regulations and guidelines
identify processes for the method/model/code selection and documentation requirements associated with
the use of ERMs. The identification of these requirements and guidelines provide a basis for
understanding the expectations and criteria necessary for technically validity and consistency with the
Federal requirements and expectations. Documentation of the technical basis and rationale associated
with the various elements of the method/model and code selection processes and model use are necessary
to meet and comply with these expectations and requirements. The documentation elements associated
with model and code selection processes include descriptions of the modeling objective, the site/system
conceptual model, the FEPs to be simulated, and the attributes and criteria used in the selection processes.
The documentation elements associated with model use include the technical basis and rationale for
model parameterization, model results, and analyses of model uncertainties, assumptions, and limitations.

The state requirement most relevant to the use of vadose zone modeling for risk-based applications is
WAC 173-340-747 and the conditional requirements associated with certain subsections of
WAC 173-340-702.

There is a comparability of the elements of Federal and state requirements and guidelines pertaining to the
use of ERMs for the assessment of impacts/risk to groundwater from vadose zone contaminants at
Hanford. Based on the overall comparability of these elements that serve as criteria, it is indicated that
demonstration of consistency with the Federal guideline requirements addresses all of the requirements
and expectations associated with the state regulations and can be regarded as appropriate and acceptable
for the demonstration of consistency with the requirements in the state regulations.
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3.0 RATIONALE FOR THE SELECTION AND USE OF ENVIRONMENTAL
REGULATORY MODELS FOR VADOSE ZONE MODELING
AT THE HANFORD SITE

Consistency with the Federal and state regulations and guidelines for the selection and use of ERMs
typically requires information related to site-specific modeling applications. The ERM use for risk
characterization applications associated with the vadose zone system at the Hanford Site involves

a purpose and objectives common to essentially all potential applications: evaluation of the impact to
groundwater from vadose zone contamination. The primary characteristics and conditions of the vadose
zone system are also largely common for much of Hanford. Most vadose modeling applications at
Hanford have (1) common purpose and objectives, (2) largely common conceptual model and conceptual
model components, and (3) a largely common group of principal FEPs.

3.1 DESCRIPTION OF RISK CHARACTERIZATION METHODS AND MODELS

Risk characterization computation and solution methods range from simple analytical/algebraic equations
with direct and exact solutions, to complex systems of (differential) equations that require the use of
computer-based programs (i.e., codes) to solve. In general, the amount of site-specific data required for
the selected computation and solution method depends on the complexity of the method. Figure 3-1
depicts the range of methods most commonly considered for the risk characterization step of the risk
assessment process.

The simplest method to estimate soil contaminant levels that are protective of groundwater is the use of
look-up or tabulated values typically determined from generalized assumptions, background levels, or
minimum laboratory detection limits. This method requires essentially no site-specific data or
information and no site-specific calculations of risk. The levels are protective and are also typically very
conservative because they generally do not account for site-specific conditions or processes. Empirical
data evaluation represents the other end of the spectrum of risk characterization methods. Use of this
method requires sufficient waste site data that support certain/specific “protectiveness” conclusions on the
basis of certain/specific conditions/trends exhibited by the data. The method does not involve site-
specific calculations of risk levels because the conclusions are based solely on interpretation of the data.

The remaining two methods involve computation and solution methods that require varying amounts and
quality of site-specific data. These methods use predictive modeling to calculate site-specific risk levels
on the basis of the available data.

The risk characterization methods most appropriate for the protection of groundwater from contamination
in the vadose zone at Hanford involve modeling. Modeling is the only “method” that involves predictive
calculations for the levels of exposure point contamination and associated risk. In this context, the terms
“method” and (mathematical) “model” are often used synonymously. The terms refer to any
computational approach designed and appropriate for the purpose of risk characterization of the system or
systems of interest (e.g., natural systems). Both simple and complex computation methods can be
considered to be “models” because both use mathematical equations to represent or approximate natural
systems. Further explanation regarding the uses and meanings of the terms “method” and “model” is
presented in Section 3.5.
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Figure 3-1. Illustration of the Relationship Between Method and Model Types
in the Context of Environmental Regulatory Model Use.
The boxed areas denote the methods that require the use of model
for risk characterization applications.

Method \
Look-Up or Analytical Numerical Empirical
Tabulated Equation/Direct (Computer) Data-
Values Solution Models Evaluation
Equation (ERM)

“Models”

None <«—— Site-Specific Data Required —» Much

32 IMPLICATIONS OF VADOSE ZONE SYSTEM COMMONALITIES
FOR MODEL TYPE SELECTION

The extent to which the elements of the ERM model and code selection processes can be applied and
documented here is based on the commonalities in the characteristics, conditions, and processes of the
vadose zone system on the regional scale of the Hanford Site. Consistency with the Federal model type
and code selection processes requires a thorough documentation of the technical basis and rationale.

An integral element of this documentation is a description of the aspects of the conceptual model and
conceptual model components that are common to the vadose zone system. This Hanford Site-specific
“basic” conceptual model provides the information necessary to identify selection of a model type and
code capable of meeting the objectives of vadose zone modeling. The “basic” vadose zone conceptual
model provides a basis for the development of waste site-specific conceptual models, which incorporates
waste site-specific information in the manner illustrated in Figure 3-2.

The application of the Federal guidelines for the selection of an ERM type appropriate for evaluations
concerning impacts/risk to groundwater from contaminants in Hanford vadose zone soils is documented
in Section 4.0.
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Figure 3-2. Relationship of the Hanford Site-Specific “Basic” Vadose Zone Conceptual Model to Waste
Site-Specific Conceptual Models.

Waste site-specific

Waste site-specific
vadose zone conceptual model
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site-specific modeling applications)

Applies to all
conceptual model

components

Hanford
Site-specific
Hanford Site-specific vadose zone conceptual model
elements/constituents (common to most Hanford vadose
modeling applications)

y.

3.3 IMPLICATIONS OF VADOSE ZONE SYSTEM COMMONALITIES
FOR CODE SELECTION

The commonalities in the vadose zone system also impact the evaluation and selection of codes that are
capable of implementing the model type appropriate for most Hanford vadose zone modeling. The
common model attributes and criteria must result in the identification of codes that are also applicable and
acceptable for most Hanford vadose zone modeling applications. Thus, documentation of the code
evaluation process, conducted in accordance with the Federal guidelines, also requires only a single,
thorough description of the technical basis and rationale for the evaluation of candidate codes.
Demonstration of the use of the Federal guidelines regarding the code selection for the model type
appropriate for most vadose zone modeling at the Hanford Site is presented in Section 6.0. This
documentation describes the evaluation process, presents an evaluation of the STOMP code in accordance
with the process, and validates the use as an appropriate model code for vadose zone modeling at
Hanford.

3.4 IMPLICATIONS OF VADOSE ZONE SYSTEM COMMONALITIES
FOR MODEL USE AND ASSOCIATED DOCUMENTATION

Site- and application-specific information is also required for complete evaluations and documentation of
the model use elements. However, there are also many aspects of model use that are common to most
vadose zone modeling at Hanford. As described in Section 2.7 and in Table 2-2, these model use
elements primarily include model parameters, model uncertainties, model assumptions, and model
limitations.

The description of the common aspects of model use for most Hanford vadose zone modeling
applications and the extent to which they are generally relevant and applicable to these applications are
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presented in Section 5.0. Documentation concerning the relationship of these commonalities to the
overall model use documentation requirements is relevant to the evaluation of the impact of uncertainties,
model assumptions, and model limitations. This documentation provides a basis and framework for
consistency with the Federal and state requirements concerning model parameterization, as well as the
evaluation of model uncertainties, assumptions, and limitations.

3.5 RISK CHARACTERIZATION METHODS AND MODELS TERMINOLOGY

It is important to recognize that the terms “method” and “model” referred to here and in subsequent
sections are often used interchangeably in the context of ERMs, but the terms can have somewhat
different meanings in the state and Federal regulations and guidelines. This section provides

a clarification of these and related terms and describes the context of their use. The general relationship
between “methods” and “models” is illustrated in Figure 3-1. The “method” generally refers to the
approach used to quantitatively identify or assess risk levels and/or levels of protectiveness.

Much of the EPA guidance concerning method selection and model selection refer to “models” only in
the context of computer-based methods. They consider simple analytical/algebraic-type equations as

a distinct method rather than a model type. However, the terms “method” and “model” are used
interchangeably in WAC 173-340-747. Therefore, the terms “method” and “model” are largely used
interchangeably in this document to refer to any appropriate risk characterization computational method
(simple or complex “model”). In this document, the terms “method selection” and “model selection”
both refer to the decision about whether to use simple analytical/algebraic equations or complex systems
of equations that require computer programs (i.e., codes) to solve. In this context, method/model
selection focuses primarily on the necessary level of complexity required for adequate representation of
the natural system for the purpose of risk characterization. The term “environmental regulatory model
(ERM)” in this document refers to a specific computational method (computer-based model) that is
selected and developed for the purpose of risk characterization in accordance with state and Federal
requirements and guidelines. “Vadose zone modeling” in this document refers collectively to ERMs
developed for the purposes of risk characterization for the protection of groundwater pathway (vadose
zone) at Hanford.

34




()

()

DOE/RL-2007-34, Rev. 0

4.0  APPLICATION OF THE MODEL SELECTION PROCESS
FOR THE HANFORD VADOSE ZONE SYSTEM: CONCEPTUAL MODEL;
FEATURES, EVENTS, AND PROCESSES; AND IDENTIFICATION
OF MODEL ATTRIBUTES

The selection of an appropriate model type (as described in Section 2.5) for assessing the impact/risk to
groundwater from contaminants in Hanford vadose zone involves the following steps:

1. Identify the problem and define the objectives and regulatory purpose of the modeling.
2. Develop a conceptual model and conceptual model components.
3. Determine principal FEPs to be modeled.

4. ldentify other factors and requirements to be considered as required modet attributes and selection
criteria.

5. Select an appropriate model type:

a. Evaluate candidate methods/models possessing the required attributes for their ability to meet the
model criteria.

b. Select the appropriate ERM model type that possesses the required model attributes and is
capable of meeting the modeling objectives.

The following sections use these steps in describing the manner in which the model selection processes
have been implemented.

4.1 PROBLEM IDENTIFICATION: PURPOSE AND OBJECTIVES OF VADOSE
ZONE MODELING AT THE HANFORD SITE '

As described in Section 1.0, the primary purpose of this document is to address the need to select

a technically appropriate ERM that meets regulatory requirements to determine the potential risk (impact)
to groundwater from vadose zone contaminants at the Hanford Site. This purpose also involves the need
to understand the technical and regulatory requirements for the technical adequacy of the risk assessment,
and to attain consistency with the requirements and intent of the Federal and state regulations and
guidelines for ERM selection and use.

The need for vadose zone modeling at Hanford is based on the requirement for evaluation of risk
associated with the protection of groundwater pathway from vadose zone contamination. In accordance
with EPA guidance on risk assessment (EPA/540/1-89/002), risk assessments performed for CERCLA are
required to evaluate risks associated with all relevant pathways. This pathway often yields the lowest soil
cleanup levels among the relevant pathways for protection of human health and the environment, It is,
therefore, important that the selection and use of the appropriate ERM model type is technically Justified
and consistent with the requirements and intent of the pertinent Federal and state regulations and
guidelines.

After defining the purpose and objectives of the ERM, the model selection process requires the
development of a site conceptual model, identification of the conceptual model components, and
determination of the FEPs. The conceptual model, conceptual model components, and FEPs are also used
as a basis for the identification of model attributes, criteria, which are then used in the selection of an
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ERM model type and computer code that are appropriate for most vadose zone modeling needs at
Hanford.

42 CONCEPTUAL MODEL FOR HANFORD SITE VADOSE ZONE SYSTEM

The general conceptuat model for the Hanford vadose zone system focuses on the characteristics,
conditions, and associated FEPs that are largely common to Hanford vadose zone conceptual models.
The Hanford Site-specific conceptual model provides the fundamental information necessary to identify
the criteria for selecting the most appropriate model type and code.

The conceptual model for the vadose zone to groundwater (protection of groundwater) pathway at
Hanford is based on the basic nature, characteristics, and behavior of the vadose zone system on

a regional scale. Many aspects of the conceptual model of the vadose zone to groundwater pathway are
largely common for most vadose zone risk characterization model applications, especially for the Central
Plateau where the vadose zone is the thickest. These aspects include the general site conditions, the
dominant transport mechanisms, and the driving forces and related factors. Many of the FEPs in the
conceptual model components pertain to regional characteristics and conditions that are common to the
vadose zone system in general. Therefore, this conceptual model can serve as template for both regional
and OU/waste site scale models.

The conceptual mode] framework for the Hanford vadose zone system can be divided into key conceptual
model components, which include descriptions of the subsystems and associated FEPs that are important
for description of the vadose system as a whole. The key conceptual model components that are common
Hanford vadose zone conceptual models include the following:

Model domain and boundary conditions
Geologic setting

Source term

Groundwater domain

Hydrogeology and fluid transport
Recharge

Geochemistry.

These conceptual model components are consistent with those identified in EPA guidelines for the
evaluation of the protection of groundwater pathway (EPA 402-R-94-012, OSWER Directive 9200,4-18,
HNF-5294). The principal FEPs associated with these conceptual model components include the '
following:

e A relatively thick vadose zone composed of predominantly similar sediments (geologic setting
conceptual model component)

e A semij-arid region (recharge conceptual model component) and an ﬁnderlying unconfined aquifer
(groundwater domain conceptual model component)

e A relatively limited number of contaminants of concern (COCs) in the vadose zone soils (source
term) that have potential impacts to groundwater,

The key conceptual model components listed above, as well as the FEPs associated with them, are
discussed in the following subsections. The discussion includes the rationale and basis for each of the
conceptual model components. This Hanford Site-specific conceptual model for the vadose zone system
incorporates key conceptual model components and FEPs and can also inciude information such as
typical parameter types, parameter ranges, and sources of data (¢.g., Hanford Site databases). This
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conceptual model can be amended with waste site-specific conceptual model component information
(e.g., source term, geologic units, hydrogeologic properties, site-specific recharge, and local groundwater
conditions). As such, this conceptual model also provides a common technical basis and rationale for
identification of the attributes and criteria used for selection of an ERM model type and code. It also
provides for consistency in the use of the vadose zone models for the various site-specific applications
(see Figure 3-2).

4.2.1 Model Domain and Boundary Conceptual Model Componrent
4.2.1.1 Rationale and Basis

Model domain and boundary conditions define the physical extent and constraints on the flow and
transport simulated at the boundaries of the model domain, respectively. Boundary conditions are
assigned to approximate the chemical and hydraulic characteristics of the model at the extent of the model
domain because they are necessary to solve flow and transport model equations. For risk assessment
purposes at Hanford, the model domain for simulations of flow and transport in the vadose zone is
commonly represented numerically as a two-dimensional, vertical cross-section aligned with the direction
of groundwater flow. Aligning the vertical cross-section with the direction of groundwater flow allows
contaminant concentrations to be calculated downgradient of the waste site(s). The following is

a summary of the model domain and boundary condition requirements for vadose zone modeling at
Hanford:

® Model domain (length, width, height, node spacing, and depth to groundwater)
® Waste site dimensions
* Grid size (horizontal and vertical node spacing, and total number of nodes)

* Boundary conditions (flow and transport assigned to the top or ground surface, sides, and bottom of
the model domain).

4.2.1.2 Assumptions

Boundary conditions are prescribed input values and form one basis of the solution of the numerical
model equations. Because boundary conditions must be assumed, boundary conditions are typically
established where the domain boundary is reasonably well defined or far enough away to minimize
interference with the solution of the numerical model equations in the area of interest. In vadose zone
models, boundary conditions must be defmed for flow and transport at the top, sides, and bottom of the
model domain. Boundary conditions applied at the top boundary, representing ground surface, vary
spatially and temporally depending on (1) site conditions, (2) location and physical dimensions of the
waste site, (3) time of waste operations, and (4) surface remedy. Boundary conditions at the sides of the
model domain, located far enough away to avoid interfering with the solution in the area of interest
(assuming that they do not intersect a prominent geologic feature beforehand), are usually assumed to be
“no flow” in the vadose zone and “constant head” or prescribed flux in the saturated zone. In the event
that the boundary conditions do intersect a prominent geologic feature, the boundary conditions are
established in accordance with the feature. The bottom boundary of the model in groundwater is usually
defined as a vertical no-flow condition.

4.2.1.3 Features, Events, and Processes

Because the model domain and boundary conditions establish the framework for the numerical model,
their development typically affects the integrity of the solution of the numerical model. For this reason,
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they are located or prescribed to minimize interference with the solution of the numerical model equations
in the area of interest, The model domain and boundary conditions incorporate those FEPs that can limit
the model domain or impact the approximations of the chemical and hydraulic characteristics of the
model at the boundaries.

4.2.1.4 TImpact on Results

Models are constructed with the intent that the model domain and boundary conditions exert as little
influence on the solution of the model equations as possible, except where the boundary conditions are
defined on the basis of available data and information.

422 Geologic Setting Conceptual Model Component
4,2.2.1 Rationale and Basis

The geologic setting conceptual model component contains information on Hanford Site geologic units,
their spatial relationship to one another and groundwater, physical characteristics, and structures.

The geologic setting is fundamental to the conceptual model and integral in the assessment of risk
associated with the vadose zone and groundwater processes at the Hanford Site because of the unique
geologic province, the Channeled Scablands (Bretz, 1928, 1969; RHO-ST-23; RHO-BWI-ST-14; Baker
et al. 1991; DOE/RL-92-24). Characteristic features of the Channeled Scablands geographic province
include the extreme erosional scouring (channels) associated with the Ice Age cataclysmic (Missoula)
floods (DOE/RL-92-23) and the attendant deposition of this erosional material elsewhere within the
province. These flood deposits that comprise the Hanford vadose zone extend to over 91.4 m (300 ft)
thick and are composed predominately of a series of clastic sediments. Many of the hydrogeologic
properties and parameters associated with fate and transport modeling reflect their geologic environment
and are strongly influenced by other related processes, including the geochemical, recharge, and
hydrologic transport conceptual model components.

The Hanford Site geology, particularly the subsurface geology, has been extensively studied,
characterized, and documented (e.g., Newcomb et al. 1972, RHO-ST-23, Fecht et al. 1987,
WHC-SD-EN-TI-008, DOE/RL-2002-39, RPP-23748, and DOE 2005). Most of the information in these
documents focuses on site-specific subsurface geology obtained from an extensive collection of well and
borehole drilling data, sediment sampling and analysis, and geophysical logging. These data provide
considerable information and insight into the lithology, stratigraphy, structure, hydrologic, and
geochemical information. For the geologic setting conceptual model component, lithology, stratigraphy,
and structure are the key features.

4222 Features, Events, and Processes: Lithology, Stratigraphy, and Structure

The vadose zone at the Hanford Site consists of sediments from Holocene glaciofluvial to
Miocene/Pliocene fluvial/ lacustrine deposits (€.g., DOE/RL-92-23, DOE/RL-96-61, and
DOE/RL-98-48). These sediments range in thickness from less than 1 m (3.3 fi) along the Columbia
River in the 100 and 300 Areas to more than 91.4 m (300 ft) on the Central Plateau in the center of the
Hanford Site.

The general stratigraphy of the Hanford vadose zone consists of three main geologic formations
(PNNL-14702a) including glaciofluvial deposits of the Pleistocene-Age (Hanford formation), fluvial
and/or eolian deposits and paleosols of the Pliocene/Pleistocene Age (Cold Creek unit), and
fluvial/lacustrine deposits of the Miocene/Pliocene Age (Ringold Formation). About 85% of the vadose
zone sediments throughout the Hanford Site are the immature, poorly consolidated glaciofluvial clastic
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sediments of the Hanford formation deposited during the Ice Age cataclysmic floods (DOE/RL-92-23).
The detailed stratigraphy varies significantly across the Central Plateau of the Hanford Site, which is

a large-scale sedimentary flood bar. However, the general stratigraphy of the vadose zone and uppermost
parts of aquifer on the scale of the Central Plateau is relatively similar overall in the context of a thick
vadose zone over 91 m (300 f) in places, composed predominately of poorly consolidated glaciofluvial
clastic sediments of the Hanford formation, underlain by the Cold Creek unit (which is discontinuous
and/or absent to the eastern part of the plateau), which is in turn underlain by the upper Ringold
Formation. While the thickness of the different geologic layers varies across Hanford, the consistency in
the sedimentary composition indicates that the generic features of the vadose zone can be described by

a “basic” Hanford vadose zone system conceptual model. For site-specific applications, the geology
conceptual model requires site-specific information describing and/or estimating unit thicknesses and
composition.

42.2.3 Hanford Formation

Hanford formation sediments occur as a succession of alternating and discontinuous layers of high-
energy, coarse-grained gravels to low-energy, sand silt deposits resuiting in vertical and lateral variability.
The variable physical characteristics of these sediments are primarily attributable to differences in the
proportions of the constituent size fractions and sedimentary structures, which inciude size grading
(vertically and laterally), cross-bedding, draping, and channeling with lateral variations in layer
thicknesses.

Despite the physical heterogeneity of these sediments, there is consistency in the types of materials that
dominate the finer-grained size fractions among these sedimentary facies (layers). One to two-thirds of
the finer-grained size fractions consist of clastic basaltic material, along with variable proportions of
quartz, feldspar, and other subordinate minerals (DOE/RL-92-23). On a regional scale, Hanford
formation sediments are closely related in terms of their provenance, as well as basic sedimentary
characteristics, and have been shown to comprise a single compositional population of sediments
(DOE/RL-92-23).

4.2.2.4 Cold Creek Unit

The Cold Creek unit is one of the most significant lithologies affecting vadose zone transport in the

200 West Area and parts of the 200 East Area because it physically retards water transport and chemically
retards moderately mobile contaminants. The Cold Creek sedimentary sequence overlies the older
Ringold Formation and underlies cataclysmic flood deposits of the Hanford formation
(DOE/RL-2002-39).

Cold Creek sediments consist of overbank eolian, calcic paleosol, mainstream alluvial, colluvial, and side
stream alluvial deposits. These deposits occur as fine- to coarse-grained, laminated, massive layers; fine-
to coarse-grained calcium-carbonate cemented layers; and coarse-grained, multi-lithic basaltic layers.
The layers range in thickness from I m (3.3 ft) in the calcic paleosol facies in the southern portion of the
200 West Area to a 15-m (49.2-ft) sequence of layers north of the 200 West Area (DOE/RL-2002-39) and
pinching out of the carbonate layers in the 200 East Area. The degree of cementation varies considerably
within the Cold Creek unit and contains many weathering products (oxides and carbonates) that
chemically react with transported wastes. Where it occurs as continuous layer, the indurated caliche
represents a potentially substantial physical “barrier” to inhibit and/or divert the downward transport of
liquids and contaminants to deeper levels in the vadose zone. Although discharge water from Hanford
operations have been observed to have ponded on it, the degree of cementation varies considerably and
can be fractured and/or laterally discontinuous.
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Immediately overlying the carbonate-cemented layers of the Cold Creek unit are fine-grained, laminated,
massive layers with high moisture-retention capacity and correspondingly low permeability that tend to
retard the downward movement of moisture and contaminants. These fine-grained facies may also
contain calcareous components. Recent studies confirm that the fine-grained Cold Creek sediments are
highly sorptive for contaminants such as uranium and act to chemically retard migration (Qafoku et al.
2005).

42.2.5 Upper Ringold Formation

The Upper Ringold Formation is above groundwater in places where it comprises less than 10% of the
volume of the vadose zone. These sediments lie below the Cold Creek unit (where present) or below the
Hanford formation (where the Cold Creek unit is absent). The Upper Ringold Formation filled the Pasco
Basin to an elevation of approximately 275 m (900 ft) with fluvial-lacustrine deposits in the Miocene/
Pliocene period (WHC-SD-EN-EE-004, DOE/RL-2002-39). The fluvial-lacustrine Ringold Formation
consists of semi-indurated clay, silt, pedified mud, fine- to coarse-grained sand, and granule to cobble
gravels. The Upper Ringold (Unit E) facies in the vadose zone in the 200 West Area include the basaltic
gravel and fanglomerate unit overlain by an overbank and lacustrine mud and lesser sand unit where it is
not eroded (Newcomb et al. 1972, SD-BWI-DP-039, DOE/RW-0164, Lindsey and Gaylord 1990). The
contact between Ringold Unit E and the Hanford formation is important because the saturated hydraulic
conductivity for the Upper Ringold Units can differ up to two orders of magnitude between each other
and/or the gravel-dominated sequence of the Hanford formation or Cold Creek unit.

422.6 Facies, Stringers, Clastic Dikes, and Sills

Both the Ringold and the Hanford formations contain relatively thin, fine-grained stringers that contribute
to the lateral spreading of moisture and slow the vertical movement of water and contaminants within the
vadose zone. Low-permeability layers within the Ringold Formation often occur as single, relatively
thick (meters or more) continuous layers. Low-permeability layers within the Hanford formation are
relatively thin (0.5 m [1.6 ft] or less) and laterally discontinuous. Low-permeability layers within the
sand-dominated facies of the Hanford formation are generally thicker and more continuous than those in
the gravel-dominated facies. Paleosols and some facies changes (i.e., the contact between fine-grained
and coarser grained facies) have been observed to be fairly continuous and promote lateral spreading of
crib effluent over the range of at least 100 m (328 ft) (PNNL-1 4907, PNNL-14702b).

Clastic dikes and sills are of particular interest because of their potential for allowing water and
contaminants to bypass vadose zone continuum fate and transport processes. Clastic dikes and sills are
thin (generally less than 1 m [3.3 fi] thick), discordant, and concordant features (respectively) that occur
in the vadose zone. They are typically fine-grained, silty units that extend up to tens of meters in length.
Features such as clastic dikes, sills, and tectonic structures typically considered responsible for creating
preferential flow paths, are described further in Section 3.4.5, Appendix A, and in more comprehensive
summaries of Hanford Site geology (BHI-01103, RPP-23748, PNNL-15955).

4.22.7 Assumptions

The primary assumption is that the geologic stratigraphy can be adequately represented by the geometric
approximation of the geologic layers in the numerical grid and as a porous media continuum.

422.8 Impact on Resuits
The geology at the Hanford Site has a large impact on the fate and transport of contaminants. The

geology at Hanford, particularly the thickness and sediment types of the vadose zone in the 200 Areas, is
one of the major reasons that the decision to dispose of liquid waste in buried cribs appeared to be
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a satisfactory answer to the problem of liquid waste disposal (HW-9671). in fate and transport models,
the distance between the source and the aquifer impacts the peak groundwater concentration, especially if
the travel time of contaminants to groundwater encompasses changes in the surface that impact the
recharge rate (DOE/ORP-2005-01). Estimates in DOE/ORP-2005-01 indicate that without ongoing
discharge, but with relatively high recharge resulting from infiltration through the tank farm surface
gravel (100 mm/yr), mobile contaminants starting 45.7 m (150 ft) below ground surface (bgs) at Waste
Management Area S/SX and 39.6 m (130 ft) bgs require approximately 40 to 60 years to produce peak
concentrations in groundwater.

423 Source-Term Conceptual Model Component
4.2.3.1 Rationale and Basis

The source-term conceptual model component defines the nature and extent of the contamination,
including the contaminant inventory, characteristics of the release (type of release {e.g., crib, trench,
pond, waste tank, pipeline, surface spill, etc.}, as well as the release or discharge volume and the
chemistry of the solution), and the resulting distribution of the contaminants. The type of waste site
where the release occurred, either planned or unplanned, provides an indication of where contamination is
expected to be found. Discharge to high-volume structures (e.g., ponds, cribs, and certain trenches)
resulted in deeper contamination than discharge to low-volume structures (e.g., french drains or specific
retention trenches) or surface spills. Descriptions and approximations of these features and events are
based on vadose zone characterization data (contaminant concentrations and depths), operational
information relevant to estimates of contaminant inventories, timing and magnitude of discharges,
contaminant release mechanisms and rates, effluent chemistry, estimates of the extent of contamination,
estimates of contaminant distributions, and concentration profiles based on characterization and/or
contaminant inventory data,

42.3.2 Features, Events, and Processes

During Hanford’s operational history, both planned and unplanned releases of hazardous chemical and
radioactive materials were made to the soil on an immense scale. Waste production overwhelmed the
available waste storage capacity, and much of the waste was disposed directly to the ground or
subsurface. According to current estimates, over 1.7 trillion L. (450 billion gal) of contaminated liquid
were discharged to the ground beginning in 1944, primarily through engineered drainage structures

(e.g., cribs and trenches), but aiso through ponds and retention basins. The Waste Information Data
System (WIDS) database (DOE/RL-88-30) contains a list of 2,963 waste sites at Hanford. Each listing
contains information describing the extent of each waste unit and the waste it contains. Most of
Hanford’s inventory of hazardous chemical and radioactive wastes is located in the 200 Areas in the
Central Plateau region. About 1.3 trillion L (346 billion gal) of waste were discharged to the soil in this
area. The key assumption of these waste disposal operations was that radioactive contaminants with long
half-lives would migrate very slowly, if at all, through the soil column (HW-9671). Contamination of the
groundwater outside of the 200 Areas from crib discharge is known to have occurred beginning in
January 1956 (HW-43149).

The main types of structures used to dispose liquid waste were ponds, cribs, trenches, french drains, and
reverse wells. Ponds were located in natural depressions and received large volumes of relatively
uncontaminated process water. Crib construction consisted of an excavation, usually containing one or
more timber box frames filled with soil and/or crushed gravel. Cribs often received large quantities of
waste and stopped operating when contamination was detected in the groundwater beneath the crib.
Trench construction consisted of an unlined excavation. Some trenches received large volumes of
relatively uncontaminated wastewater. Specific retention trenches were designed to receive a specific
volume of low-level or intermediate-level radioactive waste. The french drain construction consisted of
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a shallow, buried, open-ended or perforated pipe filled with rock. Reverse well construction consisted of
a deep vertical pipe with the lower end open or perforated.

The 200 Areas also contain the Hanford Site’s 177 large-capacity, high-level waste tanks that hold

a combined total of approximately 200 million L (54 million gal) and 200 million curies of high-level
radioactive waste. It is currently estimated that as much as 3.8 million L (1 million gal) (1 million curies)
have leaked from the waste tanks to the underlying soils. Additionally, over 379,000 m® (496,000 yd*) of
solid waste, an estimated 4.8 million curies of radioactive materials, are buried in disposal trenches in the
200 Areas. Waste also entered the environment as a result of unplanned releases, such as those from the
waste storage tanks, diversion boxes, or releases from pipelines used to transport waste.

4233 Assumptions

Inventory estimates associated with many waste sites depend on often incomplete disposal and discharge
records and estimates, along with process knowledge about the waste streams, to quantify contaminant
inventories (RPP-26744, RPP-23405). The distribution of contaminants in the subsurface is
approximated from very limited ficld data, especially at depths requiring boreholes to access. Substantial
quantities of certain contaminants have reached groundwater; hence, estimating the contaminant mass
remaining in the vadose zone requires another estimated quantity. Consequently, vadose zone models
either simulate the discharge release of the inventory at the time of occurrence on the basis of the disposal
and discharge records and estimates, or the vadose zone models approximate inventory and distribution
on the basis of characterization data.

One example of a model simulating an inventory discharge release can be found in PNNL-16198.
Additional examples of models using-assumed or approximated contaminant distributions include those
described in RPP-7884, RPP-10098, DOE/RL-2003-23, and RPP-23752, which include simulations using
various hypothesized contaminant distributions.

Many assumptions are necessary for estimating contaminant inventory or approximating the current
contaminant distribution. The choice of assumptions used will depend on the objectives of the model,
which is consistent with EPA guidance on the conduct of environmental regulatory modeling. The
emphasis, according to the guidance in CREM (2001), is placed on documenting the assumptions, their
rationale, and evaluating their range of impact on the results. Federal guidelines favor the development of
a general constitution of principles for developing, applying, or otherwise evaltuating a model rather than
compiling a lengthy compendium of methodologies. When developing a modeling strategy EPA’s Model
Evaluation Action Team recommends that it not be “too specific, long, or burdensome,” because it may

be too unwieldy to meet the needs of the decision makers (EPA 402-R-94-012, CREM 2001).

4.2.3.4 Impact on Results

The source-term conceptual model component has a large impact on the results. The groundwater
concentration and risk results are often proportional to the contaminant inventory. The depth of the
contaminants may also strongly impact the results, depending on the contaminants’ mobility. The vertical
distribution of contaminants, within ranges of comparable depths, does not appear to have as great an
effect on the results. A comparison of the results in RPP-7884, RPP-10098, and RPP-23752 indicates that
different hypothesized contaminant distributions produced minimal differences in the results. The
contaminants in those distributions were mostly located within 45.7 m (150 ft) of the ground surface, with
most of the contamination located within close proximity to the center of mass.
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424 Groundwater Domain Conceptual Model Component
4.2.4.1 Rationale and Basis

Risk assessment or establishing soil cleanup goals for the protection of groundwater pathway includes the
mixing of the vadose zone leachate (recharge transporting contaminants) with groundwater in the
underlying aquifer. The resulting contaminant concentration in groundwater provides the basis for the
evaluation of risk assessment and soil cleanup goals. In addition to local groundwater contamination
concerns, the aquifer system provides a possible pathway for transport of contaminants to offsite
receptors. The groundwater conceptual model includes the uppermost unconfined aquifer system that
exists within Ringold and Hanford formation sediments. Similar to the Hanford Site’s geology, the
groundwater and aquifer system have been studied extensively throughout Hanford’s operational history
(USGS-WP-7) and with renewed interest after contamination associated with crib discharges was
discovered in groundwater outside of the 200 Areas (HW-43149, HW-60601).

Most recently, PNNL-14753, PNNL-10886, and PNL-10195 have provided summaries of Hanford
geologic and hydrologic data for the unconfined aquifer. Other documents that provide the basis for
the hydrogeologic interpretations of the 100, 200, and 300 Areas of the Hanford Site include the
following: WHC-SD-EN-TI-008, WHC-SD-EN-TI-011, WHC-SD-EN-TI-012, WHC-SD-EN-TI-132,
WHC-SD-EN-TI-133, WHC-SD-EN-TI-155, WHC-SD-EN-EV-027, WHC-SE-EN-TI-052,
WHC-SD-EN-TI-014, and WHC-SD-EN-TI-019.

4242 Features, Events, and Processes

Groundwater in the unconfined aquifer at Hanford generally flows from the west and discharges into the
Columbia River. Some northerly flow occurs through the gap between and to the north of Gable
Mountain and Gable Butte. Artificial discharge resulting from Hanford operations greatly altered the
flow regime. Because of the cessation of large operational liquid discharges to the ground, the water table
in the Central Plateau is expected to continue declining for more than 100 years, according to the most
recent estimates (PNNL-14753). The saturated thickness of the unconfined aquifer on the Hanford Site
ranges from zero (where basalt ridges associated with Gable Mountain and Gable Butte extend above the
water table) to greater than 61 m (200 ft) around the 200 West Area. Depth to the water table ranges from
less than 0.3 m (approximately 1 ft) near the Columbia River to more than 100 m (330 ft) near the

200 Areas (PNNL-10886). Perched water-table conditions, caused by the liquid discharges to the surface,
have been encountered in sediments above the unconfined aquifer in the 200 West Area (WHC-MR-0206,
PNL-8597).

PNNL-14753 identifies eight distinct hydrogeologic units comprising the Hanford Site unconfined aquifer
system and provides a brief description of the units provided in BHI-00184:

* Hanford formation gravel, sand, and silt (dominated by gravel and sand within the aquifer)
e Coarse-grained multilithic facies of the Cold Creek unit
e  Silt and clay facies of the Upper Ringold Unit

* Ringold gravel Units E and C, also including sand facies of the Upper Ringold Unit where it directly
overlies the other gravel units

* Ringold fine-grained overbank and paleosol deposits that separate Ringold gravel Units B and D in
the eastemn part of the Hanford Site




DOE/RL-2007-34, Rev. 0

e Ringold gravel Units B and D
e Lower Ringold Mud Unit
» Ringold Unit A, gravel and sand facies dominated by sand in the western part of the Pasco Basin.

Figure 4-1 (adapted from PNNL-14753) presents the distribution of the different units as they occur at the
estimated water table of 1944, which is assumed to represent steady-state conditions. For long-term risk
assessment and establishing soil cleanup goals, the distribution from this figure is used to identify the
aquifer unit for the specific area addressed by an individual waste site-specific model, and the estimated
water table of 1944 provides the basis for estimating the hydraulic gradient. The groundwater conceptual
model includes information (presented in PNNL-14753) that describes the physical characteristics and
transport parameters of the hydrologic system: hydraulic conductivity, total porosity, effective porosity,
dispersivity, and horizontal to vertical and anisotropy.

Figure 4-1. Distribution of Hydrogeologic Units Present at the Water Table for 1944
(Pre-Hanford) Conditions.
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NOTE: Figure adapted from Figure 5-5 in PNNL-14753, Rev. 1.
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4.2.4.3 Assumptions

Leachate from the vadose zone is assumed to enter the aquifer and mix with the groundwater by advective
and dispersive processes. Concentrations calculated in the model for a specified depth, elevation, or
interval in the aquifer are assumed to be comparable to concentrations that would be measured by
sampling a well with a weli screen at the same location. Because the model domain can extend beyond
the edge of the waste site, the estimated concentration in groundwater downgradient of the waste site can
be caiculated. However, for two-dimensional vadose zone models, all flow and transport in the vadose
zone and aquifer remains confined within the two-dimensional cross-section of the model.

4.2.4.4 Impact on Results

The groundwater domain conceptual model component has a large impact on the results. The
groundwater concentration and risk results are often proportional to the flow of water in the aquifer, as
determined by the hydraulic conductivity and hydraulic gradient.

4.2.5 Hydrogeology and Fluid Transport Conceptual Model Components
4.2.5.1 Rationale and Basis

The hydrogeology conceptual model components represent the structure within which fluid transport
through the vadose zone occurs. The porous media continuum assumption (an extended form of Darcy’s
Law for vadose zone applications) and the soil relative permeability/saturation/capillary pressure relations
provide the basis for vadose zone flow and transport modeling (PNNL-11217). In the model domain, the
hydraulic properties describing fluid transport characteristics associated with each geologic layer are
approximated by average values, with each unit having different flow and transport parameter values
(hydraulic conductivity, bulk density, and dispersivity). The model describes bulk (or mean) flow and
contaminant transport behavior in the vadose zone, limiting the evaluation to estimating the overall and
eventual contaminant impacts to groundwater.

Features such as clastic dikes, sills, and tectonic structures can allow water and contaminants to bypass
vadose zone continuum fate and transport processes. However, there is little evidence of enhanced
transport in these preferential pathways in arid and semi-arid climates with low-water flux in the vadose
zone, particularly where soils are coarse-grained such as in Hanford formation sediments. While these
features may form preferentially faster flow pathways under saturated conditions, under unsaturated flow
conditions, these features tend to act as barriers to transport. Precipitation at arid sites is usually too low
(in relation to saturated hydraulic conductivity) to invoke preferential flow. Much of the water in the dry
soils is simply retained on grain surfaces by capillary forces and does not move along preferential
pathways (see Appendix A for additional information),

4.2.5.2 Features, Events, and Processes

The fluid transport and soil moisture-retention conceptual model component describes the hydrogeologic
flow and contaminant transport characteristics of the subsurface environment flow and transport
phenomena in terms of the soil hydraulic properties. Soil hydraulic properties control the movement of
water and contaminants through the vadose zone. They describe the amount of water that the soil is
capable of containing, the capillary pressure at which the soil retains a certain quantity of water, and the
rate at which water is capable of moving through the soil. Capillary pressure refers to the suction exerted
by the soil to hold water in place. Measurable soil properties of interest are bulk density, porosity,
saturated moisture content, and soil moisture-retention (moisture content measured at different capillary
suction pressures),
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Using an analytical equation and a curve-fitting process, soi! moisture-retention characteristic curves
(moisture content as a function of capiilary pressure) and relative permeability curves (permeability as

a function of capillary pressure) may be fit to the soil moisture-retention data determined by physical
properties testing. The characteristic curves allow the relationship to be expressed for the entire
continuum of values, which is a necessity of modeling. Moisture content is often expressed in terms of
saturation (the amount of water contained by the soil relative to the maximum amount the soil could
contain). Residual moisture content (or saturation) refers to the minimum amount of water retained by
the soil regardless of the amount of pressure applied. Residual samration represents water so tightly
bound to the soil that is does not move regardless of the capillary pressure gradient. It is not measurable
but is determined through the curve-fitting process.

Much of the information needed to determine effective values of parameters from small-scale samples in
conjunction with information on the fine-scale structure of these sediments exists, and is integrated into
the model along with upscaling and volume-averaging methods. One approach has been to assign flow
and transport parameters based on the similarity between grain-size statistics of the different soil textures
at the site and at previously characterized sites (PNNL-14907). Hydraulic properties are estimated based
on similarities in grain-size statistics (mean grain size and sorting index) between sediments at the waste
site and other characterized sites on the Hanford Site (PNNL-13672) using pedotransfer functions.
Grain-size distributions are obtained from a database (i.c., ROCSAN). Effective, large-scale diffusion
coefficients for the different textures are assumed to be a function of volumetric moisture content.
Measured hydraulic properties are obtained from databases for the immobilized low-activity waste and
Sisson and Lu sites (RHO-ST-46-P). Fluid flow parameters for the vadose zone include soil moisture-
retention characteristics and saturated hydraulic conductivity. Variable or saturation-dependent
anisotropy was used as a framework for simulating the effects of saturation on lateral spreading using
laboratory measurements on undisturbed directional cores.

Another approach is to estimate the effective unsaturated hydraulic conductivity tensor of an equivalent
homogeneous medium using the Richards’ equation and the evolution of spatial movements in a moisture
plume (Yeh et al. 2005). A hierarchical geostatistical analysis is performed to examine the large-scale
geologic structure for the entire field site; subsequently, small-scale features within different layers are
investigated.

Based on the analysis of the injection experiment data at the Sisson and Lu site, the effective hydraulic
conductivities compare well with the Iaboratory-measured conductivities for core samples. Spatial
movements of the simulated plume based on the effective hydraulic conductivities agree with those for
the observed plume. This approach provides a way to estimate effective Kd and allows the previously
developed moisture-dependent anisotropy concept to be quantitatively evaluated. It also appears to be

a useful practical tool for estimating effective unsaturated hydraulic conductivities based on snapshots of
moisture movement in a large-scale vadose zone and is applicable to column- or field-scale problems
(Yeh et al. 2005).

4.2.5.3 Assumptions

The average parameter values for different soil types are assumed to adequately represent the bulk
contaminant flow and transport processes occurring in the vadose zone. Small-scale heterogeneity is
important with respect to contaminant deposition and impacts flow and transport in the vadose zone
(PNNL-15443). PNNL-15443 indicates that model results from upscaled homogeneous parameters with
constant anisotropy match the centroid of an injected water plume reasonably well, even without
accounting entirely for the effects of small-scale heterogeneity. To approximate the bulk flow, upscaling
the parameters incorporates the effects of small-scale textural contrasts that introduce heterogeneity into
the flow parameters.
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4.2.5.4 Impact on Results

The hydraulic parameter values for the vadose zone units do not appear to have a large impact on the
results. DOE/RL-2005-01 indicates that increasing or decreasing the hydraulic conductivity of the vadose
zone units by a factor of 10 increased or decreased the peak concentration in groundwater of the mobile
contaminants by less than a factor of 2. The change in the results for moderately mobile contaminants
(Kd = 0.2 mL/g) was even less. DOE/ORP-2000-24 included sensitivity cases that treated the entire
vadose zone as having the properties of sand or gravel. The results indicated that little difference from
the base case results occurred for the mobile contaminants,

4.2.6 Recharge Conceptual Model Component
4.2.6.1 Rationale and Basis

Recharge is the amount of water that enters the groundwater from the vadose zone. It can be defined as
the net difference between the water entering soil by infiltration at the surface or by subsurface discharge
and the water stored indefinitely by the soil or returned to the atmosphere by evapotranspiration
processes. It is the driving force for the movement of contaminants in the vadose zone to groundwater;
therefore, recharge is a primary parameter in vadose zone fate and transport processes. When recharge is
combined with residual soil moisture content, it determines the flux of water available for transport
through the vadose zone. The recharge conceptual model component documents the technical basis, data,
and rationale used in the selection of recharge rate parameters in Hanford vadose zone models, Recharge
rates for the Hanford have been estimated from UNSAT-H models, whose use at Hanford was agreed
upon via the Hanford Federal Facility Agreement and Consent Order (Tri-Party Agreement) (Ecology
et. al. 2003) process (DOE/RL-91-44),

4.2.6.2 Features, Events, and Processes

Regional recharge rates depend on climate in terms of (average) precipitation and evaporation rates, on
vegetation (which determines transpiration rates), and on soil type (which determines the rate and extent
of water infiltration into the soil). Recharge rates can also vary locally where there are local differences
in soil and vegetation conditions, Any factors that impact these processes, conditions, or events can
potentially affect the episodic recharge rate, including the frequency and magnitude of rangeland fires and
other factors affecting the nature and rate of revegetation. Site-specific measurements or estimates of
recharge rate are, therefore, dependent on the scale of the site.

Significant effort has gone into site-specific determinations of recharge rates across the Hanford Site
based on data from lysimeter measurements over extended periods (20+ years) and chlorine isotopic
measurements (Gee et al. 1992, 2005a, 2005b; PNNL-13033 ; PNNL-14744; Murphy et al. 1996). These
data and other relevant information have gone into the development of a Hanford recharge database that
serves as the primary technical basis for estimates of the recharge rate in this region as a function of soil
type and vegetative conditions.

These data have been compiled and summarized in a Hanford Site database by geographic area in terms
of major baseline soil types and plant community (vegetation) for the following four conditions
(PNNL-14702a, PNNL-14725a, PNNL- 14725b):

No vegetation

Cheatgrass

Young shrub-steppe assemblage
Mature shrub-steppe assemblage.
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The compilation of recharge rate databases at the Hanford Site enable tabulated recharge rate values to
be estimated for most site-specific or waste site-specific conditions on the Site. PNNL-13033,
PNNL-14702a, and PNNL-14702b provide “best-estimate case” (mean values) and “reasonable bounding
case” (upper and lower bounds) recharge rates for the main baseline soil types. The upper-bound values
refer to the highest value for each soil and vegetation type, and lower-bound values to the lower

1 percentile of lognormal distributions. The “best-estimate” recharge rates are a function of soil type, the
four vegetation conditions provided in the data summarized above (PNNL-14702a), and various time
intervals (e.g., site use conditions). Recharge rate data for site-use conditions have been assembled into

a suite of recharge classes that describe probability distribution functions for recharge rates appropriate
for pre-Hanford, operations, post-remediation, and post-Hanford conditions. The basis for assignment of
recharge values for the four vegetation conditions listed above is to base the “no vegetation™” and “mature
shrub-steppe” recharge rates on site-based field measurements, to assign the recharge rate for
“cheatgrass” as 50% of the “no vegetation™ values, and “young shrub-steppe” estimates as two times the
“mature shrub-steppe” values. Data and interpretations summarized in PNNL-14702a and PNNL-14725
estimate site-specific recharge rates for Hanford that meet or exceed the criteria for applications to
environmental regulatory and risk assessment modeling, and also meet or exceed the requirements of
WAC 173-340-747(8)(b)(vii) for estimating recharge in RCRA applications or for applications as ARARs
in CERCLA activities. More recently, best-estimate recharge rates values for post-remediation recharge
classes were updated to include values for the short-term, post-remediation transitional recovery period
(e.g., 30 years); barriers; and long-term recharge values (final long-term recharge class) (PNNL-14725b).

These guidelines, the recharge data package (PNNL-14744), and the Geographic and Operational Site
Parameters List (GOSPL) (PNNL-14725a, PNNL-14725b) facilitate the identification and selection of the
most appropriate site-specific recharge rates and surface soil conditions for use in vadose zone modeling
at each waste site. Soil conditions and recharge estimates were derived from a suite of available field data
and computer simulation results (PNNL-14725a, PNNL-14725b).

4.2.6.3 Assumptions

Annual recharge estimates incorporate the effects of episodic infiltration events and spatial heterogeneity
within individual soil types and surface conditions into a single steady-state value. Infiltration is an
inherently episodic process. Data measuring the net infiltration of winter rains through bare sand surfaces
at Hanford show that the pulses do not appear to penetrate beyond 3 m (9.8 ft) below the surface, and

a near steady-state drainage condition prevails below this depth (PNNL-14115). This allows for the use
of time-averaged recharge rates for risk assessment applications of vadose zone modeling. The
PNNL-14702a identifies appropriate parameter values and/or ranges for use in vadose zone fate and
transport modeling.

4.2.6.4 Impact on Results

The recharge conceptual model component typically has a large impact on the results, especially with
respect to long-term recharge rates such as those associated with post-remediation conditions. However,
because recharge may undergo transient changes, the effects vary depending on the quantity of recharge,
duration, and location and mobility of the contaminants in the vadose zone. The groundwater
concentration depends upon the flux rate of the contaminant into the groundwater, which depends on the
recharge entering the aquifer. Changes in the recharge rate, applied at ground surface in the model,
require some duration of time for the perturbation to impact the flux rate of water from the vadose zone to
the aquifer. DOE/ORP-2005-01 evaluated several recharge sensitivity cases and noted that increased or
decreased recharge increased or decreased the peak concentration, but only if the recharge rate was
sufficient to transport the contaminants to groundwater at the time when the increased or decreased
recharge occurred.
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4.2.7 Geochemical Conceptual Model Component
4.2.7.1 Rationale and Basis

Geochemical conceptual models primarily provide a technical basis for contaminant release and
retardation mechanisms. The parameters describe contaminant mobility (Kd values) and provide
rationale for simplifying assumptions in vadose zone modeling. The dynamic interaction of contaminants
with the geologic media (physical and chemical environments) in the vadose zone impacts the
geochemical conceptual model and is variably dependent on contaminant and waste site composition.
Contaminant behavior in Hanford vadose zone is complex and dependent on many transient factors.
Dominant geochemical processes are contaminant-specific, but contaminant mobility can be described in
terms of highly mobile, moderately mobile, relatively immobile, and variable groupings in terms of
behavior. The importance of geochemical processes on the transport of contaminants through the vadose
zone is described in the U.S. Department of Energy’s (DOE’s) state-of-knowledge and preliminary
concept documents (DOE/RL-98-48), the international tist of FEPs, and the list of relevant Hanford Site
FEPs (BHI-01573). The geochemical conceptuat model provides the technical basis for the
understanding of contaminant behavior and the rationale for making simplifying assumptions in vadose
zone modeling.

Guidelines are available to assist users in selecting appropriate Kd values from the Hanford Kd database
(PNNL-13895). The Kd values for a given COC can be selected on the basis of geographic location,
site-specific area designation, specific waste sites, the stratigraphic units within the area of interest, waste
site type (operations), waste chemistry group, and source categories (PNNL-14702a, PNNL-14725a,
PNNL-14725b). Best-estimate, minimum, and maximum Kd values have been projected based on data
distributions from the Hanford Kd database. In cases of sparse data, distributions were developed from
the best existing data using professional judgment for the distribution construct. This approach is
consistent with EPA risk assessment guidelines for the use and application of professional judgment and
the consideration of data uncertainties (EPA/540/1-89/002, EPA/600Z-92/001). A process for using these
documents to select Hanford Site-specific Kd values for vadose zone applications is summarized in
Appendix B.

4.2.7.2 Features, Events, and Processes

The range of geochemical processes associated with fate and transport of contaminants in the vadose
zone at Hanford include oxidation/reduction, aqueous speciation, adsorption/desorption,
precipitation/dissolution, diffusion, colloid-facilitated transport, and anion exclusion (PNNL-13037,
Rev. 1). Summaries of these processes and their implications for geochemistry conceptual models have
been documented (e.g., EPA 1999 and EPA 402-R-04-002C). Site-specific behavior and the associated
geochemistry of contaminants at Hanford have been documented in many project reports and
investigations (e.g., PNL-8889, PNL-10722, PNL-10379, PNNL-] 1485, PNNL-11966, PNNL-13895,
PNNL-15502, PNNL-15121, and Qafoku et al. 2005).

Geochemical behavior of contaminants in the Hanford vadose zone can be described in terms of the
primary geochemical processes affecting contaminant transport, including adsorption/desorption (ion
exchange) and precipitation dissolution (PNNL-13037, Rev. 1). Adsorption/desorption typically controls
contaminant retardation in areas where low concentrations of dissolved radionuclides exist, such as those
associated with the far-field environments of disposal facilities or spill sites. Precipitation/dissolution is
typically an important process where elevated concentrations of dissolved radionuclides occur, such as in
the near-field environment of waste site facilities (PNNL-13037, Rev. 1).

Some Kd measurements are only applicable for a specific set of conditions because Kd value variability
cannot be confidently estimated beyond the range of chemical conditions under which it was measured.
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This limitation is not a significant problem as long as site-specific conditions being modeled do not
deviate significantly from those for which Kd measurements are available (PNNL-13037, Rev. 1). The
Kd values from the Hanford contaminant distribution coefficient database that have been measured
multiple times, preferably in separate studies with suspect outliers excluded from consideration, are the
most reliable (PNNL-13895). The Kd values selected for modeling purposes are typically the lowest, or
close to the lowest, value for the sake of conservatism (PNNL-13037, Rev. 1). This conservative
approach tends to over-estimate the transport of the contaminants, leading to the selection of overly
conservative remedial actions and wasted efforts. The linear adsorption (Kd model) approach has been
shown to adequately describe contaminant behavior in modeling vadose zone fate and transport for
Hanford Site sediments under most circumstances involving far-field and/or low-impact sites where
geochemical conditions remain fairly constant and contaminant loading of adsorption sites is low
(PNNL-13895).

PNNL-13895 contains 90% of the existing site-specific data on contaminant distribution coefficients
applicable to sediment and related materials in the vadose zone and groundwater at Hanford. This
database includes documentation of contaminant concentrations in the solution phase and solid phase,
sediment mineralogy, physical properties, experimental procedures used, the availability of the original
reference, availability of sediment characterization data, a comprehensive bibliography of published
documents containing useful distribution coefficient data applicable to Hanford, and ratings and
evaluations of the data in terms of quality of documentation for each value. For situations associated with
large changes in chemical condition, especially in near-field environments and/or certain disposal
chemistry conditions (e.g., large variations in pH, alkaline concentrations, or complexing agents), the
linear adsorption model may not be appropriate due to the departure from dilute solution behavior implicit
in the use of the Kd model and/or other dominance of other geochemical processes (e.g., aqueous
complexation or solubility-controlled behavior) (RPP-10098, Qafoku et al. 2005).

Other factors that have potential impacts on the geochemistry conceptual model include the aging of
sediments after adsorption of a contaminant and kinetically controlled contaminant release. The effects of
sediment aging after the adsorption of a contaminant can alter the physical and/or chemical processes that
dominate the subsequent desorption and transport of the contaminant. Contaminant deposition and
adsorption can occur in a geochemical environment that has been altered because of the characteristics of
the waste discharges. In time, the buffering capacity and other natural processes in the vadose soils
mitigate the impacts of the waste discharges. As the geochemical environment changes, the release and
desorption characteristics of the contaminant can also change. Water and contaminants entering dead-end
pores can result in the subsequent contaminant release becoming kinetically controlled, especially if the
contaminant solubility changes as a result of sediment aging. As sediments drain and desaturate,

a fraction of the porewater and total sorbed inventory can become isolated from the advective transport
pathway (Qafoku et al. 2005). Diffusion through micropores within sediments can physically isolate
contaminants from advective transport and increase the importance of diffusion controls in the release
process for some contaminants. This can result in an increase in effective Kd values over time and/or
higher desorption Kd values. Porewater isolation also has implications with respect to multiple porosity.

A synopsis of nitrate, technetium-99, and uranium (COCs) geochemistry in vadose zone soils is provided
below. These contaminants represent some of the more common COCs evaluated for the protection of

groundwater. The synopsis includes the technical basis and rationale regarding the contaminant behavior
conceptual models and the selection of Kd values for these contaminants in the protection of groundwater

pathway.
Nitrate

Nitrate is one of the most widespread contaminants associated with past Hanford operations. It is highly
mobile and does not precipitate or readily adsorb on minerals under the near-neutral or slightly alkaline
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pH conditions common in sediment systems. As anions, their adsorption is expected to be high under
acidic conditions, decrease with increasing pH values, and be essentiatly zero in basic pH conditions.
Based on measurements of nitrate Kd values, PNNL-13895 concluded that nitrate adsorption under most
Hanford Site-relevant conditions is essentially zero (Kd = 0) within expenmental error. However, under
some conditions (e.g., acidic), nitrate adsorption may be higher.

Techntium-99

Of the several technetium isotopes produced as fission products in nuclear reactors, only technetium-99 is
a potential hazard at DOE defense waste sites because of the specific activity and long half-life

(2.11 x 105 years) of this isotope (EPA 402-R-04-002C). The most stable and characteristic oxidation
state of technetium in slightly acid, neutral, or basic aqueous solutions in equilibrium with the atmosphere
is pertechnetate ion (TcOj, -) in which technetium is in the +7 oxidation state (Hanke et al. 1986). The
adsorption of technetium(VII) oxyanion TcOj - is expected to be very low to zero, with Kd values of
approximately 0 mL/g at near-neutral and basic pH conditions and increasing when pH values decrease to
less than 5.

PNNL-13895 compiled the Kd values measured from Hanford sediments for radionuclides and
contaminants of environmental concern to the vadose zone and groundwater. The data indicate that
technetium(V1II) adsorption is low under nearly all conditions relevant to the Hanford vadose zone and
upper unconfined aquifer, with Kd values ranging from zero (0) to a high of approximately 1 mL/g.
PNNL-13895 concludes that, under normal Hanford Site conditions, zero is the most appropriate

Kd value for technetium(V1II), and 0.0 to 0.1 mL/g is the best estimate for the range for technetium(V1)
Kd values.

Uraninm

The geochemical behavior of uranium is complex, and has been extensively studied (Langmuir 1978,
1997; Burns and Finch 1999). In studies conducted at Hanford, uranium is found primarily in

the +6 valence state (PNNL-14022, RPP-10098). 1t is often the only COC that is associated with
geochemical release and retardation processes. The release model(s) for uranium for remedial action goal
modeling is (are) based on consideration of sorption, and precipitation and solubility controlled release.

The dissolved concentrations of uranium(VI) beyond the very near field are controlled by adsorption
processes in the Hanford vadose zone (sediments) and unconfined aquifer system (PNNL-13037, Rev. 1),
making the selection of appropriate Kd values highly dependent on disposal chemistry, soil type, pH,
chemistry of the leachate/porewater, and the concentration of dissolved carbonate/bicarbonate in solution.
uranium(VI) has been found to range from highly mobile to highly immobile in Hanford vadose zone
systems depending on the combination of conditions. In the presence of alkaline, bicarbonate-rich waste
streams, uranium{(VI} exists as strong aqueous anionic uranium(VI) complexes, which do not readily
adsorb to the naturally negatively charged Hanford Site sediments at neutral-to-alkaline pH conditions.
Under mildly alkaline conditions, aqueous uranyl carbonate species may adsorb onto reactive surfaces
present in soil minerals (Bargar et al. 1999), soils (Duff and Amrhein 1996), and sediments (Qafoku et al.
2005).

Precipitation and co-precipitation processes are important for uranium(VI) under some environmental
conditions. Dissolved calcium uranyl carbonate complex has an important effect on the geochemical
behavior of uranium(V1) in calcium-rich aqueous systems at near-neutral to basic pH conditions.
Characterization studies at the Hanford, Fernald, Oak Ridge, and Savannah River sites indicate that
uranium-containing minerals or co-precipitates may be present in sediments and soils contaminated from
disposal or spills of uranium-containing liquid wastes (Delegard et al. 1986, PNNL-14022, RPP-10098,
Catalano et al. 2004, Buck et al. 1994, Morris et al. 1996, Roh et al. 2000, Bertsch et al. 1994, Hunter and
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Bertsch 1998). These studies show that uranium (VI) dissolution from the contaminated sediments
containing uranyl-silicate mineralization is a pseudo-first-order rate kinetic process(ck) characterized by 3
an initial fast rate, and reaching constant concentration solubility-controlled release after period of 30 to

200 days. The rate and extent of uranium dissolution is dependent on the pH, electrolyte (i.e., porewater)
composition, and bicarbonate/carbonate concentration. Initial kinetic reaction rates were observed to be

siower, and uranium concentrations lower for release from caicareous sediments. These results were

caused by rapid dissolution of the uranyl silicates from grain surfaces and cavities, with dissolution

kinetics of the precipitated uranyl minerals regulating the slow release (Liu et al. 2004). The solubility

of uranium(VI) decreases significantly as pore/leachate water compositions become increasingly

equilibrated by interaction with the vadose zone sediments (solubilities are greater than five times higher

in calcite-saturated deionized water than in calcite-saturated, sodium- and silicon-rich electrolytes)

(Qafoku et al. 2005). Surface secondary uranium mineralization in the deep vadose zone sediments

extended to groundwater.

42.7.3 Assumptions

The empirical distribution coefficient, Kd construct, through the application of the empirical linear
adsorption model, will be used at Hanford waste sites for key contaminants and system performance
activities. The rationale for the utility of the empirical linear adsorption model or Kd approach is that it is
a simple, useful, and practical approach for modeling contaminant adsorption and transport in geologic
systems. Additionally, a considerable database is available for Hanford Site-specific Kd values measured
under a variety of conditions (PNNL-13895). Experiments have been conducted with site-specific
sediments, water resembling natural recharge and/or vadose zone porewater, and actual or simulated
contaminant materials for most of the sorption data (PNL-8889, PNNL-14022, PNNL-14594,
PNL-10722, PNL-SA-10390, PNNL-11485, PNNL-11966, PNNL-15502, PNNL-15121). PNNL-13037 o
(Rev. 1) summarizes the key attributes and shortcomings of the empirical construct and mechanistic
models for application to vadose zone and groundwater modeling at Hanford. Empirical modeling
involves the collection of representative data for model building and validation. PNNL-13895 directs that
geochemical environments will be mechanistically studied. Mechanistic models are based on
fundamental knowledge of the mechanisms govemning the process and provide the necessary paradigms
on which technically defensible empirical Kd values must be based. These models involve experiments
to define model structure and data found in the model validation process. An alternative is to use

a combination of fundamentals and process knowledge for the model structure and empirical procedures
thereafter.

4.2.7.4 Impact on Results

The geochemical conceptual model component typically has a large impact on the results. Contaminant
mobility is a major factor in the model results.

43 DETERMINATION OF MODEL SELECTION ATTRIBUTES AND CRITERIA

The FEPs within the conceptual model components identified as important for vadose zone modeling at
the Hanford Site are summarized in Table 4-1. The following is an evaluation of these FEPs in the
consideration of the model complexity and type needed for the objectives of this modeling, as well as the
identification of the attributes and criteria for model selection.
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Table 4-1. Examples of Principal Features, Events, and Processes Identified
as Important for Vadose Zone Modeling at the Hanford Site.

Conceptual Model Component Features, Events, and Processes

*  Waste site type

Location and geologic setting Geologic stratigraphy

Discharge or release event
Contaminant inventory
Discharge chemistry
Discharge volume

Plume size and location

Infiltration

*  Recharge
* Drainage®

Characteristics of the discharge or unplanned
release event

Infiltration and recharge characteristics of the
surface soils

*  Vadose zone hydrogeology
Vadose zone fluid and contaminant transport *  Vadose zone geochemistry
* Contaminant geochemical characteristics

¢ Capillary fringe unit’s hydrogeology and

Contaminant mixing and transport in the geochemistry
capillary fringe ¢  Contaminant geochemical characteristics
Capillary fringe flow

*  Groundwater unit’s hydrogeology and geochemistry
Contaminant geochemical characteristics
*  Groundwater flow

Contaminant mixing and transport in the
groundwater

* Drainage, in the context of the features, events, and processes identified in this table, refers to the downward
movement of water artificially introduced into the subsurface environment.

The combination of FEPs relevant to model selection for Hanford vadose zone system is depicted in
Figure 4-2 in the manner recommended by the Nuclear Energy Agency (NEA) for this type of evaluation
(NEA 2000). This approach is comparable to the process relationship tool developed by PNNL
(PNNL-SA-34515). This depiction of the features and processes illustrates the relationships between
them in the conceptual model components and their ability to facilitate identification and selection of
adequate model capabilities (i.e., required model attributes and criteria).

Two of the most important FEPs required for meaningful simulation of vadose zone processes at the
Hanford Site are (1) the uncommonly thick sequence of vadose zone sediments with associated
hydrologic properties, and (2) the infiltration rates imposed by the semi-arid climatic conditions in this
region. The following is an example of the association provided in the Federal guidelines:

“If the risk assessment is based on arrival times and peak concentrations of contaminants
(and radionuclides) arriving in groundwater, then consideration of transport through
even a thin unsaturated zone is significant” (EPA 402-R-93-009),

The Federal guidelines further specify that flow, fate, and transport models are needed for vadose zone
models in remedial processes and/or remedy selection and design applications. The model criteria
identified in Tables 4-1 and Figure 4-2 also indicate that that fluid flow and contaminant fate

(i.e., retardation) are integral for adequately describing fluid and contaminant transport in Hanford
vadose zone models.
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Figure 4-2. Features and Processes Potentially Relevant for Vadose Zone Model Types

miltrationmacharge | | Source Discharge um

Vadose Zone Domain

B

Aqueous
Phase Drainage

Vadose
Zone | yniform Matrix Preferential
Flow Flow Flow
Physical and
Chemical Sorption Desorption
Interactions
Radiologic '
Decay/
Process Decomposition Formation of
Daughter Products
Input 1
Physical Advection Molecular Hydrodynamic
Transport diffusion dispersion
I Qutput
Capillary Capillary Draina:
Fringe Retgnuon "
Groundwater Domain I

NOTE: The primary features and processes most relevant to the vadose zone models at the Hanford Site
are highlighted (adapted from PNNL-14702a).
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Federal guidelines associate the level of complexity needed to accommodate the principal FEPs for most
vadose zone models with the attributes and criteria necessary for fate, flow, and transport models
(EPA-402R-93-009) (also referred to as “fate and transport models™). As noted in Section 2.5.5, Federal
guidelines indicate that risk assessments should begin with the simplest models that satisfy the objectives,
progressing toward more sophisticated models/codes as necessary to accommodate the principal FEPs and
achieve the modeling objectives (EPA 402-R-94-0 12). The guidelines also state that a conservative,
simplistic method or approach should not be taken to avoid modeling, because an overly conservative
approach may be contradictory to the objectives of the optimization between remedial activities and the
accompanying reduction in risk (EPA 402-R-93-009). An evaluation of the appropriate level of
complexity for the Hanford vadose zone models is summarized in Table 4-2, which compares principle
FEPs with model complexity. Based on the characteristics of the Hanford Site’s unsaturated zone and the
types and nature of associated features and processes identified in Table 4-1 and Figure 4-2, it is indicated
in Table 4-2 that “complex” models are required versus the use of “simple” or “semi-complex” models.

This conclusion is consistent with Federal guidelines which indicate that complex fate and transport
models are needed for systems involving the following types of FEPs, which are all principal FEPs for the
Hanford vadose zone:

Thick vadose zone

Layering or heterogeneous lithology

Sub-regional recharge

Step-wise release and attenuation of contaminants versus a simple, single partitioning event
Unsaturated flow.

In accordance with Federal requirements for the use of ERMs in risk assessment applications involving
radionuclides (OSWER Directive 9200.4-18), the level of model sophistication must also take into
account and accommodate the factors listed below:

Radioactive decay
Time (year) peak concentrations in groundwater
*  (Spatial) movement of contaminants within and between media.

Generic or simple models incapable of adequately addressing these FEPs are not considered suitable for
long-term contamination assessments at the Hanford Site. Complex or semi-complex models in the
context of these factors are required when FEPs criteria cannot be adequately simulated with analytical
methods. This is because analytical models do not generally account for many of the flow and transport
processes that require more complex models (EPA 402-R-93-009).

Model complexity also refers to the required numbers of dimensions in the model domain. While
simulations in three spatial dimensions may provide the most accurate representation of the Hanford
vadose zone system, such numerical models require computational capability that exceeds most
accessible contemporary computers. Thus, the dimensionality of the FEPs must be balanced against the
available computation capability and data. Two-dimensional models appear to be adequate to incorporate
the spatial variability in the key FEPs (e.g., sloping geologic layers and variability in recharge) without
introducing excessive demands for computational resources,
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Table 4—2 Model Complexlty, Dxmensmnahty and Other Factors in Con31derat10n of Model Attnbutcs and Cntena/Model Selection.
Model .1 ' Vadose Zone Dimensions | Miul Fste mﬁ ' negradiﬁon and Decay
Coﬂlﬂclﬁy (W)Mﬂydw Tﬂmﬂ . 68’ + emporal Factors Processes
¢ One-dimensional Aqueous phase transport o Step-wise steady state Radioactive decay
Simple s 4 to 6 horizontal layers Linear sorption isotherm o One site per area per Biological pseudo-decay
» Homogeneous, isotropic (Kd) waste type Homogeneous, isotropic
Density and temperature
e Two-dimensional effects ~ i
Moderately * thlmg term climate Radioactive decay
e Up to 10 sioping layers Linear sorption isotherm changes ] .
complex . . Biological decay
» Homogeneous, isotropic (Kd)  Sites on finer grid
Peak arrivals
e Two- and three-dimensional _ » Episodic, seasonal
e >10 complex layers Multi-phase transport variations Radioactive decay
s Heterogeneous and Colloidal transport * Long-term climate Biological deca
Complex anisotropic Barometric effects changes I Bie 4 Y
L Seal ” organic decay
e Preferential flow paths Reactive transport . b:: i: on site-specific (oxidative/reductive)

s Chemically enhanced
permeability

Wind and water erosion

Near- and long-term

NOTE: Principal features, events, and processes for the Hanford Site vadose zone are shown in bold/italics.

Kd = instantaneous equilibrium distribution coefficient
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These evaluations based on the principal FEPs identified in the conceptual model components and the
Federal model selection process serve to collectively identify the model capabilities required of an ERM
model type for vadose zone modeling at Hanford. It is clearly indicated from this evaluation that the most
appropriate model type capable of incorporating the characteristics and conditions of the Hanford vadose
zone, and meeting the modeling objectives for most risk characterization applications concerning the
vadose zone pathway, is “fate (flow) and transport” modeling. Based on this evaluation, a two-
dimensional fate and transport model type is necessary to account for the distinct geologic, hydrologic,
and meteorological conditions of the Hanford vadose zone system and to adequately accommodate the
other principal FEPs, attributes, and criteria identified in conjunction with the implementation of the
Federal model selection process. The results and conclusions of this model selection process are also
regarded as appropriate and adequate for most vadose zone modeling at the Hanford Site. These model
attributes and criteria serve as conditions and criteria for the identification and selection of one or more
codes for implenentation of the fate and transport model type.
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3.0 APPLICATION OF GUIDELINES FOR THE USE AND DOCUMENTATION
OF ENVIRONMENTAL REGULATORY MODELS
FOR THE HANFORD SITE VADOSE ZONE SYSTEM

There are many common aspects of the requirements and expectations concerning ERM selection, use,
and documentation for most vadose zone modeling applications at the Hanford Site. The following are
the general model documentation elements recommended by EPA (2003a) and identified in Section 2.4
concerning the selection and use of ERMs:

»  Describe the model and code selection process and rationale.
¢ Identify the sources of information and the rationale used to develop the input parameters.
¢ Present the model results.

¢ Identify the uncertainties in the model and mode! results, and describe their possible impact on the
results.

¢ Identify, provide the rationale, and describe the impact on the model results for the assumptions used
in the model.

¢ Identify the limitations of the model and the limitations associated with the interpretations of the
model results.

These documentation elements are also identified and segregated in Table 2-2 under the categories of
model selection and model use. Section 4.0 presents documentation associated with the selection of an
appropriate model type for the Hanford vadose zone system. This section documents the application of
the requirements and guidelines concerning the use and documentation of the vadose zone fate and
transport model type at Hanford for risk characterization applications. As indicated in Table 2-2, model
use elements that require substantiating documentation (in addition to the model results) primarily include
model parameterization, as well as the evaluation of model uncertainties, assumptions, and limitations.

Although complete evaluations and documentation of these elements of model use require site-specific
and application-specific information, there are underlying assumptions, considerations, and factors
common to most vadose zone modeling at the Hanford Site. The common aspects of the model use
elements described here provide a fundamental basis for waste site-specific modeling documentation.
This information is intended to serve as a foundation and framework for the information and
documentation necessary for most vadose zone modeling efforts at Hanford in the manner illustrated in
Figure 5-1. The information and documentation for complete technical adequacy and regulatory
consistency requires the inclusion of those eiements that are common for the vadose zone system,
amended with site- and application-specific information and documentation. The relationship of the
documentation on the common aspects of model use to the overall documentation necessary to
demonstrate ERM technical adequacy and regulatory consistency is shown in Figure 5-1. This
relationship resembles the relationship shown in Figure 3-2 of the Hanford vadose zone system
conceptual model to the site-specific conceptual model required for waste site-specific applications.
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Figure 5-1. Illustration of the Relationship Between the Model Use Documentation
Associated with the Common Aspects of the Hanford Site Vadose Zone System
and That Associated with Waste Site-Specific Information.

Waste site- and
application-specific model
use information and
documentation

Waste site-specific
Information and
documentation
necessary for
technical
adequacy and

regulatory
compliance

Common for most
Hanford vadose zone
Model use information and documentation common deling applications
to most vadose zone modeling efforts; based on the
common aspects of the Hanford vadose zone system

conceptual model
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The model use elements documented in the following sections include the basis and rationale for the
determination and/or estimation of model input parameters, and for the general aspects common to the
evaluation of model uncertainties, model assumptions, and model limitations, all in the context of their
impact on and applicability to the model results. The documentation of these elements also contributes to
the technical basis for the modeling, and to the demonstration of consistency with Federal and state
requirements.

5.1 MODEL PARAMETERIZATION

Vadose zone model parameter estimates are based almost entirely on data from site-specific studies and
characterization efforts. This information and data have been compiled, summarized, and evaluated in
databases; published in data packages; and/or published in other environmental investigation reports
(e.g., limited field investigation reports, field investigation reports, and remedial field investigation
reports). These data summaries and evaluations provide a basis for understanding the common aspects of
(and fundamental relationships between) the parameter values, data sets, and populations. From the
evaluation of the data sets comes the information and insight necessary to determine parameter best-
estimate values, parameter ranges, and parameter variability, all of which are considered in the model
parameterization and uncertainty analyses. New site-specific data are typically used both to augment
these Hanford data sets and for site-specific model applications. A comprehensive list of all of the
sources of information relevant to ERM parameterization is beyond the scope of this report, but
examples of some of the major source documents that contain data compilations and estimates for the
vadose zone conceptual model components parameters include the following: RPP-23748,
WHC-SD-EN-TI-008, WHC-SD-EN-TI-012, RPP-26744, PNNL-14753, PNNL-14702b, PNNL-14744,
and PNNL-13895.
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These and other relevant documents serve as sources of information in the development of the Hanford
vadose zone system and site-specific conceptual models, from which model parameter estimates are
derived for use in site-specific ERMs. Examples of the types of parameters typically used in vadose zone
fate and transport models are summarized in Table 5-1.

5.2 VADOSE ZONE MODEL UNCERTAINTY FACTORS AND CONSIDERATIONS

5.2.1 Model Uncertainties

Factors in the model selection process that can contribute to uncertainties for vadose zone modeling at the
Hanford Site are addressed qualitatively in Section 4.0 (e.g., simplifying assumptions). Code-specific
factors pertaining to the adequacy, benchmarking/calibrations, and QA/QC of candidate codes in general
are addressed in the following subsections and to a specific candidate code in Section 6.0 and Section 8.2.

Table 5-1. Examples of Parameters Typically Used in Vadose Zone Fate
and Transport Modeling.
Model Domain and Boundary Conditions
* Model domain dimensions (longitudinal and vertical dimensions, unit width (e.g., 1-m); saturated zone
vertical dimension
e Waste site dimensions
e Grid size
» Boundary conditions (flow conditions at surface, sides, and bottom of domain boundaries)
Geologic Setting
» Geologic unit thicknesses; associated geologic properties (see hydrogeologic properties)
Source term
* Source-term (contaminated soil) dimensions (lateral and vertical)
® Source-term depths and depth intervals
® Source-term concentration(s)
Recharge rate(s) & moisture conditions
*_ Pre-operational, operational, post-remediation recharge rates
Vadose zone fluid transport and hydrogeologic properties
Particle density
Dry bulk density
Saturated moisture content
Residual moisture content
Van Genuchten parameters
Residual saturation
Vertical saturated hydraulic conductivity
Total porosity
¢ Longitudinal dispersivity
» Dispersion anisotropy
Geochemistry Ml VLY
e COC-specific Kd (+ geologic unit-specific Kd values)
Groundwater domain and characteristics
* Average water table elevation
e Groundwater thickness
e Hydraulic gradient
* Average hydraulic conductivity

COC = contaminant of concern
Kd = instantaneous equilibrium distribution coefficient
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5.2.2 Scenario and Conceptual Model Uncertainties

The conversion of qualitative conceptual model components or FEPs into a quantitative mathematical
model typically involves simplifying the system being modeled and introducing uncertainty associated
with the simplification. For example, a geologic conceptualization may be represented in a mathematical
model as a simplified, layered geology with homogeneous layers. The linear isotherm Kd construct
includes the assumption that porewater and soil concentrations equilibrate immediately and
proportionally. The conceptual model and/or the mathematical model may be modified to reduce this
uncertainty on the basis of new data or observations (PNNL-13091). These new data or observations may
also foster improvements to the mathematical model that allow more rigorous representation of the ‘
conceptual model components or FEPs. Ultimately, the overall validity or accuracy of the conceptual
model in representing the Hanford vadose zone system may or can be evaluated by comparing actual or
analogous measurements to predictions or results from the corresponding mathematical model.

5.2.3 Parameter Uncertainties

Vadose zone model parameter uncertainty can result from the lack of adequate data and/or from
variability in the data used to quantify a parameter. Parameter estimates based on site-specific data tend
to have relatively low uncertainties. In vadose zone modeling at Hanford, parameters associated with the
contaminant source term (i.e., quantity, extent, and depth) are the most significant sources of parameter
uncertainty affecting model results because they are highly variable and are usually based on limited data.
Recharge rate also has a large effect on vadose zone model results, but with less uncertainty because of
the available site-specific data that form the basis for the estimates. Apart from waste configuration
(contaminant source term), the sensitivity to model parameters also depends on the contaminant type.

For mobile contaminants, the most significant parameter is recharge rate. For semi-mobile contaminants,
significant parameters are the sorption coefficient (Kd value) and recharge rates. Parameter estimates
representing the greatest sources of uncertainty, their nature and magnitude of effect on model results, and
the relative confidence of the estimated values are listed in Table 5-2. An understanding of the magnitude
and direction of the sensitivity model results to variability in key parameters of the Hanford vadose zone
system can be ascertained from the results of the sensitivity analysis that have been performed to date
(e.g., DOE/ORP-2005-01 and DOE/RL-2007-35).

Reviewing and comparing vadose zone parameter sensitivity analyses from Hanford and non-Hanford
sources is instructive and demonstrates a number of important commonalities among the results. The
most notable finding among non-Hanford vadose zone sensitivity analyses of hydrogeologic parameters
is that the results consistently have the greatest sensitivity to infiltration/recharge rate, unsaturated zone
thickness, and contaminant distribution coefficient parameters (e.g., NUREG/CR-5621, Beyeler et al.
1998, and PNL-7296). The uncertainties and sensitivities associated with most hydrogeologic parameters
stemming from natural system heterogeneities have been found to be low (Table 5-2). Uncertainties
associated with such parameters are a secondary source of overall uncertainty. The results of these
sensitivity analyses appear to be consistent with the results of most vadose zone modeling sensitivity
analyses conducted at Hanford, in terms of identifying which parameters have the greatest impact on the
results. Those parameters representing the greatest sources of uncertainty, nature, and magnitude of
effect on model results, as well as the relative confidence of representative best-estimate values, are listed
in Table 5-2.
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Table 5-2. Evaluation of Primary Parameter Uncertainty Factors
m Hanford Snte Vadose Zone Mode!mg

| Gl Efteton |
Prlmnry?nnmetcr -":f L ModelRuulu
UmmlntyFnctnrl N

Geologic setting
Vadose zone thickness/depth to water table Moderate to High
Stratigraphy/geclogic units and characteristics (unit high

thickness, grain size, etc.)

Contaminant source term
Mass
Depth High Low to medium
Concentration
Volume and geometry

Groundwater domain Moderate to
Hydraulic conductivity high Medium to high
Hydraulic gradient

Hydrogeology and fluid transport
Hydraulic conductivity
Porosity, permeability Low High
Dispersivity
Anisotropy

Recharge rates
Undisturbed (vegetated)} soil
Operational period (bare, disturbed soil) Moderate to
Post-remediation period (disturbed, vegetated, high

time-averaged)
Artificial recharge (discharge water; volume, timing)

Geochemistry/contaminant behavior
Contaminant release mechanism, parameter values

(e.g., Kd, Ksp) Low to high Medium to high
Retardation/attenuation mechanism(s); parameter
values {e.g., Kd) ,

Medium to high

Kd = instantanecus equilibrium distribution coefficient
Ksp = solubility product constant

52.4 Determination of the Relative Importance of Parameters in an Uncertainty Analysis

The relative magnitude of uncertainty for certain vadose zone modeling parameters can be identified and
compared using the coefficient of variation (i.e., the standard deviation divided by the mean value). This
measure of uncertainty is based on a review of the literature and available databases. The sensitivity of
the model resutts to their parameter values is a function of the model results and the coefTicient of
variation, which depend on site-specific conditions and exposure scenarios.

The main factors and parameters affecting Hanford vadose zone model results can also be qualitatively
and/or semi-quantitatively evaluated using the results of sensitivity analyses from Hanford Site and other
case studies. The relationships were described previously for evaluating the importance of mode}
parameters to uncertainty in the model result and the relative importance of parameters in uncertainty
analyses. These relationships are significant for Hanford vadose zone modeling because most parameters
have low importance to the overall uncertainty in the model result, excluding contaminant source-term
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parameters (i.e., extent, depth, and mobility). Because the vadose zone model parameters are essentially q
all derived from site-specific data, most other parameters tend to have relatively low uncertainties. <

5.2.5 Uncertainties/Errors Associated with Coupled Processes and Other Effects

The most likely sources of coupled uncertainties are hydrogeologic properties and their relationship to
soil moisture-retention characteristics. Changes in soil retention characteristics may change the soil
hydraulic conductivity, anisotropy, or recharge through the soil. Soil moisture content has been observed
to affect anisotropy, while soil retention characteristics and recharge effect the soil moisture content.
These parameters, individually or collectively, may affect the distribution coefficient of contaminants
(Kd values). Effects of coupled hydrogeologic parameter variation on vadose zone modeling results are
compiled in correlation coefficient matrices for 12 hydrogeologic parameters over a range of clastic
sediment types (clay to sand) reported in PNNL-13091. In this summary, some significant positive and
negative cotrelations were noted between several of the hydrogeologic parameters. However, no
significant correlations between logically unrelated parameters were observed in the uncertainty
evaluation of recent vadose zone modeling results (DOE/RL-2007-35).

Some characteristics that factor into the net average processes controlling fate and transport of
contaminants through the vadose zone may or may not be accounted for directly in simplifying
assumptions or in sensitivity analyses. Scaling effects for representing hydrogeologic properties
(upscaling from laboratory to field-scale), spatial and temporal resolution of data, colloid transport,
density effects, and thermal effects (PNNL-14702a) all can introduce uncertainty into vadose zone
modeling, but for most risk assessment applications do not introduce uncertainty that is at least accounted
for indirectly by the other sources of acknowledged uncertainty. Scaling effects resulting from the
assignment of physical properties determined from laboratory studies (e.g., effective permeability,
porosity, moisture-retention characteristics, anisotropy, and dispersivity) to larger modeled units can be
addressed through physical property sensitivity analysis. Similarly, uncertainty introduced by the spatial
and temporal resolution of data can be addressed through sensitivity and assumptions analysis. While
certain models may have to include or consider colloidal transport as a key FEP, colloid formation or
collotd-facilitated transport is not consequential at most waste sites at Hanford because of the low water
contents and relatively simple geochemistry (PNNL-14702a). Likewise, thermal and density effects are
not considered consequential in most, but not all, vadose zone model applications because below 10 m
(32.8 ft) bgs, the temperature varies by less than 1°C (33.8°F) during the seasons. While the waste
releases introduced immediate density and thermal gradients into the vadose zone, the gradients have
been buffered by the capacity of the vadose zone and the time since the releases occurred, and they appear
to have limited impact on contaminant transport in the future (RPP-7884).

oy,

5.3 EVALUATION OF YADOSE ZONE MODELING ASSUMPTIONS

An evaluation of the primary and largely common assumptions associated with the traditional vadose
zone modeling approach at the Hanford Site is summarized in Table 5-3. The type (category) of
assumptions, the magnitude and direction in which they impact model resuits, and the rationale for the
assignment of model impacts are summarized in Table 5-3. In the context used here, “conservative”
refers to conditions or parameter values that include a bias to yield model results with higher
concentrations in groundwater and earlier arrival times than might reasonably be expected. Usually the
bias compensates for some feature or process that is not well defined or insufficient data exist to
characterize it adequately.

()
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Table 5-3. Summary of the Type (Category) of Assumptions, Magnitude, and Direction

[ ——
st dAssumptions

“Numerical grid

Resolution and/er size of grid can be

Geology
approximates adjusted to include representation of
geologic layers the different geologic layers and
and sequences sequences.

Hydrogeology | Single values for | Hydrogeologic | Neutral Low Average up-scaled properties represent

and soil associated properties the bulk or average moisture flow in

properties physical/ vadose zone reasonably well, based on
hydrogeologic evaluation results in the PNNL-15443
properties for and laboratory tests on site-specific
each of the main materials and field-scale testing
stratigraphic reported in that document.
units in the
vadose Zone

Transport Vadose zone Hydrogeologic | None None The vadose zone flow domain is
flow domatn is parameters defined by aqueous phase drainage as
dominated by opposed to transport mechanisms
aqueous phase associated with other types of fluids
drainage (e.g., NAPLs) or phases (vapor-phase

transport)

Source term Entire source Source term Conservative | Low to This assumption is conservative
terms available high because laboratory studies
for advective (c.g., Frechley et al. 2000) indicate
fransport that not all contaminants may

available for advective transport in
porous media (i.c., clastic sediments)
due to multiple porosity effects

(i.e., part of the mass transfer may be
diffusion rather than advection
controlled, or isolated in dead-end
pore spaces). The assumption that
100% of contamination is available
and transported by advective flow can
over-estimate the mags transfer rate of
contaminants to groundwater and
under-estimate arrival times.

Hydrogeology | Uniform matrix Hydrogeologic | Slightly non | Neutral to The effects of the local connectivity

and soil flow through conservative | low and anisotropy structures are

properties porous media reasonably well represented, even
versus unstable when the detailed effects of fine-scale
(fingering) flow, heterogeneities (e.g., preferential flow
preferential paths, fingering flow) are not captured
pathways (PNNL-15443).

Hydrogeology | Horizontal to Anisotropy This ratio is a conservative estimate

and soil vertical describing lateral water movement in

properties anisotropy is the modeling based on comparisons to
adequately Neutral Low moisture dependent anisotropy
approximated by function values presented in
a constant 10:1 Figures D2 through D6 in the
ratio RPP-17209, Rev. 1.

Domain Two-dimensional | Hydrogeologic { Conservative | High (10to | This assumption is conservative
vadose zone parameters 40 times) because it yields groundwater
modeling is concentrations that are greater, and
representative/ arrival times that are shorter, than
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Table 5-3. Summary of the Type (Category) of Assumptions, Magnitude, and Direction

in Which They Impact Model Results, and Rationale for the Assignment of Model Impacts. (3 pages)

adequate for
purpose of
evaluating
groundwater
risk/impacts

. Ithree-di.thensional modelﬁ; the

transport of all water and
contamination is restricted to the two-
dimensional domain compared to more
extensive spreading and sediment
interaction (retardation) in a three-
dimengional domain.

Recharge

Recharpe rates

are representative

Recharge rates | Conservative

Moderate

Recharge rates are biased toward
higher values; the pre-Hanford and
undisturbed ground value is regarded
as appropriate for representing the
natural {undisturbed) recharge
conditions at waste sites prior to
Hanford operations and for
undisturbed soil elsewhere in the area
(PNNL-14702a, PNNL-14702b,
PNNL-14725a, PNNL-14725b); Best-
estimate recharge rates generally
represent values at the upper end of
data distributions.

Geochemistry

Use of linear
sorption isotherm
construct
(equilibrium
partitioning
behavior; Kd
model) for
description of
geochemical
behavior

Kd Conservative

Moderate
to high

The linear adsorption (Kd model)
approach has been shown to
adequately describe contaminant
behavior when modeling vadose zone
fate and transport for Hanford Site
sediments under most circumstances
involving far-field and/or low-impact
sites where geochemical conditions
remain fairly constant and contaminant
loading of adsorption sites is low
(PNNL-13895). However, in
situations associated with large
changes in chemical condition,
especially in near-field environments,
and/or certain disposal chemistry
conditions (¢.g., large variations in pH,
alkaline concentrations, or complexing
agents), the linear adsorption model
may not be appropriate. Guidelines
exist for selecting appropriate Kd
values from the Hanford Kd database

{ (PNNL-13895). In PNNL-~13037

{Rev. 2), the authors note that Kd
values selected for modeling purposes
are typically the lowest value, or close
to the lowest value of the range of
values available in order to give

a conservative estimate. This tends to
over-estimate the transport of
contaminants to groundwater.

9
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Table 5-3. Summary of the Type (Category) of Assumptions, Magnitude, and Direction

Catogory |

. Amomptioss -

Tnstantancous

Numerical

The assumption of instantaneous

Geochenistry Conservative
equilibrium mode! equilibrium between water and
between water contaminants is conservative because
and contaminants laboratory studies of contaminated

Hanford vadose zone sediments
indicate that this assumption over-
estimates observed mags transfer rates
(PNNL-14594, PNNL.-15121).

Geochemistry | Utilization of Kd Conservative | Moderate This assumption is conservative,
adsorption Kd because laboratory studies show
values for both '| desorption Kd values to be greater
adsorption and than adsorption Kd values for COCs at
desorption Kd Hanford (PNNL-14022, PNNL-14594,
values (for PNNL-13895).
contaminant
release)

Geochemistry | Mass transfer Kd Conscrvative | Moderate Mode! assumptions using Kd-based
rate to to high retardation can significantly over-
groundwater estimate the mass transfer rate to
based on Kd- groundwater compared to kinetic or
based retardation solubility-limited release for some

contaminants {uranium), as
demonstrated in PNNL-15121,
PNNL-14594, and RPP-7884.

Geochemistry | Discharge Kd Conservative | Low to Assumptions involving the selection of
chemistry effects moderate low Kd values for some contaminants
lower due to the observed effects of elevated
uranivm (V1) Kd PH, alkaline, and/or bicarbonate
values concentrations in porewater to reduce

Kd values are not applicable to all
waste sites at the Hanford Site or to
behavior throughout the vadose zone.
These effects on uranium Kd are
limited to areas associated with such
discharge compositions (tank farms
near-field envirommnents, and
conditions of contaminant
emplacement, but not necessarily
contaminant release from
contaminant-aged sediments).

COC = contaminant of concern

Kd = instantaneous equilibrium distribution coefficient

NAFPFL = nonaqueous phase liquid

The evaluation of these assumptions indicates that (1) most of the assumptions involve hydrogeologic and
geochemicat factors, (2) most of the assumptions are either conservative or neutral, (3) source-term
uncertainty is potentially non-conservative, and (4) the majority of conservative assumptions range from
moderate to high magnitudes in terms of their potential effect on risk and vadose zone model resuits. The
evaluation of these assumptions indicates that, with the exception of the source-term uncertainty, the
assumptions associated with model parameterization are largely conservative. Based on the assumptions
evaluation, results of vadose zone modeling at Hanford should provide conservative estimates of risk in

5-9
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terms of impacts to groundwater from soil contaminants. This presupposes that the source term can be
reasonably constrained or bounded and that care has been taken to ensure that the selection of parameters
from the Hanford Site databases are both appropriate for the model conditions and within the range of
plausible parameter variability.

5.4 LIMITATIONS IN THE APPLICABILITY OF VADOSE ZONE
MODEL RESULTS

Vadose zone model limitations associated with the FEPs are considered during the model (Section 3.4)

and code selection processes (Section 4.0). The limitations also address uncertainties in the model results.

Some examples of common vadose zone model limitations at Hanford include the following:

* Simulating only Kd-controlled contaminant geochemica! reaction and transport processes, which
neglect surface complexation and precipitation

e Simulating contaminant release and retardation based on the assumption of reversible equilibrium
conditions (i.e., the same Kd coefficients used for both adsorption and desorption, which neglect
differing contaminant adsorption and desorption characteristics)

e Simulating bulk-flow and transport processes as described by the assumption of a porous media
continuum, which homogenizes small-scale heterogeneity and discordant preferential pathways

e Simulating only predicted increase in groundwater contaminant concentrations (and incremental risk
impacts to groundwater) from site-specific contaminant source terms, which neglects interaction with
waste or discharges from other waste sites, or the accumulation of risk from one waste site to the
next, unless included in the model domain or otherwise accounted for in the model design.

In general, the applicability of waste site-specific model results is limited by the site-specific conditions,
parameters, and assumptions used in the model. The main exceptions are situations for which other site-
specific conditions and intended purposes are sufficiently comparable or bounding, based on comparison
of the magnitude of the similarities and/or differences in the context of the sensitivity analyses.

However, these may not necessarily represent limitations of the model or code; rather, they represent
limitations associated with the most common use of the model/code and the applicability of the model
results. Some examples of limitations in the applicability of vadose zone model results obtained using
a specific set of waste site conditions and using waste site-specific parameters at Hanford include the
following:

s Domain and scale limitations:

— Results represent incremental groundwater risk/contamination
— Limited to source-term components within the model domain
— Limited to discharge impacts within the mode! domain

» Geologic setting limitations:

~  Results limited to modeled and comparabie stratigraphy

— Portions of the Hanford Site for which the vadose zone characteristics are comparable or
bounding in terms of thickness and geology/stratigraphy :

5-10
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* Source-term limitations:

— Results limited to modeled and comparable source-term distributions
—  Results limited to modeled and comparable source-term release mechanisms

¢ Groundwater domain limjtations:

— Limited to dilution effects within model domain based on site hydrologic properties

s Hydrogeologic parameter limitations:

—  Flow and transport is dominated by unsaturated porous media flow, with comparable or
acceptably bounding moisture content profiles

— Limited to values within the plausible range expected for the site

— Limited to constant (unchanging) values over time

— Limited to porous media continuum behavior

— Preferential pathways not considered (e.g., discordant voids such as well seals/casing, clastic
dikes, and sills)

¢ Recharge limitations:

—  Conditions similar to, or bounded by, the values of recharge rates evaluated in the models
s Geochemical limitations:

— Limited to linear isotherm behavior for contaminant release and attenuation
- Limited to assumption that adsorption Kd and desorption Kd values are equivalent
— Contaminant behavior similar to, or within the range of, evaluated Kd values.

For the purposes of risk assessment applications, these limitations appear to be acceptable because the
results represent reasonable (upper) bounding or limiting conditions, or the risk implications of the results
are not sensitive to the limitations apart from those identified through the sensitivity analysis.

5.5 SUMMARY

The common aspects of the vadose zone system at the Hanford Site have implications for model selection
and model use documentation. The expected documentation for the determination and/or estimation of
model input parameters, and many aspects of the evaluation of model uncertainties, model assumptions,
and model limitations share a common basis and rationale. The common aspects of model
parameterization ptimarily involve the data compilations, summaries, and evaluations that collectively
provide a basis for understanding the common aspects of, and fundamental relationships between, the
parameter values, data sets, and populations for the Hanford vadose zone system. This information
provides insight for the determination of parameter best-estimate values, parameter ranges, and parameter
variability. The parameters typically used in vadose zone fate and transport modeling, and the parameters
that generally have the greatest sources of uncertainty, are identified in Table 5-1. Expected
documentation concerning the common aspects of uncertainty evaluations includes the identification of
the nature and (qualitative) magnitude of their effect on model results, and a summary of the relative
confidence of representative best-estimate values (Table 5-2).

An evaluation of the common assumptions and uncertainties associated with most vadose zone modeling
is summarized in Table 5-3. These assumptions include the type (category), the magnitude and direction
in which they impact model results, and the rationale for the assignment of model impacts (Table 5-3). It
is indicated from the evaluation of these assumptions that most assumptions involve hydrogeologic and
geochemical factors. Most assumptions are either conservative or neutral, with the exception of those
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concerning source terms, which are non-conservative. Also indicated is that the potential effect of the
most conservative assumptions on calculated risk and/or vadose zone model results, range in magnitude
from moderate to high. The evaluation of these assumptions indicates that the assumptions associated
with model parameters are largely conservative, with the possible exception of the source term.

Documentation is also provided on the evaluation of the common aspects of vadose zone model
limitations. This evaluation of common limitation includes those associated with the conceptual model
FEPs, code selection processes, and uncertainties in the model results. These model limitations appear to
be acceptable for risk characterization applications, because the results represent reasonable (upper)
bounding or limiting conditions, or the risk implications of the results are not sensitive to the limitations
apart from those identified through the sensitivity analysis.

The documentation on these common aspects of model use is intended to provide a basis and framework
that supports the technical adequacy and regulatory consistency of most waste site-specific vadose zone
modeling applications at Hanford. This documentation is intended to be amended with waste site- and _
application-specific information and documentation. The documentation of the common aspects of mode!

use presented here fosters the development of the technical basis and the achievement of regulatory
consistency.
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6.0 APPLICATION OF THE CODE SELECTION PROCESS FOR VADOSE ZONE
FATE AND TRANSPORT MODELING AT THE HANFORD SITE

This section presents an application of the code selection process. As noted in Federal guidelines, mode!
selection and code selection are different, but related, activities. Model selection involves identification
of the type and attributes of the computer simulation that are necessary for a meaningful simulation of the
vadose zone system and code selection involves the choice of one or more specific computer code(s)
capable of adequately implementing the selected model type (Section 2.6). Candidate codes are evaluated
based on their ability to meet the model objectives, adequately express/represent the tasks to be modeled,
and meet the identified requirements and attributes (EPA 402-R-94-012). The main steps associated with
the code selection process and their relationships to the model selection process are summarized in

Figure 2-1. The evaluation process involves determination of the capability of the code to meet

(1) modeling objectives, (2) required model attributes, and (3) code-related criteria (EPA 402-R-94-012).

The following sections apply the code selection process to the STOMP code.

6.1 EVALUATION OF THE SUBSURFACE TRANSPORT OVER MULTIPLE
PHASES (STOMP) CODE

The technical criteria in HINF-5294 are consistent with the model attributes and FEPs described in
Section 3.5, and the administrative criteria are consistent with the other factors and criteria described in
Section 6.2. Appendix A of RPP-18227 contains an evaluation of the STOMP code against these criteria
and requirements. Although this evaluation was based on model criteria and attribute requirements
identified in HNF-5294, these are comparable to those summarized in Table 6-1 because they were both
developed specifically for vadose zone fate and transport modeling at Hanford’s Central Plateau. The
results of the evaluation show that the STOMP code is capable of meeting or exceeding the identified
attributes and criteria necessary for the simulation of vadose zone flow and contaminant transport and
assessment of groundwater impacts at Hanford. A summary of the documentation demonstrating the
adequacy of the STOMP code for vadose zone fate and transport modeling at Hanford is presented in the
following section.

Table 6-1 provides a summary of the main model attributes and code selection criteria that serve as the
basis for demonstration of the adequacy of the STOMP code for use in vadose zone modeling at Hanford.
The comparison of the code selection criteria to the STOMP code capabilities indicates that the STOMP
code is capable of simulating all of the necessary FEPs and meets all of the other required code selection
criteria. Several specific aspects of the adequacy of the STOMP code are provided in Section 6.4.1 that
address aspects of the code selection criteria, including QA documentation of verification studies for
specific model attributes (e.g., unsaturated flow, solute transport, infiltration, and drainage) and discussion
of code-related criteria (i.e., intercede comparison, hardware requirements, solution methodology,
dimensionality, and output). Information on verification studies not included in or required by the model
attributes (e.g., density-driven flow and transport, nonaqueous phase liquid [NAPL)] transpost, and heat
flow) are also included in these discussions for completeness and demonstration of additional capabilities
of the STOMP code.
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Table 6-1. Summary of the Model Attributes and Code-Related Criteria Required for ‘_}
Vadose Zone Fate and Transport Modeling at the Hanford Site and Comparison to the

Capabilities of the STOMP Computer Code. 2 pages)
' CodeSelectlonCﬂtethuedonModelAttrIbum.

S'I‘OMP Code
FEPs, and Code-l{alated Crlterln ¢

Fma:m

Fluid properties

Hydrogeologic conditions:

— Capillary retention

— Fluid pressure and saturation distribution

— Geology

Hydrogeologic material properties:

— Porous media

— Physical characteristics

— Vadose zone thickness (depth to groundwater)

Events

Recharge

Source terms/releases:

- Water

~ Contaminants

Physical transport mechanisms/rates

Advection

Vadose zone drainage

Estimating time (year) of peak concentrations in groundwater

Hydrodynamic dispersion

Molecular diffusion

Spatial movement of contaminants within and between media

Physical and chemical interactions:

— Desorption

— Solubility-based release/precipitate

— Sorption

Capillary fringe:

— Capillary action

— Drainage

R I I A R I T xxxx-_xxxxxxxxx..:...-%

Radioactive decay
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Table 6-1. Summary of the Model Attributes and Code-Related Criteria Required for
Vadose Zone Fate and Transport Modeling at the Hanford Site and Comparison to the
Capabilities of the STOMP Computer Code. (2 pages)

Dilution . . X

. Oliler 'C‘i. ﬁ“ o

Solution methodology
Model dimensionality
Time (year) peak concentrations in groundwater

pe| H e e

(Spatial) movement of contaminants within and between media

Core-Related Criteria

Source code availability .
History of use and acceptance in the scientific community
Code usability
Quality assurance:

— Code documentation

— Code testing (¢.g., verification and validation)
Hardware requirements

Solution methodology (consistency with model attribute requirements)
Code dimensionality (consistency with model attribute requirements)
Code output (consistency with model attribute requirements)

S| bl pel e pdp ] <] B p4|

* Groundwater transport is not a vadose zone FEP. It is included in this table because it is an important
factor in calculating the contaminant concentration results for the indicated methods.

FEPs = features, events, and processes

STOMP = Subsurface Transport Over Multiple Phases

6.2 DOCUMENTATION OF THE ADEQUACY OF THE STOMP CODE
FOR VADOSE ZONE FATE AND TRANSPORT MODELING AT
THE HANFORD SITE

Based on the model and code selection criteria identified and summarized in Table 6-1, the model
complexity required for vadose zone fate and transport modeling for risk-based assessments for
groundwater protection is a semi-complex, two-dimensional fate and transport model that includes some
features from complex models (two-dimensional and three-dimensional). As noted in Table 6-1, the
STOMP code possesses the capabilities associated with the level of model complexity necessary for
vadose zone modeling at the Hanford Site. The STOMP code is capable of one-, two-, and
three-dimensional, multi-phase simulations with essentially unlimited heterogeneous and anisotropic
layers. The gridding scheme allows for almost any scale of problem, including some grid refinement
techniques to evaluate some preferential flow pathways. Certain add-on modules extend the capability of
the code to include chemically enhanced permeability, colloidal transport, and reactive transport, while
others extend the capability 1o include meteorological and barometric effects. The code can
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accommodate episodic and seasonal variations in input parameters and variations associated with long-
term climate changes, and can provide output for both the near and long term. The code can also account
for radiological, biological, and inorganic decay.

6.2.1 STOMP Acceptability Documentation
6.2.1.1 Source Code Availability

The STOMP simulator is a finite-difference code developed by and available from Pacific Northwest
National Laboratory (PNNL) for analyzing multi-phase subsurface flow and transport. The STOMP code
development is managed under a configuration management plan (PNNL-SA-54023) in conjunction with
a software test plan (PNNL-SA-54022) (both only available from PNNL) that detail the procedures used
to test, document, and archive modifications to the source code. The STOMP code development is also
supported by a software specifications document (PNNL-SA-54079), as well as a software design
document (PNNL-SA-54078) (both also only available from PNNL).

6.2.1.2 History of Use and Acceptance in the Scientific Community

The scientific theory upon which the code is based is documented in PNNL-12030. Subsurface flow and
contaminant transport are generated from the numerical solution of non-linear partial differential
equations that describe subsurface environment flow and transport phenomena. The STOMP code’s
capabilities include the simulation of saturated and unsaturated flow regimes, transport of radioactive

clements and non-decaying contaminants, and transport of aqueous phase and nonaqueous phase organics.

The STOMP code has also been used extensively at Hanford to simulate vadose zone flow and
contaminant transport for various remedial and corrective actions (PNNL-113 10, PNNL-12192,
PNWD-3111, PNNL-65410, DOE/RL-2003-23).

6.2.1.3 Code Usability

The STOMP code is not a simple code to apply; however, it meets the selection criteria for vadose zone
modeling at Hanford. Use of the STOMP code is supported by application guides, user’s guides, and
theory guides maintained by PNNL. The use and application of the STOMP code requires knowledge
and understanding of, as well as experience with Fortran. To augment dissemination and usage of the
code in the scientific community, PNNL provides short courses taught by the code developers to instruct
new users how to apply the STOMP code to a variety of examples of varying complexity. Additional
lecture topics address documentation, governing equations, constitutive relations, numerical solution
schemes, algorithms, applications, parallel computing, and future development plans for the simulator
(http://stomp.pnl.gov/stomp_course.stm).

6.2.1.4 Quality Assurance

The QC for the STOMP source code is currently maintained under configuration control procedures by
PNNL. The STOMP code development is managed under a configuration management plan in
conjunction with a software test plan that detail the procedures used to test, document and archive
modifications to the source code. Formal procedures for software problem reporting and corrective
actions for software errors and updates are maintained and rigorously implemented. Documentation of
all verification and validation testing is publicly available.

The QA overview includes the results of verification and validation tests. The process of comparing
model output with either analytical or other numerical model results is known as model verification.
Model validation, however, compares output from a verified model with independent laboratory or field
data. Generally, validation studies are performed at the laboratory scale, where sediments are well
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characterized and driving forces are controlled, The STOMP code verification and validation studies
have been carried out since its inception. As new capabilities are incorporated into the simulator, model
results are compared against both analytical and other numerical solutions for both old and new
capabilities. Although internal records of tests are maintained at PNNL (and are publicly available upon
request), many of the verification and validation studies have been published in PNNL documents and
peer-reviewed journals. A brief overview of some of these results is presented in this section.

622 Initial Verification and Validation Examples

Early in the STOMP simulator’s development, three-phase flow verification and validation studies were
published in a peer-reviewed journal (White ct al. 1995, Lenhard et al. 1995). In this work, the STOMP
code was tested against simulation results from a published numerical code, MOFAT-2D (Kaluarachchi
and Parker 1989), and against non-hysteretic and hysteretic data from three-phase flow experiments.
Figure 6-1 plots NAPL and aqueous saturations against time for a 25.2-cm depth in the experimental
column. These results demonstrate good agreement between the STOMP and MOFAT-2D simulations,
as well as good agreement between the simulated and measured data.

Figure 6-1. Experimental and Simulation Results at the 25.2-cm Depth for Nonaqueous
Phase Liquid and Aqueous Saturations (from Lenhard et al. 1995).
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6.2.3 Application Guide Verification and Validation Examples

Additional verification studies for thermal and hydrogeologic flow and transport examples are presented
in the STOMP application guide (PNNL-11216). The examples in this guide are selected to demonstrate
the STOMP code capabilities, as well as to serve as verification and benchmark cases that could be
compared to analytical solutions or to results reported elsewhere in the literature using other computer
codes. Results presented in this report verified the STOMP code solution for flow and transport in fully
saturated media, flow and transport in variably saturated media, salt-water intrusion and density-driven
flow, non-isothermal flow, heat pipe flow and transport, and NAPL flow and transport. The examples
presented here were selected based on capabilities needed to represent FEPs and simulate flow and
transport at the Hanford Site. For more detailed descriptions of the test examples, see PNNL-11216.

6.2.4 Unsaturated Flow

The STOMP application guide presents verification and validation studies for unsaturated flow and
transport. Traditionally, this two-phase flow problem involving air and water is reduced to a single-phase
problem by assuming that the air phase is at constant atmospheric pressure. A case is presented that uses
this constant atmospheric pressure assumption where results generated by the STOMP simulator are
compared to experimental data provided by Ségol (1994). Hills et al. (1989) (as reported by Ségol in

a personal communication) used Haverkamp et al. (1977) problem definition and results to test alternative
pressure-based and moisture-content-based formulations for infiltration, with the ultimate objective being
the development of an algorithm capable of addressing infiltration into very dry soils.

The solutions obtained using the STOMP simulator for two test cases (labeled Case 3 and Case 6) are
displayed in Figure 6-2, along with the computational results reported in Ségol (1994). In Case 3, good
agreement is obtained between the STOMP code and the Hills et al. (1989) solution; in Case 6, however,
the STOMP code weiting front is not as sharp. In the STOMP code, temporal and spatial refinement is
required to obtain a sharply defined wetting front that would match the Hills et al. (1989) solution. The
Hills et al. (1989) model, however, was optimized for infiltration into very dry soils, and the refined
temporal and spatial resolution is not required.

6.2.5 Solute Transport

Also presented in the STOMP application guide are verification examples for solute transport. In

a one-dimensional transport example, assuming a fully saturated porous medium, concentration profiles
predicted by the STOMP code are compared to results generated by an analytical solution. In Figure 6-3,
results are presented for a Peclet number of 0.2 and five different values of the Courant number. (The
Peclet number is defined as is a measure of the relative importance of advection to diffusion, whereas the
Courant number is the ratio of a time step to a cell residence time). These results demonstrate that for

a Peclet number (Pe) of 0.2, both the Patankar and total variation diminishing (TVD) transport schemes
yield solutions close to the analytical results. Other results presented in PNNL-11216 demonstrate that
when advection dominates (higher values of the Peclet number), the TVD transport scheme is superior to
the Patankar scheme in simulating a sharp transport front.

Figure 6-4 provides further verification of the STOMP numerical transport solution, where an analytical
solution for a “patch concentration” problem is used (Cleary and Ungs 1978). In this example, a fixed-
concentration boundary condition is used as source in a steady, uniform, two-dimensional flow field that
represents a fully saturated and confined aquifer. For all three times, STOMP’s TVD transport
predictions show a good match with the analytical solution.

6-6

()

W




)

DOE/RL-2007-34, Rev. 0

Figure 6-2. Comparison of the STOMP Code and Hills et al. (1989) Solutions
to the Haverkamp et al. (1977) Infiltration Example.
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6.2.6 Density-Driven Flow and Transport

Henry’s Probiem is a classic problem that describes the advance of a diffused salt-water wedge in

a confined aquifer initially filled with fresh water. This application was presented in the STOMP
application guide to demonstrate the coupled flow and transport capabilities of the STOMP simulator.
Although these capabilities have been specifically written for salt-water brines, other solutes could be
considered by changing the algorithms for computing the brine properties (e.g., density and viscosity).
Results of the comparison are shown in Figure 6-5, which demonstrate good agreement between
analytical and numerical solutions for the concentration distribution.
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Figure 6-3, Comparison of Analytical and Numerical Relative Concentration
Data for Two Different Transport Schemes in STOMP.
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NOTE: Results are for a one-dimensional transport problem with a uniform, steady flow field (from PNNL-11216).

Figure 64. Longitudinal Concentration Profiles at y = 1 Along the x-Direction
for the Patch Source Example (from PNNL-11216).
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Figure 6-5. Steady-State Concentration Distribution from the STOMP Solution (Solid Lines} with the

Ségol Analytical Solution (Dashed Lines) for the Classical Henry’s Problem (from PNNL~11216).
1.
0.80—
i
E 0.60—
E 0.40
k3 4
0.20-
0- F | T ! L) | I' I L4 ‘ 1 !I T l T ] T I T
00 02 04 06 08 10 12 14 16 18 20
Horizontal Distance, m
6.2.7 Nonagqueous Phase Liquid Transport
The application guide presents a validation case where STOMP simulation results are compared with
- experimentally determined fluid saturations during the infiltration and redistribution of a light NAPL

(Soltrol®) and a dense NAPL (carbon tetrachloride) in a partly saturated one-dimensional column

hd (Oostrom et al. 1995). The main objective is to evaluate the performance of the Brooks and Corey and
the van Genuchten pressure-saturation relations in combination with either the Burdine of Mualem
pore-size distribution model. The experimentally determined fluid saturations are compared with
simulated results from four relative permeability-saturation-pressure (k-5-p) models. The four models are
the Brooks and Corey-Burdine (BCB), Brooks and Corey-Mualem (BCM), van Genuchten-Burdine
(VGB), and van Genuchten-Mualem (VGM) models. It was shown (see Figure 6-6) that Brooks-Corey
capillary-pressure relations in combination with the Burdine pore-size distribution model yield the best
agreement between experimental and simulated NAPL saturations for infiltration and redistribution of
Soltrol and carbon tetrachloride in the unsaturated zone of sand.

p —_—

Soltrol® is a registered trademark of Chevron Phillips Chemical Company, The Woodlands, Texas.
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Figure 6-6. (a) Soltrol Saturation versus Elevation at t = 72 hr, and (b) Carbon Tetrachloride
Saturation versus Elevation at t = 4 hr (from PNNL-1 1216).
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6.3 SUPPLEMENTAL VERIFICATION AND PARTIAL VALIDATION EXAMPLES

Additional verification examples are presented in PNNL-15465 that describe the theory implemented in
the STOMP code for the sparse vegetation evapotranspiration model (i.e., engineered barrier). The
verification examples include tests for infiltration, drainage, and heat flow in a homogeneous and layered
system from the UNSAT-H problem set (PNNL-13249). In addition to these examples, the barrier
simulations reported in the intercode comparison found in Scanlon et al. (2002) are included both for
verification and to establish a benchmark for STOMP code users. Only brief descriptions of the test
examples are presented. For more detailed descriptions, see PNNL-15465.

63.1 Infiltration

For the infiltration verification and validation, the problem of isothermal infiltration into Yolo light clay
and sand, as reported by Haverkamp et al. (1977), was selected. This example is based on the simulation
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of ponded and non-ponded isothermal infiltration into Yolo light clay and soil, as reported by Haverkamp
et al. (1977). The infiltration process was simulated with both STOMP-W (water mode) and
STOMP-WAE (water-air-energy). Figure 6-7 compares the results of the STOMP-W and STOMP-WAE
simulations with those of UNSAT-H, and demonstrates that the STOMP code converged to the
established solutions for the two soils in comparable times. In general, the agreement between the results
of UNSAT-H (PNNL-13249) and the STOMP simulator (STOMP-W and STOMP-WAE) is good,
thereby verifying the infiltration component of the STOMP code.

Figure 6-7. Infiltration Rate and Cumulative Infiltration Versus Time in Yolo Clay Soil
for STOMP-W, STOMP-WAE, and UNSAT-H for (a) Yolo Clay and (b) Sand

(from PNNL-15465).
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6.3.2 Drainage

To verify and validate the drainage component of the STOMP code, the experiment of Kool et al. (1985)
is simulated with the STOMP code and compared to both the experimental data and the numerical
simulation results from UNSAT-H. In the Kool et al. (1985) experiment, drainage was monitored on an
undisturbed core of a silt loam from a field in Virginia. Kool et al. (1985) measured the water content and
unsaturated hydraulic conductivity in the laboratory, but the unsaturated hydraulic properties used in the
van Genuchten equation were obtained by inverse modeling. Figure 6-8 compares the cumulative
outflow predicted by UNSAT-H and the STOMP code with the laboratory measurements and predictions
from Kool et al. (1985). Overall, the agreement between the STOMP code predictions, the observed data,
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and UNSAT-H is good. However, neither the STOMP code nor UNSAT-H was able to duplicate the
approximation used by Kool et al. (1985) to describe flow in portions of the core that remained saturated
during the very early times of drainage. However, this difference between the models should not
significantly affect the comparison because saturated conditions in the simulated core disappeared after
less than 0.01 hr.

Figure 6-8. Cumulative Drainage Versus Time as Measured by Kool et al. (1985)
and Versus Time Compared to Predictions of STOMP-W, STOMP-WAE, and UNSAT-H.
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NOTE: STOMP-W and STOMP-WAE are mostly indistinguishable (PNNL-15465).

633 Heat Flow

In unsaturated soils, water vapor flow is an important heat transport mechanism; thus, the capability to
accurately simulate heat transport is a prerequisite for modeling flow in non-isothermal systems. To
verify the energy component of the STOMP code, diurnal variations in soil temperatures caused by

a sinusoidal variation in temperature at the soil surface were simulated. An analytical solution for this
type of heat conduction problem has been reported in Campbell (1977). For this heat verification
problem, a 1-m (3.3-ft)-deep soil profile consisting of loamy sand is considered. This soil type is
representative of many of the near-surface sediments at Hanford, is present in the 300-N Vadose Zone
Lysimeter Facility, and is sometimes referred to as the L-soil (PNL-6488). Vapor flow is not included so
water contents and thermal conductivities remain constant during the simulation.

Figure 6-9 compares the STOMP-WAE predicted temperature profiles with those predicted by the
analytical solution. The agreement between the analytical solution and the simulated temperatures at all
depths and times indicates that STOMP-W AE correctly solves the heat conduction equation. More
importantly, these results suggest that the use of representative physical, hydraulic, and thermal properties
of Hanford Site sediments should allow accurate prediction of the temperature changes as saturation
changes.
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Figure 6-9. Soil Temperature as a Function of Depth as Determined
by the Analytical Solution (Symbols) and STOMP-WAE (Lines).
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63.4 Intercode Comparison

Scanlon et al. (2002) reported on an intercode comparison study aimed at comparing the water-balance
simulation results from seven different codes, including HELP, HYDRUS-1D, SHAW, SoilCover,
SWIM, UNSAT-H, and VS2DTL. The comparison was based on 1- to 3-year water-balance monitoring
data from the Idaho National Engineering and Environmental Laboratory in southeastern Idaho. This
example was chosen as a benchmark problem for STOMP in PNNL-15465.

The site and soil information can be found in Scanlon et al. (2002). Details on parameter identification,
hourly meteorological data, and problem setup are outlined in PNNL-15465. To perform the verification,
four different STOMP simulations were executed with different values of saturated hydraulic conductivity
and aerodynamic roughness length. Measured and simulated water balances for the Idaho site were
compared for three different time periods. However, only representative results for a single water year
and single water-balance component are presented in this document. PNNL-15465 provides descriptions
of other components and water years included in the intercode comparison.

Although simulation results from most codes were similar and reasonably approximated measured water-
balance components, the STOMP code results were consistently associated with the smallest error. In
Figure 6-10, a positive value indicates over-predication while a negative value indicates an
under-prediction. For all 22 simulations, these differences vary from -6.0 and 17.3 c¢m for the water year
1998 (WY98), whereas the results of the four STOMP code simulations were within -3.8 to - 1.0 for
STOMP code simulations.
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Figure 6-10. Differences Between Simulated Drainage
and the Measured Values (in cm) for Water in 1998.
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In addition to the QA requirements pertaining to the development and management of the STOMP code at
PNNL, there are also QA requirements associated with usage of the code by other Hanford contractors.
Example QA (QA plan and testing) and QC (configuration :nanagement) requirements for the STOMP
code for other Hanford contractors are presented in RPP-18226, RPP-18227, and RPP-18228. In general,
these QA requirements are limited to demonstrating the integrity of the executable file after the Fortran
source code has been compiled with the commons file and the user-prepared (problem-specific) parameter
files on the system operating it. This is accomplished by executing the documented test cases that PNNL
used to verify and benchmark the code and comparing the resulting files to files provided by PNNL

(e.g., RPP-25859). :

6.3.4.1 Hardware Requirements

Written in Fortran with extensions for parailel implementation, the STOMP code has been executed on

a variety of platforms at national laboratories, government agencies, private companies, and universities.
The STOMP code is a commercial off-the-shelf code (obtainable from PNNL), which requires a compiler
to compile the code with a “commons file” and a “problem-specific parameters file.” Full optimization of
the simulator has been successful on several workstations and mainframe computers. The current
configuration management requirements for the STOMP code at CH2ZM Hill Hanford Group, Inc. limit its
operation to stand-alone computers (Intel Xeon Processor, 3.06 GHz, 2GB DDR266 SDRAM memory)
with a UNIX® or LINUX® operating system (RPP-18228), which provides an indication of the computer
hardware necessary to operate the code practically.

UNIX? is a registered trademark of The Open Group, San Francisco, California.
LINUX? is a registered trademark of Linus Torvalds.
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6.3.4.2 Solution Methodology

The STOMP code is a finite-difference code for analyzing multi-phase subsurface flow and transport
founded on the conservation of mass and energy equations, with constitutive functions relating the
relevant properties to the conservation equations. The fundamental equations are solved using an integral
volume finite-difference approach, with the linear systems of equations solved using a direct-banded
matrix solver, an unsymmetric pattern, multi-frontal package, or an indirect conjugant gradient-based
solver (PNNL-12030). A complete description of the actual equations and the partial differential
approximations are contained in the user’s guide (PNNL-15782), theory guide (PNNL-12030), and theory
guide addendums (PNNL-15465, PNNL-15482).

6.3.43 Code Dimensionality

The STOMP code is capable of simulating vadose zone flow and transport in one, two, or three
dimensions. The only limitations associated with dimensionality regard the hardware capabilities of the
computer system executing the code.

63.44 Code Output

The STOMP code is capable of generating several types of output to meet any practical output
requirements. The STOMP code is capable of generating output files with results of specific variables
presented for specific nodes within the model domain identified in the input file by the STOMP code
user. The STOMP code is also capable of generating plot files, which contain the results of specific
variables for every node in the model domain for a specific time during the execution period. Finally, the
STOMP code is capablie of generating surface files with flux rate and integral results of specific variables
across specific planes within the model domain, including planes across boundary conditions, identified
by the code user.

6.4 SUMMARY OF THE STOMP CODE EVALUATION AND ACCEPTABILITY

The STOMP simulator is a robust tool that can be successfully applied at Hanford. However, the validity
of STOMP code predictions is highly dependent on the conceptual model and the data available to
support its development and incorporation into the numerical modeling framework. Spatial and temporal
discretization, appropriate boundary condition assignment, and hydraulic parameter estimates are all
examples of factors that impact results independent of any STOMP code capabilities or limitations.
Identification of FEPs is a critical step in model development. Because STOMP code developers are
located onsite, any FEPs not currently represented in the STOMP simulator can be incorporated into the
simulator following strict QA/QC procedures supported by PNNL. Alternatively, any limitations in either
the conceptual model or its implementation within the STOMP code may be acceptable for the purposes
of risk assessment applications, if simplifying assumptions in the model provide conservative bounding,
or limiting conditions, or have risk implications insensitive to the limitations.
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7.0 CONSISTENCY WITH FEDERAL REQUIREMENTS AND GUIDELINES

Consistency with the Federal requirements and guidelines identified in Section 2.0 pertaining to the
selection and use of ERMs is achieved by means of the documentation associated with the application of
the guidelines. This documentation includes the description of the technical basis, rationale, and
processes used in the selection and/or use of an ERM. The general documentation elements
recommended by EPA for the selection and use of ERMs (CREM 2003) involve the following general
model documentation elements:

s Method/mode] selection:

— General management objectives (identification of problem and objectives of the modeling)
~ Conceptual model development
~  Choice of technical approach (method, model, and code selection)

o Model use:

—~ Parameter estimation

— Uncertainty/error evaluation

— Assumption evaluation

= Limitations in the applicability of model results

~ Evaluation of model results (conclusions in relationship to management objectives)
— Recommendations.

These requirements and guidelines are summarized in Table 7-1, where they are divided into two main
categories: (1) those pertaining to method, model, and code selection (green headings); and 2) those
pertaining to the model use and the use of the results in risk-based applications (orange headings). These
requirements are also cross-referenced in Table 7-1, with the specific locations in this document where
documentation is provided that pertain to the demonstration and/or support of consistency with the
identified Federal ERM documentation elements.

7.1 METHOD/MODEL-TYPE AND CODE SELECTION

The method selection process involved the application of all elements of the Federal guidelines on ERM
model selection, which inciude the following steps:

1. Identify the problem and define the objectives and regulatory purpose of the modeling.
2. Develop a conceptual model and conceptual model components.
3. Determine principal FEPs to be modeled.

4. Identify other factors and requirements to be considered as required model attributes and selection
criteria.

5. Select an appropriate model type:

a. Evaluate candidate methods/models possessing the required attributes for their ability to meet the
model criteria.

b. Select the appropriate ERM model type that possesses the required model attributes and is
capable of meeting the modeling objectives.

7-1
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Table 7-1. Documentation Elements for Consistency with Federal Requirements
and Guidelines for the Use of Environmental Regulatory Models.

—

Federal Compliance Elements and Requirements for the Selection and-IIjsje-(C_Il Lt’o_ca_ '!St;:; 5
. ' . Rt er/Section) in|
of Environmental Regulatory Models (ERMs) for Risk Based Applications|' P o >ccHom
¥ snta -2/ &= ) PPUCAtIINS this Document
Purpose/Objectives 1.0, 3.0, 4.1
* |Rationale of need/use for modeling 22
Conceptual model(s); description of processes, mechanisms, phenomenon, 42
|site and system (i.e., vadose zone) characteristics to be considered .
Determine nature and types of primary system (i.e., vadose zone) FEPs and 43
predictive tasks to be modeled ;
Assess/determine other required model requirements/attributes 43
Method selection/documentation 43
' Evaluation/assessment of adequacy/capabilities of candidate codes (vs.
: 3 6.0
required model attributes)
| Consideration of code-related criteria (characteristics, QA, etc.) and 63. 8.4

~ |administrative criteria
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Application-Specific
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7.1.1 Problem, Objectives and Purpose for the Use of Environmental Regulatory Models
at the Hanford Site

The problem (discussed in Sections 1.0 and 4.1) concerns the need for a technically appropriate and
regulatory-consistent method of risk characterization associated with vadose zone contaminants at the
Hanford Site. The regulatory purpose for the use of an ERM in this capacity concerns the assessment and
characterization of the potential risk to groundwater from vadose zone contaminants at Hanford. The use
of an ERM for this purpose fulfills the requirements and expectations that the methods and tools used in
risk-based applications must be appropriate for addressing the problem to be solved.

7.1.2 Hanford Site-Specific Vadose Zone System Conceptual Model, FEPs, and Model Attributes

Consistency with the Federal requirements concerning the rationale and basis for the development of the
conceptuzl site model includes documentation regarding the conceptual model components, as well as the
identification of associated FEPs and model input parameters. The evaluation of these FEPs provides the
basis for the identification for use in the evaluation of necessary modeling capabilities. The FEPs for
vadose zone modeling at Hanford include consideration of the thick and stratified vadose zone and
spatially and temporally varying recharge conditions. The model attributes and criteria for the selection
of an appropriate ERM model type were identified by combining the FEPs with other necessary criteria
and capabilities, which include consideration of the level of model complexity, dimensionality, and other
requirements necessary to achieve the modeling objectives. These other model atiributes for Hanford
vadose zone modeling include Federal requirements conceming the requirement for the model results to
include time (year) of peak concentrations in groundwater, and approximate the spatial movement of
contaminants within and between media.

7.1.3 Model Type Selection

As indicated from the application of these Federal guidelines for the model selection process

(Section 4.3), two-dimensional fate and transport is the model type identified as necessary to meet the
required attributes and criteria. This model type is capable of satisfying the objectives of risk
characterization applications at Hanford. The documentation in Section 4.3 provides the information
necessary for the demonstration of consistency with the Federal requirements and guidelines for the
selection of a method/model appropriate for most vadose zone modeling applications at Hanford.

7.2 CODE SELECTION

Consistency with the Federal guidelines for the code evaluation and selection process is documented in
Section 6.0, in the context of the evaluation of a candidate code, STOMP. The code evaluation/selection
process involved the determination of the capability of the STOMP code to meet the modeling objectives,
the required model attributes, the code-related criteria, and to also be acceptable in the consideration of
administrative criteria (EPA 402-R-94-012). The documentation provided in Section 6.0 addresses all
aspects of the Federal guideline requirements and expectations. The results of this evaluation indicate
that the STOMP code meets all of the required model type attributes and criteria, and it is appropriate for
use in conducting vadose zone fate and transport modeling at the Hanford Site at the 200-UW-1 OU
waste sites and at other OUs.
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7.3 CONSISTENCY WITH FEDERAL REQUIREMENTS FOR THE USE 3
OF ENVIRONMENTAL REGULATORY MODELING AND EVALUATION "
OF MODEL RESULTS

The documentation provided in Sections 4.2 and 5.0 addresses the aspects of consistency with the Federal
guidelines concerning the use of vadose zone fate and transport ERMs at the Hanford Site for risk
characterization applications. The information and documentation necessary for complete technical
adequacy and regulatory consistency require amending the common elements with waste site- and
application-specific information and documentation. This information is intended to serve as

a foundation that contributes to the full documentation necessary to demonstrate the technical adequacy
and regulatory consistency for most vadose zone modeling efforts at Hanford. The following subsections
contain a synopsis of this documentation and its relationship to that required for consistency with these
requirements and guidelines.

73.1 Model Parameterization

The Federal guidelines for the evaluation and selection of parameter values to be used in ERMs are
related to the conceptual site model and uncertainty evaluations. The conceptuat model and conceptual
model components for the Hanford vadose zone system documented in Section 4.2 provide a starting
point and the basis for the selection of model parameters. Input for model parameters (Section 5.1) is
obtained from data contained in Hanford Site-specific databases, data packages, and reports. These data
provide baseline information on the populations and ranges of parameter values, best-estimate and/or
statistical values (e.g., mean and median values), and also information on area and/or waste site-specific
sub-populations. This documentation explains how and why the data contained in these documents
provide an appropriate basis for assessing the sources, quality, and criteria of the data sets used in the -
parameterization of vadose zone models at Hanford. This documentation is intended to be augmented by
waste site-specific data for application-specific vadose zone ERMs.

73.2 Model Use and Evaluation of Model Results, Uncertainties, Assumptions, and Limitations

The remainder of the Federal requirements associated with the use of ERMs concerns documentation
pertaining to the evaluation of model results, and the evaluation of model uncertainties, assumptions, and
limitations. The docurnentation presented in Sections 5.2 through 5.4 addresses the extent to which these
model use elements can be documented for vadose zone modeling at Hanford in general. Thus, this
documentation is intended to provide a fundamental basis and framework that supports the model use
documentation necessary for most vadose fate and transport modeling at Hanford. Consistency with the
Federal guidelines concerning the evaluation and summary of model results requires application-specific
documentation of modeling results, which is not addressed here. Examples of the common limitations in
the applicability of vadose modeling at Hanford are documented in Section 5.4. This documentation is
also intended to be used as a common basis in the documentation of Hanford vadose zone modeling
efforts, but supplemented with application-specific information for the demonstration of consistency with
Federal requirements.

7.4 FEDERAL REGULATORY FRAMEWORK

A modified form of the framework for consistency with Federal and state regulations and guidelines

(shown in Figure 2-5 and described in Section 2.9) is presented in Figure 2-5. The figure identifies the

comhined requirements and expectations. The elements of the Federal and state requirements and

guidelines (shown in the figure and are color-coded in the same manner used in Table 7-1) are divided -,
between (1) model/method and code selection, and (2) modet use and results evaluation. As shown in this ~
figure, the state elements pertaining to the derivation of soil concentrations for groundwater protection

have direct and/or indirect counterparts in the Federal requirements and guidelines. Thus, the
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documentation demonstrating and/or supporting consistency with the Federal guidelines can also serve as
the basis for the demonstration of consistency with the corresponding State requirements. A direct
comparison of these requirements and locations of documentation conceming consistency and/or
relevance to elements is provided in Section 8.6. This comparison illustrates the correspondence between
the state and Federal requirements and between the parallel documentation necessary for the
demonstration of consistency with both sets of requirements.

7.5 SUMMARY

The summary of documentation presented in this section demonstrates that the elements of the Federal
requirements for method, model, and code selection have been addressed. The rationale and technical
basis provided in this document are intended to demonstrate consistency with the Federal requirements
and guidelines. This documentation addresses the conceptual model, FEPs, and model attributes
applicable to the Hanford vadose zone system, and the use of this information in the determination that
fate and transport modeling is the most appropriate model type pursuant to risk characterization
applications for 200-UW-1 OU waste sites. An evaluation of the adequacy of the STOMP code for
implementing vadose zone fate and transport modeling is also documented, which indicates that the
STOMP code is appropriate for this vadose zone modeling application.

Many aspects of the elements associated with the Federal guidelines on the of ERMs in the context of
vadose zone fate and transport are documented here. This documentation addresses the common
background and fundamental information typically associated with vadose zone modeling at Hanford.
This documentation provides an important demonstration of and supports consistency with these Federal
requirements and guidelines. However, consistency associated with model use is incomplete without site-
and application-specific information on model parameterization, and the evaluation of model
uncertainties, assumptions, limitations, and model results.
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80 DEMONSTRATION OF CONSISTENCY WITH STATE REGULATIONS
FOR THE SELECTION AND USE OF A METHOD FOR DERIVING SOIL
CONCENTRATIONS FOR GROUND WATER PROTECTION
AT THE HANFORD SITE

This section addresses consistency with the state regulations most relevant to the use of ERMs for risk
characterization applications associated with the Hanford vadose zone system. As discussed in

Section 2.8, the requirements of WAC 173-340-747 mandate the selection and use of an appropriate
method (ERM) for the purpose of protecting groundwater from vadose zone (soil) contamination.
Consistency with the state requirements involves and/or implies the need for documentation of the
rationale and technical basis associated with the elements of (1) method selection (WAC 173-340-747),
and (2) conditional requirements that accompany the selection of a method. These conditional
requirements can include method-specific requirements (e.g., scientific approach and parameterization),
and also the WAC 173-340-702(14), (15), and (16) burden of proof requirements. The burden of proof
requirements concern the adequacy and quality of information and method/model-specific criteria
typically associated with model use (e.g., parameterization, assumptions, uncertainties, limitations, and
conservatism).

The evaluation of the state methods described here concerns determination of the extent to which the
methods identified in WAC 173-340-747(3) are appropriate and capable of meeting the objectives of
vadose zone modeling at the Hanford Site. Based on the application of the ERM selection process
described in Section 4.0, it is indicated that fate and transport modeling is the model type most
appropriate for meeting the objectives of vadose zone modeling at Hanford. Although this model type is
consistent with the “alternative fate and transport modeling” method identified in the

WAC 173-340-747(3), all of the identified state methods are evaluated here in the context of their
capabilities as appropriate methods/models for meeting the objective of vadose zone modeling at
Hanford. The documentation provided here concerning method selection and use demonstrates and/or
supports consistency with the requirements and/or intent of state regulations, as illustrated in Figure 8-1.
Figure 8-2 illustrates the regulatory consistency framework

The documentation concerning consistency with the State regulations is organized in the following
manner. Section 8.1 provides a summary of the information and rationale regarding the selection of
“alternative fate and transport” as the most appropriate choice of the state methods. Section 8.2
documents the manner and extent to which this information also demonstrates and/or supports
consistency with the conditional state requirements that accompany the selection and use of the
“aiternative fate and transport modeling” method. The extent to which the rationale, evaluation, and
documentation provided on code selection, and the STOMP code in particular, complies with the
expectations and/or intent of the WAC 173-3 40-702(14), (15), and (16) burden of proof requirements is
provided in Section 8.4.

31
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Figure 8-1. Summary of WAC 173-340-747 Method Selection Requirements and WAC 173-340-702
Conditions Associated with the Choice of the Alternative Fate and Transport Models.

Green highlighted boxes denote requirements associated with method selection. Orange-highlighted
boxes denote requirements/conditions associated with method parameterization.

Ecology Method Selection: Alternative Fate and

Transport Model Requirements/Conditions Disposition/Compliance

Method Selection Bl na ‘. in%l_m ST
y 3
AFT Requirement (747) l Use of site-specific data ] l Yes, documentation providm
v i
AFT Requirement (747) Ra(t::; ?]:o:‘::igsr: ;E?;gg;,iggg;‘;ta:: t)crs | Yes, rationale provided I
A 4
AFT Requirement (747) Complimceﬁw;l:ng;gt?' (13), (16) | Yes, documentation provided I

!

v
(14) Burden of Proof * 747 Method (Alternative

: » Trigger: use of methods, exposure scenarios or assumptions Falle an: 4 manspar] todel)
702 Requirement other than defaults SRS

* 747 Non-default parameter
rationale provided in

= Requirement: Demonstrate that (15) and (16) have been met

* Assumptions and other
parameter values
documented

(15) New Scientific Information in establishing site All data (except for
S cleanup/remediation levels: recharge rate) from
702 Requirement ® Shall meet the quality of information requirements in J published scientific ¢
subsection (16) = mel":truni PDSP":_PEWUP““'
. : . recharge rate information
Introduced as early in the cleanup process as possible presented to Ecology:
l sensitivities performed
(16) Criteria for quality of information:

(i) Information based on accepted theory or technique within the - g
scientific community? — * Yes, documentation provided

(i1) Information derived using standard testing methods or widely . A
accepted scientific methods? = * Yes, documentation provided

. (iii) Rationale for the proposed modification; Review of the relevant
702 Requirement available information provided? = » Yes, documentation provided

(iv) Validity of assumptions; modifications err on side of protection of * Yes, documentation provided
human health and the environment? = * Not applicable

(v) Information addresses more highly exposed populations? —_

(vi) Adequate quality assurance and quality control procedure.\:, used? e Yes, documentation provided
Significant anomalies explained? Limitations of information =
identified; Acceptable error rate?

NOTE: Green highlighted boxes denote requirements associated with method selection. Orange-highlighted
boxes denote requirements/conditions associated with method parameterization.
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Figure 8-2. Regulatory Consistency Framework.

Framework for identifying the processes and requirements Jfor demonstrating consistency with Federal and

corresponding state requirements for the use of ERMs. The upper half highlighted in green denotes the
requirements and elements associated with the model, method, and code selection process. The lower part,

highlighted in orange, denotes the requirements elements associated with model use and model documentation.
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* Model Assumptions Analysis
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* Model Results
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8.1 RATIONALE FOR SELECTION OF METHOD FOR THE CALCULATION
OF SOIL CONCENTRATIONS FOR GROUNDWATER PROTECTION
(WAC 173-340-747)

The WAC regulations address the need for a scientifically valid method for determining cleanup levels
protective of groundwater. For the protection of groundwater pathway at Hanford, WAC 173-340-747 is
the most pertinent requirement. WAC 173-340-747(2) dictates that one of the methods specified in
WAC 173-340-747(4) through (9) shall be used to determine the soil concentration that will not cause

an exceedance of the groundwater cleanup level established under WAC 173-340-720.

WAC 173-340-747(3) provides an overview of methods for deriving soil concentrations that meet the
criteria specified in WAC 173-343-747(2) and specifies that one of the seven methodologies in

WAC 173-340-747(4) through (10), including WAC 173-340-747(8), shall be used. The methods in
WAC 173-340-747 include the following:

Fixed parameter three-phase partitioning model (WAC 173-340-747[3][a] and [4])
Variable parameter three-phase partitioning modet (WAC 173-340-747[3][b] and [5])
Four-phase partitioning model (WAC 173-340-747[3][¢] and [6n

Leaching tests (WAC 173-340-747[3][d] and [7])

Alternative fate and transport model (WAC 173-340-747[3][¢] and [8])

Empirical demonstration (WAC 173-340-747[3][f] and [9])

Residual saturation (WAC 173-340-747[3][g] and [10]).

N o

The evaluation of the applicability of each methodology to Hanford vadose zone waste sites is presented
below along with an associated evaluation of each method documenting the technical basis and rationale
for the method selection:

(1) Fixed parameter three-phase partitioning model and (2) Variable parameter three-phase
partitioning model: The three-phase partitioning model, either fixed or variable, is a mathematical
expression (Equation 747-1 in WAC 170-340-747) used to derive soil concentrations protective of
groundwater. Use of the model requires adopting many simplifying assumptions (e.g., constant and
uniform recharge conditions) that contamination exists uniformly throughout the vadose zone, that
Kd-based partitioning between solid (soil) and liquid (water) phases occurs, and that vadose zone and
groundwater dilution may be approximated by an effective dilution factor (DF) that acts as

a combined parameter for all vadose zone and groundwater transport processes. This parameter
provides a basic and fixed representation of subsurface conditions controlling contaminant transport.
These partitioning models/methods (Method 1 and 2) are examples of a simple analytical model.
Simple analytical models are typically intended to function as screening tools before the
implementation of more complex models (ASTM E 1739-95, EPA 402-R-94-012). Although the
partitioning models likely provide conservative estimates of soil concentrations protective of
groundwater, the assumptions associated with the model are not representative of dominant processes
impacting contaminant transport in the vadose zone at Hanford. Use of such a model is inconsistent
with the EPA’s stated environmental regulatory policy that identifies and manages uncertainties that
compromise the decision-makers’ ability to make accurate predictions of risk or risk reduction
(Crumbling 2002).

These partitioning models are not capable of representing a dynamic vadose zone system that has fate
and transport of contaminants occurring through heterogeneous porous media of variable thickness
and hydrogeologic properties. The limitations of simple analytical models include the inability to
account for heterogeneous porous medium properties, the inability to account for multiple sources
contributing to a plume, and the inability to account for irregular site boundaries. The partitioning
models do not account for retardation of contaminants associated with fate and transport processes in
natural environments with non-negligible vadose zone thicknesses. The assumptions made in the
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partitioning model cannot be justified for the Hanford vadose zone system, where the unsaturated
zone can extend to over 80 m (262 ft). Empirical data have also confirmed that variable retardation of
contaminants occurs in the Hanford vadose zone. The partitioning models also lack the ability to
account for retardation and/or sequestration of contaminants associated with fate and transport
processes that may change in the system over time. The EPA guidance for the assessment of risk for
Superfund Sites (EPA/540-R-92/003, EPA 1995, OSWER Directive 9200.4-18) specifically calls for
the assessment of risk/protectiveness over time, in terms of predictions using appropriate models to
examine the estimated future threats posed by residual contaminants. These guidelines identify
expectations to predict the year of peak concentration and/or dose in groundwater and model the
expected movement of contaminants at the site within both the soil and groundwater. The
partitioning models, therefore, are not appropriate for applications to the Hanford vadose zone waste
sites because they do not adequately incorporate key FEPs required to simulate the system of this
complex vadose zone. While acceptable for use as a screening tool, the partitioning model is
inadequate for the purpose of risk assessment modeling and establishing appropriate soil contaminant
levels protective of groundwater at Hanford vadose zone waste sites.

(3) Four-phase partitioning model: This methodology is a variation of the three-phase partitioning
model intended for applications also involving NAPL COCs. This methodology is also not adequate
to describe the dominant factors affecting contaminants in the Hanford vadose zone for the same
reasons described for the three-phase partitioning methodology.

(4) Leaching tests: The leaching test methodology alone is not a sufficiently robust method to
accommodate the FEPS associated with transport and behavior of contaminants in the vadose zone
soils at Hanford. Although leaching tests can provide information on contaminant mobility in the
context of partitioning between solid (soil) and liquid (water) phases and/or solubility, this is only one
aspect of one of the conceptual model components (i.e., geachemistry) concerning contaminant
transport and behavior through the vadose zone. While leachability may be a dominant factor in the
impact to groundwater for systems where the thickness of the vadose zone is subordinate or
inconsequential, it is, by itself, highly inadequate for describing systems with a substantial vadose
zone thickness, such as that at the Hanford Site, because this methodology does not accommodate any
other key FEPs such as transport-related processes, or other aspects of the vadose system apart from
geochemical partitioning. Thus, this methodology, by itself, is incapable of yielding the type of risk
characterization information necessary and required for risk-based applications associated with the
Hanford vadose zone system.

(5) Alternative fate and transport modeling: This method is the most appropriate model for the
derivation of soil concentrations for groundwater protection (WAC 173-340-747[3][¢] and [8),
«A lternative Fate and Transport Models”) for a number of reasons:

o This option provides for the use of site-specific information, data, and model parameters.

« This option provides for the capability to more effectively account for the characteristics and
properties of the thick sequences of vadose zone sediments at the Hanford Site that influence
contaminant migration.

o This option allows for the use of models capable of simulating the dynamic behavior of

contaminants associated with fate and transport associated with unsaturated porous media flow
through the Hanford vadose zone much more effectively (i.e., directly) than the other methods.
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» This option provides for the capability to simulate the observed attenuation of contaminant flux Y
rates and concentrations through the Hanford vadose zone associated with naturally occurring _
processes such as tortuosity in the flow paths, anisotropy, dispersion, and contaminant
retardation/attenuation.

» This option is the only one of the WAC 173-340-747 methods capabie of meeting the EPA criteria
of assessment of risk/protectiveness over time, including radioactive decay.

o This option is the most appropriate choice based on the consideration of the assumptions and
uncertainties inherent in the method for the intended application.

Overall, this method provides the capabilities necessary to describe the dominant FEPs associated
with contaminant behavior in the vadose zone at the Hanford Site.

(6) Empirical demonstration: The empirical demonstration method calls for the use of site-specific
soil and groundwater sample data to demonstrate that soil concentrations will not cause an
exceedance of the applicable groundwater cleanup level. As stated in WAC 173-340-747(3)(ii), it
must be demonstrated that sufficient time has elapsed for the hazardous substances to migrate from
the soil (vadose zone) into groundwater. Demonstration of a sufficient lapse of time does not appear
to be feasible for certain COCs in the Hanford vadose zone (e.g., significantly retarded COCs).
Although measures such as long-term monitoring will have an increasingly important role in
assessing vadose zone impacts to groundwater over time, the use of the empirical demonstration
method alone is not an adequate method for the purpose of risk characterization concerning
groundwater impacts from contamination in vadose zone soils at Hanford.

{7) Residual saturation: This method concerns soil concentrations that do not resutt in the ™
accumulation of NAPL on or in groundwater. This methodology is not applicable for modeling
efforts not involving NAPL COCs,

WAC 173-340-740(c)(ii)(A) and WAC 173-340-745(c)(ii)}(A) point to the use of the methods in

WAC 173-340-747 to determine soil cleanup levels that are protective of groundwater without providing
any indication of preference toward any method. The following is a summary of the limitations of the
modeling methods listed in WAC 173-340-747, besides alternative fate and transport models, that prevent
these models from adequately simulating contaminant migration in the Hanford Site subsurface:

The model mathematical expression(s) fails to incorporate the site specific conditions at Hanford
such as follows:

- Arid climate levels of infiltration and recharge

— Thick vadose zone consisting of heterogeneous units with variable thickness
- Site-specific geochemistry prone to inhibit the transport of uranium

— Hydrologic conditions that change over time. '

The expression requires the use of the assumptions of Kd-based partitioning between solid (soil) and
liquid (water) phases and an effective DF that cannot be derived from Hanford vadose zone and
groundwater mixing dilution effects.

The expression essentially represents instantaneous, uniform, static equilibrium ratios of vadose zone

leachate and volume to groundwater volume, rather than the results of fate and transport through -
heterogeneous porous media of variable thickness and hydrogeologic properties. -
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e The expression lacks the ability to account for retardation and/or sequestration of contaminants
associated with fate and transport processes in natural environments, of changes in the system over
time.

These shortcomings are especially important for applications involving the vadose zone at Hanford,
having a thickness that extends over 80 m (260 ft), and/or for empirical data confirming/validating the
variable retardation of contaminants in the vadose zone (PNNL-13895, PNNL-13037). The application of
inaccurate estimates of potential groundwater contamination can translate to overly conservative risk and
cleanup-level estimates.

The WAC 173-340-747(3) directs that a method be chosen that is appropriate for the intended risk
assessment application including the determination of cleanup goals. However, this regulation does not
identify how method selection should occur, but it does invoke conditional evaluation criteria
requirements associated with the selection of “alternative fate and transport models” in

WAC 173-340-747(8)c) and WAC 173-340-702(14), (15), and (16). This evaluation is provided to
identify that this nethod is the only one that is appropriate, relevant, and applicable in terms of its
capabilities for meeting all of the required model objectives and attributes for risk assessments and
establishing cleanup goals at Hanford (i.e., level of complexity, the use of site specific data, and
incorporation of specific information for hazardous and radiological soil contaminants).

As specified in WAC 173-340-747(3), alternative fate and transport models are an acceptable method for
calculating soil concentration cleanup levels for any hazardous substance for groundwater protection.
Comparison of these methods to the model attributes and FEPs required for vadose zone risk assessment
and soil cleanup-level applications is summarized in Table 8-1. It is indicated, from the comparison of
the methods identified in WAC 173-340-747(3) to the model attributes and FEPs required for vadose
zone modeling at Hanford, that aiternative fate and transport models is the onty method with the
capabilities to meet all of the requirements for risk characterization applications. This method is the most
appropriate for the assessment and characterization of risk and the esteblishment of soil cleanup levels
protective of groundwater in the 200 Areas at the Hanford Site. The other methods specified in of

WAC 173-340-747(4) through (10) are inadequate for the purposes of risk characterization for the
conditions and characteristics of the Hanford vadose zone. The selection of alternative fate and transport
modeling for the purposes of risk characterization and the derivation of soil cleanup levels for the
protection of groundwater pathway are also consistent with Federal guidelines, which require that models
have the capability to incorporate/address the dominant FEPs to be simulated in the natural environment.

8.2 CONDITIONAL REQUIREMENTS ASSOCIATED WITH THE SELECTION
OF THE ALTERNATIVE FATE AND TRANSPORT MODELING METHOD

The WAC 173-340-747(8), “Alternative Fate and Transport Model,” subsection specifies conditional
requirements for establishing soil concentrations through the use of fate and transport models other than
those specified in WAC 173-340-747(4) through (6). As specified in subsection (8):

“The alternative models may be used to establish a soil concentration for any
hazardous substance... Site-specific data are required for use of these models...
“Proposed fate and transport models, input parameters, and assumptions shall comply
with WAC 173-340-702(14), (15), and (16).”
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Table 8-1. Comparison of the Methods Identified in WAC 173-340-747(3) to Model Attributes and the
Features, Events, and Processes Required for Vadose Zone Modeling
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at the Hanford Site.
| o ‘Modified Methods for Fate and
Model Attributes and FEPs Required | - 533 b
Modeling at the Hanford Site  * | aj e
Number Associsted with Description 1 2 3 4 5 6 7
Fluid properties X X X N/A
|_Hydrogeologic conditions:

Capillary retention X N/A
Fluid pressure and saturation
distribution X N/A
Geology X X X N/A

Hydrogeologic material properties:

Porous media X X X X X X N/A
Physical characteristics X N/A
Vadose zone thickness (depth to

|___groundwater) X N/A
Recharge X X X X N/A
Source terms/reienses:

Water X X N/A
Contaminants X X X X X X N/A
Lo Do PROCESSES o iy
Physical transport mechanisms/rates: .
Advection X X X X N/A
Vadose zone drainage X N/A
Estimating time (vear) of peak N/A
concentrations in groundwater X
Hydrodynamic dispersion X N/A
Molecular diffusion X N/A
Spatial movement of conteminants N/A
within and between media X
Physical and chemical interactions:

Descrption X X X X X N/A
Solubility-based release/precipitate X X N/A
Sorption X X N/A

Capillary fringe:

Capillary action X N/A

Drainage X X N/A

Radioactive decay X X N/A
B GROUNDWATER TRANSPORT*

Dilution X X | X ] | X T X T wNA

* Groundwater transport is not a vadose zone FEP. It is included in this table because it is an important factor in

calculating the contaminant concentration results for the indicated methods.

FEPs = features, events, and processes

-

t
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Thus, the use of alternative fate and transport modeling invokes conditional requirements associated with
WAC 173-340-747(3) and (8) and WAC 173-340-702(14), (15), and (16). The conditional requirements
include the use of site-specific data in the models, and demonstration that the fate and transport models,
input parameters, and assumptions comply with the burden of proof requirements found in

WAC 173-340-702. Some of the conditional requirements associated with the selection of the
«glternative fate and transport modeling” method involve model-specific criteria, such as model
parameterization and model use requirements (€.g., evaluation of assumptions, uncertainties). These are

factors and criteria that are not associated with method, model, or code selection, but rather with ERM use
and documentation requirements.

The state conditional requirements that invoke the evaluation criteria for proposed fate and transport
models (WAC 173-340-747(8][c] and WAC 173-340-702(14], [15], and [16]) primarity concern the
adequacy and quality of data used in the modeling. Elements of WAC 173-340-702(14), (15), and (16)
burden of proof requirements are also regarded here as consistent with and contained within elements of
the Federal guidelines concerning the acceptability of the model type and code. Demonstration of
consistency with these conditional requirements is provided in the following subsections. This
documentation provides the basis for demonstrating consistency, and/or support for consistency, with the
conditional requirements concerning the selection of the alternative fate and transport models method.

The primary conditions associated with the use of fate and transport models identified by
WAC 173-340-747(3) and (8) include the following:

» Use of site specific data

¢ Documentation concerning the technical basis and rationale for model parameterization and several
specific parameters

e Additional evaluation criteria (WAC 173-340-702[14], [15], and [16]) requirements involving
documentation of the technical basis and rationale concerning the proposed fate and transport models,
input parameters, and model assumptions.

These “burden of proof” conditions associated with WAC 173-340-702 are primarily invoked when one
or more of the following is proposed:

e “Use a reasonable maximum exposure scenario other than the default
provided for each medium,”

o “Use assumptions other than the default values provided for in this chapter”

e “Establish a cleanup level under Method C,” or

e “Use a conditional point of compliance.”

Most model/code applications at Hanford use a common Hanford Site-specific basis and databases for
eterization of the models. Therefore, the documentation regarding consistency with the

WAC 173-340-747(8)(b) conditional requirements is limited to those aspects of the Hanford Site-specific

data that are common and applicable for most model applications (e.g., data types, sources, etc.). This

documentation concerns these common aspects of parameterization. Waste site-specific applications also

require supplemental documentation based on waste site-specific characteristics, conditions, and data for

consistency with these requirements.
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82.1 WAC 173-340-747(8) and (8)(B) — Criteria

WAC 173-340-747(B), “Alternative Fate and Transport Models,” specifies the procedures and
requirements for establishing soil concentrations through the use of fate and transport models other than
those specified in WAC 173-340-747(4) through (6). The assumptions under this subsection further state:

“When using alternative models, chemical partitioning and advective Jlow may be
coupled with other processes to predict contaminant fate and transport, provided the
Jollowing conditions are met:”

The specific model parameters identified in WAC 173-340-747(8)(b) are as follows:

Sorption

Vapor phase partitioning
Natural biodegradation
Dispersion

Decaying source
Dilution

Infiltration.

The conditional requirement associated with the selection of the “alternative fate and transport models™
method is that specified parameters shall be estimated or derived in accordance with stated conditions.
Site-specific data are required for the use of these models. Consistency with this requirement primarily
involves documentation of, and demonstration for, the manner in which (1) site data are used in the
estimation or derivation of these specified parameters, and (2) specified parameter conditions

(e.g., WAC 173-340-747[8][b}[v]) are met. The following is a description and/or explanation of the
manner in which the conditions for each of these parameters is, or has been, satisfied. The
descriptions/explanations, and the information in Table 8-2, serve as documentation and demonstration of
consistency with the requirements of WAC 173-340-747(8Xb)(v).

WAC 173-340-747(8)(b)(i), “Sorption”

WAC Condition. “Sorption values shall be derived in accordance with either subsection (4)(c) of this
section or the methods specified in subsection (5)(b) of this section.”

Condition Consistency. WAC 173-340-747(5)b) identifies methods for deriving instantaneous
equilibrium distribution coefficient (Kd) values from site data, batch tests, and scientific literature.
These methods provide the best information currently available. At the Hanford Site, a database of
Kd values determined experimentally from site-specific samples for the most common COCs has
been assembled. The site-specific database is a compilation of data determined over a period of
decades and reported in project-based documents. These data represent laboratory-determined Kd
values collected by PNNL and documented in CP-17089, PNNL-13895, PNNL-1 1800, PNNL-14702,
PNNL-14725. These Kd estimates are based on both batch and column tests and have included tests
on reaction kinetics, as well as successive water and acid leaching tests in an effort to obtain the most
representative, high-quality data for understanding the geochemical processes at Hanford,
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Table 8-2. Summary of Specific Model Parameters and Conditions Associated with the

2 pages)

Use of Alternative Fate and Tran:

ort Models per WAC 173-340-747(8). (

T - : . : L = 7. ErroronBehalf
M"""m '?mlmﬁ 3 | Requiroment/ | Parameter | Technical Basis/Rationalo; | of Protection of
WAC :’:3-“0__’47@ . Condition - Valwes) | Source | Human Health aud

U o SRR TR e SR ‘the Environment?

Sorption (deriving Kd | Site-specific measurements Kd = 0 for Tc-99 |Hanford Site-specific Maximum contaminant

from site data) (c.g., soils) from same and nitrate in all | laboratory testing results and |mobility.
(appropriate) depths and site-specific associated Kd database
locations. vadose zone units |{(PNNL-13895) (see Conservative bias:

Sections A9.0 through value for uranium Kd
Based on batch equilibrium {Kd = 0.6 for Al11.0). = 25% lower than
tests (minimum rigor). uranium in all “best-estimate™ value
site-specific “Rest-estimate” uranium Kd | (see Section A12.0).
vadose zone units | values from site-specific
except the Cold  |templates and lithology- The Kd value of
Creck carbonate  |specific values; 0.6 mL/g corresponds
{PNNL-14702b, to a rate of mass
Kd =10 for PNNL-14725b) (for more transfer 7 to over
uranium in the detail see Sections A9.0 and {80 times greater than
Cold Creek Al12.0). for (laboratory)
carbonate observed desorption
Conservatively biased for kinetic release (see
uranium Kd determinations | Section A12.1.2 -
in site-specific Cold Creek  |A12.1.4).
carbonaceous sediments
(Qafoku et al. 2005, Dong | The Cold Creck Kd
et al. 2005) (for more detail {value of 10 mL/g
see Sections A9.0 and corresponds to a rate of
Al12.0). mass transfer up to
5 times greater rate
than for (laboratory)
observed desorption
kinetic release (see
Section A12.1.2 -
Al2.14).

Vapor-phase Not generally applicable to

partitioning risk characterization for N/A N/A N/A
Hanford Site COCs.

Natural biodegredation | Not generally applicable to
risk characterization for N/A N/A N/A
Hanford Site COCs.

Dispersion Estimates of dispersion shall | Anisotropy = Based on estimates and Conservative bias;
be derived from either 10:1; calibrations of dispersivity in {based on homogeneous
site-specific measurements | dispersivity Hanford-specific sediments  |lithology; no
or literature values. values listed in | from the vadose zone consideration of

Table 4-2 hydrology data package increased dispersion
(PNNL-14702a). Anisotropy |from heterogeneity and
ratios consistent with greater anisotropy
moisture-dependent from small-scale,
estimations of anisotropy for |finer-grained facies.
site-specific sediments types
(RPP-17209, Rev. 1,

Appendix C).

Decaying source Fate and transport Tc-99 half-life
algorithms may be used that |approximately N/A N/A
account for decay over time. | 210,000 years

8-11




DOE/RL-2007-34, Rev. 0

Table 8-2. Summary of Specific Model Parameters and Conditions Associated with the

U_se qf Al_t_e_;_native Fate and Transport Models per WAC 173-340-747(8). (2 pages)

wacmMm] o on ] TR T | e
Dilution Dilution shall be based on  |Based on See STOMP user and theory | Varies with distance
site-specific measurements |al gorithms guides (PNNL-14478 and downgmdient (point of
or cstimated using e model {integrated into the PNNL-12030, respectively). |calculation).
incorporating site-specific | STOMP code
characteristics.
Infiltration Infiltration shall be derived |Recharge Based on conservatively Best-estimate value =
{site-specific) in accordance with (pre-Hanford/ biased recharge maxjmum measured
subsection (SKI)ii}B): undisturbed measurements and estimates | value for Rupert sand.
“Site-specific measuremens |ground) = as a function of Hanford
or estimate of infiltration 4 mm/yr Site-specific soil type (Rupert
shall be based on site sand} and vegetation
conditions without surface condition (PNNL-13033,
caps (e.g., pavement) or PNNL-14744) (sec
other structures that would Section A1.4).
conirol or impede Conservative bias:
infiltration, and mus¢ Recharge Based on Hanford based on sorted,
comply with {pre-closure Site-specific lysimeter medium-grained sand
WAC 173-340-702(14), operational measurements (Gee et al. versus natural
(13), and (16).” period) = 2005a, 2005b) (see distribution of grain
63 mm/yr (1944 |Sections A6.0 and 7.0). sizes in site-specific
to 2010) soil.
Conservative
Recharge Best-estimate recharge rates {upper-bound estimate;
(post-closure) = |for recovering or young 2.5 times maximum
8 mm/yr for 30 | vegetated disturbed soil and |measured valye for
years then long-term based on Hanford |Rupert sand; 10 to
4 mm/yr Site-specific recharge data | 100 times value of
thereafter (PNNL-14725b) . undisturbed vegetated
soil,

NOTE: See the reference section of this document for the complete citations for the references identified in this table.

cocC = contaminant of concern

Kd = instantaneous equilibrium distribution coefficient
N/A = not applicable

STOMP = Subsurface Transport Over Multiple Phases
WAC = Washingron Administrative Code
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Based on the geologic setting conceptual model, the measurement of Kd values from vadose zone
samples throughout the Hanford Site can be considered collectively as “site data” because essentially
all of the vadose zone (Kd) measurements involved sediments from the Hanford Ringold and
Plio-Pleistocene Cold Creek sediments. Waste site-specific Kd vaiues for some COCs, however, are
variable as a function of the chemistry of the waste stream. Still, even in these cases, the effects are
largely limited to the uppermost portion (up to a few tens of feet) of the vadose zone and for a short
time relative to travel time through the vadose zone (up to a few years), because the vadose zone
sediments have an intrinsic buffering capacity that tends to neutralize many/most of the these
chemical effects for the portions of the vadose zone below/beyond the near-field environment. Where
waste stream chemistry does affect solid/liquid partitioning (Kd), the effects appear to be associated
with the initial deposition of contaminants in the vadose zone (e.g., initial adsorptive processes) rather
than subsequent release (desorption) of contaminants years or decades following cessation of the
discharges.

The site data from the Hanford contaminant distribution coefficient (Kd) database that are most
representative and appropriate for fate and transport modeling at the various locations and/or waste
sites throughout the Hanford Site have been cross-referenced with geographic area, geologic unit, and
waste site type and chemistry in the PNNL-14725. The PNNL-14725 guidance document, together
with the Hanford Site Kd database (PNNL-13895 and PNNL-4702), provide guidelines for the
selection of the most appropriate Kd values for the various stratigraphic units/lithologies in the
vadose zone as a function of (1) geographic location at Hanford, (2) underlying vadose zone
stratigraphy, (3) waste site operational/process chemistry associated with the waste site; and

(4) physical characteristics of the stratigraphic unit (i.e., lithology and grain size).

Result. The WAC criteria have been met. Estimates of Kd values are derived from values available
in the Hanford literature cited above, site data, results of batch tests, and other methods of measuring
contaminant mobility, partitioning, and geochemical behavior.

WAC 173-340-747(8)(b)(ii), “Vapor Phase Partitioning”

WAC Condition. “If Henry’s Law constant is used to establish vapor-phase partitioning, then the
constant shall be derived in accordance with subsection (4)(d) of this section.”

Condition Consistency: Vapor-phase partitioning and multi-phase contaminant transport for
individual contaminants are accommodated in the mode/code selection through the use of algorithms
that use associated Henry’s Law constants (e.g., Sections 4.4 and 8.1 of PNNL-12030). When
NAPLs are present, Henry’s Law constants are detived according to the regulation for the individual
contaminants subject to vapor-phase partitioning or transport.

Result: The WAC criteria are met. Vapor-phase partitioning and multi-phase contaminant transport
for individual contaminants are accommodated in the model/code selection through the use of
algorithms and associated Henry’s Law constants. When applicable, vapor-phase partitioning and
Henry’s Law constants, derived from site data or scientific literature, may be assigned to individual
contaminants.

WAC 173-340-747(8)(b)(iii), “Natural Biodegradation”

WAC Condition. “Rates of natural biodegradation shall be derived from site-specific measurements.”

Evaluation. Conceptual models of Hanford’s waste sites do not typically include contaminants
subject to biodegradation. Should this process be specified in a conceptual model, then the method
used to approximate the biodegradation rate and data substantiating the rate of natural biodegradation
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would be provided, evaluated, and subject to review in accordance with WAC 173-3 40-702(15) and
(16).

Results: The WAC criteria are not currently applicable. Should a conceptual model dictate natural
biodegradation be implemented, then the method used to approximate the rate biodegradation, and
data substantiating the rate of natural biodegradation would be provided, evaluated, and subject to
review in accordance with WAC 173-340-702(15) and (16).

WAC 173-340-747(8)(b)(iv), “Dispersion”

WAC Condition. “Estimates of dispersion shall be derived Jrom either site-specific measurements or
literature values.”

Condition Consistency. Mechanical dispersion, as determined by the product of dispersivity and
porewater velocity, relates the dispersive solute flux to the solute concentration gradient. Estimates
of dispersivity are contained in SAND98-2880 and serve as the basis for the dispersion estimates in
PNNL-14702. The use of the estimates of dispersion in SAND98-2880 by composite analysis
assumes that these estimates are applicable to soil types located throughout the Hanford Site. Other
estimates of dispersivity are contained in RPP-7884 and RPP-10098. Transverse dispersivity values
are estimated to be one-tenth of the longitudinal values based on the work of Gelhar et al. (1992).

Result. The WAC criteria have been met. Estimates of dispersion are derived from values available
in the Hanford literature.

WAC 173-340-747(8)(b)(v) “Decaying Source”
WAC Condition. “Fate and transport algorithms may be used that account Jfor decay over time,

Condition Consistency. Radioactive decay of radionuclides over time is accommodated in
model/code selection through the inclusion of appropriate radioactive decay algorithms, The
radioactive decay values used in the models use the most current and comprehensive information on
radionuclide half-lives (e.g., the comprehensive compilation of half-life for the radioisotopes), which
can be found in HNF-EP-0063-3. Radiological decay may be omitted from the fate and transport
models when the consideration of radiological decay over the periods modeled has an insignificant
impact on model results or conclusions. ‘

Results. The WAC criteria have been met. The fate and transport models include radioactive decay
in accordance with the requirements.

WAC 173-340-747(8)(b)(vi), “Dilution”

WAC Condition. “Dilution shall be based on site-specific measurements or estimated using a model
incorporating site-specific characteristics. If detectable concentrations of hazardous substances are
present in upgradient groundwater, then the DF may need to be adjusted downward in proportion to the
background (upgradient) concentration.”

Condition Consistency. The DFs, per se, are not used in process-, spatial- and temporal-based
simulation models. Hence, most models/codes do not include specific DFs, but effective dilution may
occur as mass is transported through the system. Model and code selection attributes of the fate and
transport models include the capability to output groundwater concentrations {which include the
effects of dilution) for COCs at the point of calculation.
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The effective dilution associated with fate and transport modeling of the Hanford vadose zone
includes consideration of mixing in both the vadose zone and groundwater. Dilution in the vadose
zone occurs as recharge interacts with the moisture in the soil and, thus, depends both on the recharge
rate and the moisture-retention characteristics of the soil type, as well as all processes that affect the
net flux rate of water/leachate to groundwater. Site-specific recharge rates are described in
PNNL-14744, whereas vadose zone hydraulic parameters are described in PNNL-14702 and
PNNL-14725.

In groundwater, difution occurs as recharge potentially containing contamination (leachate} enters the
aquifer and, thus, depends both on the flux rate of water/leachate to the aquifer and the volume of
water flowing through the aquifer. In the aquifer, the volume of water flow is calculated from the
hydraulic conductivity, the hydraulic gradient, and the depth of the mixing zone. PNNL- 14753
provides estimates for the aquifer properties at various locations beneath the Hanford Site. The
hydraulic gradient can also be estimated from the 1944 hind-cast water table map, as reproduced from
ERDA-1538 in DOE/ORP-2003-11. Parameters also considered in groundwater dilution effects
include an aquifer mixing-zone thickness and, for a two-dimensional model, a unit cross-sectional
width of 1 m (3.3 ft), consistent with those identified in WAC 173-340-747 for use in Equation 7474
(WAC 173-340-747[5][f](iD-

Result. The WAC criteria have been met. Dilution is based on site-specific data for vadose zone and
aquifer hydraulic parameters, which include hydraulic properties and recharge rates derived from
Hanford studies and databases. Although process-, spatial- and temporal-based simulation models
and codes do not include a specific dilution algorithm, effective dilution is determined internally
within the fate and transport model during the solution to the mass and solute conservation equations.
Dilution can be considered among the model and code selection attributes by requiring the model to
have the capability output contaminant groundwater and leachate concentrations.

WAC 173-340-747(8)(b)(vii), “Infiltration”

WAC Condition. “Infiltration shall be derived in accordance with subsection (5)({)(ii)(4) or (B} of this
section.”

Subsection (S)(N)(ii) (B): “If a site-specific measurement or estimate of infiltration (Inf) is
made, it shall be based on site conditions without surface caps (e.g., pavement) or other
structures that would control or impede infiltration. The presence of a cover or cap may be
considered when evaluating the protectiveness of a remedy under WAC 173-340-350
through 173-340-360. If a site-specific measurement or estimate of infiltration is made,
then it must comply with WAC 173-340-702 (14), (15), and (16).”

Condition Consistency. Site-specific estimates of infiltration rate for vadose zone fate and transport
modeling are based on the site-specific field measurements for the various soil types at Hanford.
These measurements have been determined primarily from lysimeter studies specifically designed for
the direct measurement of Hanford Site infiltration/recharge rates over periods ranging up to 26 years
(e.g., Gee et al. 2005b), and also from isotopic determinations of infiltration (Murphy et al. 1996).
These site-specific data have been compiled and evaluated by PNNL in several documents
(PNNL-13033; PNNL-14744; PNNL-14702b; Gee et al. 2005a, 2005b), with recommended values
for best estimates, reasonable bounding cases, and statistical data identified for the various soil
type/class (grain size and pedogenesis) and vegetation conditions. The infiltration/recharge data from
these sources are considered in identification of values most appropriate for vadose zone modeling at
Hanford. In this analysis, recharge rates are generally determined/estimated for three conditions:
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* Natural recharge rate for the undisturbed site-specific soil type

* Recharge for an operational period at unvegetated (bare) and waste sites with disturbed soil
conditions

* A post-remedy (e.g., backfilled and revegetated with no surface barrier) recharge rate for the
site-specific soil type.

The data collected and analyzed, along with the resuits of the analyses, satisfy the requirements in
WAC 173-340-702(14), (15), and (16). The values used in the model, the basis for the values, and
discussion about the variability and uncertainty associated with those values are contained in

Sections 4.0 and 5.0 and Appendices A and B. These data and analyses ensure protection of human
health and the environment by erring on the side of conservatism (subsection [14]). The estimates are
based on published data and information (e.g., reference) and also new scientific information that
have been presented as early as possible in the cleanup process (subsection [15]). The information is
based on theories and techniques with widespread acceptance in the relevant scientific community
(subsection [16][i]), is derived using standard testing methods or other widely accepted scientific
methods (subsection [16][ii]), is provided with a review of available information and a rationale
explaining the reason for using the information (subsection 16[iii]), the assumptions used in applying
the information are valid and err on the side of conservatism to protect human health and the
environment (subsection [16][iv]), the information adequately addresses populations likely to be
present at the site (subsection [16][v]) (the remedial action goal [RAG] values are based on
contaminant levels that do not produce concentrations that exceed maximum contaminant levels
[MCLs] in groundwater), and adequate QA/QC procedures have been used, anomalies have been
explained, limitations of the information have been identified, and the known or potential rate of error
is acceptable (subsection [16][vi]).

Results. The WAC criteria have been met. Estimates of infiltration are derived from Hanford Site
data that comply with WAC 173-340-702(14), (15), and (16).

822 WAC 173-340-747(8)(C) and WAC 173-340-702(14), (15), and (16) — Criteria

WAC 173-340-747(8)(c) identifies “evaluation criteria,” which state that “Proposed fate and transport
models, input parameters, and assumptions shall comply with WAC 173-340-702(14), (15), and (16).”
WAC 173-340-702, “General Polices,” includes sections on burden of proof (subsection {14]), new
scientific information (subsection [15)), and criteria for quality of information (subsection [16]). The
burden of proof subsection calls for demonstration (to the department) that the requirements specified in
this section are met for any modification of the default assumptions in the standard Method B and
Method C equations (WAC 173-340-740 and WAC 173-340-745, respectively), including modification of
the standard reasonable maximum exposures and exposure parameters, or any modification of defaylt
assumptions or methods specified in WAC 173-340-747. The “new scientific information” subsection
concemns consideration of new scientific information when establishing cleanup levels and remediation
levels (for individual sites), in the context of also meeting the quality of information requirements in
subsection (16). The documentation requirements pertaining to consistency with WAC 173-340-702(14),
(15), and (16) are also regarded as reasonable and appropriate expectations in the context of Federal
environmental modeling requirements (CREM 2003).
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WAC 173-340-702(14), “Burden of Proof”

“Any person responsible for undertaking a cleanup action under this section who
proposes o

(@) Use a reasonable maximum exposure scenario other than the default provided for
each medium;

(b) Use assumptions other than the default values provided for in this chapter;

(c) Establish a cleanup level under Method C; or

(d) Use a conditional point of compliance,

shall have the burden of demonstrating to the department that requirements in this
chapter have been met 0 ensure protection of human health and the environment. The
department shall only approve of such proposals when it determines that this burden of
proof is met.”

Items (a), (c), and (d) may not be strictly applicable to the Hanford vadose zone modeling because the
modeling does not affect the exposure scenario, propose to use a cleanup level under Method C, or use

a conditional point of consistency. Item (c) may not be applicable because WAC 173-340-747 does not
explicitly state default assumptions and values, except for WAC 173-340-747(4), which prescribes
specific assumptions, equations, and parameter values for that particular method. However, model
parameterization, assumptions, quality of information, and uncertainties are included in the
documentation requirements for model results recommended by the Federal guidelines (e.g., CREM
2003). Thus, for the purpose of completeness, the following subsections intend to demonstrate that
requirements of WAC 173-340-702(14), (15), and (16) pertinent to item (c) have been met for Hanford
Site-specific vadose zone models. All elements of the recommended elements for model documentation
are provided here, and the parts of that documentation that pertain to WAC 173-340-702(14), (15),

and (16) are also provided. The following sections demonstrate that the requirements of

WAC 173-340-702(14), (15), and (16) have been met with regard to the Hanford Site-specific vadose
zone fate and transport model assumptions and input values. The following discussions, in conjunction
with information presented in previous sections, demonstrate that the requirements for ensuring protection
of human health and the environment in WAC 173-340 have also been met in accordance with

WAC 173-340-702(14), (15), and (16). -
WAC 173-340-702(15), “New Scientific Information”

“The department shall consider new scientific information when establishing cleanup
levels and remediation levels for individual sites. In making a determination on how to
use this new information, the department shall, as appropriate, consult with the Science
Advisory Board, the Department of Health, and the United States Environmental
Protection Agency. Any proposal to use new scientific information shall meet the quality
of information requirements in subsection (16) of this section. To minimize delay in
cleanups, any proposal to use new scientific information should be introduced as early in
the cleanup process as possible. Proposals 1o use new scientific information may be
considered up to the time of issuance of the final cleanup action plan governing the
cleanup action for a site unless triggered as part of a periodic review under

WAC 173-340-420 or through a reopener under RCW 70.105D.040 (4)(c). ”

Evaluation. Data and inputs used in the Hanford Site-specific fate and transport models are based on
values documented in Hanford Site-specific literature. This includes the references to the specific

documentation for the data, parameters, and input values. The information is and has been introduced
in the form of publicly available government reports and/or scientific literature as early as possible,
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and the referenced documentation is readily available to the Washington State Department of Ecology
(Ecology). }

Result. The WAC criteria have been met. The information concemning the data, parameters, and
input values used in the Hanford fate and transport models have been introduced as early as possible,
and the referenced documentation is available to Ecology.

WAC 173-340-702(16), “Criteria for Quality of Information”

WAC 173-340-702(16)(a). “The intent of this subsection is to establish minimum
criteria to be considered when evaluating information used by or submitted to the
department proposing to modify the default methods or assumptions specified in this
chapter or proposing methods or assumptions not specified in this chapter for calculating
cleanup levels and remediation levels. This subsection does not establish a burden of
proof or alter the burden of proof provided for elsewhere in this chapter.”

WAC 173-340-702(16)(b). “When deciding whether to approve or require modifications
to the default methods or assumptions specified in this chapter for establishing cleanup
levels and remediation levels, or when deciding whether to approve or require
alternative or additional methods or assumptions, the department shall consider
information submitted by all interested persons and the quality of that information. When
evaluating the quality of the information the department shall consider the Jollowing
Jactors, as appropriate, for the type of information submitted: "

WAC 173-340-702(16)(i). “Whether the information is based on a theory or technique
that has widespread acceptance within the relevant scientific community;”

Evaluation. The data and inputs described for use in the Hanford fate and transport models are based
on values documented in the Hanford-specific literature, most of which is associated with studies
undertaken by PNNL, but which also include publicly available government and peer reviewed
publications. The methods used to collect, analyze, and interpret the data are identified in these
publications. The source references include government documents and journal articles that have
undergone peer review inside and outside of the Hanford scientific community. Much of the
information has been presented at scientific meetings and symposiums. The information has

a demonstrated basis on theories or techniques that have widespread acceptance within the relevant
scientific community.

Result. The WAC criteria have been met. The data and inputs used in the Hanford fate and transport
models (presented in Section 3.0, with appropriate references) are based on values, theories, and
techniques that have widespread acceptance within the relevant scientific community.

WAC 173-340-702(16)(ii). “Whether the information was derived using standard
testing methods or other widely accepted scientific methods; "'

Evaluation. The theories, methods, and techniques used to collect, analyze, and interpret the data
used in the Hanford vadose zone fate and transport models are presented in the referenced source
material (Section 3.0), much of which have undergone peer review inside and outside of the Hanford
scientific community. The theories, methods, and techniques follow accepted standards or establish
new standards that the scientific community then implements.

Result. The WAC criteria have been met. The information used in the Hanford fate and transport
models were derived or developed using standard testing methods or other widely accepted scientific
-method. _~

s
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WAC 173-340-702(16)(iii). “Whether a review of relevant available information, both
in support of and not in support of the proposed modification, has been provided along
“with the rationale explaining the reasons for the proposed modification;”

Evaluation. Section 4.0, as well as Appendices A and B, contain descriptions of and rationale for the
data, parameters, and input values commonly used in the Hanford fate and transport models, along
with the basis for the values and discusston of the variability, uncertainty, and limitations. These
sections and appendixes also contain references to the source material which provides additional
information on the data. These sections and appendices also provide the rationale for why default
cleanup levels or model parameters, developed for use across the state of Washington, are
inconsistent with or do not adequately represent the vadose zone characteristics, conditions, and
processes in Hanford’s Central Plateau (see Section 4.0). The Central Plateau is characterized by the
following conditions and characteristics, which are dissimilar to most other regions in Washington:

¢ Low annual precipitation and high evapotranspiration rates
o Thick vadose zone (greater that 91.4 m [300 fi] in places)

s Vadose zone made up of multiple layers with varying hydraulic properties conducive to
producing lateral flow

¢ Groundwater velocities that result in dilution factors significantty different than the 20 included
in the three-phase models.

Result. The WAC criteria have been met. The rationale for developing model values applicable to
Hanford’s Central Plateau, the basis for the values used in applicable models, and discussion about
the variability and uncertainty associated with those values are contained in Section 3.0.

WAC 173-340-702(16)(iv). “Whether the assumptions used in applying the information
to the facility are valid and would ensure the proposed modification would err on behalf
of protection of human health and the environment;”

Evaluation. Estimated Hanford values for the soil levels that are protective of groundwater are based
primarily on conservative assumptions, as well as somewhat conservative parameter values. The
validity of assumptions that are part of the conceptual modet for Hanford Site modeling, as well as
the magnitude and direction of the impact of those assumptions on the model results, are discussed in
Sections 5.4 and 5.5. Section 5.5 contains an evaluation of the conservatism associated with the
primary vadose zone model assumptions. Over 60% of the nearly 30 assumptions in the model are
conservative, most of which have a potentially moderate to high magnitude of impact on contaminant
soil concentration values protective of groundwater. Thus, it is indicated that the soil concentration
values protective of groundwater are biased low based on a significant amount of compounded
conservatism in the model assumptions and parameter selection.

Result. The WAC criteria have been met. The assumptions used in applying the information to the
facility are valid and would ensure the proposed modification would err on behalf of protection of
human health and the environment.

WAC 173-340-702(16)(v). “Whether the information adequately addresses populations
that are more highly exposed than the population as a whole and are reasonably likely to
be present at the site;”

Evaluation. Hanford vadose zone modeling pertains primartly to the protection of groundwater
pathway and uses the MCL as the risk parameter against which groundwater contaminant levels are
compared. These efforts do not involve exposure assessments other than those associated with the
use of MCLs vatues for groundwater impacts. In this regard, the soil concentration values protective
of groundwater are based on contaminant levels that do not produce concentrations that exceed MCLs
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in groundwater. The MCLs contain margins to adequately address populations that are more highly —~
exposed than the population as a whole. )

Result, The WAC criteria have been met. Risk characterization and remedial action goal values are
based on contaminant levels that do not produce concentrations that exceed MCLs in groundwater.

WAC 173-340-702(16)(vi). “Whether adequate quality assurance and quality control
procedures have been used, any significant anomalies are adequately explained, the
limitations of the information are identified, and the known or potential rate of error is
acceptable.”

Evaluation. Data collected for Hanford vadose zone model parameters and input vaiues used QA
and QC procedures. Data associated with parameters and input values for the model derived from
Hanford Site-specific scientific literature were determined in conjunction with standard protocols and
methods (e.g., as maintained by PNNL). The QA/QC procedures have been vetted in conjunction
with the peer-reviewed publication process and document the basis for the parameters and inputs used
in Hanford vadose zone model models including descriptions of the QA/QC procedures used to
collect the data. Those documents identify and discuss the anomalies and {imitations of the data.

Result. The WAC criteria have been met. The QA/QC procedures are contained in the referenced
documents and any significant anomalies are adequately explained. The limitations of the
information are identified, both in the context of the model input data and the model results. The
known or potential rate of error is acceptable.

8.3 DEMONSTRATION OF-CONSISTENCY WITH STATE REQUIREMENTS
RELATED TO METHOD SELECTION

The consistency documentation presented in Section 8.2 demonstrates that the each of the eiements of the
state requirements for determining soil cleanup levels for groundwater protection has been addressed.
Figure 8-1 provides a schematic compilation of all of the pertinent state requirements associated with the
selection of alternative fate and transport modeling and the manner in which they have been addressed.
The specific elements identified in the state regulations that pertain to method selection and to the use of
alternative fate and transport models are summarized in Table 8-3, which identifies where each element of
specific consistency documentation is located.

This documentation also provides the explanation and rationaie that support consistency with the
conditional requirements in WAC 173-340-747(8)(b) to use site-specific data in the estimation and
derivation of selected parameters. Most model/code applications at Hanford use a common basis and
databases for parameterization of the models. This documentation concerns these common aspects of
parameterization. Waste site-specific applications also require supplemental documentation based on
waste site-specific characteristics, conditions, and data for full consistency with these requirements.

()
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Table 8-3. Comparison of the Elements for Federal and State and Requirements Pertaining to the Derivation
of Soil RAG Values Protective of Groundwater.

07/2008

34, Section 4.0. The organization of these requirements and consistency
wn in Figure 2-5. The headings for the model, method, and code selection

parameterization, and evaluation of model results (e.g., uncertainties and
assumptions) are highlighted in orange in the same manner as that in Figure 2-5 and Tables 6-1 and 7-1.

State Compliance Elements for the Derivation of Soil

Federal Compliance Elements and Requirements for the Selection and Use c l;o:,astm:; )i Concentrations for Groundwater Protection, and the (it It"’cl;ﬁ": Y
5 . %ty e . = ec i
of Environmental Regulatory Models (ERMs) for Risk Based Applications|'~ P ety Selection and Use of Alternative Fate and Transport o Sonp
this Document this Document
Models
Purpose/Objectives 1.0,3.0,4.1
Purpose/Objectives 1.0,3.0,4.1
Rationale of need/use for modeling 22
Conceptual model(s); description of processes, mechanisms, phenomenon, 42
Model/Method |site and system (i.e., vadose zone) characteristics to be considered 9
Selection : ;
U Determine nature and types of primary system (i.e., vadose zone) FEPs and i3 Model (Type) selection; model attributes 4.3
predictive tasks to be modeled : Method Selection
Assess/determine other required model requirements/attributes 43
Method selection/documentation 43 Method selection/documentation 43,81,83
S Evaluation/assessment of adequacy/capabilities of candidate codes (vs. 6.0
Code Selection |°dvired model attributes) Code Selection: Demonstration of adequacy, QA/QC 60,84
i Consideration of code-related criteria (characteristics, QA, etc.) and 6.2 84
v _|administrative criteria B L
2 1 10N-
Boundary conditions Application-Specific Model Specified parameters A% 8,-Als;;\igghcanon
Model 7 3 ication- Parameterizati 2 ication-
o v Data sources, methods, pedigree b App.llcanon < = Other parameters Y2+ 4n p-hcanun
Parameterization Specific Specific
2 1 1on- i 1
Rationale for parameter estimation & selection Rl App‘hcatmn S pruof(‘fxsssumpnons,' ReSCkpomtof 53 8.2.2, R4 +
Specific compliance/calculation) Application-Specific
Dominant factors, parameters 52+ App-llcanon— (ew) Soientific Informatio 5.0-6.0 + A?pllcauon-
Specific Specific
Model Use Data/information acceptabili
J 4 ptability,
Documentation Uncertainty / Parameter/variable ranges ; Sources references
Sensitivity Analysis 4.2,5.2 + Application- | | Pocumentation of : 8.2.2, 8.4 + Application-

Magnitude & direction of
parameter variability on model
results

Evaluation of results

Specific

Model Assumptions |Magnitude & direction of effect

5.3 + Application-

model application
and results

Adequacy and Quality
of Information

Accepted methods

Specific

Assumptions, uncertaintes,

8.2.2 84 + Application

Analysis on model results Specific conservatism/protectiveness Specific
Limitations of Modeling & Results S+ Apriliction QA/QC, model limitations | 22 8:4 + Application-
Specific Specific
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8.4 CONSISTENCY WITH WAC 173-340-747(8)(C) AND WAC 173-340-702(14), (15),
AND (16) CONDITIONAL REQUIREMENTS RELEVANT TO CODE
SELECTION

The following section addresses the requirements of WAC 173-340-702(14), (15), and (16), as required
by WAC 173-340-747(8)(c), as they pertain to the selection and use of a model code. The

WAC 173-340-747 and relevant WAC 173-340-702 regulations do not specifically explicate
requirements for the selection and demonstration of acceptability of a code used to implement

a method/model type. However, elements of the WAC 173-340-702(14), (15), and (16) burden of proof
requirements are reasonably consistent with certain elements of the Federal guidelines addressing the
selection and acceptability of codes. Documentation pertaining to the fulfillment of these conditional
requirements is therefore provided in the following subsections for purpose of demonstrating the
completeness of the technical basis used for method and code selection. This documentation provides the
basis for demonstrating consistency, and/or support for consistency, with the conditional requirements,
and/or intent of the requirements, concerning the selection of the alternative fate and transport models
method. This section also addresses the WAC 173-340-702(14), (15), and (16) burden of proof
requirements in the context of the acceptability of using the STOMP code. This code, evaluated in
Section 6.0 in terms of the Federal guidelines and requirements, was found to be acceptable for
implementing vadose zone fate and transport modeling at Hanford.

8.4.1 Criteria

WAC 173-340-747(8)(c) identifies the “evaluation criteria,” which state, “Proposed fate and transport
models, input parameters, and assumptions shall comply with WAC 173-340-702(14), (15), and (16).”
WAC 173-340-702 includes subsections on “burden of proof” (subsection [14]), “new scientific
information” (subsection [15]), and “criteria for quality of information” (subsection [16]). The “burden of
proof” subsection calls for demonstration (to the department) that the requirements specified in this
section are met for any modification of the default assumptions in the standard Method B and Method C
equations (WAC 173-340-740 and WAC 173-340-745, respectively), including modification of the
standard reasonable maximum exposures and exposure parameters, or any modification of default
assumptions or methods specified in WAC 173-340-747. The “new scientific information” subsection
concerns consideration of new scientific information when establishing cleanup levels and remediation
levels (for individual sites), in the context of also meeting the “criteria for quality of information”
requirements in subsection (16).

WAC 173-340-747(3)(e), “Deriving Soil Concentrations for Ground Water Protection,” “Overview of
Methods,” “Alternative Fate and Transport Models,” allows the use of fate and transport models as an
alternative to the methods described in WAC 173-340-747(4) through (6) to establish soil concentrations
that will not cause contamination of groundwater at levels that exceed the groundwater cleanup levels.
WAC 173-340-747(8)(a), “Deriving Soil Concentrations for Ground Water Protection,” “Alternative Fate
and Transport Models,” "Overview,” specifies the procedures and requirements for using fate and
transport models other than those specified in WAC 173-340-747(4) through (6).

WAC 173-340-747(8)(c), “Evaluation Criteria,” states that “Proposed fate and transport models, input
parameters, and assumptions shall comply with WAC 173-340-702(14), (15) and (16).” Hanford vadose
zone fate and transport models, input parameters, and assumptions comply with WAC 173-340-702(14),
(15), and (16). This section addresses these requirements as they pertain to the evaluation of a model
code, specifically the STOMP code.
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WAC 173-340-702(14), “Burden of Proof”

“Any person responsible for undertaking a cleanup action under this chapter who
proposes to:

(a) Use a reasonable maximum exposure scenario other than the defmut provided for each
medium,

(b) Use assumptions other than the default values provided in this chapter;

{c) Establish a cleanup level under Method C; or

(d) Use a conditional point of consistency, shall have the burden of demonstrating to the
department that requirements in this chapter have been met to ensure protection of human
health and the environment. The department shall only approve of such proposals when it
determines that this burden of proof is met.”

Evaluation. The satisfaction of the WAC 173-340-702(14) “burden of proof” requirements is met
through satisfaction of the WAC 173-340-702(15) and (16) requirements with regard to the STOMP
code. Therefore, the evaluation of this criterion is deferred until after discussion of consistency with
the WAC 173-340-702 (15) and (16) requirements.

Result. Because the evaluation of this criterion is deferred until after discussion of consistency with
the WAC 173-340-702(15) and (16) requirements, the result of the evaluation is similarly deferred.

WAC 173-340-702(15), “New Scientific Information”

“The department shall consider new scientific information when establishing cleanup
levels and remediation levels for individual sites. In making a determination on how to
use this new information, the department shall, as appropriate, consult with the Science
Advisory Board, the Department of Health, and the United States Environmental
Protection Agency. Any proposal to use new scientific information shall meet the quality
of information requirements in subsection (16) of this section. To minimize delay in
cleanups, any proposal to use new scientific information should be introduced as early in
the cleanup process as possible. Proposals to use new scientific information may be
considered up to the time of issuance of the final cleanup action plan governing the
cleanup action for a site unless triggered as part of a periodic review under

WAC 173-340-420 or through a reopener under RCW 70.105D.040 (4)(c).”

Evaluation. The STOMP code has been routinely used in environmental assessments since before
1997. The scientific theory upon which the code is based is documented in PNNL’s STOMP theory
guide (PNNL-12030), and guidance for users of the code is presented in PNNL-15782. An
application guide (PNNL 11216) is also available. The application guide is organized into several
sections that group similar classical vadose zone and groundwater problems and presents their
solutions using the STOMP simulator. The examples in the guide were selected to demonstrate the
application of the simulator to a variety of thermal and hydrogeologic flow and transport problems
while illustrating a range of features available in the simulator. Simultaneously, the application
examples serve as verification and benchmark cases wherever possible through comparison to
analytic solutions or results reported elsewhere in the literature for similar problems solved using
other computer codes. The application guide is available at: http://stomp.pnl.gov/documentation/
application_guide.stm.

In addition to the application guide, a STOMP short-course document (PNNL-14440) is availahle and
provides further exampie problems and exercises. The STOMP short-course documentation was
intended to be used as an educational resource; however, the suite of problems (currently over

20 problems) in the short course is also being used in the STOMP QA program.
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Resnlt. The WAC criteria have been met. The STOMP code documentation and the referenced
documentation about its usage have been introduced as early as possible, and are available to
Ecology. Although the STOMP code has been in use for some time and is not necessarily new
scientific information, the preceding discussion serves the purpose of fully documenting that STOMP
code usage complies with “new scientific information™ criteria to “meet the quality of information
requirements in subsection (16).” The referenced documents also provide a number of example
calculations that demonstrate that the STOMP code provides results that are consistent with other
accepted methods for evaluating movement of water and contaminants in the vadose zone. This
documentation serves to assist Ecology in their determination on how to use the information.

WAC 173-340-702(16), “Criteria for Quality of Information™

WAC 173-340-702(16)(n). “The intent of this subsection is to establish minimum criteria
to be considered when evaluating information used by or submitted to the department
proposing to modify the default methods or assumptions specified in this chapter or
proposing methods or assumptions not specified in this chapter for calculating cleanup
levels and remediation levels. This subsection does not establish a burden of proof or alter
the burden of proof provided for elsewhere in this chapter.”

WAC 173-340-702(16)(b). “When deciding whether to approve or require modifications
10 the default methods or assumptions specified in this chapter for establishing cleanup
levels and remediation levels, or when deciding whether to approve or require alternative
or additional methods or assumptions, the department shall consider information submitted
by all interested persons and the quality of that information. When evaluating the quality
of the information the department shall consider the following factors, as appropriate, for
the type of information submitted.”

WAC 173-340-702(16)(i). “Whether the information is based on a theory or technique
that has widespread acceptance within the relevant scientific community; ”

Evalnation. The STOMP code’s (sequential) and its parallel (scalable) implementation, STOMP SC,
are computer codes designed to be general purpose tools for simulating subsurface flow and transport
processes. These codes provide scientists and engineers from varied disciplines with
inulti-dimensional analysis capabilities for modeling subsurface flow and transport phenomena.

The original target capabilities for the simulator were guided by proposed or applied remediation
activities at Federal sites contaminated with volatile organics and radioactive materials.

The theoretical and numerical approaches applied in the simulator have been documented in a
published theory guide (PNNL-12030) and addendums (e.g., PNNL-15465 and PNNL-15482). The
simulator has undergone a rigorous validation process against analytical solutions, laboratory-scale
experiments, and field-scale demonstrations and currently is maintained under configuration control
procedures. Application and use of the simulator have been documented in the STOMP users guide
(PNNL-15782) and short-course guide (PNNL-14440).

The STOMP simulator is founded on partial differential equations that describe the conservation of
a component mass, thermal energy, or solute mass in variably saturated porous media. These
conservation equations, along with a corresponding set of constitutive relations that relate variables
within the conservation equations, are solved numerically by employing integrated volume, finite
difference discretization to the physical domain and first or second order Euler discretization to the
time domain. The resulting equations are non-linear, coupled algebraic equations, which are solved
using Newton Raphson iteration.

Each operational mode of the STOMP simulator solves a unique set of conservation equations
(e.g., water mass; water and air mass; water, oil, and dissolved oil mass; and water mass, air mass,
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and thermal energy). Depending on the chosen operational mode, the governing transport equations
can be written over multiple phases. Phases relevant to Hanford applications include the aqueous
phase and the gas phase. Where organic liquids are present, the simulator may also be configured to
simulate NAPLs. Solute transport, radioactive decay, and first order chemical reactions are solved
using a direct-solution technique (e.g., Patankar’s power law formulation, total variation diminishing)
scheme following the solution of the coupled flow equations.

One measure of acceptance of the theory and techniques implemented in the STOMP simulator is its
use in subsurface flow and transport investigations within the scientific community. Several
groundwater and vadose zone studies have been published in peer reviewed journals that have used
the STOMP simulator as a tool to (1) predict laboratory or field results, or (2) perform numerical
experiments. These studies have been published by researchers both inside and outside the Hanford
community and include investigations of NAPL transport in porous media, as well as two-phase flow
and transport. These published studies include the following:

e  Effect of Soil Moisture Dynamics on Dense Nonagueous Phase Liquid (DNAPL) Spill Zone
Architecture in Heterogeneous Porous Media (Yoon et al. 2007)

o Three-Dimensional Multifluid Flow and Transport at the Brooklawn Site Near Baton Rouge, LA:
A Case Study (Oostrom et al. 2007)

o  Behavior of a Viscous LNAPL Under Variable Water Table Conditions (Oostrom et al. 2006)

o Infiltration and Redistribution of LNAPL into Unsaturated Layered Porous Media (Wipfler
etal. 2004)

e A Practical Model for Mobile, Residual, and Entrapped NAPL in Water-Wet Porous Media
(White et al. 2004)

e Flow Behavior and Residual Saturation Formation of Liquid Carbon Tetrachloride in
Unsaturated Heterogeneous Porous Media (Oostrom et al. 2003)

. Effective Parameters for Two-Phase Flow in a Porous Medium with Periodic Heterogeneities
(Ataie-Ashtiani et al. 2001)

o Influence of Heterogeneity and Sampling Method on Aqueous Concentrations Associated with
NAPL Dissolution (Brusseau et al. 2000)

e Movement and Remediation of Trichloroethylene in a Saturated Heterogeneous Porous Medium.
1. Spill Behavior and Initial Dissolution (Oostrom et al. 1999)

o Modeling Surfactant-Enhanced Nonagqueous-Phase Liquid Remediation of Porous Media
{White and Oostrom 1998)

e Infiltration and Redistribution of Perchloroethylene in Partially Saturated Stratified Porous
Media (Hofstee et al. 1998)

o  Multifluid Flow in Bedded Porous Media: Laboratory Experiments and Numerical Simulations
(Schroth et al. 1998)

e Light Nonaqueous-Phase Liquid Movement in a Variable Saturated Sand (Oostrom et al. 1997)

o Assessment of CO2 Injection Potential and Monitoring Well Location at the Mountaineer Power
Piant Site (Bacon et al. 2006) :

e Upscaling Unsaturated Hydraulic Parameters for Flow Through Heterogeneous Anisotropic
Sediments (Ward et al. 2006)

e A Parameter Scaling Concept for Estimating Field-Scale Hydraulic Functions of Layered Soils
(Zhang et al. 2004)
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» A Numerical Study of Micro-Heterogeneity Effects on Upscaled Properties of Two-Phase Flow
in Porous Media (Das et al. 2004)

o Transport of Carbon-14 in a Large Unsaturated Soil Column (Plummer et al. 2004)

o  Estimating Soil Hydraulic Parameters of a Field Drainage Experiment Using Inverse
Techniques (Zhang et al. 2003)

o A Vadose Zone Water Flixmeter with Divergence Control (Gee et al. 2002)

e  Fluid Flow, Heat Transfer, and Solute Transport at Nuclear Waste Storage Tanks in the Hanford
Vadose Zone (Pruess et al. 2002)

o Oxygenation of Anoxic Water in a Fluctuating Water Table System: An Experimental and
Numerical Study (Williams and Oostrom 2000)

e Parameterizing Flow and Transport Models for Field-Scale Applications in Heterogeneous,
Unsaturated Soils (Rockhold 1999)

o PMFCT-2D: A Solute-Transport Simulator for Various Grid Peclet Numbers (Aimo and
Oostrom 1997)

e Application of Similar Media Scaling and Conditional Simulation for Modeling Water Flow and
Tritium Transport at the Las Cruces Trench Site (Rockhold et al. 1996).

These publications have appeared in a number of peer-reviewed journals that include the foliowing:

Advances in Water Resources
Environmental Science & Technology
Ground Water

Journal of Hydraulic Research

Journal of Contaminant Hydrology

Soil and Sediment Contamination

Soil Science Society of America Journal
Transport in Porous Media

Vadose Zone Journal

Water Resources Research.

Result. The WAC criteria have been met. The STOMP code is based on theory or techmque that has
widespread acceptance within the relevant scientific community.

WAC 173-340-702(16)(ii). “Whether the information was derived using standard testing
methods or other widely accepted scientific methods, "

Evaluation. The STOMP simulator has been subjected to a formal verification process that included
benchmarking against analytical solutions and independent numerical solutions at both the laboratory
and field scales. Initial three-phase verification studies have been published in a peer-reviewed
journal (White et al., 1995, Lenhard et al., 1995). Additional verification studies have been formally
documented in the STOMP application guide (PNNL-11216), and internal PNNL documents provide
further verification studies that compare STOMP numerical solutions against analytical results. In
addition, the simulator continues to be evaluated against analytical sofutions, numerical solutions, and
experimental data when other users conduct independent verification studies. Historically, the best
strategy for identifying potential errors has been to build a sizable and diverse user group and
encourage the code’s application to a variety of problems. The STOMP simulator has a strong user
group within the DOE community and academia. Graduate students in both the United States and the
European communities have made significant contributions to continued STOMP code development
and integrity.
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Result. The WAC criteria have been met. The STOMP simulator was derived using standard testing
methods or other widely accepted scientific methods.

WAC 173-340-702(16)(iii). “Whether a review of relevant available information, both
in support of and not in support of the proposed modification, has been provided along
with the rationale explaining the reasons for the proposed modification;”

Evaluation. Section 6.0 presents the rationale for the model code selection process and includes

a description of the STOMP code and its features, capabilities, and limitations. Sections 3.5 through
3.7 present the rationale for determining the necessary complexity of the alternate fate and transport
model needed to adequately represent the vadose zone characteristics and conditions. The STOMP
code has been selected for vadose zone fate and transport modeling at Hanford because it is capable
of simulating the necessary complexity of the vadose zone FEPs. The rationale for using alternate
fate and transport models in general includes the evaluation of the methods identified in

WAC 173-340- 747, “Deriving Soil Concentrations for Ground Water Protection,” which is provided
in Section 4.0. The conclusion of the evaluation is that the use of alternate fate and transport models
(WAC 173-340-747{8)) is the most appropriate method for Hanford vadose zone modeling. The use
of alternate fate and transport models (WAC 173-340-747(8]) is proposed for vadose zone modeling
because the other methods proposed by WAC 173-340-747(4) through (10) cannot adequately
represent the vadose zone characteristics and conditions in Hanford’s Central Plateau, nor do they
adequately represent the vadose zone processes at Hanford. '

Result. The WAC criteria have been met. The rationale for using the STOMP code is presented in
Sections 3.5 through 3.7, which identify the model complexity required to simulate Hanford‘s Central
Plateau FEPs, and Section 6.0, which presents a description of the STOMP code. Review of models
proposed by WAC 173-340-747(4) through (6) has been provided and selection of alternate fate and
transport models for vadose zone modeling explained in Section 4.0. A description of the STOMP
code, its features, capabilities, and limitations are presented in Section 6.0.

WAC 173-340-702(16)(iv). “Whether the assumptions used in applying the information
to the facility are valid and would ensure the proposed modification would err on behalf
of protection of human health and the environment,”

Evaluation. Responses to (i) and (ii) address this requirement for the STOMP code. The validity of
assumptions that are part of the conceptual model and that are made as the conceptual model is
translated into a numerical model will be addressed when the evaluation of the numerical model is
made. Ensuring the proposed modification errors on the behalf of protection of human health and the
environment will be addressed with each site-specific assessment.

Result. The WAC criteria have been met for the STOMP code.

WAC 173-340-702(16)(v). “Whether the information adequately addresses populations
that are more highly exposed than the population as a whole and are reasonably likely to
be present at the site;”

Evaluation. This criterion is not applicable to the STOMP code because this code only calculates
contaminant distribution in the environment and does not apply exposure scenarios to that
contaminant distribution. The contaminant distribution is consistent regardless of population
sensitivity to the contaminant. Differences in exposure among elements of a population must be
accounted for in the exposure calculation.

Result. Not applicable.
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WAC 173-340-702(16)(vi). “Whether adequate quality assurance and quality control
procedures have been used, any significant anomalies are adequately explained, the
limitations of the information are identified, and the known or potential rate of error is
acceptable.”

Evaluation. The STOMP simulator has been under software configuration management at PNNL
since 1997 (PNNL-SA-54023). Currently, concurrent version system (CVS) software (Cederqvist

et al. 1993) is used to manage source code updates and provides a means to track versions for both the
individual source code files and the STOMP software releases. Formal procedures for software
problem reporting and corrective actions for software errors and updates are maintained and
rigorously implemented. Production code releases of the STOMP software undergo rigorous testing
for both intended and unintended uses (PNNL-SA-54022). Testing is performed on a mode-by-mode
basis and is benchmarked against analytical solutions and data. Documentation of all test results is
publicly available.

In addition, the STOMP software is supported by software requirement specifications
(PNNL-SA-54079) and software design documents (PNNL-SA-54078), maintained by PNNL, which
are essential for developing quality software and lifecycle maintenance. In the software design
documents, the overall source code structure is described, including a description of the controt flow,
control logic, and data flow model. In the software requirement documents, user input requirements
are outlined with the primary purpose of guiding software testing. Requirements on subsurface flow
and transport theory, and the mathematical representations of those theories, are specified in the
STOMP theory guide and addendums (e.g., PNNL-12030. PNNL-15465, and PNNL-15482). The
user’s guide (PNNL-15782) provides support on specific input file requirements.

The STOMP software is compliant with Quality Assurance Requirements for Nuclear Facility
Applications (NQA-1-2000), and also complies with DOE requirements for safety software

(DOE G 414.1-40 and DOE O 414.1C). Under this order, STOMP software has been generically
graded as “Class C safety software,” but the classification is application dependent and is re-evaluated
for each application.

Resnlt. The WAC criteria have been met.

8.5 DOCUMENTATION/DEMONSTRATION OF CONSISTENCY WITH STATE
REQUIREMENTS RELATED TO CODE SELECTION

The preceding documentation demonstrates that the primary conditions associated with the use of fate and
transport models identified by WAC 173-340-747(3) and (8), including the additional evaluation criteria
in WAC 173-340-702(14), (15), and (16) have been met with respect to the selection and use of the
STOMP code. Several criteria (e.g., the requirement to use site specific data and provide documentation
concerning the technical basis and rationale for mode! parameterization and several specific parameters)
do not pertain directly to the code selection process, other than to the inferred requirement that the code
be able to incorporate site specific data. The STOMP theory and user’s guides provide thorough
description and explanation of how to do that. The satisfaction of the WAC 173-340-702(14) “burden of
proof” requirements have been met through the satisfaction of the WAC 173-340-702(15) and (16)
requirements Therefore, the evaluation of these criteria demonstrate that the WAC 173-340-747(3) and
(8) and WAC 173-340-702 (14) “burden of proof” requirements have been met regarding the selection
and use of the STOMP code for fate and transport modeling of Hanford vadose zone system.
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8.6 SUMMARY AND CORRESPONDENCE WITH FEDERAL CONSISTENCY
DOCUMENTATION

The information presented in Sections 8.1 through 8.5 addresses and meets the specific and conditional
WAC 173-340-747(3) requirements concerning method selection. Most elements of the

WAC 173-340-702(15) and (16) conditional requirements pertaining the selection and use of the
“aiternative fate and transport” method (WAC 173-340-747[8)) are also addressed. This documentation
supports the demonstration of consistency, for method/model type and code sclection, required for site-
specific applications of fate and transport modeling at the Hanford Site. A summary of the main elements
of these state regulations pertaining to the selection and use of a method for the purpose of deriving scil
concentrations protective of groundwater, together with the locations of the documentation that
demonstrates the consistency of these elements, is shown in Table 8-3. This table includes the distinction
between the state requirements relevant to method/model and code selection and those associated with the
use of and ERM, such as fate and transport modeling.

As shown in the framework in Figure 8-1, the state elements pertaining to the derivation of soil
concentrations for groundwater protection have direct and/or indirect counterparts in the Federal
requirements and guidelines concerning the selection and use of ERMs. The headings for the method,
model, and code selection elements of consistency in Table 8-3 are highlighted in green to facilitate
comparison to their counterparts in the Federal documentation elements for consistency (see Figure 2-5
and Table 7-1). The headings for the model documentation, parameterization, and evaluation of model
results (e.g., uncertainties and assumptions) are highlighted in orange for comparison to their Federal
counterparts identified in Table 7-1. A direct comparison of state and Federal requirements, along with
the tocations of consistency documentation, is summarized in Table 8-3. It is indicated from the summary
of consistency with State requirements in this Section, and the summary of consistency with the Federal
requirements in Section 7.0, that the documentation provided in Section 7.0 addresses all pertinent
elements of both. Therefore, the documentation provided in Section 7.0 regarding consistency with
Federal guidelines can also serve to demonstrate of consistency with all of the State requirements, as

indicated in Table 8-3.
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9.0 SUMMARY

This document identifies the Federal and state requirements and guidelines pertaining to the selection and
use of ERMs, and also documents the application of the processes for method/model selection vadose
zone modeling. There are specific requirements and expectations associated with their use in risk
characterization applications concerning potential impacts to groundwater from vadose zone
contamination at Hanford. Understanding the pertinent requirements, criteria, and expectations
concerning the selection and use of ERMs is needed to demonstrate consistency with Federal and/or state
requirements.

The Federal and state regulations, requirements, and guidelines that pertain to the selection and use of
ERMs in risk assessment applications are summarized and evaluated in Section 2.0. As indicated from
this evaluation, the Federal requirements and guidelines identify systematic processes for the selection
and use of ERMs. Documentation provided in Sections 3.0 and 4.0, identify information for model
selection concerns the common aspects of the FEPs of the vadose zone system at Hanford. Based on the
common objectives of most vadose zone modeling and FEPs, the Federal guidelines can be applied to
selection of a model type that is most appropriate for vadose zone modeling at Hanford.

A demonstration of the application of the Federal guidelines concerning code selection is also
documented. It involves the use of required model type attributes and criteria in evaluating the
acceptability of the STOMP code for implementing the model type. It is indicated from this evaluation
(Section 6.0) that the STOMP code is acceptable for modeling the fate and transport of the vadose zone at
the Hanford Site.

The manner and extent to which this documentation is consistent with the Federal requirements and
guidelines concerning the selection and use of ERMs are presented in Section 7.0 for vadose zone
modeling applications at Hanford. The manner in which the documentation provided here is consistent
with and/or supports consistency with the state requirements that pertain 1o the selection and use of

a method/model for vadose zone risk characterization applications at Hanford (WAC 173-340-747 and
WAC 173-340-702[14], [15], and [16]) is presented in Section 8.0. The documentation meets all aspects
of the requirements and expectations of Federal and state regulatory consistency concerning the common
elements of method/model and code selection.

It is further indicated from the comparison of the Federal and state requirements and guidelines that the
Federal requirements and guidelines encompass all aspects of the specific and conditional state
requirements, and/or the intent of these requirements. All state requirements are shown to correspond to
elements of the processes identified in Federal requirements and guidelines for ERM selection and use,
and that documentation of consistency with these Federal guidelines can be used in the demonstration of
consistency with the state requirements. Consistency with these Federal guidelines and processes also

“helps to ensure that the information and rationale necessary for demonstration of the technical adequacy

and defensibility are incorporated in modeling documentation.
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APPENDIX A
PREFERENTIAL PATHWAYS

Preferential pathways are not the most common transport-related mechanism in the Hanford vadose zone.
They are of particular interest because of their potential for allowing fluid to bypass normal vadose zone
fate and transport processes and impact groundwater sooner than otherwise possible. Preferential flow
has been recognized and widely studied under saturated or near-saturated flow conditions (Nkedi-Kizza
et al. 1983, De Smedt and Wierenga 1984), but there is little evidence of it occurring in arid and semi-arid
climates or under low-water fluxes, particularly where soils are coarse-grained (Scanlon et al. 1997), such
as in the Hanford formation. Water infiltration at arid sites, particularly ones with interfluvial settings
with unconsolidated sediments, appears to occur mostly as piston-like flow rather than in preferential
flow paths. Capillary and adsorptive forces greatly exceed gravitational forces, so instability along the
wetting front does not appear to occur under low infiltration rates (Scanlon et al. 1997).

The most likely preferential flow paths in Hanford sediments are unsealed well boreholes and clastic
dikes (Figure A-1). Poorly sealed or compromised well boreholes may provide preferential flow conduits
for uncharacteristically rapid transport of subsurface water and contamination to the water table, but only
under saturated or near-saturated conditions. The groundwater contamination plume(s}) in the vicinity of
the 216-U-1 and U-2 Cribs is/are believed to be evidence of this. During 1984-1985, high-volume
discharges of contaminated water into the 216-U-16 Crib (located about 100 m [328 ft] to the south of the
216-U-1 and U-2 Cribs) perched on the Cold Creek Unit and migrated northward along a sedimentary
structure contact. It is believed to have then intersected the outer casings of wells in the vicinity of
216-U-1 and U-2 Cribs (many of the wells near the 216-U-1 and U-2 Cribs were drilled prior to the
initiation of Washington Administrative Code [WAC] standards to seal borehoies). These unsealed
boreholes likely served as conduits for the contamination observed in groundwater there in the 1980s
(WHC-EP-0133).

Clastic dikes and sills are ubiquitous sedimentary structures in the Hanford vadose zone, especially in the
Hanford formation in the 200 Areas (BHI-01103). Clastic dikes are discordant sedimentary structures
that occur as near-vertical tabular bodies filled with multiple layers of unconsolidated sediments. There is
very little evidence, however, to indicate that they extend all the way from near the ground surface to the
water table. In general, the hydraulic properties of clastic dikes can be considered as a subset of the
porous matrix properties for the Hanford sediments (PNNL-14224). This is based on laboratory
measurements of clastic dike samples. Clastic dikes are typically composed of fine-silt to very
fine-grained, sand-sized material with vertically laminated orientations. When water is introduced into
these fine-grained discordant structures, vertical flow is significantly retarded due to the high matric
potential in these units, compared to vertical flow within coarser adjacent sediments. In general, clastic
dike sediments represent properties of fine sediments (e.g., fine sand, silt, and clay) and can, therefore,
represent regions of high moisture content (PNNL-14224).
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Figure A-1. Infilled Sediments within Clastic Dikes.
(From BHI-01103.)

The middle portion of the two
photographs shows the infilled
sediments within a dike. The host
sediments are shown on the left and
right edges of the two photographs.
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(From Hydrologic Mechanisms
Governing Fluid Flow in Saturated,
Fractured, Porous Media [Wang and
Narasimhan 1985])

Although these features may act as preferentially faster flow pathways under saturated conditions, under
unsaturated flow conditions, these features tend to act as barriers to transport rather than preferential,
fast-flow channels. For example, if the area between the sediments and the outer well casing contained
large void spaces, or the clastic dikes were filled with gravelly sediments (with large pore sizes), the bulk
of laterally migrating water does not divert downward along the casing or within the dike under
unsaturated conditions for the following reasons:

® The porous matrix has a much smaller average pore size than the gravelly media within the clastic
dike.

®  Under low recharge, unsaturated conditions, material with larger pore spaces or voids will contain
or attract less moisture than finer-grained porous sediments because of the greater matric
potential of the finer-grained material.
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Under natural recharge conditions, precipitation at arid sites is usually too low (in relation to saturated
hydraulic conductivity) to invoke preferential flow. Much of the water in the dry soils is simply adsorbed
onto the grain surfaces and cannot move along preferred pathways. A conceptual model component for
this phenomenon is illustrated schematically in Figure A-2. The expanded vertical slice illustrates the
manner in which bulk flow, under unsaturated conditions and low recharge, bypasses the pathway formed
by larger pore sizes and essentially follows the pathway formed by smaller pore size network. The large,
open spaces in the figure mimic large pores, such as those in a gravelly medium. Under unsaturated
conditions, the bulk of the flow is shown to be prevented from entering the media with large pore sizes.
The flow bypasses them along routes composed of finer-grained material and smaller pore spaces.

Figure A-2. Conceptualization of Fracture Flow under Unsaturated Conditions
' (from Wang and Narasimhan 1985).
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APPENDIX B

HANFORD SITE-SPECIFIC GUIDELINES FOR SELECTION
OF APPROPRIATE KD VALUES

ROADMAP FOR SELECTION OF HANFORD SPECIFIC
KDs FOR VADOSE ZONE ANALYSIS

These guidelines have been developed to assist operable unit managers in the selection of Hanford Site-
specific instantaneous equilibrium distribution coefficients (Kds) from data compiled in the
PNNL-14702.

1.

Identify the appropriate geographical area for the waste site(s) of interest (e.g., letter designations
keyed to geographic areas map) (Figure B-1) (PNNL-14702, Figure 3.1) AND/OR
from geographic area designations (Table B-1) (PNNL-14702, Table 3.2). -

Identify the appropriate site-specific area designation for the area of interest from Table B-2
{PNNL-14702, Table 3.3).

Identify the appropriate group of hydrostratigraphic templates for the waste site(s) and/or
geographic area of interest (Table B-3 or Table B-4) (PNNL-14702, Table 3.1 or Table 3.6).

Identify appropriate waste sitc type and waste chemistry information using the PNNL-14725
appendix: “Simplified Rendition of the Geographic and Operational Site Parameters List for
Waste Sites to be Simulated in Hanford Assessments.”

a. Identify appropriate waste site identifier:
i. By geographic area designation
ii. By Waste Information Data System (WIDS) database identifier:
1. WIDS site code (e.g., 216-U-1/2)
2. Site type
b. Identify key information pertaining to Kd selection:

i. Site hydrostratigraphic tempiate (e.g., 2165S_U_N-4) (Table B-5) (PNNL-14702,
Table 3.7)

ii. Waste chemistry group (numbered 1 through 6, as described in PNNL-14702,
Section 3.2.3, and Table B-6 [PNNL-14702, Table 3.5], e.g., 2 for very high salt/very
basic or 4 for low salt/near neutral waste chemistries)

ili. Impact zone (e.g., “H” for high or near-field; “I1” and “I2” for intermediate or far-field
vadose zone sand and gravel, respectively; “G” for very far-field vadose zone or
groundwater impact zones)

c. Identify Kd class for each stratigraphic unit within the appropriate site-specific waste
chemistry/source category (e.g., 2H, 411, 412):

i. 2H = Very high salt/very basic waste chemistry in the high or near-field impact zone
ii. 411 = Low sait/near neutral waste chemistry in the intermediate or far-field impact zone
sand

B-1
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-~
iii. 412 = Low salt/near neutral waste chemistry in the intermediate or far-field impact zone —~’
gravel

5. Select appropriate K4 value(s) (€.g., best, minimum, maximum) for the analyte of interest from
Table B-7 (Kd ranges by waste chemistry/source category) (PNNL-14702, Table 4.11):

Individual reports will need to identify whether Kd data are from the existing database and/or include new
sources (e.g., laboratory measurements) that exist for the specific contaminants, waste chemistry types, or
vadose zone geochemistry at the site(s):

- Specific vadose zone unit or contaminant measurements (particularly for deeper vadose zone
units)

- The number of and representativeness of the measurements

- Analogous or comparable vadose zone unit, waste chemistry, and/or contaminant
measurements

- Technical basis for the use and/or extrapolation of specific vadose zone unit or contaminant
measurements and/or analogous or comparable data.

REFERENCES

PNNL-14702, 2006, Vadose Zone Hydrogeology Data Package for Hanford Assessments, Rev. 1, Pacific
Northwest National Laboratory, Richland, Washington.

PNNL-14725, 2006, Geographic and Operational Site Parameters List (GOSPL) for Hanford R
Assessments, Rev. 1, Pacific Northwest National Laboratory, Richland, Washington.
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Figure B-1. Location of Geographic Areas Represented by a Single
Generalized Stratigraphic Column (PNNL-14702, Figure 3.1).
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Table B-1. Geographic Area Designations Used in the Hydrostratigraphic Template Codes.

Designation Geographic Area Description

A Southern 200 East Area - encompassing the PUREX (A plant), hot semi-works (C-Plant),
associated facilities (including PUREX tonnels), BC cribs, US Ecology, and the A, AN, AP, AW,
AX, AY AZ C Tank Farms

B Northwestern 200 East Area - encompassing the B-plant, associated waste disposal facilities, and
the B, BX, BY Tank Farms

C 100-B/C Aren

D 100-D/DR. Area

E East of 200 East — B Pond

F 100-F Area

G Gable Mountain Pond Areas

H 100-H Area

I 200 North

K 100-KE/KW Area

M 600 Area near Energy Northwest and the 618-11 burial ground

N 100-N Aren

P 600 Area southwest of the 400 area near the $18-10 bunial ground

Q 400 Aren

R 300 Area (and a few 1solated facilities in and near the 400 Area)

S Sounthern 200 West Area - encompassing the REDOX (5-Plant), U-plant, Z-plant associated
facilities, ERDF, and the S, SX, SY, U Tank Farms

T Northetn 200 West Area - encompassing T Plant , associated facilities, and the T, TX, TY Tank

Farms

(PNNL-14702, Table 3.2)

Table B-2. Site-Specific Area Designations Used in the Hydrostratigraphic Template Codes.

Designation Site-Specific Area Description
A BC W Southem 200 East Area — representing the western portion of the BC cribs area
A_BC_E Southern 200 East Area — representing the eastern portion of the BC cribs area
A_BCT_N Southern 200 East Area — representing the northern portion of the BC trench area
A_BCT_S Southern 200 East Area - representing the southemn portion of the BC trench area
A BCT W Southem 200 East Area — representing the western portion of the BC trench area
A C Southemn 200 East Area —~ representing the 241-C Tank Farm
A ITAW C Southem 200 East Area — representing the central portion of the ILAW site
S_ERDF_E Southern 200 West Area — representing the eastern half of ERDF
S_ERDF W Southem 200 West Area — representing the western half of ERDF
S U Southern 200 West Area — representing the 241-U Tank Farm
S UN Southern 200 West Area — representing the northem portion of the 216-U-1&2 crib area
S U S Southern 200 West Area - representing the southern portion of the 216-U-1&2 enib area
S.Z9 Southern 200 West Area — representing the 216-Z-9 trench srea

(PNNL-14702, Table 3.3)
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Table B-3. Waste Site Type Designations Used in the Hydrostratigraphic Template Codes.

Site T Relative Depth of
Code® Waste Release Representative WIDS Site Types

100, 200. 300, | Ground Surface (geoernlly Surface andior ear surface facilities (e g., process sewers,

400 less that 3 m deep). reactor buildings,™ laboratory bm.ldng storage, stacks. ponds,
ditches, valve pits, process unitiplants. ™ naplanned releases
except tank leaks).

116, 216, 316, | Shallow Subsurface Shallew liquid andcr dry waste disposal facilities {e.g., enbs,

616 {genemlly 3-15 m below bunat grounds. retention basins, trenches, French drains, storage

pound surface) tunnels, drip tile Selds, pipelines, sewers).

241 Intermedinte Subsurface High level waste tanks, settling tanks, diversion boxes, catch

(genenlly 9 to 17 m below | tanks, tank lesk unplanned releases.
ground surface)
166. 266 Deep Subsurface (generally | Deep injection sites (¢.g.. reverse [yjection) wells)
greater than 18 m below
gound surface)
276 Very Deep Subsurface Very deep injection sites (e.g.. very deep reverse [injection]
(zenerally neer or into the wells)
water table)
River™ River Level River outfalls and associated pipelines
Pump“’ Not Applicable Water supply wells

{a) Fintdigiuqntmnsthem:1-100m,2=200m,3=300m4=400m:,G-GOOAna.
Secondmdthitddigihinﬁcmduguﬂu]hciﬁiytypemduhﬁﬂukmm

()] Somrenﬂnnandpmcmmiﬁplmh{wzhucuymhuﬂdings)hawbmnd’orfaﬁydup
foundations, however for the ease of sinmiation, all above ground structures are treated the same.

{) Rhwowﬁlﬂdischupdwmudhtcﬂytothe:ivx,thnsthueismvudoumﬂowndmm

L=

t for these sites.

() Water supply wells withdraw water from the aquifer, thus there is oo waste released. and no vadose zoge

flow and transport component for these sites.
WIDS = Waste Information: Data System.

(PNNL-14702, Table 3.1)
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Table B-4. General Hydrostratigraphic Templates for Each Geographic Area. (2 pages)

Geoprzphic Area Waste Site Types Waste
Template - Chemistry
Desiguation Area Designation™® Description Designstion™ | Designation™
100C-4 100 B:C c Surface Facilities 100 4
116C-4 Near Surface Facilities 116 4
100D-4 106D D Surface Facitities 100 4
116D-4 Near Surface Facilities 116 4
100F-$ 100F F Surface Facilities 100 4
116F-4 Near Sucface Facilities 116 4
100H-4 100H H Surface Facilities 100 4
116H-4 Near Surface Facilities 116 4
100K-4 100K K Surface Facilities 100 4
116K-4 Near Surface Facilities 116 4
166K Reverse (Injection) Wells 166 4
100N-4 100N X Surface Facilities 100 4
116N-4 Near Surface Facilities 116 4
200G-4 Gable M. G Surface Facilities 200 4
20014 200N I Surface Facilities 200 4
200E-4 E 200 E (B-Pond) E Surface Facilities 200 4
216E-4 Near Surface Facilities 216 4
200B-2 X 200 E (B-Piant) B Susface Facilities 200 2
200B-4 4
216B-2 Near Surface Facilities 216 2
216B-3 3
216B-4 4
241B-2 Tanks 241 2
266B-4 Reverse (Injection) Wells 266 4
267B-2 2670 2
200A-2 S 200 E (PUREX. A Surface Facilities 200 2
200A-3 BC Cribs) 4
216A-2 Near Sucface Facilities 216 2
216A-4 4
231A-2 Tanks 241 2
241A-3 3
266A -4 Reverse (Injection) Wells 266 4
2008-2 S 200 W (Redox, 5 Surface Facilities 200 2
200S-4 U-Plant, Z-Plant) 4
B-6
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Table B-4. General Hydrostratigraphic Templates for Each Geographic Area. (2 pages)

[(&) Assigned aumber designation for waste chemistry type (see Table 3.5).

Waste
Template Chemisuy
Designation Geographic Area Waste Site Types Designation™

2168-1 S 200 W (Redox, ) Near Surface Facilities 216 1

2168-2 U-Plant, Z-Plant) 2

21654 4

2418-2 Tanks 241 2

2418-3 3

24154 4

26654 Reverse (Injection) Wells 166 4

200T-1 N 200 W (T Plant) T Surface Facilities 200 2

200T-4 4

216T-2 Near Surfnce Facilities 216 2

216T-3 3

216T4 4

241T.2 Tanks 341 2

266T-2 Reverse (Injecticn} Wells 266 2

266T-4 4

300R-4 300 Area (North R Surface Facilities 300 4

316R4 Richland Near Surfuace Facilities 316 4

400Q-2 400 Q Surface Facilities 400 4

G16M4 600 M Near Surface Faciities 616 4

616P-4 600 P Near Surface Facilities 616 4

Pumnp - - Waoter Supply Wells Pump -

River - - River outfalls River -

W(n) Assigned letter designation for geegraphic aren.

(b) Assigned oumber designation for waste site type: First number designates truditional Hanford Site area (ie.,
100, 200, 300, 400, 600 Areas): last two numbers designate waste site type (00 = surface facilities. 16 = near
surface facilities, 41 = tanks, 66:67 = revene wells).

{(e) Two designation: are used for reverse (injection) wells that have very different depths within a single
geographic area. The “67" desiguation distinguishes the very deep reverse {injection) wells from those at a
more intecmediate depth (66).

(PNNL-14702, Table 3.6)

B-7




DOE/RI.-2007-34, Rev. 0

Table B-5. Site-Specific Templates Established for a Few Key Facilities.

Site-Specific Aren Waste Site Types Waste
Template o
- ; . ) - ; ;v 8 : i ()
Designation Area Designation® | Description | Desigaation™ | Designation

216A_BC W.3 § 200 E, BC Cribs, Western |A_BC_W Near Surface 21¢ 3
Portion Facilities

216A BC E-3 S 200 E, BC Cnibs, Eastern  |A_BC_E Near Surface 216 3
Portion Facilities

216A BCT N-3 [S200E, BC Trenches, A BTN Near Surface 216 3

216A BCT N-4 |Northem Porticn Facilities 4

216A_BCT 5-3 |5 200 E, BC Trenches, A BT S Near Surface 216 3
Southern Porlion Faciltties

216A BCT W-3 |S200E. BC Trenches, A BT W Near Surface 216 3
Western Portion Facilitie:

216A ILAW C-5 |S200E ILAW Site. Central }A ILAW C  |Near Suxface 216 5

216A_ILAW C-6 |Portion Facilities P

2165_ERDF E-4 |S200 W, ERDF, eastern half!S ERDF E = |Near Surface 216 4
Facilities

2165S_ERDF W4 {5200 W, ERDF. western  [S_ERDF W  |Near Swiace 3 £ 4
half Facilities

2165 U N4 S0 W, 216-U-1&2 Area, |S U N Near Surface Ne 4
Northem Portion Facilities

2165 U_S-4 S200 W 216-U-1&2Z Armea, S U S Near Surface 216 4
Northern Portion Facilities

2165_2Z85-1 $200 W, 216-U-1&2 Area. {S 78 Near Surface 216 1
Northem Portion Facilities

241A C-2 S5200E,241-C Tank Farm |A_C Tanks 241 2

241A C-3 3

2418 U3 5260 W, 241-U Tank Farm |S U Tanks 241 2

) Assigned nonmber

() Assigned letter designation for geographic area.

i designation for waste site type: Firvt munber designates traditional Hanford Site ares (ie.,
100, 200, 300, 400, 600 Areas); last two gumbers designate waste site type (00 = surface fucilities, 16 = near
surface facilities 41 = tanks, 66/67 = reverse [injection] wells).

(c) Assigned number designation for waste chemistry type (see Table 3.5).

(PNNL-14702, Table 3.7)
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Table B-6. Waste Chemistry Designations Used in the Base Template Codes.

Whaste Chemistry
Destgnation Waste Stream Description
1 Very Acidic
2 High Satt'Very Basic
3 Chelates High Sah
4 Low Sait'Near Neuwal
s IDF Vitrified Waste
6 IDF Cementitious Waste
IDF = Integrated Disposal Facility.

(PNNL-14702, Table 3.5)
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Appendix A
Hydrostratigraphic Templates (PNNL-14702)

VZ Base Templates - U Cribs
U Cribs (216-U-1, -2 and -16)
Notes/Assumptons:
1) Surface elevation ranges from 211.0 m (92,3 1) near 216-U-18 o 212.5 m (67.2 ft) MSL near the 218-U-1 and -2 Cribs as taken from the

Hanford Sae Atlas (BHI 1985).
2} MWMW&&WM&MTWWW“%NMMN Laboratory.

3} The pre-Hanford water table (Jamuary 1844) saﬁmﬁwmmmmmmd%mwmmﬂmtwﬁ
4) 'ITnes'r.eMtnbnth:mdﬁn!iB-U!md-z&ismﬁcmha%ﬁ*rrinﬂ.am:b;ndmhhxﬁeﬂﬁm No botiom is reported for
the 218-U-18 Crib. Thus, the backfill is assumed to ke 24 ft daep for 31 three crbs.

Template 2168_U_N-x for the area N-NE of the 216-U-182 Cribs, based on well 293-W19-16 (N 135029.21, E 567270.68) located

24 m (80 ft) north of 216-U-1 Crib. 2165 U_N4|
Estimated Mjumdl Bottom Hydraulic
Thickness| Thi Bottom | Elevation Property | SAC Soil
(R)* ) |Depth(m)] () Geologic Unit Description Type* | Type |K, Zone Class
0|  ©85.157|Suface NA NA NA NA NA
‘ne to
a7 81 £04| Hanford H1 coarpe san and sandy grave s Hes_2W H aH
Interbedded \ayers of silty o .
ijl» o 540) Hantord H2 fine, meditrn.a?ﬂ!mase sand S Hs U ¥ "
10} 1 185) £30| CCU-upper Sltand fine sand S5 U I an
. Cakium-cartonate
2 : ke camanied S5 PRI " 411
: [ 445|RinpcldUnitE___| :ﬁ R U li 4
| 444 57|Water Table NA NA NA NA

Hydraulic
Property | SAC Soil
Geologic Unit Description Type* Type | K Zone™ K, Class
Surface NA NA NA NA NA
Interbeddes ayers of fne to
E6| a8 10 Harford H1 e sand and 3 Hos 2W 4 &H
' s Ws U | 4 411
S [ ePzU | A T
ss PPIc 41 41
SG2

A
i

* After Kha'ee! and Freeman (1296), per white pacer by Khalee' (September 2000).
* Hi=high impact. | =Imermediate Impact {after Kncaid et al. 1985)
ﬂ = Injectionre'ease pont.
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Hydrostratigraphic Templates (PNNL-14702)

VZ Base Templates §

South 200 West Area (S, U [except U-182],

Z Areas [except 216-Z-9]) Stratigraphic Columns

Tomotals 419X
Aversge | Average
Th Depin| Elwvation Properly | 3AC soll
L] R} [ m Geologlo Undt Desoription Tyoe * Tyee Zore* K4 Clace Class Clacs
%) L A
Loo2" gravel oo natec umi,
b i =it =i W Hi 2H 3k M
WDoer 3373 domrated unn,
251 ‘bq E76|+1-a E 3 B His W Hi o 3 AH
2lighty ity coarse to very fine.
131 1 14 §63f~1 sarg B 2N B b 3 i
[20grey 5Tty mecum iz very tne
sand to sty mec'um Io very fne
582 178 5J5|~2 sand ] 58 W u 21 3t 411
ECEI
Creek vt ("Eary
33 3 20¢] 472|=al fire tc yary fre 33 halsd’ 3 il 2+ 311 411
i1y Coarse I very e
Cod Cresk sand to sky mectum {5 very fine
T4 T o | 485 zand 23 P ’ 3 an 41
Tay'sr Tat member, ['rtersrairad, wei-deddes “ne
92 455 Rin o coarse sand  sik 28 i 3 401
2Ry Sarcy um o fne
pebbie to sancy very coarse In
23 73 £37|Rngold (Lrt E]  |*ine pettie sem=ndursted! R [ 12 3 42
nerTable KA NA
mmr-%-—m iwun-.u._.nu-ﬂg
Average | Average Hydraumo |
Thioknesc | Tiiokness| Depth | Elsvation Property | BAC Son
i i ) (i Geologlo Un% Detortption Type * TyRe Zore™ Clags
Ty - —NE—
25 5 M3z ] <11
very coarse t© medium
sand to ity sandy medium to
&0 §13|-aviord Grave: =] H ] 413
¥ slly coarse o very fing
30 e, §83]=aviord 3and sand 3 3 411
2UighEy sty medum i very fine
1and to 5Tty medium 13 very fine
3 13 EET|=a4g Oty 2ard [sand 4 21
[Fettly =ity coame b vary fine
“od Creer 3and tc sity megium 13 very fine
20 4 E10|Cattcrate sand o PPz jall iH
um o fne
13 3370y very coamse to
10! Angeld (e E L1 _ny | ] 4
[7i 3ter Tabig | ha NA NA

" Afier Khaies! and Freemnan [7$95), per ahfie

*" Hishign mpact, lelntemessts impact

2301 by Khales! (3eptember 2333).

{mfter Kincaid et 51 1992),

riection'eiexze point,
@) Nete: Injecton wel 396-Z-C Iz scresned o 118180 0. Wel 2°6-Ud It szrwened from S3TER
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Table B-7. Contaminant Distribution Coefficient Estimates by Waste Chemistry Type. (2 pages)

DOE/RL-2007-34, Rev. 0

Waste Chemistry/Source Category 1: Very Acidic
Intermediate Impact— | Interrnediate Irmpact -
High Impac: ({H) Sand {111} Gravel (113)
Xd Estimate L/} Kd Estimate (ml g) K4 Estomate (ml. g}
Amalyte Best | Mim | Mxx | Best [ Mim | Max | Bext | Mm | Mamx
Now-Adsorbing Radionnclides
H3 0 0 0 ¢ g K ¢ 0 ¢
TS5 0 0 o1 g 0 0.1 ¢ 0 8.01
C136 0 D G [ 0 0 ¢ 0 0
Moderately Adsocbing
1129 4 0 15 02 0 2 0.02 0 0.2
U2 0.2 0 4 08 g2 4 008 | o2 04
Se79 b 3 10 5 3 10 0.5 03 !
Np237 ¢ 0 2 i 2 30 1 2 3
Cl4 0 0 0 £ 0 100 0 0 100
Highly Adsorbug
580 16 b 13 2 10 5¢ 6.8 31 5.5
Csl37 1000 | 200 [ 10000 2000 | 200 | 10000 | 632 6 | 3100
Pul3s 04 .1 1 §00 | 200 | 20C0 | 186 62 620
Enis? 20 1 100 | ¢ 10 | 1000 | &2 31 310
Waste Chemistry/Source Category 2: Very High Salt/Vers Basic
Imermedinte Impact - | Intermediate Impact —
High Iapac: (3H) Sand (211} Gravel (2I0)
X4 Estimate {m]. Kd Estimuate {ml.-g) Kd Estiraste (L
Azalyte Best | Mm | Mx Best | M | Mex BestJr%ImlMax
Non-Adsarbing Radiomchides
H3 0 0 ¢ + 0 0 " 0 0
Teh% 8 0 0.1 0 0 0.1 ¢ 0 0.01
Cl136 0 0 0 4 0 0 € 0 )
' tely Adsorbing
1129 0.02 0 0.2 0.1 0 82 | 001 0 0.02
U2e e g2 4 08 g2 4 008 | o2 04
Se79 0 0 0.1 2 0 1 ¢ 0 0.1
Np237 200 | 100 | so0 | 2c0 100 | 500 | 260 | 100 | sor
Cld 160 0 100 7 0 100 7 0 100
 Fighly Adsorbing
Sr50 2 10 50 Ay 10 50 68 3.1 155
Celd7 10 9 300 10 10 1600 3: 31 310
P23 200 L 600 ) &30 | 260 | 2000 | 190 61 620
Eul3 200 10 ] 1000 | 200 10 | 1000 { 62 3.1 310
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Table B-7. Contaminant Distribution Coefficient Estimates by Waste Chemistry Type.

(2 pages)
Waste Chemistry/Source Category 3: Salrs
Intermedinte Irpact~ |  Intennediate Impact —
High Impact 5H) Samd (371) Gravel (319
KA Estimate (ulg) | KaEstiouste (mi’y) | KA Estomate olg)
Aralyte Best | Mmm | Max | Best | M | Max | Beat | Mio | Max
Highly Mobile Elemeats
H3 0 0 Y 4 ¢ 0 ¢ 0 0
Teh% 0 0 0.1 Y 0 0.1 i 0 001
Ci3s ¢ o 0 Y 0 ] ¢ 0 0
Somewhat Mobile Elements
nxy 2 0 2 2 0 2 0.02 ¢ 02
U3k 02 0 4 03 £2 4 008 | .02 04
579 [ 0 01 0 0 1 $ 0 0.1
Np237 2 1 15 5 2 30 05 £l 3
Cl4 0 0 100 ¢ 0 100 £ 0 100
SS90 1 g2 20 18 3 20 31 i8 62
Csl37 10 0 500 150 10 1600 31 3.1 310
Pe239 18 1 100 500 200 | 2000 | 380 62 620
Eul$2 20 1 W 1 200 10 | 1000 | & il 310
Waste Chemistry/Source Category 4: mwmsuml
Intermadiste hopact — hermadine -
High Tmpact (41 Sand (411) Gravel (41D Gromdwater (4G)
Kd Evtimate (mLx) EdEtimate (mlig) | KAEstimate(mly) | XdEsumate 0
Azalvie mim{m Bat | Min | Ma Best | Mio | Max | Best | Min | Mxx
Highly Mobile Elements
B 0 0 0 0 & e 0 0 0 2 0 0
Tc98 0 0 0.1 0 0 LA 0 0 0.0 g 0 .1
Ci3s 0 0 8 0 0 ¢ 0 0 O 0 ¢ 0
Somrwhat Mobile Elements
ik 2 0 2 2 0 2 002 0 Q2 02 0 2
U238 8 g2 4 08 02 4 008 | 82 1 04 08 0.2 4
Se79 5 3 10 5 3 T 05 g3 1 5 3 10
Np237 10 2 30 10 2 k1 1 %] 3 10 2 30
Cl4 0 ] 100 0 0 10 0 0 10 ¢ g 100
Moderately Inzmobile Elements
S50 32 10 X 22 10 50 7 3 16 ) 10 30
Csl37 2000 | 200 10000 | 2000 | 200 | 10000 | 620 62 | 3100 | 2000 | 200 | 10000
Pud3s 600 | 200 [ 2000 | 600 { 200 | 2000 | 1M 62 620 | 00 ] 200 | 2000
Fuls2 200 10 | 1000 | 200 10 1000 31 310 { 200 10 | 1000
(PNNL-14702, Table 4.11)
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