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EXECUTIVE SUMMARY 

In response to both internal and external recommendations, The Department of Energy -

Richland Operations Office (RL) initiated a site-wide model consolidation process, which is to 

include the participation of all affected Hanford programs, eliminate redu dancies, and 

promote consistency in groundwater analyses produced for Hanford p gra s. The purpose 

of the model consolidation is to establish a site-wide modeling proce 

assumptions in applications across programs, 2) model enhanceme ts b seci 

data/information and improved technical capabilities, and 3) mo l 

program needs and decisions. As an initial step in fiscal ye 

process is to provide a current Hanford site-wide groundw 

hydrogeologic conceptual model, a consolidated .databa , 

code to implement the numerical model developed ba 

that will meet near-term and long-term needs and requirem 

Hanford site stakeholders. 

At Hanford, several groundwater modeling 

contractors since the Hanford mission change fro 

environmental restoration. The Project Hanford 

mong the three major 

(BHI) has implemented a site

unit investigations and clea p 

presently maintains groun 

support of past-practice operable 

est National Laboratory (PNNL) 

for the site in support of the site-wide 

se-zone modeling capabilities for a variety of site 

ment the overall recommendations being made by RL 

ater modeling. Included as the basis for the 

1) the overall approach being used by RL to achieve the 

ere d eloped in the initial phase of the model consolidation 

process, 3) an overview of site-wide groundwater model that was proposed by RL as the 

starting point for a consensus site-wide model for external review, 4) a summary of technical 

concerns and issues raised by external reviewers on the proposed site-wide model, including 

input received from the EPA, Ecology, the Tribal Nations, and other stakeholders, and 5) 
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specific refinements and modifications to the proposed site-wide model recommended by RL 

in response to external review comments. 

The specific needs and requirements, including the anticipated future uses of the site-wide 

groundwater model and the technical capability and administrative requirements for the 

selected computer code that will provide the basis of site-wide model implementation, are 

based in part on an initial review of current and future groundwater mod 

planned by the Environmental Restoration, Waste Management, and T 

programs at the Hanford Site. The needs and requirements also refl t i 

activities being 

W, ste Remediation 

external stakeholders, including U. S. Environmental Protection EPA , Washington 

State Department of Ecology (Ecology), the Hanford Advisory 

tribal nations (the Nez Perce Tribe and the Y akama Indian N 

Confederated Tribes of the Umatilla Indian Reservation w e 

participate in the model consolidation process. 

The consolidated site-wide groundwater model should capa 

variety of Hanford Site project objectives including the follo · 

• site performance assessments of propose 

• 

• 

• 
• risk assessments. 

The key future anticipated 

• 
• 
• Hanfor 

• mobilized Low-Activtiy Waste Disposal Facilities 

• Canyon Disposition Initiative 

• 200-Area soils characterization and remediation 

• solid waste burial ground performance assessment maintenance 

Ill 
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• liquid discharge facilities permitting 

• reevaluation and update of Hanford site-wide groundwater remediation strategy 

• final records of decisions for contamination currently being managed by interim 

remedial measures (i.e., pump and treat remediation ) in 100 and 200 Areas 

A technical evaluation of site-wide conceptual and numerical models and preliminary 

recommendations for a proposed site-wide conceptual and numerical mo 

code to implement the consensus numerical model was developed in a erie 

workshops attended by technical representatives of Hanford contrac rs i 

groundwater modeling. Two most recently used site-wide moder g e 

HGWP (Wurstner et al. 1995; Cole el al. 1997, and Kincaid et 8) an 

development of the Hanford Site-wide Ground-water Reme 

and Chiaramonte et al. 1997) respectively were considere 

the most recent modeling was performed for the Comp ite 

Kincaid et al. 1998) and for the state of Washington pe . · tted 

Effluent Treatment Facility (Barnett et al. 1997) as part of tti 

In general the models are very similar. Most n table differences 

• the extent of the models. 

include these areas . 

• 

97 

drogeologic unit. The mud units are 

erefore may control or influence the flow of 

• 

artifici 

and natural recharge, while the model used to 

ound-water RemediationStrategy only considers 

is to proceed with external peer review of the model 

e asic rationale behind this decision was as follows: 

• The HGWP model is the most recent effort, and the data supporting the interpretations 

used are available for review. 

IV 



• The HGWP model already includes Richland north of the Yakima River and west of the 

Columbia and thus provides the needed capability of the HGWP to address plumes and 

the Richland drinking water supply. 

• The HGWP model, which is more complicated, can be more easily used to investigate 

simplification issues related to the importance and need for the more complicated 9-layer 

description compared to the 2-layer description used in the Hanford Si.te-wide Ground

Water Remediation Strategy model, as well as the importance of nat 

Review of computer codes for this initial phase of the model consoli atio 

limited to the two specific computer codes: 1) the V AM3D-CG c e elope 

Hydrogeologic, Inc in Herndon, Virginia, and 2) the CFEST-96 ed by e 

CFEST Co. in Irvine, California. In a qualitative compariso of 

V AM3D-CG and CFEST-96 were found to be technicallY. 

• they were included in the list of accepted groundw 

• 
in Milestone M-29-01 (DOE/RL 1991) 

M-29-01 document, and they generally 

requirement in this report. 

implementation. 

decision on 

izat n of the aquifer system before making any further 

clu ng the in-depth testing can provide additional 

both 

quantitative infor d cision to implement other codes, DOE/RL recognizes that a 

detailed benchmarking codes can be a costly endeavor and can result in significant 

additional costs for the site-wide model program. DOE/RL will thoroughly evaluate the 

necessary scope and associated costs with this type of activity before reaching a decision to 

include it in future planned work. 
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INTRODUCTION 

In response to both internal and external recommendations, the U. S. Department of Energy -

Richland Operations Office (DOE/RL) initiated a site-wide model consolidation process, 

which included the participation of all affected Hanford programs. This 

eliminate redundancies and promote consistency in groundwater analy s P. duced for 

Hanford programs. The RL Site Management Board (SMB) direct 

Restoration Program to lead the effort. On Sept. 5, 1996, John W on 

Letter of Instruction to affected DOFJRL programs, and site co 

DOE/RL and contractor customers, tribal and stakeholder p 

and maintain a predictive Hanford standard groundwater 

and stakeholders dated July 28, 1997, DOE/RL also ma 

consolidation process in FY 1998. 

contractors since the Hanford mission chang 

maintained a vadose zone and groundwater 

planned disposals in the 200 Areas and operatio 

g the three major 

· als production to 

·~.,,,,-tor (PHMC) has 

r __ ._.,.,.pport of active and 

Bechtel Hanford, Inc., 

e site in support of the site-wide 

eling capabilities for a variety of site 

consolidatio 

stakeholders. 

tablish a site-wide modeling process to foster 

current site-wide groundwater model of the site based on 

al model, database, and numerical model that will meet 

d requirements of internal and external Hanford site 

In FY 1998, the scope of the model consolidation is to 1) establish the needs and 

requirements of a Hanford site-wide groundwater model, 2) evaluate current interpretations, 



data. models, and codes, 3) make recommendations for consolidation, 4) conduct review of 

recommendations, 5) document review and recommendations, and 6) initiate implementation 

of the recommendations. 

Current plans also call for completing implementation of the site-wide groundwater model 

and development of a multi-year program plan in FY 1999 to provide continued support for 

the site-wide model from the years 2000 to 2005. 

PURPOSE AND SCOPE OF REPORT 

for consolidation of site~wide groundwater modeling. I 

recommendations are descriptions of 1) the overall ap oacli 

objectives of the model consolidation process, 2) the need 

groundwater model that were developed in the initial phase of 

process, 3) an overview of the site-wide grounlffl~u: odel that was 

starting point for a consensus site-wide mo 

concerns and issues raised by external revie 

input received from the EPA, Ecology, the Trib 

programs at th 

external st ol 

State Dep 

inistrative requirements for the 

rovid the basis of site-wide model implementation are 

d future groundwater modeling activities being 

W te Management, and Tanlc Waste Remediation 

Th needs and requirement also reflect input collected from 

Environmental Protection Agency (EPA), Washington 

y), the Hanford Advisory Board, and two of the affected 

·be NPT) and the Yakama Indian Nation (YIN)]. 

Representatives of the onfeder eel Tribes of the Umatilla Indian Reservation (CTUIR) were 

icipate in the model consolidation process. 

The report is separated into six sections and organized in the following manner: 
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• Section 1 is the Introduction. 

• Section 2 provides a an overview of the approach being used in the groundwater model 

consolidation process. 

• Section 3 provides a summary of anticipated uses, needs, and requirements for the site

wide groundwater model necessary to achieve the objectives of the model consolidation 

process. 

• Section 4 provides a description of the proposed site-wide model inc · ng the rational 

for its selection and summary discussion of its conceptual model a a n 

implementation. 

• Section 5 provides a summary of technical issues and concern 

proposed site-wide model by regulators, tribal nations, and 

This section also provides a summary of peer review co me 

(Note: this summary is not included in this initial dra re · rt bu 

included in the final draft.) 

• Section 6 includes a summary of refinements and 

model in response to the external peer review of the mo 

included in this initial draft report but will be developed and 1 

The main body of the report is also supple 
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APPROACH FOR SITE-WIDE GROUNDWATER MODEL 
CONSOLIDATION 

On October 27, 1997, DOE/RL initiated the site-wide groundwater model consolidation 

process with representatives of affected DOE/RL programs and contractor personnel. An 

overview of the model consolidation process, which is schematically prese ed in Figure 1 

included descriptions of the four major tasks: 

• development of site-wide modeling needs and requirements, i 

uses and technical and administrative requirements for the s 

• technical evaluation of site-wide conceptual and nume ·cal 

• recommendations for a consensus site-wide concep 

computer code to implement the consensus numerical m 

• implementation of the recommendations. 

modeling activities described i 

DOE/RL also consulted wi 

ent and planned groundwater 

· al r resentatives of Hanford contractors involved in 

etings were held between March 12 and March 31 , 1998, 

representatives of key internal site programs within the 

Environmental Restoration, Waste Management, and Tank Waste Remediation Programs. In 

these meetings the two most recently used site-wide modeling efforts conducted for the 

Hanford Ground-water Project (Wurstner et al. 1995, Cole et al. 1997, and Kincaid et al. 
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1998) and for development of the Hanford Site-wide Ground-water Remediation Strategy 

(Law et al. 1997 and Chiaramonte et al. 1997) respectively were considered. Of these two 

modeling efforts, the most recent modeling was performed with the Hanford Ground-Water 

Project model to support the Composite Analysis (Cole et al. 1997, and Kincaid et al . 1998) 

and the State of Washington permitted discharge assessment of the Effluent Treatment 

Facility (Barnett et al. 1997). In these internal meetings, the basic similarities and differences 

between these two recent models were discussed and evaluated. 

very similar. Most notable differences are in 

• the extent of the models. The model developed by the Hanfo cf G 

includes an area that encompasses the North Richland well 1 

The model used for development of the Hanford Site-w· e 

Strategy did not include these areas. 

• the interpretation of the number of hydrogeologic 

Project model identifies multiple and extensive mu 

• 

above the basalt) while the model used for the Hanford · 

hydrogeologic unit. The mud units are 

et al. 1995, Law et al. 1997, Thorne an 

recharge. 

DOE/RL' s final decision is 

rationale behind this decis1 

eveloped by the HGWP. The basic 

• 

• 

address 

• s m re complicated, can be more easily used to investigate 

simplification issue elate to the importance and need for the more complicated 9-layer 

e 2-layer description used the Hanford Site-wide Ground-

water Remediation Strategy model as well as the importance of natural recharge. 
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Following the selection of the site-wide conceptual groundwater model developed by the 

Hanford Groundwater Project as the proposed site-wide groundwater model for external peer 

review, a technical workshop to discuss the model consolidation process was convened on 

April 24, 1998, and attended by technical representatives for EPA, Ecology, affected Tribal 

Nations (YIN, NPT, and CTUIR), and other interested Hanford contractors. The purpose of 

the workshop was to discuss the 1) proposed process for achieving the groundwater model 

consolidation objectives, 2) to review the anticipated uses, needs, and req · ments of site-

wide groundwater model, 3) to evaluate how current model/codes meet e ds and 

requirements, and 4) to discuss the basis for selection of the HGWP od for external peer 

review. The workshop also provided an overview of the propose 1 to aid the 

attendees in their subsequent review of the technical documents 

conceptual model and the interpretations that support it, the 

implementation, and the predictive results from the mode 

As a follow up to the workshop, technical representativ 

were asked to review the background information for the pr 

for evaluation. 

The developed recommen · report will be presented for review by 

Comments and suggestions solicited during 

ssible will be incorporated into a final revised 

be published in January 1999. 

Following endations for model consolidation, DOF/RL will initiate 

dations for refinement and modification of the proposed 

e proposed date for completing implementation of the 

model, including the development, calibration, application, 

and documentation, is curren y planned for July 30, 1999. However, this date may need to 

be revised based on the recommendations and resulting scope. 
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ANTICIPATED USES, NEEDS, AND REQUIREMENTS FOR 
THE SELECTED SITE-WIDE GROUNDWATER MODEL 

ANTICIPATED USES OF THE SITE-WIDE GROUNDWATER MODEL 

Site-wide groundwater modeling is a critical component of an overall system assessment 

methodology that is required at the Hanford Site to quantify the enviro al consequences 

of past, present, and future Department of Energy .activities at impact pliance 

boundaries and receptor points at the site and within the region. methods and 

models used must consider the spatial and temporal scale of the s ste 

scales of specific analyses and assessments that will rely on thi c 

diverse locations of waste at the site in the 100 Area, 200 

miscellaneous waste sites in the 600 Area (Figure 2). Sev ral 

assessed by the methodology must be able to evaluate 

water system for several 

future impacts of the groundwater 

d chemical contaminants of varying 

f lo -lived radionuclides and chemical 

long-term threats to the environment and to human 

of ome assessments, the selected groundwater model needs 

valuat th anticipated future transient behavior of the groundwater 

· o of past practices of discharging dilute waste liquids to the 

subsurface will result in future declines in the underlying water table, an overall decrease in 

saturation of unconfined aquifer, and long-term changes in future flow patterns. These flow 

patterns may also be impacted by future land uses and water resources impacts both on and 

outside of the Hanford Site. Changes in on-site land uses may result as lands outside of the 
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exclusive waste management and buffer areas are remediated and released to the general 

public for alternative land uses. 

A critical aspect of the site-wide model in the context of a system assessment methodology is 

its ability to interact with other components and modules in the methodology. The typical 

linkages are with modules that assess flow and/or contaminant transport in the overlying 

unsaturated or vadose zone, flow and transport in the Columbia River, an uman health and 

ecosystem exposures and risk at compliance and/or potential receptor 

A review of recent and ongoing groundwater modeling applicatio s o 

completed to help identify the specific needs and requirements ss 

wide groundwater model. The requirements of a model ar et 

objectives of the modeling and by the characteristics of 

contaminant concentrations from a waste disposal facilit a regul ory concentration 

standard, the model developed must be sufficiently precise to r 

· being modeled, selected for the 

model characteristics for 

• 

each category, several examples of specific 

e listed: 

of acility design on predicted groundwater concentrations 

use predicte ou water concentrations to establish requirements on the design 

or inventory of a waste disposal facility 

• assessment of environmental impacts involving the prediction of contaminant transport 

and dose modeling 

8 



estimate contaminant concentrations in the soil, groundwater, surface water, and 

air to which a human or ecological receptor might be exposed 

evaluate the potential impacts on groundwater quality of land use alternatives 

estimate the effect of operational facilities on future water quality 

• design and evaluation of groundwater remediation strategies including natural 

attenuation, hydraulic control/containment, and contaminant removal/cleanup 

estimate the effectiveness of alternative groundwater cleanup 

support planning and implementation of remediation alter tiv 

evaluate the impact of a declining water table on remedi 

• design and evaluation of site monitoring networks 

- determine whether a monitoring network is adequate 

changes in a groundwater contaminant plume 

evaluate the effectiveness of a monitoring net 

transport of existing and emerging contami ant 

table 

assess the ability of a monitoring network to det 

groundwater remediation strategy 

• risk assessments 

r a declining water 

ations arising from 

and transport parameters 

Many of these types of ap 

other models, most commo 

accomplished boundary conditions. In several of the Hanford 

ou dwater code used in the model could also be used to 

some target level. 

omparison between predicted concentration or dose and 

object" es, in particular, require that the degree of uncertainty in the 

nee the prediction of groundwater behavior always involves a 

substantial amount of uncertainty, including an assessment of the uncertainty in results 

improves most modeling applications. 
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The characteristics of the Hanford Site groundwater system, important in determining the 

requirements of a model, will be discussed in greater detail later in this document. Here we 

summarize the characteristics of the groundwater models used in the Hanford Site 

applications reviewed. These models exhibited a wide variety of characteristics, summarized 

as follows: 

• Dimensionality: One-, two-, and three-dimensional models were used. In applications 

that considered two-dimensional models, both plan-view and cross-s 

used. 

• Geologic framework: Conceptual models generally identified 

the vadose and saturated zones. In some cases, the geologic 

detail and in others, several units were lumped together. 

• Spatial variability: Homogeneity was often assumed, p 

unit. Some model application have considered spati 

numerical grid. 

• Temporal variability: Steady-state as well as transient 

water flow and contaminant transport. Changes on a time-s 

considered . 

• 

• 
that approximate the 

e limited to examination of the 

sorption process using 

• Spatial scale: The spa less than a square kilometer using 

• 
• 

• 

(particul 

used . 

undary conditions were required, some of 

e assigned for the convenience of the model 

e odels). Both steady-state and transient boundaries were 

and from 0.1 to 2 m or more in the vertical plane. The 

des in the models varied widely, exceeding 50,000 nodes in 

one application. 

Many of the modeling applications reviewed used models that covered a relatively small 

portion of the Hanford Site: an operable unit in the 100 areas, for example. The greatest 
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degree of spatial and temporal variability and the finest spatial resolution was generally 

associated with these local-scale models. 

A review of anticipated groundwater modeling applications on the Hanford Site was also 

completed to help identify the anticipated future uses of the selected site-wide groundwater 

model. The key projects, activities, and assessments that will require groundwater analyses 

and may use the site-wide model are summarized in Table 1. Brief sum.,.,cu .. .., of the planned 

scope, schedule, and anticipated groundwater analysis needs for these s, activities, and 

assessments are provided in the following two sections: 1) planned a ivities at will use site

wide groundwater modeling and 2) other activities that can poten 

groundwater modeling. 

Planned Activities 

Solid Waste Environmental Impact Statement 

Specific gro 

al facilities/activities. The EIS will 

e pro ' radioactive and hazardous wastes, 

ite or received from off site generators, during the 

. This EIS will comprehensively analyze 

alternatives, including potential cumulative 

ements and methodologies that will be used to support 

groundwater analysis c ill be needed to assess the environmental consequences and 

human health impacts of pot tial radiological and chemical contaminants from all solid low

level waste disposal facilities for site groundwater and surface water resources. Implicit in this 

need is the potential use of a site-wide groundwater model to provide the necessary spatial 

and temporal hydraulic and transport framework for transport analysis of key radionuclides 
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and chemicals. The assessment is being initiated in FY 1998 and the initial draft of the EIS is 

expected to be completed for public review and comment in FY 1999. 

Modeling Support to Hanford Groundwater Project 

Groundwater modeling is being used to actively support key objectives of the Hanford 

Groundwater Project, which include 1) to identify and quantify existing, 

potential groundwater quality problems and 2) to assess the potential r b 

and chemical contaminants to migrate from the Hanford Site throu 

pathway. 

Two recent specific assessments · related to the Hanford Grou 

extensive use of groundwater modeling are 

• development of a three-dimensional groundwater 

the impacts of existing contaminant plume migration 

systems and groundwater use 

• predicting impacts of future water-level d 

supplies. End points of the groun 

Composite 

· ture water-level changes on site

ttems and 2) to assess the potential for 

and transport analysis are problem-specific and 

eath or in close proximity to individual waste 

In response to tli ear acilities Safety Board (DNFSB) Recommendation 94-2, 

DOE has directed fiel ·tes to i lude in site performance assessments an analysis .of the 

impact of other radioactive ces that could add to the dose from active or planned LLW 

disposal facilities. In response to this, an initial composite analysis of the Hanford Site was 

initiated in FY 1996 and is currently being conducted as part of the Hanford Groundwater 

Project. This composite analysis is focusing on the 200 Area central plateau because of the 
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variety of LL W facilities ( e.g., 200 West and 200 East burial grounds, LL W from tank wastes, 

and the ERDF trench) impacted by the DNFSB recommendations. The draft document 

summarizing this initial assessment has been recently published (Kincaid et al. 1998). 

As part of the Composite Analysis, site-wide groundwater modeling was carried out to assess 

dose impacts for the off-site transport of existing plumes and future releases of contaminants 

in the 200 Areas. Efforts were made to identify and screen all sources ould potentially 

interact with contaminants from Hanford LLW disposal facilities. Inv 

releases of radionuclides that are expected to contribute to the predi ed 

established for each of these sources. 

Flow conditions were simulated from 1996 to the year 4000 

transport was simulated from present day conditions to e 

concentrations of key radioactive contaminants provide 

using standard dose conversion methodologies and exposure 

identified by the Hanford Site Risk Assessment Methology (HSR 

Dose impacts from the existing plumes and 

Current plans for performing 

second iteration in FY 20 

e scenarios) were evaluated. 

osite Analysis are to initiate a 

mo eling assessments are being conducted as part of the 

HTI) t provide engineering and scientific analysis necessary to 

sures. These analyses are being designed to assist the HTI on 

• establishment of appropriate retrieval techniques 

• determination of appropriate release during waste retrieval 
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• evaluation of the need for new tank retrieval technologies 

• support for the identification of the most important field characterization and 

technologies development area 

• support for future NEPA analyses. 

In the initial phases of this work, the effort has focused on performing screening level 

sensitivity analyses of the AX and SX tank farms to identify and rank tra 

and evaluate transport phenomena in the vadose zone as a part of the 

Evaluation Criteria Assessment part of the HTI. These analyses are 

the development and application of more-refined two- and three

models, and to support field characterization efforts by defining 

uncertainties in the risk assessment process. Results of these · · ti 

summarized in two recent reports by JEGI (1998a and 19 b) 

The detailed vadose models are under development for th 

be used in conjunction with a site-wide model of the unconfin 

environmental and human health impacts of c.,rn.-..u purpose of the 

tions at the AX tank 

Parameters and 

oject. A two-dimensional model 

the analysis. PORFLOW was 

being used by members of. 

validation exercise. 

assessment are c 

respectively. 

e Hanford Site and it was already 

the overall Retrieval Performance Evaluation 

in November 1998 and January 1999, 

se of a site-wide groundwater model will focus on 

ology selection in FY 2000 and the development of 
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Immobilized Low Activity Waste Disposal Facility Performance Assessment 

The Hanford immobilized low-activity waste (ILA W) disposal facility performance assessment 

provides an analysis of the long-term environmental and health impacts of the on-site 

disposal of Hanford immobilized low activity wastes (LAW). DOE/RL is currently proceeding 

with plans to permanently dispose of radioactive and mixed wastes that have accumulated 

over the last 50 years in single- and double-shell tanks in the 200 Areas o 

currently stored in single- and double-shell tanks will be retrieved and retr ated to separate 

the low activity liquid fraction from the high-level and transuranic w tes The low-activity 

fraction will then be immobilized and disposed of on-site in a ne sal facility 

located in the 200 East Area. 

The proposed location for the 1WRS ILA W disposal comP, 

principal site, which is located in the south-central part 

bulk of the ILA W generated as wastes are retrieved fr m sin 

for vitrification by private vendors. Another site, which is the previously 

constructed grout disposal facility just east of the 200 East area, ill be 

initial quantities of ILA W from private vendo 

beirig developed. 

information. The first version of ---P-1 
the data used in the ILA W pe 

design, release rates from gl 

and dosimetry. The transport an 

the key physical 

subsequent ve cal 

groundwater 0 

100-m do 

d · ved from information obtained in 

cumented include the disposal site 

ge, disposal package and facility 

a values are also described. 

1 Mann, F. M., R. P. Puigh II, C. R. Eiholzer, Y. Chen, N.W. Kline, A.H. Lu, B. P. McGrail, 
and P. D. Rittrnann. 1998. Immobilized Low-Activity Tank Waste Performance Assessment, 
DOE/RL-97-69, Rev. B, in preparation 
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Several future revisions of the ILA W PA are planned; these will use more site-specific, waste

form specific, and facility-specific data that are planned to be generated over the next two to 

three years. Current plans call for the preparation of two separate performance assessments. 

A performance assessment to support the decision to dispose of ILA W in the grout vault 

facility will be prepared by August 2000. A performance assessment to support the decision 

to dispose of ILA W in the new ILA W disposal facility will be prepared in FY 2002. In both 

cases, the analyses will require a site-wide groundwater flow and transport 

three-dimensional contaminant transport of key radioactive contamina s a potential 

human health impacts from facility releases at 100 m down-gradient or facilities (to meet 

the requirements of DOE Order 5820.2a) and at the Columbia Ri r b 

potential NRC licensing requirements). As in the case of LL W 6 

assessments, the current guide for PA maintenance will also 

and five-year revision cycle that repeats itself during the 

ILA W disposal facilities. 

Other Possible Applications 

disposition of the 221-U 

examine the potent' 

place for variou alte 

ental Response, Compensation 

a long-term performance will be needed to 

t o contaminants of concern that would be left in 

onsideration. A component of this assessment will 

include a caP. 

aquifer sys 

e i pacts of released contaminants on the unconfined 

C nyon area. 

cal approaches must be able to quantitatively assess the key 

odels including the expected long-term release of critical 

contaminants from the facilities of concern, the transport of these contaminants in the 

environment including transport in the unconfined aquifer, and the subsequent risk and 

environmental impact of these contaminants at expected exposure and receptor points. The 
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specific scope and methodology used for the groundwater flow and transport component of 

the analysis will be developed during the initial phase of the performance assessment. 

Current plans call for initiation of first phases of the performance assessment of all 

alternatives being considered in FY 1998. The current Tri-party Agreement schedule calls 

for a record of decision for disposition of the U-Canyon to be completed in September 2001. 

Similar assessments of the other main processing facilities (B-Plant, T-Pla 

Uranium Extraction Facility, and the Reduction Oxidation Plant) will b 

phased approach after completion of the 221-U facility analysis. 

200 Area Soils Characterization and Remediation 

The 200 Area Soils Characterization and Remediation p 

groupings that integrate the treatment, storage 1arn:t-QLS;o 

on the common chemical processes and wa 

between 32 previously established operable u ·ts. 

collected from representative sites associated wi 

for reaching remedial action approaches and decis1 n for l sites within each particular waste 

site group. This overall strategy 

groups have been developed 

Although specific details 

calculation 

~sessment. 

n health impacts of key radiological and 

rnative on the underlying groundwater system. 

ill be performed as part of the Remedial Investigation Report 

and Feasibility Study activities. The risk assessment will use historical process and 

characterization data as well as data collected from the representative site characterization 

activities. This data set will be sufficient to evaluate the remedial alternatives and ultimately 
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the selection of a remedial action. However, data will not be collected at this time for all the 

waste sites within the waste group. It is anticipated that only approximately 10% of the waste 

sites will be characterized at the Remeidal Investigation/Feasibility Study (RI/FS) stage. Thus, 

a quantitative risk assessment will not be perfonned as part of the RI/FS activities. 

A quantitative risk assessment will be typically performed once additional data becomes 

available for the various waste sites in the waste group. This can be acco · shed possibly as 

early as the collection of the confinnation data after the record of deci · n OD) but would 

typically be performed once the remedial action is completed. This 

assessment will require a sufficient data set to allow for detailed del · 

typically be able to be performed at the RI/FS stage. However, a 

assessment may be perfonned at the RI/FS stage where a mo hen 

a large data set is required to be collected due to multiple 

of contamination requiring more data to be collected (i lu · g da 

of an expedited response action, if required), or other 

evaluation is needed for a specific waste site or location. 

would not be done for the entire waste group. 

• 

• 

as follows: 

remain at significant levels in 

a one-dimensional model such as 

s modeling will be performed in the 

remediation is not anticipated to be 

upport a quantitative risk assessment will not be 

t of waste groups could involve lower disposal volumes 

. These waste groups could also include waste sites in 

plex waste sites such as the 1WRS tank farms. Thus, 

a m re detailed risk assessment during the RI/FS stage and, if 

coll ted within the specific areas of concern, data will be 

available to do a more complex risk assessment. This risk assessment could be considered 

a limited quantitative risk assessment but would not be at a sufficient level to be 

considered a cumulative risk assessment. Thus, a more detailed two-dimensional model 
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(or simplistic three-dimensional model) may be required to support this effort in the late 

FY 2001 time frame. 

A cumulative risk assessment is anticipated to be performed once sufficient data has been 

collected to allow a comprehensive evaluation to be performed as well as when final remedial 

actions have been defined and end states established. Any cumulative risk assessment that is 

required to establish cleanup standards other than those contained in the ent regulations is 

not considered on a waste site specific basis and must be considered at site ide level. This 

level of analysis will likely involve the use of a site-wide groundwate mo 

environmental and human health impacts from the unconfined a 1fer 

Solid Waste Burial Ground Perfonnance Assessment 

Since September 26, 1988, performance assessment an yse 

Order 5820.2A to demonstrate that DOE-operated waste · 

west corner of the 200 East Area and 

arate nalysis was included to examine the impacts 

sed o · trench 94 of the 218-E-12B disposal facility. 

nd inactive burial grounds before September 26, 1988, 

00 West Area low-level burial grounds (LLBG) 

examined the long-te 'mpacts f LLW and radioactive constituents of the LLMW disposed 

eas situated along the west boundary of 200 West Area. Burial 

grounds considered in the analysis included 218-W-3A, 218-W-3E, 218-W4C, and 218-W-5. 

Low-level wastes disposed in retired or inactive burial grounds before September 26, 1988, 

(218-W-2, 218-W-4A, 218-W-4B, and 218-W-l l) were not considered in this analysis. 
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Current program plans for Hanford LLW burial grounds call for ongoing maintenance of 

performance assessment analyses. This maintenance plan is designed to perform a routine 

review of the performance assessment-derived controls on waste disposal so that potential 

problems are identified and managed. Problems could result from new data or information 

on waste inventory, waste form release mechanisms, environmental characterization, or 

monitoring that could have an impact on fundamental assumptions and p 

used to establish the performance assessments. Performance assessmen rev· ions may be 

required to evaluate conditions or assumptions not originally includ 

assessment analysis. 

The current guide for PA maintenance requires an ongoing 

revision cycle that repeats itself during the entire operatio 1 

revision period will be in FY 2000. However, because 

calculational methodology used in the original perform 

site-wide groundwater model to support the ongoing mainte 

annual performance assessment review and potential five-year rev1 · 

resolve a particular issue. 

Under the Hanford Site State Wa"•--~~ 

cooling and wastewater to the 

Washington State Adrninistr iv 

discharges permits includ 

• 
• ST 4501, Fast Flu~--..L 

WMH-PHM 

• 

, the site discharges treated 

s in accordance with the 

and DOE Order 5400.5 . Individual 

Facility (ETF) managed by WMH-PHMC 

ondary Cooling Tower Water managed by 

• 
• 
• · ena ce, and Construction Discharges. This is a site-wide permit 

and ontractor personnel from the PHMC. 

Of these facilities , the only facility that has used groundwater modeling is the 200 Area ETF. 

In 1997, groundwater modeling was performed to support ongoing permitting requirements 

for the ETF disposal site located just north of the 200 West Area (Barnett et al. 1997). The 
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ETF disposal site, also known as the State-Approved Land Disposal Site (SALOS), receives 

treated effluent containing tritium, which is allowed to infiltrate through the soil column and 

pass through to the water table. The facility operating permit, promulgated by WAC 173-216 

(Ecology 1986), requires groundwater monitoring for tritium, reporting of monitoring 

results, and periodic review of the monitoring network. 

The ETF began operations in November 1995, and tritium was first detec d in groundwater 

monitoring wells around the facility in July 1996. The SALOS groun ate monitoring plan 

requires a reevaluation of the monitoring well network and a revisio of 

groundwater model used in the original permit one year after first 

groundwater. 

No specific plans for further groundwater modeling at th.""'~,,..,.,~J.J 

Current permit requirements commit DOE/RL to an on oin 

of the monitoring network and the appropriateness of p 

discharge information or monitoring data become available 

requirements will be dependent on the consi 

monitoring data with the fundamental assu 

model. 

n of the effectiveness 

ater Remediation Strategy 

used in estimating 

planning and i le 

ide groundwater model was developed to be 

ve groundwater cleanup approaches, to support 

ediation alternatives, to support risk assessments, and to 

groundwater flow field. The groundwater modeling for 

emediation Strategy is summarized in detail in Law et 

997). A summary of the key aspects of the groundwater 

To support the development of the site-wide groundwater remediation strategy, the calibrated 

groundwater model was used to predict water table elevations and contaminant transport for 

several key contaminant plumes (tritium, iodine-129, uranium, technetium-99, nitrate, carbon 
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tetrachloride, trichloroethylene, and chloroform) for 200 years using 1995 data as the initial 

condition. Initial sources in the 100 and 200 areas were modeled. The only sources of 

future releases of contaminants considered during the simulations were for tritium, which 

considered releases from the ETF, and for carbon tetrachloride, which considered releases 

from the 216-2-9 trench. Limited sensitivity analyses were carried out to provide some 

estimate of critical parameters and the effect of uncertainties. For those contaminants that 

contributed to risk, an estimate of cumulative risk was made using the in · al and 

residential scenarios defined in HSRAM (DOF/RL, 1995d). 

This work and related site-wide groundwater modeling was comp 

and republished with revisions in 1997. At this time, there are no 

developed strategy in the near future. However, should a re ses 

required, the effort may need to reevaluate the previously re · ted 

transport modeling results. This reassessment may also eq · e ne 

predictions of water table elevations and vertical and ho · ont 

several key contaminant plumes that were examined in the o 

iodine-129, uranium, technetium-99, nitrate, carbon tetrachloride, 

chloroform. 

Final Records Of Decision For Contamination 
Measures In 100 And 200 Areas 

Pump-and treat systems have bee e be g used to reduce and contain 

(DOF/RL 1997.b ). A pump-and-

from the groundwater near N-Springs. 

the adsorption barrier designed to reduce the 

significantly delaying its transport to the 

A pump-an o rated in the 100-HR-3 Operable Unit area (100-D and 

at ilit test to evaluate the ability of the system to remove 

chromium from the gr dwater ear N-Springs. The test is being performed in 100-D area. 

While the system has prove effective in providing hydraulic control of chromium flux to 

the Columbia River, it may not be an effective long-term option for achieving full 

remediation (DOE/RL 1997b ). Final remediation may require further identification and 

remediation or removal of continuing sources of contamination, if feasible and cost effective. 
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Two pump-and-treat systems have been implemented as pilot-scale tests and are being used to 

reduce and contain contaminant plumes at the 200-UP-1 and 200-ZP-1 Operable Units in 

200 West area (DOF/RL 1997b). The 200-UP-1 puinp~and-treat system is being used to 

minimize the migration of uranium and technetium-99 groundwater plumes in the 200-UP-l 

Operable Unit. The 200-ZP-1 pump-and-treat system is being used to minimize the 

migration of the high concentration portion of a carbon tetrachloride plu 

contaminants chloroform and trichloroethylene in the 200-ZP-1 Oper le 

As part of the initial remedial design process for pilot-scale pump d trea 

analyses of the 200-UP-1 and 200-ZP-1 groundwater operable u ts 

Modeling associated with the capture zone analyses are descri d 1 

BHI 1996a, b). The stated objectives of these past studies w re t evaluate altematl 

remedial actions, to assess refinements or expansions of i eri 

final remedy. Additional specific objectives were to as 

table elevation, to evaluate well configurations for the pu 

monitoring networks, to evaluate hydraulic control and contai 

contaminant transport pathways and travel tim 

effectiveness. 

groundwater o 

water table 

unknown at this time. 

these plumes if monitoring data 

solution for remediation of the 

but could conceivably be evaluated within the 

men may require a reevaluation of previously predicted 

m y also require new analysis of future predictions of 

in t transport of several key contaminant plumes that were 

evious analyses to support remediation decisions have 

se of the site-wide model to support these future studies is 
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COMPUTER CODE REQUIREMENTS FORA CONSENSUS SITE-WIDE 

GROUNDWATER MODEL 

lbis section of the report lists the requirements of the computer code to be used for the 

consensus site-wide groundwater model. These requirements were based on the review of 

recently completed and ongoing Hanford Site groundwater modeling applications, as well as 

consideration of the future applications of the consensus site-wide model. In addition, a 

number of related documents describing code selection criteria were rev· w , including 

Simmons and Cole (1985), Kozak et al. (1989), DOFJRL (1991), an and Myers 

(1998). 

The computer code used to implement the consensus site-wid 

satisfy the requirements listed in this section. Both technic 

are given along with a brief discussion of the rational b 

Technical Requirements 

Fluid Flow 

in three-dimensions due to the 

w and transport. Flow conditions are 

e due to changing site operations and land use. In 

temperature or density gradients. For certain 

mulation of remediation options for the carbon 

OX eatment methodologies, the ability to simulate the 

ity may b de irable. These features are not required in a site-wide 

more specialized code . 

site-wide modeling.) 

ptions are likely to be modeled on a smaller scale with 

cialized codes will need to be ·integrated with the results of 
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Hydrologic Properties 

Requirement. The code must be capable of modeling the three-dimensional geometry of the 

important hydrogeologic units and the three-dimensional spatial variation of hydraulic 

parameters (hydraulic conductivity, transmissivity, specific storage, storage coefficient, etc.). 

The code must allow anisotropic hydraulic conductivity values. 

Rational. The hydrologic properties of the sediments within which the 

highly variable in both horizontal and vertical dimensions. The spati 

influence on groundwater flow and contaminant transport, and mu 

represent observed and future conditions. 

Contaminant Transport 

Requirement. The code must be capable of simulating 

contaminant transport resulting from the processes of 

molecular diffusion. It must be possible to specify longitudin 

that are not the same. 

a function of 

ific data on dispersion is 

ent geochemical retardation using a linear 

1ble to assign distribution coefficients that are 

the hydrogeologic unit in which transport occurs. The 

a · acti e decay are major processes affecting contaminant 

at the nford Site. Adsorption is known to vary significantly 

e porous medium in which it occurs. A desirable feature of 

the code is the capability to model complex decay chains (for example, the decay of 

uranium). 
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Spatial Scale of Analysis 

Requirement. The code must be capable of simulating groundwater flow and contaminant 

transport at the scale of the entire Hanford Site. 

Rational. The purpose of the site-wide model is to be able to model the Hanford Site 

groundwater environment over the entire site. 

Temporal Scale of Analysis 

Requirement. The code must have the capability to effectively si 

and contaminant transport on a variety of time-scales ranging fro 

years . 

Rational; Site-wide groundwater modeling over a larg 

the consensus model to · satisfy all programmatic needs. 

Coupling of Flow and Contaminant Transport 

range of necessary applications. 

contaminant transport. 

y performing streamline (for steady-

dimensions. 

Requirement. 

understand the movement of contaminants without the 

contaminant transport equation. 

st e capable of incorporating time-dependent and spatially 

varying Dirichlet (constant head or concentration) and Neuman (fluid or mass flux) 

boundary conditions. The code must also be able to model time- and space-dependent 

sources and sinks of water and contaminants. 
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Rational. Aquifer recharge and river boundaries are spatially and temporally variable. 

Correctly .representing these boundaries may be required to obtain accurate estimates of 

groundwater flow. In addition, the site-wide groundwater model will likely interface with a 

vadose zone model(s) through the assignment of appropriate boundary conditions specifying 

water and contaminant fluxes. Output fluxes from the vadose zone model(s) are likely to 

vary in both space and time. Modeling future land use, site operations, a 

sources may require that variable sources and sinks be represented. F 

be a need to model the effect of future on-site irrigation wells. 

Interaction with Local-scale Modeling 

Requirement. The code must be capable of transferring ou 

contaminant transport model to local-scale (smaller than te- 1de) o 

Rational. The ability to facilitate transfer of critical info 

model to complex, local-scale models is required. Site-wide 

required for the local-scale model includes hy 

fluxes, and contaminant fluxes. The local-s 

Administrative Requiremen 

User Interface Issues 

Rational. 

model inpu 

me form of pre- and post-processing modules 

understand results. 

odules reduce the likelihood of errors occurring in 

ve the i erp tation of model output. Graphical interfaces are 

pability to graphically display the numerical grid 

zone i ntifiers, contaminant and water fluxes across selected 

boundaries and/or regions 1 e modeling domain, and contours, spatial. cross sections, and 

time histories of contaminant concentrations is highly desired. Pre- and post-processing 

modules may be an integral part of the code or a separate package. They may be 
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commercial or public domain products not developed by those responsible for the computer 

code. 

Requirement. The code must be capable of interfacing with the available site Geographic 

Information Systems (GISs). 

Rational. Interfaces to site GISs and site-wide model parameter database 

efficient specification of hydraulic properties, boundary and initial co 

and sinks. The appropriate interfaces will allow the site-wide groun 

input from the GISs and to produce outputs that can be read by 

may be part of the pre- or post-processing software. 

Model Reliability Issues 

Requirement. Code documentation must be readily av. 

theory, governing equations, assumptions, and solution m 

user's guide describing the operation of the code must be avai 

user interfaces to assist in the 

graphical user interfaces 

should be described, includi 

Requirement. 

Rational. 

correctly i 

the display of output files are 

used to contain the input and output 

vidence that the solution methods used in the code are 

al o demonstrate the effect of the assumptions and 

m li itat' ns of the code. The verification evidence should include 

a variety of known or accepted solutions. 

Requirement. A body of code applications must exist. 

Rational. Prior applications should demonstrate that the code is well regarded among the user 

and regulatory community. In particular, the code should be acceptable to the EPA and 
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Ecology for environmental assessments at the Hanford Site. The code should have been used 

in simulations of the Hanford Site unconfined aquifer with the results published in externally 

reviewed documents. 

Technical Support 

Requirement. · Adequate technical support for the code must be available to allow rectification 

of technical difficulties that arise in its application to Hanford specific a h 

Rational. Technical difficulties may arise that require modification to the 

domain code is used, the technical support for the code may resi e of 

Site DOE contractors. If a proprietary code is used, technical .,,.,r,nl',,ol't 

the code developer. In either case, arrangements must be i la 

technical needs. 

Configuration Control 

code must be documented. 

Contractor Use 

If a public 

To 

Requirement. The code 

groundwater modeling. 

l contractors performing Hanford Site 

by all Hanford 

Rational. taff, their contractors, tribal representatives, and other Hanford 

Site stakeholders require access to the code for the purposes of repeating calculations and 

confirming results. 

29 



Proprietary Codes 

Requirement. Inspection and verification of the source code by DOE and its agents must be 

possible. 

Rational. Inspections and/or verification reviews may be required to assist DOE and its 

contractors in rectifying problems encountered in application of the code, or in working with 

the code author(s) to develop technical approaches for required code e an For 

public domain codes, this requirement is satisfied. For proprietary c es, 

arrangements with the code's author(s)/custodian(s) will be necess . Prop 

be considered if they provide an advantage over public domain 

arrangements can be made. 

Portability 

Requirement. The selected code should be capable of 

Rational. Different users may have a varlet)'. 

ACCEPTABILITY OF CURRENT CODES 

These codes include 

• the V AM3D-CG code 

Co. in Irvine, California, used for the site

e Hanford Groundwater Project. 

• they were included i er t of accepted groundwater flow and transport codes identified 

in Milestone M-29-01 (DOE/RL 1991) 

• they met the technical capabilities and administrative requirements outlined in the original 

M-29-01 document 
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• they generally met the technical capabilities and administrative requirements in the recent 

project report on needs and requirements submitted to DOE/RL on December 31, 1997. 

A summary of how both V AM3D-CG and CFEST96 meet these specific capabilities and 

requirements outlined in the previous section is provided in Table 2. 

The key discriminating factors in the code selection were related to the cost and schedule 

impacts of implementing one code over the other. 

with 

• 
for the selected code 

• code/model training for contractors and interested partie 

and model 

• implementation of the underlying infrastructure an 

configuration control, and maintenance of each s 

ocessing software, 

• future model application. 

y Hydrogeologic, 

on behalf of RL. 

e code capabilities for these 

3 -CG offered would be a three

the unsaturated-saturated version 

3D-CG or CFEST-96 will likely be about same to 

woul originate in different contractor or program 

ith the e selected. The selection of V AM3D-CG would 

Costs could be slightly higher since PNNL is the 

·ng the overall capability of the site and would likely 

of code use than the typical code user with other 

T-96 code would require code training by organizations 

models. 

A qualitative evaluation of the potential costs and schedule impacts of implemention of the 

necessary infrastructure, pre- and post-processing software development, configuration 

control, and maintenance was also developed. Assuming that the Hanford Groundwater 
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Project is the program identified to provide necessary configuration control and maintenance 

for the implemented site-wide model, a V AM3D-CG model implementation would cost more 

than CFEST implementation since HGWP staff would need to link V AM3D-CG pre

processing and post processing capabilities with current EarthVision and ARC/INFO 

infrastructure. The selected site-wide would need to linked to site-wide GIS capabilities and 

ARC/INFO processing software to display input files and model results. Additional schedule 

and costs would be incurred in implementing V AM3D-CG because the c nt preprocessing 

software that links the basic hydrogeologic data and information and i erp ted 

hydrogeologic surfaces to model input files are designed to generate uita 

CFEST-96. Actual differences in implementation costs can only de . 

planning. 

Little specific information is currently available on comp 

CG code versus the CFEST-96 code since the current m oel · pie 

are based on different conceptual model complexity. f r 

CFEST-96 model implementation, which assumes a larger n 

the same conceptual model se 

differences can only be det 

of minimizi 

implementation. 

· mpacts since the site-wide model selected for 

tly · mplemented with the V AM3D-CG code. In the interest 

c de for the initial consolidated site-wide model 

Once the initial phase of the odel consolidation is completed, DOFJRL may consider 

performing more in-depth testing of the CFEST-96 code with the V AM3D-CG and other 

codes using a similar conceptualization of the aquifer system before making any further 

decision on codes. Although including the in-depth testing can provide additional 
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quantitative information to assist in the decision to implement other codes, DOE/RL 

recognizes that a detailed benchmarking of several codes can be a costly endeavor and can 

result in significant additional costs for the site-wide model program. As such, DOE/RL will 

thoroughly evaluate the necessary scope and associated costs with this type of activity before 

reaching a decision to include it in future planned work. 
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DESCRIPTION OF THE PROPOSED SITE-WIDE MODEL 

PURPOSE AND SCOPE OF MODEL 

Monitoring of groundwater across the Hanford Site has detected a number of radioactive 

contaminant plumes emanating from various operational areas (Hartman and Dresel 1997) . . 

The most widespread are from groundwater contamination by tritium a ·ne-129. 

Smaller plumes of strontium-90, technetium-99, and plutonium cont · co 

exceeding EPA and State of Washington interim drinking water sta tlards ( 

concentrations are also found at levels greater than the proposed 

contaminated by cesium-137 and cobalt-60 have also been fo 

Nitrate is the most extensive and widespread chemical cont 

Carbon tetrachloride, chloroform, chromium, cis-1,2-dic oro thyle , 

trichloroethylene are present in smaller area at levels 

Uranium 

ro ems and in assessing 

contaminants in the unco 

rd 1te to the accessible environment 

the nconfined aquifer system. 

viously developed and served as 

;,,,...,11:Qj;,· cting the movement of 

Wurstner et al .. (1995), a site-wide flow and 

Laboratory s 

Hanford Sit ' to · g efforts. The site-wide flow model and transport 

nues to be refined and updated as additional information 

is gathered and as con · · ons an application needs change at the Hanford Site. Pacific 

' s Hanford Site unconfined aquifer model consists of a 

conceptual model and database that defines current system understanding. 
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Early flow models were two dimensional (e.g., the Variable Thickness Transient [VTI] code, 

Kipp et al .. 1972) and transport modeling, depending on the application, was either of the 

advective type (e.g .. , the Hanford Pathline Calculation code [Friedrichs et al. 1977]); quasi

three-dimensional particle tracking type (e.g., the Multicomponent Mass Transport [MMT] 

code [Alhstrom et al . 1977]); or multiple stream-tube type (e.g .. , the TRANSS code 

[Simmons et al. 1986]). Early flow model calibration was carried out using a stream-tube 

approach that used available field measurements of transmissivity, river st 

ground, and head in an iterative approach to determine the Hanford s· e u onfined aquifer 

transmissivity distribution (Transmissivity Iterative Calculation Rouf e [ arlock et al. 

1975]). Applications of the VTT, MMT, and TRANSS codes at e H ord · 

described by Freshley and Graham (1988). 

Laboratory's two-dimensional modeling capability. C 

Hanford Site and a number of other sites in three dime 

1984; Gale et al. 1987; Foley et al . 1995). Evans et al. (19 

element inverse calibration me 

modified by Jacobson (1985) 

hydraulic properties (e.g., 

previous c 

uifer. A steady-state finite-

d Y akowitz ( 1979) and 

available information on aquifer 

ads, boundary conditions, and 

included in this inverse calibration. 

om regions of the model to better reflect the trends in 

transmissivity develope ·n pre 1ous calibration efforts by Jacobson and Freshley (1990) and 

Cearlock et al . ( 1975). 

Two-dimensional flow models used extensively at the Hanford Site prior to cessation of 

disposal operations were generally adequate for predicting aquifer head changes and 
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directions of groundwater flow. This is because groundwater levels were somewhat stable 

through time across the Hanford Site. However, in the early 1990s it was recognized that a 

three-dimensional model was needed for accurate calculation of future aquifer head changes, 

directions of groundwater flow, mass transport, and predictions of contaminant 

concentrations. The three-dimensional model was needed because there is significant vertical 

heterogeneity in the unconfined aquifer and the water table is dropping over most of the 

Hanford Site in response to cessation of large liquid disposals to ground. 

three-dimensional model began in 1992 (Thome and Chamness 1992) nd 

1995 (Wurstner et al. 1995). In the interpretation of the geohydrolo y of 

unconfined aquifer, Thorne et al. (1994) indicate that it is compo do 

transmissive units that are separated from each other in most plac 

mud units. Accounting for this vertical heterogeneity is p · ul 

unconfined aquifer predictions at the Hanford Site as fut 

de-watering of hydrogeologic layers. The water table i ne 

formation and the underlying, and much less permeabl , 

of the Hanford Site. Water level declines caused by decrease 

sediments in some areas (Wurstner and Fres 

transmissivity changes of an order of magm 

accounted for by two-dimensional flow and tr 

at each spatial location. As a result, changes in 

as completed in 

e Hanford Site 

flow and contaminant mass 

y accounted for. These three

site Analysis because the purpose 

· means for plumes emanating from different 

ch issues can not be properly addressed by a 

- or three-layer, three-dimensional model because there 

del or limited ability (simple three-dimensional model) for 

al m tlel of the Hanford Site unconfined aquifer (Wurstner et al. 

1995) was calibrated in a two- tep process. In the first step the two-dimensional model was 

re-calibrated with a steady-state, statistical inverse method implemented with the CFEST-INV 

computer code (Devary 1987). The two-dimensional transmissivity distribution from this 
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inverse modeling was preserved during the calibration of the three-dimensional model as is 

described in Wurstner et al. ( 1995) . 

. The final improvements and calibration of the Pacific Northwest National Laboratory site

wide model used in this Composite Analysis were carried out during FY 1996 and FY 1997 as 

part of the HGWP. The purpose of this effort was to assist the HGWP in interpreting 

monitoring data, to investigate contaminant mass transport issues and ev 

movement of existing contaminant plumes, and to identify and quantif po ntial 

groundwater quality problems for on-site and off-site use. The re · s effort (Cole et 

al. 1997) describes the improvements to the three-dimensional m el, 

calibration, and the application of the model to predict the future sport 

contaminant plumes in the unconfined aquifer. The Cole et . ( 997) report pre 

predicted changes in transient-flow conditions in the unc fin 

This provided the hydrologic basis for simulating migr io f exi 

presented in the Cole et al. ( 1997) report as well as the 

Barnett et al. ( 1997). 

system co 

cuttings or core 

DS is presented in more detail in 

AQUIFER SYSTEM 

onfined aquifer system was developed from 

o the aquifer, spatial distributions of hydraulic 

ndary conditions, recharge and discharge, and 

and gradient are infe from w er levels measured in wells. Groundwater chemistry and 

contaminant distributions termined from water samples taken from wells. The greatest 

amount of information is available for the shallower portions (less than 10 m below the water 

table) of the unconfined aquifer system. Fewer wells penetrate the deeper part of the 

unconfined aquifer system or the basalt confined aquifers. However, the shallower 
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unconfined aquifer is the most likely to be impacted by contaminants migrating through the 

vadose zone. 

Development of the three-dimensional conceptual model is documented in Thorne and 

Chamness (1992), Thorne et al. (1993, 1994), and Wurstner et al. (1995). The geologic 

history and hydrogeologic setting of the Hanford Site is described in the annual Hanford Site 

Groundwater Report (Hartman and Dresel 1998). Summaries of site-wid 

conditions are also available in Newcomb et al. (1972), Law et al. (1997 

(1995). Studies focused on the unconfined aquifer system in the vie· ·ty 

are provided in Graham et al. (1981), Lindsey et al. (1991 and 19 

(1992a and 1992b). Confined aquifers within the Columbia Rive 

studied from 1977 to 1987 as part of the Basalt Waste Isolati 

of these studies are available in DOE (1988). 

Hydrogeologic Setting 

The Hanford Site lies within the Pasco Basin, 

Figure 4 shows the stratigraphic 

Formation, the Plio-Pleisto ne nit (i 

Hanford formation. Toge 

Site. Sediments overlying the 

e Pliocene-aged Ringold 

ouse soil), and the informally named 

of these sedimentary deposits make up 

greater an 61 m in some areas but pinches out along 

to groundwater ranges from less than 0.3 m near the 

ear the 200 Areas. Ground water in the unconfined 

east. 
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Major Hydrogeologic Units 

The Ringold Formation is composed of fluvial and lacustrine sediments deposited by the 

ancestral Columbia River system . . Traditionally, the Ringold Formation in the Pasco Basin is 

divided into several informal units. In ascending order, these units are the 1) gravel, sand, and 

paleosols of the basal unit, 2) clay and silt of the lower unit, 3) sand and gravel of the middle 

unit, 4) mud and lesser sand of the upper unit, and 5) basaltic detritus of 

unit (Newcomb et al. 1972 and DOE 1988). Ringold strata also have 

basis of facies types (Tallman et al. 1981) and fining upward segue 

recently, Lindsey et al. (1992) described Ringold sediment facies n 

stratification, and pedogenic alteration. The facies types identi 1 

• fluvial gravel facies - These consist of matrix-support 

sandy silt matrix and intercalated sands and muds. 

gravelly fluvial braidplain characterized by wide, sh 

• 

• 

• alluvi 

As described by Lindsey (1995) and illustrated in Figure 4, the upper part of the Ringold 

Formation is composed of interbedded fluvial sand and overbank facies, which are overlain 

by mud-dominated lacustrine facies. The lower part of the Ringold Formation contains five 
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separate stratigraphic intervals dominated by the fluvial gravel facies type. These gravels, 

designated units A, B, C, D, and E, are separated by intervals containing deposits typical of the 

overbank and lacustrine facies. The lowermost of the fine-grained sequence units, overlying 

gravel unit A, is designated the lower mud sequence. 

The informally named Hanford formation and the similar pre-Missoula gravel deposits, which 

underlie the Hanford formation gravel deposits in the central part of the 

coarser and less consolidated than the Ringold. They were deposited b a s 

catastrophic floods during the Pleistocene. The Hanford formation s b 

three facies: (1) gravel-dominated, (2) sand-dominated, and (3) si -do · 

generally correspond to coarse gravels, laminated sands, and gra ythmi 

described in DOE (1988). Gravel-dominated strata consist o co 

To support development of the three-dimensi 

(1995) were regrouped into nine hydrogeol 

scribed by Lindsey 

degree of cementation. 

Hydrogeologic units define 

briefly described in Table 3. 

graphical comparison_j,),,l,,~I-.ID: 

Figure 4. Odd n 

but not identical to that of 

were designated by numbers and are 

sponding units are shown in parentheses. A 

to the arl Palouse soil and Plio-Pleistocene unit, respectively. The 

make up the key hydrogeologic units within the Ringold 

ud facies of Lindsey's upper Ringold were designated as 

Unit 4. However, a difference in the model units is that the lower, predominantly sand, 

portion of Lindsey's upper Ringold was grouped with Unit 5, which also includes Lindsey's 

Ringold gravel units E and C. Part of Lindsey's lower mud unit was designated as Unit 6. 

However, sandy portions of Lindsey's lower mud unit were assigned to Unit 7, which also 
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includes Lindsey's gravel Units Band D. Portions of the lower mud that occur below Unit 7 

were designated as Unit 8. Gravels of Lindsey's unit A were designated as Unit 9. 

The lateral extent and thickness distribution of each hydrogeologic unit were defined based 

on information from well driller's logs, geophysical logs, and an understanding of the 

geologic environment. These interpreted areal distributions and thicknesses were then 

integrated into Earth Vision (Dynamic Graphics, Inc., Alameda, Californi a three

dimensional visualization software package that was used to construct 

dimensional hydrogeologic framework. 

The water-table lies within the Hanford formation over most of 

of the Hanford Site. The Hanford formation lies entirely ab e 

part of the Site and in some other localized areas. Figure 

of the Hanford Site delineating the units defined for th 

the water table in 1997 is also shown. Figure 6 shows 

which contained the water table during 1997. 

Hydraulic and Transport Propertie 

ther project-specific reports. 

ulic conductivity and aquifer thickness) and storage 

qui er system has been obtained primarily from aquifer 

sts f sediment samples. Values determined from aquifer 

pumping tests and slug-· terfe nee tests (Spane 1992; Spane arid Thorne 1995) are 

considered to be more reliab e than single-well slug tests or laboratory measurements. 

Transmissivity values from these types of tests were applied to an inverse flow model to 

develop a transmissivity distribution for the Site (Wurstner et al. 1995). Hydraulic conditions 

for 1979 were used in the inverse calibration because measured hydraulic heads were 
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relatively stable at that time. Details concerning the updated calibration of the two

dimensional model are provided in Cole et al. ( 1997). Figure 7 shows the distribution of 

transrnissivity data from aquifer pumping tests and slug-interference tests. Figure 8 shows the 

distribution of transmissivity determined from inverse flow modeling. Aquifer transmissivity 

is relatively high in the area between Gable Mountain and Gable Butte, and in the central part 

of the site. Coarse-grained Hanford formation sediments with relatively high hydraulic 

conductivity are present below the water table in these areas and the aquifi 

in the central part of the site. 

Figure 9 shows the range of hydraulic conductivity values calcul 

Formation. However, measured hydraulic conductivity of o 

by more than two orders of magnitude. This is a resul of 

also displays vertical anisotropy. Results of a few multi 

ratio of vertical to horizontal hydraulic conductivity is in the 

to dominate groundwater flow where the wat 

Less reliable data is available o 

aquifer storage properties 

diments, they tend 

estimated to range from 0.0001 to 0.0005 

(1997) provide information on transport properties 

used in past anford Site. Transport parameters including effective 

porosity and longi erse dispersivities are also needed for transport 

simulations. Effective ositY. as set equal to specific yield for the unconfined aquifer ( e.g. 

0.1 for the Ringold Formation and 0.25 for the Hanford formation). Dispersivity is 

theoretically expected to have an asymptotic value that can be related to the scale of 

uncharacterized aquifer heterogeneity (Farmer 1986). In contaminant transport simulations, 

large values of dispersivity result in lower peak concentration estimates, but give rise to earlier 

42 



first arrival times that can increase arrival concentrations of radionuclides with short half-lives. 

For the Composite Analysis (Kincaid et al. 1998), longitudinal dispersivity of 95 m and 

transverse dispersivity of 20 m were selected. Dispersivity and the basis for this selection is 

discussed in detail in Kincaid et al. (1998). Distribution coefficients for various contaminants 

in the Hanford Site unconfined aquifer system have been determined from laboratory tests 

and from the literature. These quantities are affected by water chemistry, grain size and 

mineralogy. The selection of distribution coefficients and bulk densities 

model is discussed in detail in Cole et al. ( 1997) and Kincaid et al. ( 19 8). 

Aquifer Boundaries 

Peripheral boundaries for the Hanford Site unconfined 

Columbia River on the north and east and by basalt rid a River on the south 

and west. The Columbia River represents a point of r 
aquifer. The amount of ground water discharging to the riv ction of local hydraulic 

·s hydraulic 

flux enteri 

boundary co 

Cold Creek Valle 

unconfined aquifer extends westward beyond 

om these valleys, both constant-head and constant-flux 

constant-head boundary condition was specified for 

ate model calibration runs. Once calibrated, the steady

the flux condition that was then used in the transient 

x· boundary was used because it better represents the response of 

the boundary to a declining water table than does a constant head boundary. Discharges 

from Dry Creek Valley in the model area, resulting from infiltration of precipitation and 

spring discharges, are approximated with a prescribed-flux boundary condition. The 
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unconfined aquifer also is recharged from springs and runoff that infiltrate the aquifer along 

the northern side of Rattlesnake Hills. 

The basalt underlying the unconfined aquifer sediments represents a lower boundary to the 

unconfined aquifer system. The potential for interflow (recharge and discharge) between the 

basalt-confined aquifer system and the unconfined aquifer system is largely unquantified but 

is postulated to be small relative to the other flow components estimated 

aquifer system. Therefore, interflow with underlying basalt units was 

current three-dimensional model. The basalt was defined in the mo 

impermeable unit underlying the sediments. 

Aquifer Recharge and Groundwater Flow Dyna 

Groundwater in the unconfined aquifer generally move 

western. boundary of the site eastward and northward toward 

formation of groundwater mounds resulting 

Natural recharge occurs fro 

infiltration of precipitation 

ranging from near 

texture (Gee et al. 1992, ayer 

Fayer and Walters (1995) bas 

in the annual Hanford Site 

noff fro elevated regions west of the site and 

Site. Other potential sources of natural 

t confined aquifer system. Recharge from the 

e Hanfo ite. Estimates of combined recharge from the 

ave ranged from 0.10 to 0.34 m3/s ( Law et al. 1997). 

e site is highly variable both spatially and temporally, 

100 mm/yr depending on climate, vegetation, and soil 

d Walters 1995). A natural recharge map was developed by 

on distributions of soil and vegetation types. The average 

recharge from precipitation across the Site was estimated as 0.27 m3/s. 
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The total volume of recharge from the Yakima River is not well known. However, low 

permeability sediments adjacent to the river appear to limit leakage into the aquifer. 

Comparison of Yakima River stage and water levels in an adjacent well showed little 

correlation (Wurstner et al. 1995). 

Another potential source of recharge ( or discharge) for the unconfined aquifer system is 

inter-aquifer communication with the upper basalt confined aquifers. Th 

distribution of water movement between the aquifer systems has not b q ntified. Over 

most of the site, the amount of interflow is thought to be small beca e of 

conductivity of the basalt separating the two aquifer systems. Ho 

vertical communication have been previously identified in the G 

Butte area on the basis of chemistry data (Graham et al. 198 , Je sen 1987). Th · 

communication in the area results from erosional channel 

the potential for water to discharge from this aquifer u 

the northeastern part of the Hanford Site (Spane and Webbe 

Since the start of Hanford operations in the 

decrease in waste-water dispo e elevation over much of the site. 

are documented in H 

stribution of contaminants is needed to establish 

0 ervation of contaminant movement also provides an 

w a d allows comparison with transport modeling results. 

mo tored in over 700 wells annually. Results for FY 1997 

n an Dresel (1998). Unconfined and confined aquifer 

1997 are shown in Figures 10 and 11, respectively. The 

lateral distribution of major radionuclide plumes in the upper part of the unconfined aquifer 

system is shown in Figure 12 and the distribution of major chemical plumes is shown in 

Figure 13. These plumes were inferred from measurements of samples taken from wells. 
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The vertical distribution of contaminants in the unconfined aquifer has been studied in a 

limited number of wells. Contaminant concentrations generally are highest near the water 

table and decrease with depth. However, in source areas, groundwater mounding and possible 

density-driven flow have moved contaminants deeper in the aquifer. In certain locations, 

open boreholes may also have provided a conduit for downward contaminant migration. 

Additional information on the vertical distribution of contaminants is prov:· 

al. ( 1995) and Cole et al. ( 1997). 
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NUMERICAL IMPLEMENTATION OF SITE-WIDE CONCEPTUAL 

MODEL 

The current three-dimensional groundwater flow and transport model developed for the 

Hanford Groundwater Project is implemented numerically using the CFEST code (Gupta et 

al. 1987; Cole et al. 1988; Gupta 1997). The CFEST code was original! 

the radioactive waste repository investigations under DOE's Civilian R ioa 

Management Program (Gupta et al. 1987). It has also been effectiv y use 

waste management community for conducting exposure assessme ts, 

alternatives, and designing extraction and control systems for 

Descriptions of the capabilities and approach used in the 

Hanford Groundwater Project are included in Evans et 

CFEST is an approved code for working on Hanford 

Order [also known as the Tri-Party Agreement (Ecology et 

software pa 

model. 

ed using the ARC/INFO geographic information 

age i also used to store fundamental hydrogeologic 

ee-dimensional conceptual model and to 

to manipulate hydrogeologic data for the conceptual 
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Translation Of The Conceptual Model 

Major Hydroeeoloeic Units 

The lateral extent and relationships between the nine hydrogeologic units of the Ringold 

Formation and Hanford formation determined to be sufficient to adequate represent the 

unconfined aquifer were defined by determining geologic contacts betw en t ese layers at as 

many wells as possible. These interpreted distributions and thickness w e integrated into 

Earth Vision, which was used to construct a database for formulati of the 

Hanford Site conceptual model. The resulting numerical model con · ns · e hy eologic 

units above the top of the underlying basalt. A brief summar ·ts, ba d 

on descriptions in Wurstner et al. ( 1995), is provided in Ta e 3 

Aquifer Boundaries 

Peripheral boundaries defined for the three-di 

Valleys, the unconfined a 

odeled area from these valleys, both 

nsient simulations. The constant-flux boundary was 

sponse of the boundary to a declining water table than 

from Dry Creek Valley in the model area, resulting 

d spring discharges, are approximated with a prescribed-
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Recharge 

Both natural and artificial recharge to the aquifer were incorporated in the model. Natural 

recharge to the unconfined aquifer system occurs from infiltration of 1) runoff from elevated 

regions along the western boundary of the Hanford Site, 2) spring discharges originating 

from the basalt-confined aquifer system, and 3) precipitation falling across the site. Some 

recharge also occurs along the Yakima River in .the southern portion of th site. Natural 

recharge from runoff and irrigation in Cold Creek Valley, upgradient o the 1te, also 

provides a source of groundwater inflow. Areal recharge from preci tati 

highly variable, both spatially and temporally, and depends on loc 

vegetation. The recharge map developed by Fayer and Walters 199 

in the model. 

Relationshi 

The basalt underlying the unconfined aquifer sediments 

unconfined aquifer system. The potential for interflow (rech 

is postulated to be small relative to the other 

aquifer system. Therefore, interflow with u 

current three-dimensional model. The basalt 

impermeable unit underlying the sediments. 

An areal depiction of the 

three-dimensional models o 

previous reports an 

overall effectiv ess <Ull"t--,,i,iit.i,.. 

unquantified but 

about 750 

int rior surface grid spaces are rectangular in shape and are 

ber of surface elements used in both the two-

odel is 1606 elements. The three-dimensional model 

up of a total of 7200 elements ( 1606 surface and 5594 
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At the Cold Creek and Dry Creek valleys (see Figure 14), the unconfined aquifer extends 

westward beyond the boundary of the Hanford Site groundwater flow model. To 

approximate the groundwater flux entering the modeled area from these valleys, both 

constant head and constant flux boundary conditions are defined across these valleys. A 

constant head boundary condition was specified for Cold Creek Valley for the steady-state 

model calibration runs. Once calibrated, the steady-state model was used to calculate the flux 

condition that was then used in the transient simulations. The constant 

used because it better represents the response of the boundary to a dee nin 

does a constant head boundary. Previous versions of the three-dim 

include boundary fluxes where Dry Creek enters the modeled ar . 

boundary fluxes are prescribed at the north and east valleys of r 

southwestern edge of the model boundary. The addition o 

consistent with observations of water levels in nearby we 

aquifer is also recharged from springs and runoff that · mil 

side of Rattlesnake Hills . 

• 

• 

alt intersects the water-table surface 

bcrops above the water-table surface in areas 

west of Gable Butte, to more closely 

ibration, and Results 

nsional model of the unconfined aquifer system was calibrated 

to 1979 water table conditions with a statistical inverse method implemented in the CFEST

INV computer code Devary (1987). The three-dimensional model was calibrated by 

preserving the spatial distribution of transmissivity from the two-dimensional inverse 
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modeling. A comparison of the calibrated water table surface using the three-dimensional 

model and the measure 1979 conditions is provided in Figure 15. The vertical distribution of 

hydraulic conductivity at each spatial location was interpreted based on the inverse 

transmissivity value and the available three-dimensional hydraulic property data that included 

data on the geologic structure, fades data, and generic property values based on facies 

descriptions. A complete description of the seven-step process used to distribute the 

transmissivity distribution derived from the inverse calibration among th 

hydrogeologic units is described in Cole et al. ( 1997). 

The transient behavior of the three-dimensional flow model was 

specific yield until transient water-table predictions approximate 

elevations between 1979 and 1996. A comparison of the re ltin 

end of this period with the observed 1996 conditions is pr: vid 

steady-state and transient calibrations, the three-dimens· n 

future response of the water table to postulated change · Ha 

three-dimensional model was used to simulate transient-flo 

calibration and the distribution of specific yi ds dev·t!ITtBe:ct 

(0.25 for Hanford formation layers and 0.1 or n-,...,.__,,ncr 

t the 

layers). The water 

e 18), and 2350 (Figure 

t ar s approach steady state at varying 

o the gap between Gable Butte and 

t time constants, and water levels in 

a between the Gable Butte and Gable 

ween the years 2200 and 2300. The rest 

tate co ditions by the year 2350. A complete 

ection 4.3.1 amd 4.3.2 (page 4.9 through 4.12) 

riod f; llo ing elimination of wastewater discharges to the ground at 

le · predicted by the model to decline significantly and return 

ondi ·ons that were estimated to exist in 1944 (Kipp and Mudd 

1974) over most of the site .. The areas that are different include 1 the area west of the 200-

Area where the water-table is higher than pre-1944 conditions because it reflects the effect of 

higher irrigation in areas west of Hanford, and 2) the north of Richland, where the model 

simulates the hydraulic effect of the North Richland well field. Over this period, the water 
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table is predicted to drop as much as 11 m beneath the 200 West Area near U Pond and 7 to 

8 m beneath the 200 East Area near B Pond. The areas of_ the model predicted to be different 

from the estimated 1944 conditions include the area west of the 200 West Area, where higher 

predicted hydraulic heads reflect the effects of increased irrigation from upgradient regions; 

and the area of the North Richland well field, where annual injection and withdrawal 

sequences are assumed to continue. 

Flow modeling results also suggested that as water levels drop in the vie· 'ty f central areas 

in the model, the saturated thickness of the unconfined aquifer great de ases ;md may 

eventually dry out south of Gable Mountain along the south east e ten · n of 

anticline. . This could cause the unconfined aquifer to the north 

become hydrologically separated. As a result, flow paths fro th 

northern half of 200 East Area that currently extend throu th gap 

and Gable Mountain, effectively may be cut off in the 

including groundwater mounds near the 200 East Area 

rtical discretization of the hydrogeologic 

adequate esolution to represent the areal variations of 

itial conditions, 2) more accurately represent flow paths, 

e transport calculations, and 4) allow for appropriate 

inant distributions (initial conditions). Because the 

eate are extent of all plumes considered in the analysis, the grid 

n the examination of issues related to resolving the areal 

distribution and subsequent transport of the current tritium plume. 

The finite-element grid used for transport calculations of all existing plumes (Figure 20) was 

primarily refined in the central area of the Hanford Site in the vicinity of the 200 Area 
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plateau. In this area, each 750 ma side grid space was subdivided into four grid spaces so 

that the final grid resolution was 375 m on a side. 

Within all areas of the grid, additional vertical discretization was added to minimize n~merical 

dispersion in the vertical direction and to facilitate the assignment of initial concentrations of 

all the existing plumes to the uppermost computational layers of the model. The general 

approach, outlined in Section 5 .1 of Cole et al. ( 1997), was to subdivide rincipal 

hydrologic units found at the water table (Unit 1 and Unit 5) into mul · -m-thick layers. 

A maximum of five layers was used to represent each unit. The Up r old unit (Unit 4) 

was subdivided into two layers to provide full effectiveness in the · ol 

important mud unit. The original hydrogeologic layering use 

remained unchanged. 

The initial concentrations of all the existing plumes we 

computational layers of the model. This was done to a 

that the bulk of contamination is found in the uppermost part 

1978). At all locations where a contaminant p 

Additional 

transport finite-element grid with 

grid of 23,668 nodes and 23,128 

w model. Transient flow conditions were used 

ys· modeling transport predictions. 

ired to model the contaminant transport processes of 

of these additional model parameters, which include 

di ersi ities (D1 and D.) and contaminant retardation factors (Rr) 

and key assumptions ade in th development of the contaminant transport model listed in 

Table 4 are described in e t al. ( 1997). 
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Groundwater Transport Model Implementation 

Transport simulations were developed to evaluate the future migration of selected existing 

contaminant plumes, and to identify and quantify potential radiological impacts of on-site 

and off-site use of groundwater. Monitoring of groundwater in the unconfined aquifer has 

detected a number of radioactive contaminant plumes emanating from v 

areas (Hartman and Dresel 1997). The most widespread plumes are fro 

129. Smaller plumes of strontium-90, technetium-99, and plutoniu 

levels of these constituents exceeding EPA and the state of Washin on ·nteri 

standards (DWS). Uranium concentrations are also found at lev 

DWS. In recent years, areas of groundwater contaminated b~ ce ·u·m-137 and c 

also been found at or exceeding the DWS. 

The existing contaminant plumes in the unconfined aq 

iodine-129, technetium-99, uranium, and strontium-90 plu 

wing conclusions: 

dence in the transport model by 

and to compare those results with 

ave 

migration as reported by the HGWP (Hartman 

to the Colu 

atio s of tritium in the 600 Area (downgradient of the 200-

East Area) decline from Yer th million pCi/L level in 1979 to above 200,000 pCi/L in 

1996. In 1996, tritium levels n wells within the maximum area of concentration ranged from 

150,000 to 180,000 pCi/L. 
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Beyond 1996, simulations of the tritium plume originating from the 200 Area predicted that 

the 200-East Area plume will continue to discharge along the Columbia River between the old 

Hanford townsite and an area north of the 300 Area over a period of about 90 to 100 years 

until it completely discharges into the river and/or decays below detection limits. The tritium 

plume from the 200-West Area is predicted to migrate beneath the 200-East Area as it is 

reduced by dispersion and decay (See Figures 25 and 26). 

Iodine-129 - Predictions of the iodine-129 plume beneath the 200-Eas 

will migrate toward and discharge into the Columbia River over a p 

(Cole et al. 1997). Over the period of migration, iodine-129 con 

predicted to discharge into the river will decline slightly by the p 

sorption. However, initial concentrations will not fall signific tlY, 

because of its long half-life. The iodine-129 plume from e 

migrate toward the 200-East Area as it is reduced by ct· per on a 

to slowly migrate 

The 

:wever, concentration levels of the . 

from current source locations in the 200 Area 

coefficient (kd) of 3.0 ml/g (Cole et al. 

plumes in the 200 Area will decline below 

50 ears by the processes of dilution by infiltrating 

D ·ng the simulation period, the uranium plume largely 

o ling of the strontium-90 plume in the 200-East Area 

predicted that the strontium-90 plume will likely migrate very little from its current location 

within the 200 Area because strontium-90 sorbs strongly to Hanford sediments (kd = 20 

ml/g) (Cole et al. 1997). Concentration levels of the simulated plume in the buffer area 
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surrounding the 200 Area will decline over the next 100 years to below regulatory concern 

by processes of radioactive decay and plume dispersion as it migrates from the current 

location. The strontium-90 plume is predicted to remain largely within the 200 Area plateau. 

In general, the results of transport analyses of tritium, iodine-129, technetium-99, and 

uranium with the three-dimensional model were in agreement with past site-wide modeling 

results obtained by Chiaramonte et al. (1997) in support of the Enviro.-... -. ....., 

Program. However, the current three-dimensional model has resulted · 

peak concentrations at shallow depths and less vertical migration th 

previous site-wide model applications. These discrepancies are a 

basic assumptions made about the hydrogeologic framework a 

discretization used in each model. The differences in assu 

modeling approach affect lateral and vertical distribution 

contaminants in the unconfined aquifer. 

by evaluating predicted concentration levels in 

field. 

Transport analyses 

impacted by el 

within 20 to 

would be i 

level until sometime between 

ine to below 500 pCi/L at some 

su lies in the 200-East Area could potentially be 

e-129. Model-predicted levels of iodine-129 suggest that 

excess of 1 pCi/L that are currently in the 200-East Area 

Columbia River. The iodine-129 plumes in the 200-

,, • .,CLF,~,...te slowly toward the 200-East Area but model results 

i/L would not reach the 200-East Area within 30 years. 

Projected future levels of technetium-99, uranium, and strontium-90 show that none of the 

identified water supplies on the Hanford Site, including those in the 200-East Area near B-
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Plant and A Y/ AZ tank farm, will be impacted by future transport of these contaminants within 

the existing plumes. 

Transport of future contaminant releases to the unconfined aquifer for source areas in the 

exclusive waste management area were evaluated to examine the future movement of 

contaminant plumes resulting from these releases to areas outside of the buffer zone. 

Radionuclides evaluated include future releases of technetium-99, iodine , carbon- I 4, 

chlorine-36, selenium-79, and uranium. 

Results of these analysis, reported in Kincaid et al. (1998) indicat 

radionuclide inventory in past practice liquid discharge and soli 

Area Plateau are projected to be released in the first several un 

Site closure and a significant fraction of the inventory w 

closure. The resulting maximum predicted agricultur 

surrounding the exclusive waste management ar.ea (see 

year in the year 2050 and declined thereafter. The largest 

year~. 
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SUMMARY OF TECHNICAL ISSUES AND CONCERNS ON 
PROPOSED NEEDS AND REQUIREMENTS AND SITE-WIDE 

GROUNDWATER MODEL 

Following is a summary of technical issues and concerns raised by technical representatives of 

regulators (EPA and Ecology), affected Tribal Nations (the NPT and the YIN) at a technical 

representatives workshop on the site-wide groundwater consolidation pro 

up discussions. Meeting minutes of the workshop with the agenda, co · es 

materials and attendee list and specific written concerns and issues 

Tribal representatives following the workshop are included in Ap nd· 

issues and concerns are as follows: 

NEEDS AND REQUIREMENTS 

Source-Code Availability 

The needs and requirements for the computer 

would be appropri 

stakeholders, a D 

User Ace 

by regulators and 

technical 

site-wide 

administrative requiremen . It as felt that this is an important issue and has been included in 

this report. 

Reactive Transport 
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A number of comments were made regarding a requirement for reactive transport modeling. 

It was questioned whether a capability to model interactions between chemical contaminants 

should be a requirement. The carbon tetrachloride plume and its potential decay was 

discussed as a point of interest. DOE stated that applications would probably use another 

model, capable of more complex reactive transport modeling but limited to a smaller scale, to 

address the effect of chemical reactions and natural attenuation. It was st d that the carbon 

tetrachloride plume was a large-scale issue, appropriate for analysis on 

some cases, . it may be possible to adequately model complex reactiv 

life decay model, which is a capability of both V AM3D-CG and 

Sub-Modeling Capability 

Several comments were made regarding the importance f u ng th 

with a local-scale model that might be used for reactive ans 

only the code, but also the database. However, it may not be 

requirements of the site-wide model to allow this interface and it 1 

complex, local-scale model would be designe 

characterization data colle 

the site-wide database. 

A comment 3D-CG and CFEST-96 have the capability to model 

3D-CG has this capability and CFEST-96 is a saturated 

a requirement of code used for_ the site-wide model 

to model unsaturated flow at the scale of the Hanford Site. 
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THE PROPOSED SITE-WIDE GROUNDWATER MODEL 

Large-scale Heterogeneities 

Concerns have been raised about the way the heterogeneity of Hanford Site soils was 

incorporated in the conceptual model. At this point, the heterogeneity included in the model 

is limited to large regional features and the differences between hydrostraf 

Questions have been raised about whether sufficient data are av 

refinement of the Ringold Formation into three sand and grav, 

grained) units. It was pointed out that, in general, data at H 

with depth and asked how the current conceptual model eal 

It was suggested that sensitivity analyses should be co ucte 

explicitly modeling the lower hydro-stratigraphic units mig 

reviewers are ultimately going to ask what the uncertainty in the 

are and that some effort should be made to ad 

Impact of Structural Geologic Controls 

Concerns have been raised about how some of the · po nt structural geologic controls are 

ult north of Gable Butte and being handled in the model. A c 

hydraulic testing. Also, ma 

lt. The current implementation has 

tter representation of the fault would be to 

odeling are based on a sparse set of data derived for 

f the wells tested only partially penetrate the unconfined 

aquifer system. Parameters values provided in tables from reference materials quite often 

represented with only a single number. Parameter values should be presented as a range of 
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values. Model sensitivity analyses should be conducted to evaluate the uncertainty on model 

flow and transport over the range of measured parameter values. 

Concerns were raised about the basis for the "Book Value" hydraulic conductivities used in 

the translation of transmissivities derived from the two-dimensional model calibration to the 

three-dimensional model. References for the "Book Values" should be given. 

Workshop participants commented that the difference between the Ha ord 

gravel "Book Value" hydraulic conductivities were larger than expt; ted. 

Survey (USGS) studies observed approximately a 20: 1 difference ith 

that the USGS observed higher Ringold conductivities than wer 

transrnissivities from the three-dimensional model wou 

conductivities were applied and the transmissivity calcu 

thicknesses. Consideration should be given to other viable 

assigning hydraulic conductivities to the three-dimensional mode. 

Uncertainty In Lateral Boundary Conditio 

re development and land uses in 

"ficant impact on calculated 

ge "minishes and the overall water table declines, the effect of 

re important. The applicability of present day estimates of 

ons of unconfined aquifer behavior was raised. 

The potential for recharge to the unconfined aquifer from the upper confined aquifer was 

also raised as an issue. The conceptualization of the flow system assumes that flow to and 
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from the basalts is insignificant because of the assumed low permeability of the basalts. 

However, there are significant hydraulic gradients between the basalts and the unconfined 

aquifer system over most of the Hanford Site.· These gradients and the large potential area of 

vertical leakage across the Hanford Site may lead to significant vertical fluxes that have not 

been accounted for. The consensus seemed to be that there is some indirect evidence for 

recharge (the historical persistence of West Lake and the occurrence of a groundwater mound 

north of Gable Mountain were suggested as indirect evidence of upward 1 age from the 

underlying basalt confined aquifer). Currently, no data are available to up rt the 

estimation of recharge from the unconfined aquifer system and its us in 

In assessing this component of recharge, it should be kept in mind e flo 

basalts may have originated far off the Hanford Site and that the 

larger regional flow system. 

The effect of macropore recharge has not been conside 

In other areas such as the Southern High Plains regions 

macropore recharge represents a high percentage of the tot 

It is not clear how artificial recharge at dispos 

considered in the estimate? 

s evapotranspiration 

ch of using the centerline of the Columbia River 

of the river. 

fiquifer. are so much greater on the Franklin 

ser to the Benton County side of the river was 

ay e periods during which the actual relative river stages 

sys m dynamics than those depicted by using mediam stages 

Consideration should be given to using head-dependent-flux boundaries at the Columbia 

River rather than specified head boundaries. 
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Model Discretization Issues 

Concerns were expressed about the oddly shaped elements used where the transport grid 

transitions from coarse to fine sediments. These elements have not caused any observed 

problems in the flow. Modeling staff suggested that this was the case because, using the finite 

element method, the flow comes through the nodes, not across the element boundaries. 

Flow Model Development and Calibration 

Because the model is calibrated to heads only (i.e., none of the si 

outflows are measurable), modeling results will always contain 

Calibration also focused on matching measured water-table 

consider examination of vertical head data or information 

Transport Model Development and Implementation 

Data showing the vertical distribution of contaminants in the un 

lacking in most areas. This lack of informati n e--·,..._....__uncertainty 1 1ning initial 

changes in cootallUJ~ 

period for 

f modeling transport 

model may not be sufficient. Although there is 

contaminants in 1985 and 1995, the 

ge. Even with input data limitations, the large 

that occur from pre-1944 to 1996 may be a better time 

ith observed spatial distributions of contaminant 

rt m el ( or a particle tracking model) should be used to check 

simulated travel or first- times against observed data. These comparisons may be 

useful in identifying the existence of preferred pathways. The model should also be used to 

test the impact of adding highly permeable layers on contaminant transport behavior. 
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Future simulations of existing plumes have assumed that no new contaminants will reach the 

aquifer in the future. Although little or new contaminants may be added at the water table, 

there may still be significant movement of contaminants already in the vadose zone that will 

reach the aquifer system in the future. 
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RECOMMENDED REFINEMENTS AND MODIFICATION 
SUGGESTED FROM EXTERNAL PEER REVIEW 

This section of the report summarizes the technical issues and concerns and the 

recommended refinements and modifications suggested by review of the proposed site-wide 

groundwater model by an external peer panel. The specific scope of the external review will 

be as follows: 

• Is the conceptual model and technical capabilities embodied in 

implementation of the proposed site-wide groundwater model de 

anticipated needs, requirements, and uses for the Hanford 

• If not, what model refinements/modifications or alter 

investigated to further improve the conceptual mo 

meet the anticipated Hanford Site needs, requiremen 

• Are there major conceptual model, paramet 

be resolved by collection of additional d 

model to be adequate for Hanford Site n 

site-wide groundwater modeL 
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Figure 2. Location Of Operational Areas On The Hanford Site 
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Figure 3. The Exclusive Waste Management Area and Buffer Zone of the 
200 Area Plateau at The Hanford Site 
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Figure 4. Major Stratigraphic Units Underlying The Hanford Site 
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Figure 5. West To East Cross-Section Through The Hanford Site Showing 
Major Hydrogeologic Units 
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Figure 6. Map View Of Hydrogeologic Units Present at The Water Table, 
June 1997. 
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Figure 7. Distribution Of Transmissivity Data From Aquifer Pumping 
Tests And Slug-Interference Tests At Hanford. 
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Figure 8. Distribution Of Transmissivity Determined From Inverse Flow 
Modeling 
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Figure 9. Range Of Hydraulic Conductivity Values Calculated From 
Measured Transmissivity And Aquifer Thickness 
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Figure 10. Wells Sampled In Unconfined Aquifer System During Fiscal 
Year 1997 
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Figure 11. Wells Sampled In Upper Basalt Confined Aquifers During 
Fiscal Year 1997 
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Figure 12. Areal Extent Of Major Radioactive Contaminant Plumes In 
Unconfined Aquifer 
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Figure 13. Areal Extent Of Major Chemical Contaminant Plumes In 
Unconfined Aquifer 
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Figure 14. The Surface Finite-Element Grid And Boundary Conditions 
Used In The Three Dimensional Flow Model 
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Figure 3.2. Numerical Model Grid and Boundary Conditions 



Figure 15. Comparison Of Calibrated Water Table Predicted By Three
Dimensional Flow Model With Calibrated Water Table Predicted With Two
Dimensional Model For 1979 Conditions 
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Figure 4.2. Predicted Heads for 1979 Compared with Observed for the Two -
Dimensional Model Using Transrnissivities from the Inverse Calibration 



Figure 16. Comparison Of Water Table Predicted By Three-Dimensional 
Flow Model With Observed Conditions For 1996 
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Figure 17. Water-Table Predicted With The Three-Dimensional Flow 
Model In The Year 2000 
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Figure 18. Water-Table Predicted With The Three-Dimensional Flow 
Model In The Year 2100 
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Figure 19. Water-Table Predicted With The Three-Dimensional Flow 
Model In The Year 2350 
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Figure 20. The Surface Finite-Element Grid And Boundary Conditions 
Used In The Three Dimensional Transport Model 
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Figure 5.1. 
97sk"°26.eps December 01. 1997 

Refined Finite-Element Grid Used for Three-Dimensional Transport 
Simulations 
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Figure 21. Initial Conditions Used For Tritium Plume Transport To 
Represent 1979 Conditions 
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Figure 22. Tritium Plume Transport Predicted By Three-Dimensional Flow 
Model For Year 1985 

93 



Tritium Concentrarion (pCi/L) 

2,IXXJ 

• 
• 
• 
• 

I 

20,IXXJ 

80,IXXJ 

200,IXXJ 

2,IXXJ,IXXJ 

012345 

0 2 

97skv.03 l.eps Dccembc.-30, 1997 

Maximum Tritium Concentration in 1985 



Figure 23. Tritium Plume Transport Predicted By Three-Dimensional Flow 
Model For Year 1996 with Observed Tritium Plume in 1996 
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Figure 24. Observed Tritium Plume in 1996 
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Figure 25. Tritium Plume Transport Predicted By Three-Dimensional Flow 
Model. For Year 2050 
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Figure 26. Comparison Of Tritium Plume Transport Predicted By Three
Dimensional Flow Model For Year 2100 
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Table 1. Summary Of Anticipated Groundwater Analyses At The Hanford 
Site (Present To Fiscal Year 2003) 

Modeling Activity/Project 

Solid Waste Environmental 
Impact Statement 

Hanford Groundwater Project 
Modeling Support 

Composite Analysis 

TWRS Ha ord Tan.le Initiative 

200 Area Soils 
Characterization and 
Remediation 

Solid Waste Burial Ground 
Performance Assessment 
Maintenance 

Current Time Frame of 
Anal sis 

fiscal year 1999 

present to · 

unspec 1 

unspec 1ed 

98 

Brief Statement of Scope 

eling support to 
technology deployment 
selection 

Modeling support to 
develop cleanup standards 
and tank waste residuals 

otenti groun water 
Modeling support to 
perf onnance assessment as 
a part of development of 
ROD for final disposition 
221-U facilities 



Liquid discharge acility 
modeling support 

Reevaluation o Hanford 
Groundwater Remediation 
Strategy 

unspec 1 

unspec 1e 

unspec 1 
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Table 2. A Comparison Of V AM3D-CG And CFEST-96 Capabilites With 
Technical and Administrative Needs And Requirements 

NEEDS AND REQUIREMENTS 
TECHNICAL 

y O apphcatlODS 

VAM3D-CG 
CAP ABILITIES 

CFEST-96 
CAP ABILITIES 

Option available 

Option available 

Option available 

codes have code resident utilities for pre- and post
ocessin ca abilities 

Uses code resident software 
and TECPLOT for Input and 
Output Graphics; current ly 
not linked to ARC/INFO at 
Hanford. 

Currently uses code 
resident software, Earth 
Vision, and ARC/INFO; 
Use of TECPLOT 
utilities available from 
develo r 

Both codes have acceptable documentation 

Both codes have history of use at other sites and 
situations 
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- Regulatory Acceptance Both ccxles have been used in regulatory arenas and have 
been accepted at Hanford for use. 

A vadab1hty o Hydrogeologic, Inc 
Herndon, VA 
(Dr. Peter Huyakom) 

Both ccxles run on PC 
efficient solvers 

* V AM3D-CG may have some advantages but actual ad 
without benchmarking on similar problems 
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CFEST, Co,. 
Irvine CA 
(Dr. Sumant Gupta) 



Table 3 Major Hydrogeologic Units Used In The Site -Wide Three~ 
Dimensional Model 

Unit 
Number 

1 
2 
3 

4 

5 

6 

7 

8 

9 

10 

Hydrogeologic Unit 

Hanford Formation 
Palouse Soils 
Plio-Pleistocene Unit 

Upper Ringold 
Formation 
Middle Ringold 
(Unit E) 
Middle Ringold 
(Unit C) 
Middle Ringold 
(Unit B and D) 

ower u 
Sequence 
(Lower Ringold and 
part of Basal 
Ringold) 
Basal Ringold (Unit 
A) 
Columbia River 
Basalt 

Lithologic Description 

ravels and coarse sands 

Buried soil horizon contai · caliche and 
basaltic ravels 
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Table 4. Key Assumptions Made In The Development Of The Contaminant 
Transport Model · 

Assum tion 
The unconfined aquifer system. 
overlying the basalts, can be 
adequately represented by nine 
hydrostratigraphic units. 

Natural recharge is variable across 
the Hanford Site and is included as 
a surface condition in the flow 
(and transport) model. 

Rationale Im act 
Flow of water (and Additional units would 
transport of radionuclides) 
is assumed to occur in 
three dimensions. Nine 
hydrostratigraphic units are 
considered adequate to 
represent flow . in this 
unconfined aquifer system 
over a wide range of 
conditions. Nine units are 
supported by available 
hydrogeologic data and 
represent all major and 
areally extensive 
conductive and 
nonconductive 
geohydrologic 
the basalt. 
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e recharge affects 
model calibration 

ing water to the 
The result is a 

distribution of higher 
hydraulic conductivity than 
would occur without 
recharge. Recharge affects 
the transport model by 
diluting the contaminant 
plumes and driving the 
maximum plume 
concentrations below the 
surface nodes. 



Assum tion 
The Columbia River is treated as 
a constant head boundary using 
hydraulic heads for 1979 to 
represent the long-tenn average 
conditions. 

Rationale 
Performing simulations 
with transient river stage 
boundary conditions would 
not be appropriate since 
the inland areas that are the 
focus of this analysis are 
not greatly affected by 
river stage variations 
because they damp out 
before they reach the 200 
Areas. Additionally, how 
the future river stage might 
vary is not known, and it 
would be too costly 
computationally at the 
Hanford Site-wide scale 
the Com osite. Anal s · 
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Im act 
Including the highly 
variable river stage 
conditions in the Hanford 
Site-wide Composite 
Analysis model would not 
affect the long-term 
results. 



Assum tion 
Post-Hanford conditions do not 
include large-scale irrigation 
impacts. 

Rationale 
The prospect of large-scale 
irrigation occurring on the 
Hanford Site is unlikely 
for the following reasons. 
• Public acceptance of 

food products grown on 
the Hanford Site, 
regardless of the actual 
risk associated with 
agricultural 
development is 
uncertain. 

• Sufficient water rights 
within the Columbia 
Basin for development 
of crops requiring 
large-scale irrigatio 
the Site are 
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Im act 
The impact of this 
assumption can be 
significant depending on 
the scenario that is used. 
Previous sitewide analyses 
such as the Hanford 
Defense Waste 

tal Impact 
OE 1987) 



APPENDIX A: SUMMARY OF GROUNDWATER MODELING 
ACTIVITIES 

The following is a brief review of recent and current groundwater modeling activities that 

have been undertaken by the major programs at the Hanford Site. The information presented 

is organized by major program areas (i.e., Environmental Restoration, Waste Management 

and Tank Waste Remediation System Programs) and was largely derived ·meetings with 

representatives of DOF/RL programs and site contractor personnel and o review of related 

key technical documents. The majority of the groundwater modelin 

completed within the last three years (i.e., since 1994 ). 

A series of tables (Tables A. I, A.2, and A.3) are included w· 

reviews. These tables provide a summary of each modeli 

means to evaluate differences between the models. 

KEY PROJECTS IN THE ENVIRONMENTAL RESTO 

• 
• 

• 
• Groundwater Project, including: 

• 
• s and groundwater uses from existing contaminant 

ed in response to the Defense Nuclear Facility Safety 

• Comprehensive Land Use Environmental Impact Statement 

The following summary focuses on groundwater modeling being done to support evaluation 

of groundwater impacts and does not specifically discuss risk assessment methodologies 

being used to support cleanup of soil contamination at many Comprehensive Environmental 
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Response, Compensation, and Liability Act of 1980 (CERCLA) sites in the 100 and 200 

areas. Much of this type of remediation work at the Hanford Site has been supported with 

RESRAD, a dose assessment code developed by DOE for deriving site-specific soil 

remediation guidelines (Yu et al. 1993). 

Hanford Site-Wide Groundwater Remediation Strategy 

The Hanford Site-Wide Groundwater Remediation Strategy describes 

remediate the major groundwater contaminant plumes in the 100 an 200 

Hanford Site. As part of the strategy, a site-wide groundwater mo 1 w 

used in estimating the effectiveness of alternative groundwater c 

planning and implementation of remediation alternatives, to 

evaluate the impact of changes in the groundwater flow fi d. 

the Hanford Site-Wide Groundwater Remediation Strate 

al. (1997) and Chiaramonte et al. (1997). See Table A. 

the groundwater model. 

Geologic and hydrogeologic conceptual mod 

confined aquifi w 

modeled. 

Earth Vision software. 

Ringold formation where it 

confined aquifer was taken to be 

s determined during the calibration (see 

ral precipitation and recharge from the 

to b negligible. Discharge to the Columbia River was 

th major liquid waste disposal facilities in the 200 East 

ed on av ·1ab e reports (see Law, 1997, for the values used). 

uifer tests reported in Connelly et al. ( 1992a, b) and 

ere used. Scaling from the pump test point measurements to 

the groundwater numerical model was done with the 
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Twelve numerical codes were evaluated for use in the site-wide groundwater modeling. The 

. V AM3D-CG code (Huyakorn and Panday, 1994) was selected because (1) it uses a robust set 

of solution algorithms, (2) the original developer ts a well-known expert and was available for 

technical support, (3) the code efficiently simulates unconfined aquifer conditions, ( 4) the 

code allows the use of transitional elements to refine the numerical grid over specific areas, 

and (5) the code can be used to model unsaturated zone problems. 

Grid sizes were chosen to balance resolution (accuracy) and required co 

The initial grid chosen to model groundwater flow and tritium transpo use uniform 600 m 

by 600 m elements in the horizontal plane (18,277 nodes in the thr -di sional grid) and 

required about five hours of computational time for a 200-year si an SIG 

Indigo 6000 computer). This grid proved to be too coarse to m 

plumes and the grid was refined in the 200 areas to have 150 6 

elements in the horizontal plane were rectangular ( or squ 

with the fine grid (50,848 nodes) required approximate 

the formations. 

Hydraulic conductivity and poro 

measureme 

Creek, Dry 

Initial 

Conductivity 

rties within each of the two hydro

Vertical hydraulic conductivities were 

signed hydraulic conductivities, solving for the 

the model results to the average water level 

ng this calibration, the boundaries along the Cold 

were held at constant heads. These boundaries were 

undaries using the recharge values obtained from the 

calibration. Transient sim ations of 14 years were also carried out during the 

calibration, with comparisons of the hydraulic head field during 1988 and 1993 used to 

evaluate the numerical model. Finally, a simulation of tritium transport was carried out for 

the same 14-year period to further evaluate the calibrated model. Tritium concentrations 

from 1979 were used as the initial condition. The mean difference between the observed and 
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estimated water table elevations at 124 wells in 1979, 1988, and 1993 was calculated for the 

calibrated model. This mean difference was less than 0. 72 m in all three cases, which was felt 

to be reasonable. 

The calibrated groundwater model was used to predict water table elevations and contaminant 

transport for several key contaminant plumes (tritium, iodine-129, uranium, technetium-99, 

nitrate, carbon tetrachloride, trichloroethylene, and chloroform) for 200 s using 1995 

data as the initial condition. Initial sources in the 100 and 200 areas w e deled. The only 

sources of future releases of contaminants considered during the si 

which considered releases from the Effluent Treatment Facility ( 

tetrachloride, which considered releases from the 216-Z-9 trench. 

uncertainties. For those contaminants that contributed to · k, 

was made using the industrial and residential scenarios fin tl in 

Environmental Restoration Disposal Facility 

(DOFJRL, 1995d). 

This 

the impacts of 

part of the 

S) (DOFJRL, 1994b) was completed to examine 

tion of the ERDF, which is located in the south-central 

of the RI/FS, a fate and transport model was developed 

to predict s at the ERDF boundary. Model predicted 

anford site background concentrations to identify 

ackground levels. In addition, model estimates were 

compared to risk-based de imis concentrations to develop a list of contaminants of 

potential concern. A 10,000-year travel time constraint was also used as a criterion for 

identifying key groundwater contaminants; some contaminants having a travel time in excess 

of 10,000 years were not considered to be of concern. 
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This analysis used a fate and transport spreadsheet model that was developed to represent 

hydrogeological conditions of the ERDF site, the physical and chemical properties of the 

waste form, and the fate and transport properties of each contaminant constituent. The 

estimation of these parameters relied first on ERDF-specific information and then on Hanford 

Site background information, when available. Saturated zone parameters included 1) the 

average hydraulic gradient estimated at ERDF (0.0035) from water table 

December of 1991, 2) saturated hydraulic conductivity of the uppermo aq fer (30 m/day) 

estimated from pump tests results from wells near the ERDF, 3) an as m 

porosity of 0.30, 4) saturated zone density of 1.6 kg/L, and 5) a s 

of 5 m. 

The methodology described above and summarized in mo 

DOFJRL (1994b) was used to evaluate various alternativ e RI/FS including: 

(1) a no action alternative and (2) a series of alternative 

characteristics associated with the implementation of the E 

considered the impacts of implementing various combinations of 

barriers, RCRA-compliant barriers, and the H 

HRA/Land Use EIS 

As part of the transition from production of nucle 

environmental restoration and lo 

should be remediated to all 

Comprehensive Land Use 

public forum, the process of de 

environment. 

es, the DOE must determine the 

and how these lands and facilities 

The Hanford Remedial Action and 

rnent (DOE 1996a) documents, in the 

e best combination of potential land uses, 

a part of this EIS, environmental 

ate the potential impacts of land use 

urn n health impacts for the land use alternatives combined 

waste sites into 1-km2 (0.4-mi2
) cells in a grid overlaid on 

contaminant release and transport through the environment 

from each 1-km2 (0.4-mi2) cell were estimated using the MEPAS computer model (Droppo 

1991 ). Modeling results from multiple cells were combined to estimate the contaminant 

concentrations in the soil, groundwater, surface water, and air to which a human or ecological 
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receptor might be exposed. Source-term data were compiled from the Waste Information 

Data System, Solid Waste Information Tracking System (SWITS), and Hanford 

Environmental Information System (HEIS) databases, and from field investigation reports 

and other sources, when applicable. 

The risk to a given receptor was determined by estimating the quantity of contaminant 

transported from a source to that receptor. Risk calculations were simpli by separating 

the computational process into discrete modules. These modules inclu ed e source (waste) 

terms, contaminant transport mechanisms, exposure scenarios, and bles used to 

calculate risk or hazard index from a given exposure. 

estimate risk. 

As stated in DOE (1996a) MEPAS was selected because i 

hazardous chemical wastes, (2) provides user flexibilit 

data, (3) performs on- and off-site calculations, (4) is largel 

93) This two-dimensional groundwater flow model used the 

al. 1987). The model consisted of 997 nodes. Constant 

d for the Columbia and Yakima Rivers and for Cold Creek 

represented average heads. A constant flux condition was 

used to represent Rattlesnake ·us Spring discharge. No flow boundaries were used for the 

bottom and top of the model domain and al(?ng basalt outcrops. The distribution of · 

transmissivity was taken from the inverse simulation of Jacobson and Freshley (1990) and 

represented an integrated value across the Hanford and Ringold formations. Storativity was 
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assumed to be spatially homogeneous. Temporally variable artificial recharge from site 

operations was included in the 12-year simulation (1980-1992). 

Hanford Groundwater Project 

Groundwater modeling is being used to actively support key objectives of e Hanford 

Groundwater Project, which include 1) to identify and quantify existin 

potential groundwater quality problems and 2) to assess the potential 

migrate from the Hanford Site through the groundwater pathway. 

Two recent specific assessments related to the Hanford Grou 

extensive use of groundwater modeling include 

• Development of a three-dimensional groundwater 

the impacts of existing contaminant plume migrati 

systems and groundwater use, and 

• Predicting impacts of future water-level declines on site-wide 

Wells 

ea. The model used in this study was 

was based on the CFEST code (Cole et al. 

cause of its historical use in the Hanford Site 

el consisted of constant head along the Columbia and 

eek Valley. Constant flux boundaries were used 

disc arg and along the Dry Creek Valley. No flow boundaries were 

base of the model was the top of the basalt and was assumed 

to be a no-flow boundary. Natural recharge was not modeled. Artificial recharge from site 

operations was based primarily on historical records and projected Site operations. 
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Transmissivity values were spatially variable and were based on the inverse calibration of 

Jacobson and Freshley (1990). Specific yield was assumed to be homogeneous and was 

based on a trial-and-error calibration, with the selected value providing the best match to 

interpolated water table contours based on 1992 data. 

Water table predictions for 1979-1992 were compared with observed data. Predictions for 

1993-2005 were used to assess the impact of declining water levels. The 

a number of wells currently being monitored will begin to go dry or w· b 

sample during the period simulated. 

Evaluation of Im acts of Existin Contaminant Plume Mi r. 

Water Systems and Groundwater Use 

A three-dimensional site-wide model of groundwater 

the Hanford Groundwater Project to increase the underst 

the lateral and horizontal extent of the major 

ani d formations. Interpreted areal distributions 

was then used to construct a database of the three

e resulting conceptual model contains nine 

most basalt. 

three-dimensional model were similar to those used in the 

two-dimensional CFEST model described in the previous section. To determine the three

dimensional spatial distribution of hydraulic parameters, the steady-state, two-dimensional 

model of the unconfined aquifer system used in Jacobson and Freshley (1990) was re

calibrated to 1979 water-table conditions using the statistical inverse method implemented in 
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CFEST-INV (Devary 1987). The three-dimensional hydraulic conductivity was set such that 

it was consistent with the two-dimensional results of the re-calibration and also with 

knowledge of the three-dimensional structure of the aquifer and the estimated properties of 

the hydrogeologic units. Specific yield of the three-dimensional model was also calibrated to 

match the observed, transient water-table elevations between 1979 and 1996. 

The three-dimensional model was applied to predict the future response o 

postulated changes in Hanford operations. Over about a 300-year peri cl f; 

elimination of wastewater discharges to the ground at the site, model 

water table will drop as much as 11 m in the 200-W est Area and 7 o 8 

Area near B Pond. The resulting decrease in the saturated thic s f the 

aquifer could cause the unconfined aquifer to the north and 

anticline to become hydrologically separated. As a result, ow aths 

and the northern half of 200-East area which currently thro gh 

Gable Butte and Gable Mountain may be effectively cu 

Projected future levels of tritium 

future levels of t 

water supplies n 

AY/AZ ta 

trontium-90 show that none of the identified 

eluding those in the 200-East Area near B-Plant and 

future transport of these contaminants. 

In response to Recommendation 94-2 of the Defense Nuclear Facilities Safety Board 

(DNFSB), DOE has directed field sites to include in site performance assessments an analysis 

of the impact of other radioactive sources that could add to the dose from active or planned 
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low-level waste (LL W) disposal facilities. In response to this, an initial composite analysis of 

the Hanford Site was initiated in FY 1996 and is currently being conducted as part of the 

Hanford Groundwater Project. This composite analysis is focusing on the 200 Area central 

plateau because of the variety of LLW facilities (e.g., 200 West and 200 East burial grounds, 

LLW from tank wastes, and the ERDF trench) impacted by the DNFSB recommendations. A 

draft document summarizing this initial assessment is scheduled to be completed by March 

31, 1998 (Kincaid et al. 1998). 

As part of the Composite Analysis, site-wide groundwater modeling 

dose impacts for the off-site transport of existing plumes and fut 

in the 200 Areas. Efforts were made to identify and screen all s 

interact with contaminants from Hanford LL W disposal facir 1es. 

releases of radioriuclides that are expected to contribute to edict 

established for each of these sources. 

Flow and transport in the unsaturated zone beneath each in 

one-dimension using STOMP (White and Oostrom 1996, 1997; 

Contaminant fluxes to the aquifer resulting fr m the 

of informati 

e previous section, by preserving the 

eting with the available three-

. Specific yield was calibrated by matching 

S cific yield was homogeneous within the 

·ments. Dispersivity values were based 

etric considerations. Transverse dispersivity was taken 

Distribution coefficients were estimated from a variety 

ective porosity were assumed to be homogeneous and 

d s· e data. 

Flow conditions were simula eel from 1996 to the year 4000 using projected operational 

discharges and estimates of natural recharge. Current and future contaminant plume 

transport was simulated from present day conditions to the year 3000. · Forecasts of 

concentrations of key radioactive contaminants provided the basis for final dose calculations 
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using standard dose conversion methodologies and exposure scenarios and parameters 

identified by the HSRAM (DOF/RL 1995d). Dose impacts from the existing plumes and 

future releases of contaminants were assessed in the area outside of the waste management 

exclusion areas and the surrounding buffer areas established by the Future Site Uses Working 

Group. Potential dose impacts to the public after site closure in 2050 for four potential 

exposure scenarios derived from HSRAM (the agricultural, residential industrial, and 

recreational exposure scenarios) were evaluated. 

100-Area Remediation Activities 

Groundwater modeling on a relatively small scale has been c 

Areas to support the remediation of contaminated groundw. ter. 

discussed in this section have been used to support focu 

remedial actions. The activities briefly summarized he 

• numerical simulation of strontium-90 transport from the 100-

• 
• 
• 
• 

disposal facilities (LWDF's) 

Two mode 

ea to estimate the effect of the L WDF 

aquifer at the shoreline of the Columbia River 

dose under a no-action alternative. Water 

tudy. VAM2D (Huyakorn et al. 1991) was used to 

simulate a two ·mens1 al cro s-se tion of the unsaturated and saturated zone. (A similar 

study using V AM2 pr iously carried out for the 100-:N Area; see Lu, 1990.) In 

addition, PORFLO-3 (Sa Runchal, 1989; Runchal and Sagar, 1989) was used to 

simulate flow and transport in a three-dimensional domain consisting of the unsaturated zone 

and the unconfined aquifer. Reasons given for using both models were compliance with in

house development and maintenance procedures and previous use at the Hanford Site. The 
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PORFLO-3 model used a Cartesian grid with variable grid spacing and a total of 34,816 grid 

cells (32 by 34 by 34 grid cells). 

The Columbia River was modeled as a constant head boundary that was allowed to vary over 

time according to the observed seasonal change in river elevation. The bottom of the model 

domain was a no-flow boundary, representing the lower mud unit of the Ringold formation. 

A small, constant flux was applied at the top boundary to represent long-t 

recharge of 5 mm/yr. The remaining three sides of the domain were c 

boundaries, with the head values set to result in a gradient across the om n of 0.00095, the 

observed gradient in 1964 (the year discharges to the L WDF bega . 

and strontium-90 from the LWDF was based on available data. 

those years with no data. 

Since the model explicitly simulated flow in the unsat 

characteristic parameters were required. These were es · at 

in the 100-N Area for this purpose. Parameters for each of 

the numerical model (i.e., the unsaturated zo 

Effective porosity of the vadose 

representative soil sample. E 

Specific yield and dispersi v · · es ere b 

distribution coefficients w 

e retention 

ati ve were used in 

us). The average 

Horizontal hydraulic 

ure retention of the 

July 1969. The only parameter adjusted was 

and the water table elevations could not be 

for use in 

e conductivity alone. The conductivity value chosen 

etween that matching the arrival times and that 

model compared the simulated and observed concentration 

of strontium-90 at N Springs n 1974. The parameter adjusted was the distribution 

coefficient. A large value for this parameter was applied over a thin layer (0.68 m thick) 

beneath the strontium-90 source area to represent potential filtration of particulate strontium-

90 by a sludge layer. The calibration simulation was carried out from 1964 to 1974, 
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although there were no source term data for strontium-90 over the years 1964-1972. Toe 

limitation of this calibration analysis was recognized. 

Results from the model were shown as plan and cross-sectional views of the water table 

elevation and the strontium-90 concentration. Travel paths were also shown. Toe simulation 

was carried out from 1964 (the start of discharge to the LWDF) to 2020. Strontium-90 

concentrations at the river boundary and water flux into the river were use to calculate doses. 

Evaluation of N-Springs Interim Remedial Action 

A model of the 100-N Area groundwater was also developed t 

proposed interim remedial alternatives to limit the flux of s onti m-90 into the Co 

River (DOE/RL, 1995e; see also DOE/RL, 1996a). Toe 

wall, with and without a pump and treat system. 

Two codes were used in this modeling activity. FLOWPATH ( Guigner, 1992) was 

0 (Runchal and 

to 1 foot by 2 feet. 

gradient. 

owledged, it was assumed that the presence of 

·ng into account the measured downstream river 

along the vertical barrier wall. For the plan-view 

and bottom boundaries were no-flow (i.e., recharge 

from precipitation a or from the confined aquifer were assumed to be nil). 

Sensitivity of the model r It to non-zero recharge was examined. The remainder of the 

boundaries were assumed to be constant head boundaries with individual nodal head values 

determined from an interpolated map of March 1994 water level measurements. 
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For the cross-sectional model based on PORFLOW, an assumption was made as to how high 

the steady-state water level would be in the presence of a vertical barrier wall. This 

assumption was based on the results of previous modeling. The water level value arrived at 

was applied to the up-gradient boundary for those cases in which a barrier was used. Top and 

bottom boundaries were no-flow as was the down-gradient boundary representing that 

portion of the aquifer under the river. 

The transport portion of the cross-sectional model based on PORFLO 

concentration boundaries everywhere. Initial conditipns for the tran 

concentration to 1.0 in the top 20 feet of the aquifer and to 0.0 e 

boundary and initial conditions were based on previous reports 

the top of the unconfined aquifer. 

All parameters were assumed to be spatially homogen 

upper gravel unit and the upper mud unit were model 

value. 

For 

involving vertical barrier walls of different lengths and 

various nu 

e · er were estimated from calculated travel times and 

· ons. The extraction wells were found to have a minimal effect 

on the flux of strontiu O int the Columbia River. The effect on strontium-90 flux from 

varying the position of the o ttom of the barrier water (from 1.2 m into the mud unit to 0.6 

m above the mud unit) was examined with the cross-sectional model. 
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Bank Storage Modeling at 100-N Area 

The time-variance of the Columbia River stage and its effect on contaminant transport at the 

100-N Area were modeled by Connelly et al. (1997). Several previous modeling studies 

conducted at the 100-N Area (Lu 1990; DOE/RL 1995e, 1996a) had assumed a time

invariant boundary condition for the Columbia River. Connelly et al. (1991) considered only 

seasonal changes in the river stage. The Columbia River's stage is known to vary, however, 

on annual, seasonal, and daily cycles. This time varying boundary con as shown by 

Connelly et al. (1997) to have potentially significant impacts on cont 

groundwater. 

The two-dimensional cross-sectional model developed by Co 

STOMP code (White and Oostrom 1996, 1997; Nichols et . 19 

interaction between the rise and fall of the Columbia Riv: r, 

fringe directly above the water table in the 100-N Are The 

10,286 cells varying in size from 0.5 by 0.5 m at the vado 

meters away from the vadose zone seepage face. Of the 10,286 

lay above the Columbia River bed or on the 1 

the head in 

recorded at 

ranged from an elevation of 125 

assumed to be the top of the 

t flux boundary representing natural recharge 

from the river was set at no flow in the vadose 

ons nt head boundary in the saturated zone. The value of 

u ary ased on river stage measurements made at the 100-N 

e remaining boundary was set as no flow. 

Initial estimates of hydraulic conductivity and porosity were developed based on aquifer tests 

and soil analyses collected near the L WDF facilities. Estimates of the unsaturated zone 

hydraulic properties were also made using available information on hydraulic conductivity, 
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particle density, specific storage, porosity, and the assumed van Genuchten curve fitting 

parameters. The estimates of hydraulic conductivity and porosity were varied to calibrate the 

model to transient observed water level measurements in wells between the Columbia River 

and well 199-N-67. 

A 125 hour transient simulation was used to develop initial conditions for a four-week period 

of simulation.. During this period, the model was used to simulate the tra · ent interaction of 

the Columbia River and the unconfined aquifer in one-hour time steps. Be use of the large 

volume of data generated by the simulation, the modeling results we 

series animation of river stage and aquifer head fluctuations duri 

This animation was used to display changes in water travel times · 

flux calculation to and from the Columbia River due to bo 

groundwater gradients. 

Results of the modeling demonstrated that the variation · 

significant impact on the unconfined aquifer system close to 

analyses showed that consideration of the transient conditions oft 

Focused Feasibilit Studies in t 

movement from the 

ign purposes or for quantifying a measure of 

ep te models were developed for each of the 

OW (McDonald and Harbaugh 1988) was 

selected for 

Natural recharge was assu o occur at a rate of 5 cm/yr. In the 100-H area, however, a 

recharge value of 7 .3 cm/yr was used because this produced a better fit to water table data. It 

was assumed that there is no hydrologic communication between the unconfined aquifer and 

lower layers, that the contaminants are uniformly mixed throughout the aquifer depth, and 

that there is no source of chromium in the unsaturated zone. The Columbia River was 

121 



modeled as a head-dependent flux boundary, with no change in depth of the river over the 

length of the model. Steady-state flow was modeled. 

Elevations for the bottom of the model were derived from interpretation of contoured 

borehole data. Conductivities were determined in a calibration using the steady-state flow 

model and matching water table data from 11/16/93. For the 100-D Area model, a single 

layer for the aquifer was used. The hydraulic conductivity was uniform e 

area around a set of four wells. For the 100-H Area model, a second la err resenting the 

Ringold formation was added to improve the calibrated fit. Different on 

for the two layers of the model representing the Hanford and the 

the river, the bed thickness was assumed to be 1 m. The conducti 

determined in the calibration. The River Package in MODFL 

A sensitivity analysis of the 100-D Area transport mode wa 

sensitivity to porosity, dispersivity, and retardation. A 

model was performed by adjusting model dispersivity, retar 

er. 

ate each of the remediation 

represent a barrier wall) and the 

-KR-4 operable units to help determine the 

processing and auto · c (tn ng ar) mesh generation. Stated reasons for selecting this code 

were the ability to get big es ution grids around pumping and injection wells; use of the 

finite element method, capability to model transient and steady-state conditions (flow), and 

the generation of graphical output. 
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The Columbia River was assumed to be one of the boundaries for the 100-H, 100-D, and 

100-K Area models. The river was modeled as a constant head boundary with the river stage 

known and constant in time. The flux through the river boundary was calculated as the 

product of a vertical resistance between the river and the aquifer and the difference in head 

between the river stage and the aquifer. The 100-H and 100-K Areas were felt to have no 

natural boundaries so the model boundaries were located far from the wells to minimize 

boundary effects. No-flow boundaries were adopted approximately pe 

river and constant head boundaries were used parallel to the river. Th con 

boundaries were placed along the interpolated hydraulic head conto s fr 

measurements. For the 100-D Area model, constant head bound 

boundaries were based on knowledge of discharge across natura 

table map of June 1995. The bottom boundary was set to 

for the 100-H Area model and to the top of the upper mu 

100-D. 

weighted average of the 

values from limited aquifer test 

Hanford and RingoldJ;D1i11.~ 

and adjusting th 

data from 6/9 to 

s. A variable 

Calibration 

a uniform value because there was 

Transmissivity was based on a 

on conductivities, which were average 

ting was by the estimated thickness of the 

as conducted using a steady-state flow model 

oundaries and attempting to match water level 

del, thic nes and transmissivity were assumed constant. Conductivity 

est ta. Calibration was similar to that used for the 100-D Area 

model. 

Steady-state flow fields were calculated for the 100-D and 100-K Area models. Five-year 

transient simulations were carried out for the 100-H area. Streamlines and capture zones were 

calculated for a number of pump and treat scenarios ( different well placements and 
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injection/extraction rates) . No simulations of contaminant transport were conducted, but 

concentrations in the 100-D Area were estimated based on the flow model results. 

200-Area Remediation Activities 

As part of the design process for pilot-scale pump and treat tests, capture z 

200-UP-1 and 200-ZP-1 groundwater operable units were carried out. 

analyses are described in WHC (1994) (see also BHI 1996a, b). The at 

study were to evaluate alternative interim remedial actions, to asses refi emen or expansions 

of interim actions, and to help choose a final remedy. Additional 

results could be more easily integrated into th 

means to approximate the water table condition an 

on the Hanford Site. 

bottom boun 

boundaries. 

est Area had 19,383 elements, 

direction. The vertical dimension was 

ver the depth of the unconfined aquifer at each 

in June 1993 was used as the initial condition. The 

ong Yakima Ridge and Gable Butte were no-flow 

aries were held at a constant head, with head values 

ap. Artificial recharge from site operations was applied 

at appropriate locations, ut the tural recharge was assumed to be zero. To represent the 

conditions in 1976, a large · cial recharge was applied to the center of the 200 West Area 

model and a steady-state simulation was performed. This steady-state solution was used as the 

initial condition for transient solutions in which the artificial recharge was gradually reduced. 

Recharge fluxes were based on previous studies. 
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Hydraulic conductivities were assigned based on a previous study (Connelly et al. 1992b) 

modified by more recent data. Where data did not exist, average values were used. 

Conductivity was uniform in the vertical direction except in a region where the aquifer 

becomes quite thin. Four of the elements in the vertical direction were made inactive in this 

region to avoid computational difficulties. Conductivities were isotropic in the horizontal 

plane. Vertical conductivity was assigned a value one-tenth the horizontal conductivity. A 

spatially uniform effective porosity value was used in the travel time calc 

Toe transient simulation (with decreasing artificial recharge) used th ste 

results as an initial condition for 1976. Toe simulation results we 

the June 1993 observed water table. Significant differences int 

heads were noted, but no boundary conditions or parameter 

better fit. 

Capture zones using one pumping and one injection we were 

locations and for times up to 150 days. In addition, the unc 

of hydraulic conductivity was recognized and a single simulation 

wells were located near a boundary between · gh conftw.l~ 

Toe capture zones were found to change cir 

KEY PROJECTS IN THE WASTE MANAGE 

· d out in which the 

undwater modeling to support 

~~~ and ontractor personnel from Fluor Daniel 

anford. Toe modeling activities 

summarized include those associa 

• 
• 

Since September 26, 1988, performance assessment analyses have been required by DOE 

Order 5820.2A to demonstrate that DOE-operated waste disposal facilities containing DOE

generated low-level radioactive wastes can comply with the appropriate performance 

objectives. Two separate performance assessments that have included use of groundwater 
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modeling have recently been completely for post-1988 solid low-level waste disposal facilities 

located in the 200 East and 200 West areas (Wood et al. 1995, 1996). The following is a brief 

description of the scope and specific groundwater modeling activities carried out to support 

these analyses. 

The performance assessment of the 200 East Area low-level burial grounds (LLBG) 

examined the long-tenn impacts of LLW and radioactive constituents of 

wastes (LLMW) disposed in waste burial areas in two locations: 1) the 

ground and adjacent burial grounds in the northwest corner of the 2 

active 218-E-12B burial ground and adjacent inactive burial grou s l ated 1 

corner of 200 East Area. A separate analysis was included to ex 

compartment wastes disposed of in trench 94 of the 218-E-1 

wastes disposed in active and inactive burial grounds befo Se 

considered in this analysis. 

To address the performance obj 

considered. 

at draws contaminated water for drinking, crop 

a dos is received by ingestion of contaminated 

o gamma-producing radionuclides · in soil, and 

second exposure scenario involved a drinking water 

inated water from the unconfined aquifer was 

yses by Wood et al. (1995 and 1996) focused on 

esses that fundamentally control projected concentrations of 

radion~clides released from the LL W disposal facilities in groundwater withdrawn from the 

unconfined aquifer from a downstream well: 1) the total radionuclide mass flux being 

leached from the disposal facility per unit time and 2) the dilution that occurs as the 
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radionuclide activity mixes with the volume of groundwater determined by the regional flow 

characteristics to flow beneath the facilities. To represent these processes, Wood et al. ( 1995 

and 1996) assumed that the waste volume representative of the total wastes disposed in the 

LL W facilities could be approximated by a three dimensional rectangular box projected onto 

a two-dimensional plane oriented parallel to the general direction of groundwater flow. 

The numerical representation of this conceptual model was established i 

cross-sectional model based on the V AM3D-CG code (Huyakorn and an y 1994) that 

extended from the disposal facility to the uppermost 5 meters of th unc fined aquifer. The 

position of the water table in the cross-section was estimated usin the odel 

developed for use in the performance assessment (see appendix 

model was used to estimate steady-state post-Hanford site c di · 

LLBG areas. 

The radionuclide release modeling results for the repr 

section were extrapolated to different waste volum~ and w 

points are key aspects of the extrapolation process. 

• 

• 
alysis, including 

• 

us 

downstream receptor 

leased from the facility 

Three conditions 

uclide inventory and infiltration rate and is insensitive to 

• solubility-controlled rele e in which chemical conditions impose a constant 

concentration in contaminated water leaving the facility. In this case, the flux is not 

proportional to the inventory; it is proportional to the assumed radionuclide 

concentration, the infiltration rate and the waste area over which the release is occurring. 
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• diffusion-controlled release where radionuclide release rates are controlled by an assumed 

diffusion coefficient. In this case, the integrated flux is proportional to the inventory, the 

area-to-volume ratio of individual containers, and the diffusion coefficient . 

. The volume of groundwater that mixes with the radionuclides released to the water table is 

proportional to the linear dimension of the waste volume footprint that is n,endicular to the 

direction of flow. Relatively little dispersion is allowed in the model a th 

the groundwater and the contaminant plume intersect is essentially 

underneath the waste volume. The orientation of the areal footpri 

relative to groundwater flow remains constant. Thus, as the line......_ • ._ .. 

perpendicular to flow decreases or increases, the volume of 

decreases. 

Liquid Effluents Program Support 

Under the Hanford Site State Waste Discharg 

• ST-4500, 200 Area ETF m 

• 
• 
• 
• 

or 

• d Co truction Discharges. This is a site-wide permit 

onnel from the PHMC. 

t has used groundwater modeling is the 200 Area ETF. 

upport is provided in the following section. 

In 1997, groundwater modeling was .performed to support ongoing permitting requirements 

for the ETF disposal site located just north of the 200 West Area (Barnett et al. 1997). The 

ETF disposal site, also known as the State-Approved Land Disposal Site (SALOS), receives 

treated effluent containing tritium, which is allowed to infiltrate through the soil column to 
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the water table. The facility operating permit, promulgated by WAC 173-216 (Ecology 

1986), requires groundwater monitoring for tritium, reporting of monitoring results, and 

periodic review of the monitoring network. 

The ETF began operations in November 1995 and tritium was first detected in groundwater 

monitoring wells around the facility in July 1996. The SALOS groundwater monitoring plan 

. requires a reevaluation of the monitoring well network and a revision of 

groundwater model used in the original permit one year after first d~te 

groundwater. 

The SALOS groundwater model was a modification of the three

groundwater model developed for use in the Hanford Groun 

above). This model used the CFEST-96 code (Gupta 199 

Hanford Groundwater Project model was made because f 

existing model and assigning appropriate parameter v 

using that model. The horizontal grid spacing of the SALO 

discretization in this region was refined to a -m gnn--.....,.,r, 

model parameters were based on the Hanfo Gr~MiJ~ 

for this model using a separate calibration. E uen 

which contained tritium, was modeled. 

modeled. 

el, but were obtained 

SALDS, a portion of 

transport from the SALOS over the 

s plan-view contours of hydraulic 

views of tritium concentration. 

EMEDIA TION SYSTEM PROGRAM 

ctivities that have used groundwater modeling to support 

emediation System Program. These summaries reflect 

hnical project managers and contractor personnel from 

oup, GI) and Lockheed-Martin Hanford Company (LMHC). 

The modeling activities s .... ~~ug,u,Zed include those associated with the following key TWRS 

projects: 

• TWRS Environmental Impact Statement 
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• Hanford Tank Initiative 

• Performance Assessment of the Hanford Immobilized Low Activity Waste (ILAW) 

Disposal Facility. 

TWRS Environmental Impact Statement 

This environmental impact statement. addresses actions proposed by DOE o manage and 

dispose of radioactive, hazardous, and mixed waste within the Tank W e R 

System program at the site (DOE 1996b). The waste includes more 

about 212 million liters of waste stored or to be stored in undergr 

plateau. This EIS also addresses DOE's plans to manage and di 

containing 68 million curies of cesium and strontium. 

As part of this EIS, environmental consequence analyse 

impacts of a number of tank waste management al tern · ves 1 

alternatives with no retrieval, minimal retrieval alternatives, 

A conceptual model was developed for the uncon 

stratigraphy, the upper and lowe able of material units and 

source of information for 

te containing physical features and the 

arge points, the eight tank source areas, and 

o allow numerical representation of these 

consistent with pr ·ous s1 - 1de oundwater flow simulations (Wurstner and Devary 1993). 

This was accomplish adoP, ng, as closely as possible, the hydraulic parameters from the 

previous effort. The steady- te results with the V AM2D model matched results previously 

reported. This effort made use of Earth Vision and ARC/INFO software capabilities to 

translate parameter distributions used for the CFEST (Gupta et al. 1987 and Cole et al. 1988) 

version of the site-wide model into formats suitable for use by V AM2D. 
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Once the initial flow modeling was completed, input files were developed to perform transient 

transport modeling from each source area for each of the ·alternatives. The results of vadose 

zone modeling were used to develop input records for the groundwater model. 

Consequently, each groundwater simulation calculated contaminant levels in the unconfined 

aquifer resulting frpm a single source area. These were later combined during post

processing to represent contaminant levels from all source areas. 

The approach of performing separate contaminant transport simulati 

and each K,i group and later combining the resuits during post-pr 

simulation to represent all contaminants with similar mobility fr 

Hanford Tank Initiative - AX Tank Fann Retrieval Periot-n11aJ1 

Assessment 

Vadose zone and groundwater modeling assessments are be 

Hanford Tank Initiative to provide engineering and scientific an 

the impact of tank closures. These analyses 

• 
• 
• 
• 

technologies development 

In the initial phases of thi 

sary to evaluate 

e HTI on: 

zone. These analyses are being used to 

of more-refined two- and three-dimensional 

o field characterization efforts by defining data needs to 

summariz 

A screening-level sens1 · ity an ses have used the MEPAS code developed by Droppo 

(1991). MEPAS was chosen ecause it is a screening code (i.e., it uses relatively simple 

models for flow and transport and thus is relatively undemanding computationally, and it can 

provide conservative results) and has a built-in sensitivity and uncertainty analysis capability. 

Other advantages cited include review by a number of government agencies and other groups, 
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wide application, an integrated risk analysis using accepted procedures, a coupled database of 

chemical and radionuclide properties, and a user-friendly interface. 

The structure of the MEPAS code required a steady-state flow analysis with one-dimensional 

flow in the unsaturated zone. Based on detailed geologic studies, a simplified, nine-layer 

vadose zone model was constructed for the AX tank farm. Soil parameters were based on 

data from a number of locations in and near the 200 East and West areas aleel and 

Freeman 1995). Distributions of parameters used in a probabilistic sen · ivit analysis were 

obtained from the same data. Several scenarios were evaluated with erical model: the 

influence on transport of reduced sorption near the tank release, 

transport via the annular space in boreholes or via elastic dikes, 

infiltration around the tanks, and the effect of unsaturated zo e 

restrictions of the MEPAS code limited the ability to ace tel 

mechanisms. 

Detailed modeling at the AX Tank Farm is being carried out 

(Runchal 1994a, b) for both the unsaturated and saturated zones 

Phil Rogers, JEGI). The purpose of the detai 

remediation and closure options at the AX t 

dimensional site-wide model involving both l'an~:ontaminant transport with 

risk as the endpoint. Parameters and boundary c ditl ns f the numerical model are based 

Additional 

analysis to s 

y planned to be released in November of 
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Hanford Immobilized Low-Activity Waste Disposal Facility Performance Assessment 

The Hanford immobilized low-activity waste (ILA W) disposal facility performance assessment 

provides an analysis of the long-term environmental and health impacts of the on-site 

disposal of Hanford immobilized low activity wastes (ILA W). DOFJRL is currently 

proceeding with plans to permanently dispose of radioactive and mixed wastes that have 

accumulated over the last 50 years in single- and double-shell tanks in th Areas of the 

site. Waste currently stored in single- and double-shell tanks will be r 

to separate the . low activity Hquid fraction from the high-level and tr sura · 

low-activity fraction will then be immobilized and disposed of on 

disposal facility located in the 200 East Area. 

An interim ILA W performance assessment (Mann et al. 1 

Rittmann. 1998. Immobilized Low-Activity T 

97-69, Rev. B). Much of the data used in th 

more site-specific, waste-fo 

generated over the next tw 

principal site, which ~--mm~ 
bulk of the ILA 

Theda 

disposal complex includes two sites. The 

-cen al part of the 200 East Area,_ will store the 

· eved from single-shell and double-shell tanks 

other site, which is located at the previously 

constructed east of the 200 East area, will be modified to receive 

from riv e vendors while the principal waste disposal facility is 

being developed. 

The transport analysis of contaminants from the disposal facility considered the key physical 

and chemical processes causing release from the glass waste form and subsequent vertical and 

lateral transport through the vadose zone to the underlying groundwater. Once in the 
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groundwater, environmental and health impacts were evaluated 100-m down-gradient of the 

facility and at the Columbia River. 

During the code selection process for the interim PA, PORFLOW (Runchal 1994b) was 

chosen to model moisture flow and contaminant transport in the vadose zone and the 

groundwater. For the final ILAW PA, however, V AM3D-CG (Huyakorn and Panday, 1994) 

was used to model flow and transport in groundwater. V AM3D-CG was c sen over 

PORFLOW because a site-wide model was needed, not just a model of e ar a near the 

disposal facility. The existing site-wide model based on V AM3D-C 

Hanford Site-Wide Groundwater Remediation Strategy (Law et al. 99 · Chiar 

1997) was chosen for use in the ILA W PA. It was felt that the b 

model were more suitable for future Site land uses than the s· e-

the Hanford Groundwater Project (Wurstner et al. 1995). 

The aquifer hydraulic parameters for the ILA W PA gr 

site-wide basis was not modeled. 

transport simulations reach 

Area. Calculations of dos 

performance objectives. 
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------------------------------ ---------------------- -------- ----

Table A.1. Model Attributes of Key Projects m the Environmental Restoration Program 

Hanford Groundwater 
Proiect 

Attribute~ 

Impacts to 
Hanford Environmental Hanford Drinking 

Site-Wide Restoration Remedial Future Water Water 
Model Remediation Disposal Action/Land Level Systems and Composite 

Strateev Facility Use EIS Assessment GW Use Analys is 

I I l I -
Current Statui / / ""---
Work Comoletecl'--... ""--- / I / ' No future work nee.:bw. - / / / ' I'\. 

Future Revisions Needea---,._ ./ II' / x \ \ X X X X X 

Work Initiated / ' J I 
Work Planned and In Baseline / 

/ ' j 

Work Planned and not in Baseline / V \ _,, ........ 
"-J J l / " Drivers / I / • I 

CERCLA { X I / x / I 
RCRA Comoliance ""-.. I / / J I r... X 

NEPA / ~ ""-.. I I X / ""---
DOE Guidance ' ./ " 

..., 
I / ""--- CA Guidance ~ 

DOE Orders " I / II' ""--- " X 

Faci litv Permittinl! I I / <.. "'-I/',. X 

Emerl!e ncv Response l I I ,._ ' ' " DNFSB " / / '- .... ~ , ... ""--- 94-2 
Public Interest { I ~ V ~ 

'V J I""--- 7 
Puroose or Oblective of Analvsis I I " 
Site Performance Assessment X 7 V X 

Des i1rn and Evaluation of Remediation Stratel!v X X I I 
Assessment of Environmental Impacts X X 7 7 X X 

Evaluation and Desil!n of Monitorinl! Networks ~I X 

Risk Assessment X X 

123n/a ·not applicable; VZ vadose zone; GW groundwater 141 



Table A.I. Model Attributes of Key Projects in the Environmental Restoration Program 

Hanford Groundwater 
Proiect 

Attribute~ 

Impacts to 
Hanford Environmental Hanford Drinking 

Site-Wide Restoration Remedial Future Water Water 
Model Remediation Disposal Action/Land Level Systems and Composite 

Strateev Facilitv Use EIS Assessment GW Use Analvsis 

/ I l ,__ 

Scone of AnJ'ivsis / ' ' / ' Dimensionalitv "-. ' 7 I / 3-0 " 1-D 2-D 2-D 3-D 3-D 
Model Orientation "-. - / / /' !"\.cross-section Areal Areal 
Flow Analvsis "--- ./ V I \ \ ' 

Vadose Zone Flow / "-... ,I l>teady-state Steady-state Transient 
Groundwater Flow / / Thlutsient ) Steady-state Transient SS & Transient . SS & Transient SS & Transient 

Transoort Analvsis I / \ .,....,.,,, .... r-... n/a 
V adose Zone Transoort · "-J J l Steadv-st✓ "'Fc:ansient Transient 
Groundwater Transport Tr~sienl/ SteaVstate 

-
i1ansient Transient Transient 

Geochemical Caoabilities Used/Reauired { I / / I 
Sorotion ~, V x/ J I X ' " X X 

Radioactive Decay w/o chain decay X / 
.-.x "' 

I X / " X X 

Radioactive Decav with Chain Decav "V ' 
- I / ' A X 

~ I / , ~ "" Scale of Anabsls I I / <... "-.....7 /'-
Soatial Scale Site-wide Local <.. I Sit,l-widr.,,,... "Site-wide( "-.site-wide Site-wide 
Time Scale <200 vrs <10000 vrs' <W.000/2rs "',.. ~o vrs ...... .. ~ vrs <1000 vrs 

( / V / 

' Codes Used 
......, I 7~ / 

VAM3DCG (N{ I . I -
PORFLOW I I/ 

S10MP 7 J vz 
MEPAS V'Z/GW / 7 
CFEST-SC or CFEST-96 (N{ ~ (N{ (N{ 

MICROFEM 

123n/a not applicable; VZ vadose zone; GW groundwater 142 



Table A.1. Model Attributes of Key Projects in the Environmental Restoration Program 

Hanford Groundwater 
Proiect 

Model Attribute~ 

Impacts to 
Hanford Environmental Hanford Drinking 

Site-Wide Restoration Remedial Future Water Water 
Remediation Disposal Action/Land Level Systems and Composite 

Stratel!v Facilitv Use EIS Assessment GW Use Analvsis 

/ I ) I "-

MODFLOW / ' ) / ........... 
MTID " ........... / I / " Snreadsheet Analvsi;--.,... / / / ............ '\. VZ/GW 

RESRAD ~ ./ 
J ( ' \ 

/ - ............ / I 
Boundarv Conditions / / ........... I 
Basalt Outcroos -( / ' r' n/a --~ 

No Flow "-,I yJ I / ,x X X X 

Rattlesnake Hills Sorin2 Dischafl!e / I / ' / X X X X 

Cold Creek Valley (. I /n/a / I 
Srv>rified Head "1 V < J S'teadv-state :--... Steadv-state 
Soecified Flux Steady-state< /'... "' I / ~ Steadv-state Steadv-state 

Orv Creek Valley "V nllt-... I n/a / A. " Soecified Head ) I I ' 
........... ") 

Soecified Flux Steadv-state I I / ' Stea~te/' ... Steadv-state Steady-state 
Yakima River n/a <... / r,. " -c ~ n/a n/a 

Soecified Head Steadv-state ...... Siady-~ate " " St~dv-state ' "- ........... 
Soecified Flux <. / ~ [7 ........... 

Columbia River n/a " I I--........ / 
Snecified Head Steadv-state Steady-state Steadv-stati /steadv-state Steadv-stale 
Soecified Flux 7 17 

Local-scale Boundaries n/a n/a n/a ntl I n/a n/a 

Natural Rechante X I / X X 

Base of Model n/a ~ 
5 m below Water Table 

123n/a not applicable; VZ vadose zone; GW groundwater 143 
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Table A.l. Model Attributes of Key Projects m the Environmental Restoration Program 

Hanford Groundwater 
Project 

Model Att,;bute~ 

Impacts to 
Hanford Environmental Hanford Drinking 

Site-Wide Restoration Remedial Future Water Water 
Remediation Disposal Action/Land Level Systems and Composite 

Strate2v Facility Use EIS Assessment GW Use Ana lys is 

I I \ 
Hanford/Rin1mffl Con~ct / "' 
Too of Lower tho!!old ~ Unit / I / X "' X X 

Too of Columbia lthier Basalrs- / / 'I'"-.. "\. X X X X 

"-...._ / I / '\ 
Hvdrostrati2 a phlc Units / "l--.. } I I I I 10 10 

Hanford Formation / /',.....x -
) X X 

Ringold Formation (as single unit) / / X\ ~" X ~ 

Combined Hanford and Ringold Formatio~ ) J \ / ............ X X 

Palouse Soil / I / I X X 

Plio-Pliestocene Unit { I / / I X X 

Uooer Ringold (Unit 4) ""-.... I I/ / j I ... X X 

Middle Ringold (Unit 5) -/ 
~ ""-.... I I / ""-.... X X 

Middle Ringold (Unit 6) "' / ""-.... 
....,, 

I / ""-.... ~ X X 

Middle Ringold (Unit 7) ......... I / I ............ "-. X X 

Lower Ringold (Unit 8) I I / <. ............ / /', X X 

Basal Ringold (Unit 9) I I / - "-. I ""-.... X X 

Columbia River Basalt " / / " "" ' '-.ll X 

l / "J / " Contaminants Considered " I /"' I 
Radionuclides X X X / / x~ X 

Chemicals X X X / V 

!J 

123n/a not applicable; VZ vadose zone; GW groundwater 144 



Table A.2. Model Attributes of Key Projec1s in the Environmental Restoration Program 

100-N Area Interim Remedial Focused Feasibility 
Modeline: Action Desie:n Analvses Studies 

A Bank 100-H 
200 UP-1 I 100-H 100-D 

Model Attributes LWDF's Storae:e N Sprine:s Area 100-DArea 200ZP-1 Area Area 

Current Status IA \. 
Work Comoleted / / \ ' No future work m·.lded / \ 

Future Revision/ Need$d I X ~ X X X X X X x · X 

Work Initiated/ ( ) ' / .......... 
Work Planned ancN.,n Bas'Mute / / / - '-
Work Planned and noNn Baseline / / I/"'-.. .... 

'-...... ~ / ' \ \ 
Drivers / i .......... J I 
CERCLA / X / ......... X X X X X X X X 

RCRA Compliance 
, ./ '\ / ~ 

NEPA '-../ J \ .,;:,r ........... 
DOE Orders - / I / 1 
F acilitv Permittinsz ' I / /1 I 
Emergency Response ...... I v / I I 
Public Interest "' / < I I /'-.... 

< ...,.......,__ ........_ I I / 'i... 
Purpose or Objective of Analysis 'v .......... I / A .......... 
Site Performance Assessment 'l I / / ........... ") 
Design and Evaluation of Remediation X X I / X I _,. 

""'-J. /' X X X 

Strateszv I"-... 
Assessment of Environmental Impacts X -..J / / .......... '-... ........... ........... 
Evaluation of Monitoring Network and (/ ~, i, 

. "'-
Design J /'.... t 

Risk Assessment / / .......... J 

(I 

n/a not applicable; VZ vadose zone; GW groundwater 145 
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Table A.2. Model Attributes of Key Projec1s m the Environmental Restoration Program 

100-N Area Interim Remedial Focused Feasibility 
Modelin2 Action Desi20 Analvses Studies 

~ LWDF's I Bank 
N Sprin2s I 100-H 

100-D Area I 200 UP-1 
100-H 100-D 

Model Attributes Stora2e Area 200ZP-1 Area Area 

I A. "' Scope of Analysis / /"' '\. 
Dimensionality / / \ l D/3-D 2-D 2-D 2-D 2-D 3-D 3-D 3-D 3-D 
Model Orientation/ I Cross- Areal/ X-sect Areal Areal 

,,...__section 
Flow Analvsis / ' ) j j ' Vadose Zone Flo""-. ' / 1ransienl Transil!at 

Groundwater Flow "-... /Transii'nt .ifrl'l...qient "'- Steadv-state Transient Steady-state Transient Transient Steadv-state Steadv-state 
Transport Analvsis ............. / / I "\ 

Vadose Zone Transport Traftsient ' J I 
Groundwater Transport JfansieJlt-,.. - , Transient Transient Transient 
Geochemical Capabilities I I ' ~ /'-.... Used/Required ' Somtion -x I J X / ) X X 

Radioactive Decay w/o chain decay X I I / A I 
Radioactive Decav with Chain Decav I / / I I 

............i / < I I /'-... 
Scale of Analysis < -.. ' I I / " Spatial Scale Local Locaf'...._ / Lo<!'al. 

V 

Lf/cal Local. '-...1..ocal Local Local Local 
Time Scale <50 vrs <I vrs <300 vr5' <$) vrs /<50~rs '- <~rs <50 vrs <50 vrs <50 yrs 

j I ~ ( ' / ,._ 
Codes Used I I / "- - / I'-... 
V AMJDCG or V AM2DH VZ/GW "r-.... I / /' .... I'. ow, 'fi..W 
PORFLOW or PORFLO-3 VZ/GW GW - / V "- V ) ' STOMP VZ/GW "-.../ .... I "'" ..... t 

MEPAS / / 
' j CFEST-SC or CFEST-96 / / 

MlCROFEM GW GW / 
MODFLOW / / GW GW 
MTJD / / GW GW 
Spreadsheet Analysis , / 

FLOWPATH GW 

n/a not applicable; VZ vadose zone; GW groundwater 146 



Table A.2. Model Attribute_s of Key Projects m the Environmental Restoration Program 

100-N Area Interim Remedial Focused Feasibility 
· Modeline Action Desien Analyses Studies 

I"'-. 
Bank 100-H 100-H 100-D 

Model Attributes LWDF's Storaee N Sprines Area 100-DArea 200 UP-1 200ZP-1 Area Area 

/A~ 
Boundary Conditio°' / ' 1 

Basalt Outcrops / / I n/a n/a n/a n/a n/a No flow No flow n/a n/a 
Cold Creek Valid / I n/a J ,n/a n/a n/a n/a n/a n/a n/a n/a 
Dry Creek Valle'.. ' / J n/a / Il-N1 n/a n/a n/a n/a n/a n/a n/a 
Yakima River ' ~ / n/a/ A.n/a, n/a n/a n/a n/a n/a n/a n/a 
Columbia River "-.. / / I "' n/a n/a 

Soecified Head T;6:nsient '-.. Transi!nt ISteadv-state Steadv-state Steadv-state 
Specified Flux / · /',.. - Steady-state Steady-state 

Local-scale Boundaries / / "\ / 
Soecified Head ~teag,S,-state Jfran~ent Steady-state ~e~-state Steady-state Steady-state Steady-state Steady-state Steady-state 
Specified Flux 

..., I J / ) Steady-state 
Natural Recharge X A A A I X X 

Base of Model ( I / / I I 
5 m below Water Table "' / < I I A. 
Hanford/Ringold Contact < ...... 'I Jc / ' Too of Lower Ringold Mud Unit X X "-. _., ~ I / x. A. "'- X X X X 

Top of Columbia River Basalts " I / / ' ~ X 

I I I ( 
'/ A. 

Hydrostrati2raphic Units 2 2 2 I I I / 1, 2/ ' 2 2 I 
Hanford Formation X X 'r--. I x/ /' ...... X .......... ~ X X 

Ringold Formation (as single unit) X X / ' I/ X > x, X 

Combined Hanford / Ringold Formation "'- / X - I A. > 
Palouse Soil / / ,1 
Plio-Pliestocene Unit / I 
Upper Ringold (Unit 4) / J 
Middle Ringold (Unit 5) X / / 

1 Base of model was 50 ft. into the Lower Ringold Mud Unit 

n/a not applicable; VZ vadose zone; GW groundwater 147 



Table A.2. Model Attributes of Key Projectlf u1 the Environmental Restoration Program 

100-N Area Interim Remedial . Focused Feasibility 
Modelinl! Action Desi2n Analvses Studies 

I'---... 
Bank 100-H 100-H 100-D 

Model Attributes LWDF's Storae:e N Sprine:s Area 100-DArea 200 UP-1 200ZP-1 Area Area 

I ~ ~ 
Hydrostratigrapbic Ugifs (co,tin~ "\ 

Middle Ringold (Upi't 6) / " 1 X 

Middle Ringold ~nit Ty' \ 
Lower Ringolo/(Unit Y) I " Basal Ringolcf'il.lnit 9J"-.... / J / ' Columbia River Bahl! - ,, 

/ I/"-... "\ ,, 
.............. _,/ / j ' \ 

Contaminants Considered / """ nlal I n/a n/a n/a n/a 
Radionuclides / Sr'1/, , Sryu 

Chemicals / \ / ,;.. Chromium Chromium 

'v 

!J <) 

n/a not applicable; VZ vadose zone; GW groundwater 148 



1aole A.3. Model Attributes of Key Projects in the Waste 1\-'lanagement and Tank Waste Remediation System Programs 

Waste Manae:ement Tank Waste Remediation System 
LLW Burial TWRS Low Activity 

~ 
Grounds PerformancE Liquid Effluents Waste Disposal 

Assessment Pro1 ram Facilitv 
Hanford 

200 East 200 East Other TWRS Tank Interim 
Model Attributes Area Area ETF Discbar2es EIS Initiative PA Final PA 

/ / ' I 
Current Status / / I I /'-..... 
Work Completed{ ' / J / '-... 

No future work n~ed .......... / / / A. .......... 
Future Revisions Neelkd / / x/ .......... X '\ X X X 

Work Initiated --- .-' , < \ I X X 

Work Planned and In Baseline / .......... ,/ I X 

Work Planned and not in Baseline / 
/ """ I 

PA Maintenance / / X \ A ~ X 

"-' I \ / "-
Drivers / I / I 
CERCLA I I V / I 
RCRA Compliance "- / / I I X 

NEPA ' / ' I I /~ X 

DOE Orders 5820.2A ~20.2A/ r-,...,.540~ I / ' 5820.2A 5820.2A 

Facility Permitting '-/ ~ I X 
, 

A. """ Emergency Response ) I / / " ) 

Public Interest I I / '- 'v /'-... 
<... / "- """ 

<.. "-
Pumose or Obiective of Analvsis ........ / / "- ') "- "-
Site Performance Assessment X X l / "-/ / X "-. X 

Design and Evaluation of Remediation Strategy 'v X / /'-..... J 

Assessment of Environmental Impacts X X X x/ / 'v X 

Evaluation of Monitoring Network and Desi~n X X / I 

Risk Assessment / / 

(/ 

n/a not applicable; Vz vadose zone; GW groundwater 149 



• c11.>le A.3. Model Attributes of Key Projects in the Wast~ 1mutagement and Tank Waste Remediation System Progn 

Waste Manaeement Tank Waste Remediation System 
LLW Burial TWRS Low Activity 

~ 
Grounds PerformancE Liquid Effluents Waste Disposal 

Assessment Proi ram Facility 
Hanford 

200 East 200 East Other TWRS Tank Interim 
Model Attributes Area Area ETF Discharees EIS Initiative PA Final PA 

II I /'-._ 
Scope of Analys\s... " / I / "' Dimensionality " / /2-D /"' T-'Q 3-D ? 1-D / 2-D 2-D 2-D 2-D I 3-D 
Model Orientation " / IX-section ~secti1m ? Areal Areal/X-secl Areal/X-sec X-sect 
Flow Analysis - , '-- I I ? 

Vadose Zone Flow / A. ....... __,/ , 
SS & Trans. Transient SS & Trans. Steady-state 

Groundwater Flow / Stiady~ate Steadv..(tate Transient ? Steady-state Steady-state SS & Trans. SteadY-state 
Transport Analysis (. / ' ~ / I",... 

Vadose Zone Transport '-.I I I / '-:1 Transient Transient Transient Transient 
Groundwater Transport / I ¼nsient., I Transient Transient Transient Transient 
Geochemical Capabilities Used/Reauired { I .,,, /J I 

Sorotion X ........... x./ / I I A.x X X X 

Radioactive Decay w/o chain decay X /x ~ I I / x"-. X X X 

Radioactive Decay with Chain Decay X ~/ " 
......, I / ....... X X X 

' I J /, ' Scale of Analvsis I I / I ........... I 
Spatial Scale Local Local Lot:._ 1/ ~i~e N'c~t~ Loe/ Site- . Loe/ Site-

'-..__wd wd 
Time Scale <IO 000 yrs <IO 000 yrs <200 Yrs-' /? / <l~0 yr) <10,000 ~ > JO;t)Q() yrs >10,000 yrs 

<... / 'V / " Codes Used y / /, I 
V AM2DN AM3DCG VZ/GW VZ/GW VZ/GW / I ow-v GW 
PORFLOW VZ/GW / vz vz 
STOMP / / 
MEPAS /VZ/(lW 
CFEST-SC or CFEST-96 GW '/ 
MICROFEM 

..., 

MODFLOW 

n/a not applicable; VZ vadose zone; GW groundwater 150 



l>le A.3. Model Attributes of Key Projects in the Waste management and Tank Waste Remediation System Program:, 

Waste Mana2ement Tank Waste Remediation System 
LLW Burial TWRS Low Activity 

M 
Grounds Performance Liquid Effluents Waste Disposal 

Assessment Pro1:ram Facility 
Hanford 

200 East 200 East Other TWRS Tank Interim 
Model Attributes Area Area ETF Discbar2es EIS Initiative PA Final PA 

/ / I 
MT3D / / r /".... 

( ' / J / I'... 
Boundary Conditic)as '- / / / A. ......... Undecidt:d 
Basalt Outcrops ......... / / n/a/ I'--.. n/a\ 

No Flow 
,......._ - ,, ( \ ' X X X X X 

Rattlesnake Hills Spring Discharge / " ,/ I X X 

Cold Creek Valley / / n"'1a.. n/Q/ 
Specified Head / / \ __/ .J 

Soecified Flux 'J J ' Steadv~te " Steady-state Steady-state Steady-state Steady-state 
Ory Creek Valley n/a/ I n/a / I 

Specified Head I I V / I 
Specified Flux ......... / SteaUstatf I Steady-state Steadv-state Steady-state Steady-state 

Yakima River .... / ' I I / ......... 
Soecified Head n/a "1/a / 'S.teady~te I n/a S{eady-s~ n/a Steady-state Steady-state 
Specified Flux - " I A. '-. 

Columbia River ) I n/a / / " } 
Specified Head Steady-state Steady-state Steady/state / St~y-state S'tudy~ Steady-state SteadY-state 
Soecified Flux <... / r,... ........... ( I'... 

Local-scale Boundaries n/a "J / / ~/a"') " ......... 
Soecified Head Steady-state Steady-state { / "'v / Steady-s'l'lle Transient 
Specified Flux "'-/ / ~ J 

Natural Recharge X X X X y.f I/ x"V X 

Base of Model / I 
5 m below Water Table X X / / 

· Hanford/Rin11:old Contact / / 
Top of Lower Ringold Mud Unit ...... / 
Top of Columbia River Basalts X X -V X X X 

n/a not applicable; VZ vadose zone; GW groundwater 151 



>le A.3. Model Attributes of Key Projects in the Waste management and Tank Waste Remediation System Programs 

Waste Manae:ement Tank Waste Remediation Svstem 
LLW Burial TWRS Low Activity 

~ 
Grounds Performance Liquid Effluents Waste Disposal 

Assessment Pro1 ram Facilitv 
Hanford 

200 East 200 East Other TWRS Tank Interim 
Model Attributes Area Area ETF Discbar2es EIS Initiative PA Final PA 

II I I 
f'-..... 

Hvdrostrath!rar&ic Unib...Considered/ J /2 ,2 9 Undecided 2 2 2 2 
Hanford Formation" - - / / X /-.. x X X X - X X 

Ringold Formation (as'llinale unit) / / x/ "x\ X X X X 

Combined Hanford / Ringo@ , vuuation j '-... } ) 
Palouse Soil / /'..... 

...... ~ I X 

Plio-Pliestocene Unit / / "\ / X 

Upper Ringold (Unit 4) ,, J \ x/ ' Middle Ringold (Unit 5) / I /x I 
Middle Ringold (Unit 6) { I /..,, x/J I 
Middle Ringold (Unit 7) ' / /x I I /"-. 
Lower Ringold (Unit 8) < ./"'- "XI I / ' Basal Ringold (Unit 9) ...........,,,, ,x I , 

A.. ' Columbia River Basalt ) I / / " ) 

I / ' 'v /"-... 
Contaminants Considered '-.. / ,, 

" '" " Radionuclides X X X " l;t'itiurn/ ~ J X " x X 

Chemicals ' / x"V X / ~ ........... ......, 
'v 

n/a not applicable; VZ vadose zone; GW groundwater 152 



APPENDIX B: SUMMARY OF TECHNICAL ISSUES AND 
CONCERNS 
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Technical Representative Workshop, Site-Wide Groundwater Model Consolidation 

April 24, 1998 

Workshop Participants 
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AGENDA FOR 

SITE-WIDE GROUNDWATER MODEL CONSOLIDATION 
Technical Representative Workshop 

8:30- 8:45 

8:45 - 9:00 

9:00-9:30 

9:30- 10:15 

10: 15 - 10:30 

. 10:30 - 11 :45 

3:00- 3:15 

Wanapum Room, ISB2 
April 24, 1998 

Welcome and Introduction 

Original and Current Schedule for 
Model Consolidation Process 

Proposed Process for Model Consol· 

erical Implementation Charlie Cole, PNNL 
o o cep al Model for HGWP and 
Compos· Analysis of 200 Area Plateau 
- .ran ation of Conceptual Model 
- Fl Model Development and Calibration 
- Transport Model Implementation 
- Discussion of Flow and Transport Results 

Break 
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3:15 -4:00 Group Review of Key Technical Issues and Concerns 
with: 

- Conceptual Model 
- Numerical Implementation of Conceptual Model 
- Model Access Issues 
- Other Issues 
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Summary of Key Technical Comments and Issues 

Following are meeting notes from the Technical Representative Workshop, Site-Wide 

Groundwater Model Consolidation held on April 24, 1998. The abbreviations of represented 

organizations in the notes are as follows: 

Bechtel Hanford, Inc. - BHI 

Jacobs Engineering Group, Inc. - JEGI 

Nez Perce Tribe - NPT 

Pacific Northwest National Laboratory - PNNL 

U. S. Department of Energy - Richland Operations Office - .., .... ,...,,..~~ 

U. S. Environmental Protection Agency - EPA 

U. S. Geological Survey - USGS 

Washington State Department of Ecology - Ecology 

Waste Management Hanford - WMH 

Y akama Indian Nation - YIN 

Comments on Seo e Schedule Process N 

It was poin 

is an important issue 

ot sted as an administrative requirement. It was felt that this 

shoul be discussed in the recommendations report. 

A number of comments were made regarding a requirement for reactive transport modeling. 

Ecology questioned whether a capability to model interactions between chemical 

contaminants should be a requirement. YIN stated that the decay of the carbon tetrachloride 

157 



plume was of interest. DOE/RL stated that applications would probably use another model, 

capable of more complex reactive transport modeling but limited to a smaller scale, to address 

the effect of chemical reactions and natural attenuation. Ecology stated that the carbon 

tetrachloride plume was a large-scale issue, appropriate for analysis on a site-wide scale. 

PNNL stated that in some cases it may be possible to adequately model complex reactive 

processes using a half-life decay model, which is a capability of both V AM3DCG and 

CFEST. 

EPA stated that it is important that the site-wide model be able to int 

might be used for reactive transport modeling and that this involv 

also the database. USGS added that it may not be practical to a 

the site-wide model to allow this interface. It is more likely 

model would be designed to interface with the site-wide del 

BHI asked whether the location of actual contaminant 

computational nodes of the site-wide model in order to inter 

said no. 

DOE/RL stated a concern that every local-s 

in order to be consistent. PNNL responded th 

site characterization data collected as part of a lo 

addition to the site-wide database. 

n the site-wide model 

wide model because it is c el unsaturated flow at the scale of the 

Hanford Site. 

The NPT re 

incorporated in th oncep mo eL This issue was discussed in the afternoon presentation, 

but PNNL also stated a ·s po· t that the heterogeneity included in the model is limited to 

large regional features and differences between hydrostratigraphic units. 

JEGI pointed out that, in general, data at the Hanford Site get more sparse with depth and 

asked how the current conceptual model deals with the increasing uncertainty. JEGI also 
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suggested trying sensitivity analyses to see what the effect of explicitly modeling the lower 

hydrostratigraphic units might be. There was general agreement that this was a good idea. 

JEGI pointed out that reviewers are ultimately going to ask what the uncertainty in the results 

of the site-wide model are. Some effort should be made to address this. 

Ecology observed that the lack of data was discussed, but the tables showed only a single 

number for parameters. Ecology asked whether parameters could be pre 

values and stated that the regulators would like to see not only a range 

but also these ranges used in the model applications. 

YIN asked what the potential was for recharge to the unconfine 

confined aquifer. The consensus seemed to be that there is 

recharge, but there are currently no data to support its use · 

that this issue would be of concern to the external revie 

preferential flow on recharge estimates is also an issue 

that no data currently exist to quantify). 

region in the sediments, just in the basalt. 

USGS stated that there shoul 

better representation of th 

model in the location of the May 

ous, but thin layers in this region. A 

lumbia River as a line of symmetry given that 

n the Franklin County side. Moving the line of 

spo tled that these elements have not caused any observed 

ugge ed that this was the case because, using the finite element 

method, the flow comes thro gh the nodes, not across the element boundaries. 
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WMH asked what the "Book Value" hydraulic conductivity values were based on. The 

"Book Values" were used in assigning appropriate hydraulic conductivity values to the 

three-dimensional flow model. References for the "Book Values" should be given. 

USGS commented that the difference between the Hanford and Ringold gravel "Book 

Value" hydraulic conductivities were larger than expected. USGS studies observed 

approximately a 20: 1 difference with the difference being that the USGS 

Ringold conductivities than were given as the "Book Value." 

USGS asked how much different from the two-dimensional mode 

the three-dimensional model would be if the "Book Value" con 

the transmissivity calculated using the interpreted unit thickn ses 

alternatives to the method used in assigning hydraulic co 

model? 

USGS asked about the quality of the dataset for discharge t 

period used in the three-dimensional flow calibration. 
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resentative W orl{shop 
water Model Consolidation 
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Proposed Agenda (8:45 - 10:15) 

I 
I 
I 

I 
I 

I Necessary Flow a 

equirements? 

2 



.------------- - - - - - -- - · -

Proposed Agenda. (10:30 -1:00) 

I 

I 

I 
I Aquifer Boundari 

I Recharge 

I Interaction with Basalt Confin 

· I Lunch 

3 
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Proposed Agenda (1:00 -4:00) 

I 

I 

I Review of Technical Issues a 

4 



Original and Current Schedule 

Conduct Review/ 
Develop Recommendations 

Establish/Conduct External 
Peer Review 
Document Review & 
Recommendations 

Implement Recommendations 

Revised Schedule 

5 



Internal Model Consolidation Core Group 

I 

I epresentatives: 

I 
I ILAWPA 

I Hanford Tank Initiative 
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- - ------ -------------------



Elements of Proposed Approach/ 
Recommendations 

I 

I 
I 

I Peer Review Group 

I ye Forward Based 

7 



Overview of Approach and Sche'dule 

• 

Groundwater Model 
March 15- April 22, 1998 

Implementation, Review, and Publication 
of Consolidated Site-Wide 

Groundwater Model 
June l, 1998 - Aug. 30, 1999 

8 



Proposed Approach and Schedule 

Initial Workshop and 
Briefing with 

Regulators, Tribal 
Nation, and 

Stakeholders 
April 24, 1998 

Receive Review 
Comments and Input 

May 15, 1998 

9 



Proposed Approach and Schedule 

Development of Review 
Scope 

May 1, 1998 

Peer Review of 
Reconunendations 
July 15-Sept.1, 1998 

On-Site 
Peer Review Briefing 

Sept. 1, 1998 

Transmit Draft 
Recommendations and Key . 
References to Review Panel 

July 15, 1998 

eive Written Comments 
frmn Review Panel 

Sept. 21, 1998 

10 



Proposed Scope of Review 

I 
sit 
anticip 

• requ1remen 
modeling? 

11 



Proposed Approach and Schedule 

Development of 
Preliminary Draft 

April 1 - June 15, 1998 

Peer Review of 
Second Draft 
July 15, 1998 

• 

Clear and P 

Incorporate Comments and 
Transmit to Peer Review 

June 15-July 15, 1998 

gulatorffribal Nation/Stakelwlder 
Review of Third Draft 

v. 1-Dec. 15, 1998 

Incorporate Review 
Comments in Final Report 

Dec. 15 - Jan. 15, 1998 
--•- Final DOE/RL ort 

Jan. 15 - 31, 1999 

12 



Elements of DOE/RL Report on 
Recommendations for Groundwater Model 
Consolidation 

I 

I 
I 

I Administrative 

I Technical Overview f ro 

I Recommended Changes 

I Appendices: 
I External Peer Review Com1nents 

I Regulator, Tribal Nations, and Stakeholder R 

13 



Proposed Approach and Schedule 

Implementation of 
Peer Review 

Recommendations 
June 1, 1998 - Apr. 30, 1999 

Final Review of Draft · 
Reporton 

Consolidated Model 
June 1 - July 15, 1999 

Develop Draft 
Report 

Mar. 1- May 30, 1999 

Preparaf n o Final 
• Report on C so dated Model 

July 16 - August 30, 1999 

14 



Elements of Final Report on Consolidated 
Site-Wide Groundwater Model 

I 

I 
· ace, lower boundary conditions) 

Selected compu 

I · Model grid design 

I Key boundary conditions 

I Steady-state and transient calibration oce ures 

I Distribution of hydraulic properti s 

I Boundary conditions 

Transport properties 

15 



Elements of Final Report on Consolidated 
Site-Wide Groundwater Model ( continued) 

I 

I Code and Mod 

I Appendixes 
I Key assu1nptions 

I . Key hydrogeologic data and information 

I Details of esti1nation procedures 

16 



Needs and Requirements 
Anticipated Analyses of Groundwater (Present - 2003) 

I 

I 
I 

I Hanford Tank Initiative 

Jan. 1999 

FY 2000 

Revisions from Public 

General Modeling Support 

Response to HQ Co1nments 

on Radiological Impacts 

Initiate Evaluation of Chemical 
impacts and areas outside the 200 
Area 

17 



Needs and Requirements 
Anticipated Analyses of Groundwater System (Present - 2003) 

I 

I 

I 

I PA Maintenance 

I 216 Pennit Support 

Technical Support to Develop Cleanup 

Standards and Residuals 

D&D Support for U Canyon 

Support to Grout Vault Disposal 

Support to New Facility Disposal 

Solid Waste Burial Grounds 

Suppo to SALDS or as needed to meet 

18 



Needs and -Requirements 
Flow and Transport Capabilities 

adsorption model 

Radioactive Decay 

Decoupled Simulation 
Capabilities 

Variety of computational · 
algorithms and solvers 

Spatial Variation in 
Hydraulic Properties 

Unconfined & Confined 
Flow Conditions 

s 
in Two & Three Dimensions 

19 



Needs and Requirements 
Administrative Requirements 

Current Available 
Code 

Pre. & Post
Processing Modules 

Computational and User 
Efficiency 

Availability of 

Technical Support 

20 



How Do Current Models a11d Codes Meet Needs and 
Requirements? 

II 

I 
I 
I Status - Prop 

21 
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What Models are Being Considered? 

I 

I Site-Wide Mo anford Sitewide Groundwater Remediation 

I 

I Justification: 
· I Most recent groundwater analysis (TR 

Solid Waste PAs) that have used a site-wide clel anal sis cap 
directly or indirectly on these two site-wide models 

22 



• 

Model used for Hanford Sitewide Groundwater 
Remediation Strategy 

I 

I 
II 

I 
GW Transport component of Pre i 1n ry 

Hydraulic aspects of model used to support Solid 

23 



Model used for Hanford Groundwater Project 
and Composite Analysis 

I 

I 
I 

I Other Notable Recent Uses: 
I Hydrologic basis of TWRS and HRA EIS 

I Model being used to support aspects of Hanf or 

I Transport analysis supporting SALDS Permit 

Existing 
eases from 

ank Initiative 

24 



Proposed Model for Review 

I 

I 

I Captures Main Com 
I Added Capability to Exa . 

I effect of Ringold mud units on 
transport 

I areal recharge 

I Model infrastructure is currently supported by ford Groundwater 
Project and Composite Analysis Budget Baseline 

25 



How Do Codes Fare with Needs and · 
Requirements? 

I 
I 
I 

26 



Acceptability of V AM3D and CFEST 
Codes . 

I 
I 

I 

I Generally meet the ch 
requirements outlined i 

administrative 
... ~s d requirements. 

27 



Needs and Requirements 
Flow and Transport Capabilities 

Decoupled Simulation 
Capabilities 

Capabilities Covered by 
Milestone M-29-01 in 
DOE/RL-91-44 

28 



Flow and Transport Capabilities 

Steady & Transient Stat s 

Spatial Variation in I-I 

Properties 
Unconfined & Confined Conditi s 

Robust Submodeling 

VAM3D-CG 

Options available 

Hanford 

CFEST96 

Options available 

Options available 

Options available 

Options available 

tions available 

29 



Flow and Transport Capabilities 

Variety of Computational Alg rit 

and Solvers 
Decoupled Simulation Capabilities 

Radioactive Decay 

Linear Equilibrium Adsorption Model 

Direchelet & Neuman Boundary 

Conditions 

V AM3D-CG CFEST96 

Options available Options available 

t available Options available 

ailable Options available 

tions available 

available 

30 



Needs and Requirements 
Administrative Requirements 

Pre. & Post
Processing Modules 

31 



Administrative Requirements 

Availability of Source Code 

Effective Interface with Graphical 

Visualization Software 

Co1nputational and User Effciency* 

VAM3D-CG CFEST 

Both codes have a_cceptable docu1nentation 

liydrogeologic, Inc CFEST, Inc. 

akorn) (S. Gupta) 

Source Available 

raphics performed 

RCINFO (TECPLOT 
available) 

w rkstation with 
efficient solvers 

* V AM3D-CG may have some advantages but actual advantages ca not be determined without 
benchmarking on similar problems 

32 



Ad1ninistrative Requirements 

VAM3D-CG 

Currently Available Code 

Evidence of Reliability 

CFEST 

Pre- and processing 
options (resident to code) · 
available; currently linked 

to ARC/INFO; graphics 

access to TECPLOT available 
through developer 

EST96 

33 



• • • 
Status - Proposed Code 

I 

I 
vendors 

I Final recommen 
I More detailed evalu·at · pacts from 

implementation 

I Potential benchmarking to eval 

34 



• 

• 
I 

• 

I Hydrogeologic Framework 

I Hydraulic Prop·erties 

I Transport Properties 

I Aquifer Boundaries 

I ·Recharge 

I Interaction with Basalt Con n 

I Contaminant Distribution 

I Total above basalt · · 

I 

I 

1 



• 

• 

•• 

I Generally uses Lindseys faces definitions with m 
differences ( emphasis placed on grouping ac rd· g to 
flow properties). 

I Differences (in some places): 

multi-well slug tests 

of tested unit 

ibu ·on varies laterally within units 

2 



• 
I Effective porosity 

I limited measurements form cores m es and 
specific yield measurements fro m lti
aquifer tests 

I Dispersivity 

1· Distribution coefficients 
I data from lab tests 
I affected by water chemist 

mineralogy · 

• 
• 

.. - -·: -- . :. ~•.;,. ... ~~_; 

ry Creek/ Rattlesnake Springs 

·• 
3 



• 

• 

• 

Artificial Recharge 

I Approximately 1 billion m3 have be 
discharged to the ground 

I Maximum discharges in the seP, r 
areas were 34 million rri3 /y 

I Current discharges to per 
are about 5 million m3/y 

I What does the future hol 

much more significant with declining 

4 



• 

• 

• 

Interaction with Basalt 

I Upper basalt confined aquifer heads show pote 
discharge to unconfined system, some chemi I 
evidence of communication 

I Difficult to quantify, temperature logs of 
differences in chemisby have been exam 

I May be inore significant in future be us of less 
artificial recharge and decline of w er ble 
upward gradient) 

I 

I Data 

on vertical distribution 

not well defined 

5 



• 

• 
.... 

• 

Numerical Implementation HGWP Site-Wide Groundwater Model 

Nurrierical Implementation 
HGWP Site-Wide Groundwater Model 

• Translation of conceptual model (hydrostratigrap 
domain , boundary conditions, basalt outcrops, 1 
grid) 

• Flow model development and calibration 
- Steudy-.tlaU 2-D inver.te calibration 

- Translation <if 2-D tran.tmissivirie.t u, 3-D hydraulic co 

- Transient 3-D flow model calibration 

• Transport model implementation 
- Transpon parameurs 

• Transport model calibration (purpos 
approach, results) 

- Tritium plume comparisons 

• Sensitivity to dispersivity 

&ISIW .••otl b&A'uua ~lftf c::abch: J111CJ 

h:u;alrki.:p\-:U 

1 



• 

• 

• 

Numerical Implementation HGWP Site-Wide Groundwater Model 

It-

Translation of Conceptual Model 

• Domain and Boundary Conditions 
upper boundary -

lateral boundaries -

water table; natur.tl and artificial rcc:h· 

of Rattlesnake Hills. C 

iocacion of basaic subcrop.r above wacer cable updaud chroug r che mo 
specified flu:,: detenninedfrom specifi head caicuiacions during 

2 

wer mud or top of basalt; no-flow 
ence, unit 8. bec:iuse lower w:iter be:iring 



• Numerical Implementation HGWP Site-Wide Groundwater Model 

Translation of Conceptual Model 

• Plan View Grid 
- flow model -750 m grid spacing 

• 1606 surf::ice elements :ind 1784 surface nodes 

• 7200 tot::il elements ::ind 8465 tot::il nodes 

- transport model -375 m grid near sources and -750 m 
elsewhere 

• 299 I surf::ice elements :ind 3 I 08 surf::ice nodes 

• 23128 tot::il elements :ind 23668 101:tl nodes 

• Vertical Grid 
- flow model calibration used the nine hydro 

transport model subdivided 
• tr:insmissi ve hydrostr::itigr:iphic units were divide 

• upper mud units were di vidcd into 2 l::iyers 

• 
CalilJ:ation 

• 

1.08 
1.(-1 

0.65 

0.93 
Nc><lc:< with Ncp.tive Em1n. (94H ncxlcsl 

-1.31 

RMS of Emir 1.\11 

• 3 



• 

• 

• 

Numerical Implementation HGWP Site-Wide Groundwater Model 

Flow Model Development and Calibration 
(Tr.i.nsl.i.tion of2-D Ts to 3-D. K's) 

• Purpose - derive 3-D hydraulic conductivity dis 
based on available information: 

steady state 2-D inverse transmissiviry for 1979 

thickness of the saturated hydrostratigraphic 
1979 inverse water table solution 

"book values" of hydraulic conductivity ./J r th 
hydrostratigraphic units based on their acie descri 
literature values 

alibration 

Unit 
Number 

9 

Scmi-induratcd co:,rsc-gr.uncd fluvi11 

sediments 
Fine-pined sediments with some 
interbcddcd coane-sr.,incd sediments 

Co:irse-gr:,incd sediments 

Lower blue or green cl:iy or mud scqw:ncc 

Fluvial s:,nd :ind gr:,vel 

4 

Generic 

K(m/day) 

soo 
' 0.0001 

350 

0.0005 

0.01 

. I 

0.00001 



• 

• 

• 

Numerical Implementation HGWP Site-Wide Groundwater Model 

Flow Model Development and Calibration 
(Translation of2-D T's to 3-D K's) 

• Approach 
- calculate a "Book Value" transmissiviry for each satu red · 

hydrosrrarigraphic unit based on its thickness and it "Book 
Value" K 

- K of the saturated conductive layers based on t e r 
"Book Value" transmissivities and ensuring t t t 

. transmissivity equals the transmissiviry fro the D inverse 

Note• Mud unit K 's are equal to their "Book Value" 

'for Ringold and 0.25 for Hanford based 

5 



• 

• 

• 

Numerical Implementation HGWP Site-Wide Groundwater Model 

Transport Model Implementation 
(additional inputs) 

• Initial Conditions 
- Ground Water Monitoring Report values placed at all nod 

of water table 

• Dispersivity based on grid Peclet restriction 
- 95 m longitudinal 

- 20 m lateral 

• Equilibnum adsorption model used ~ 

liiKh organic and Vt! ry acidic) . 

rated flow model to 

6 



• 

• 

• 

Numerical Implementation HGWP Site-Wide Groundwater Model 

Transport Model Calibration 

• Approach 
investigate different assumptions for plume thickne 'Ses assoc1 
with the initial conditions ( only constant thickness 
considered) 

investigate predicted plume depths associate 
(i.e., SALDS) 

e length of the screened 

improving model further requires better estimates of the depth 
v · tion · initial conditions because the initial inventory is much 

an discharge between 1979 :uid present_ 

7 
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I 

I 
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• Numerical Implementation HGWP Site-Wide Groundwater Model 

Sensitivity to Dispersivity 

• Comparison of coarse grid large dispersivity model results 
with fine grid small dispersivity results for same s 
(SALDS) 

- Models 

• co:l!Se grid 375 m by 375 m - di.~persiviry 95 m longitu 
• line grid 45 m by 45 m - dispen.ivity 20 m longirudin 

- Results 

• comp:irison :u 2020 

- plume diamtru above 2000 pCilL • coa 

- plume diameter above 20,000 pCi/L • 

• comp:irison :it 2050 

- plume diameter above 2000 pCi/L • c 

• 
It-

• 8 



• 

• 

• 
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