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The Initial Single-Shelf Tank System Pefirmanee hsmsmentfbr the Hanford Site [ €1 (SST PA) presents 
the analysis of the long-term impacts of residual wastes assumed to remain after rebieval of tank wastes 
and closure of the SST hms at the U.S. Deparhat of E n e w  (DOE) €€anford Site. The SST PA 
supports key elements of the closure process agreed upon in 2004 by DOE, the Washington Sfate 
Deparhmt of Ecology (Ecology), and the U.S. Environmental Protection Agency @PA). The SST PA 
element is defined in Appendix I of the Hunfird F&d Fraci%@ Agrement md Consetat Order 
(HFFACO) (Eoology et al. 1989) [2], the document that establishes the overall closure process for the 
SST and double-shell tank @ST) systems. The approach hcqomted in the SST PA integrates 
substantive features of both hazardous and radioactive waste management regulations into a single 
analysis. The defense-in-depth approach used in this analysis defined two major engineering barriers (a 
surface barrier and the grouted tank structure) and one natural bamier (the vadose zone) that will be relied 
on to conml waste release into the accessible environment and attain expected performance metria. The 
analysis evaluates specific barrier characteristics and other site features that influence contaminant 
migration by the various pathways. A %reference" case and a suite of smitivi@/uncatahiy cases are 
considered The "reference case- evaluates environmerrtal impacts assuming central tendency estimates 
of site conditions. "Reference" case analysis results show residual tank waste impacts on nearby 
groundwater, air resources; or inadvertent intruders to be well below most important performance 
objectives. Conversely, past releases to the soil, from previous tank farm operations, are shown to have 
groundwater impacts that are signifimtly above most performance objectives. Sensitivityhrncertainty 
cases examine single and multiple paramekr variability along with plausible alternatives to "reference" 
c a m  to judge how well the propeed closure system performs when changes to important ~SSU@OIIS 
are made to the hydrogeologic and engineered systems. The estim~ted impacts from these cases are 
generafry consistent with "reference" case results (i.e., performance objectivH are exceeded by 
con taminants from past releases but not tank residuafs). This document and its future iterations will play 
a critical role in the decision making process for the ctosure of the Hanford Tank Farms. It will support 
interim decisions related to tank retrievals and interim corrective measum, in addition to supporting the 
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major closure decisions of tanks and tank farms. Hence, it is imperative that the review process of this 
document is inclusive of the decision makers as well as the Hanford Stakeholders. 

INTRODUCTION 

The U.S. Department of Energy (DOE) has initiated the process of retrieving, treating, and disposing of 
radioactive mixed wastes from the 149 underground single-shell tanks (SST) lucated on the Central 
Plateau in the 200 h s t  and 200 West Areas of the Hanford Site. Figure 1 shows the location of the 

Pig. 1. Tank P a m  facilities in the 200 East and 200 West Areas at the Hanford Site. 

hanford Site in south-central Washington State and the location of the 200 East and 200 West Areas 
within the Hanford Site. There are a total of 177 underground tanks; 28 are DSTs and 149 are SSTs. 
SSTs are grouped into 12 groups of tanks called tank farms and are further aggregated into seven waste 
management areas (WMA) to support compliance with hamdous waste regulations. These SST WMAs 
are A-AX, B-BX-BY, C, S-SX, T, TX-TI, and U. All of the tanks contain a mixture of radioactive and 
hamdous wastes (i.e., mixed radioactive waste). SSTs receive their name because onIy a single steel 
tank Iiner is used to contain the waste. DSTs contain waste by using both inner and outer carbon steel 
liners. The annulus between the inner md outer shells allows for leak detection not available in the SST 
design. 

The SST system is large and varied and comprises underground waste storage tanks, pipelines, waste 
transfer lines, water lines, diversion boxes, and other facilities arld equipment. Vadose zone contamina- 
tion from past releases or spills is present to varying degrees in ail of the SST farms. As of September 
2004, the SSTs contained approximately 30 million gallons of mixed radioactive wastes paiknimbalkar, 
2004 133). Waste retrieval activities are undcr way and will continue far a number of years, The current 
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p h ,  8s s d  in W A C 0  Milestone M45-00, is ". . , retrieval of as much waste as is technically 
possible, with lank residues not to exceed 360 
Series tanks, or the limit of waste retrieval technology capability, whichever i s  less." Retrieved tank 
wastes will be transferred to treatment facilities. At the time of SST system closure, it iS anticbted that 
there will be contamhation remaining in the tanks, ancillary equipment, and soils within each SST tank 
farm, 

in each of the 1OO-Series tanks, 30 f? in each of the 200- 

DOE has committed to removing 99% of the SST system waste volume and trmsfenhg it to interim 
storage and treatment facilities before its ultimate d i s p a l .  The rrtdioactive tank waste will be separated 
into a high-level fraction, to be disposed of i te  at a geoIogic repository, and a Iow-activity fraction, to be 
disposed onsite BS low-level mixed waste to a state-permitted facility. Following retrieval of the SST 
waste and in accordance with HFFACO, the SST system with its remaining waste is assumed for the 
p u p s  of the SST PA document to be closed as a landfill. 

Cleanup and closure of the contaminated SST WMAs is regulated by DOE, the Washington State 
Department of Ecology (Ecology), and the US. Environmental Protection Agency (EPA). Five primary 
regulatory processes govern cleanup and closure dwumentation and approval: 

HFFACO 
State of Washington "Hazardous Waste Management" Act (HWMA [4]) 
Atomic Energy Act of 1954 [5] 
Na!ional Environmend Policy Act of 1969 ("A [6]) 
Radioactive Waste Management (DOE 0 435.1 [7]) 
Comprehensive Environmental Response, Compensation, and Liability Act of 1980 
(CERCLA [a]). 

. 

An integrated regulatory closure process has been developed by DOE in conjunction with Ecology and 
EPA to streamline regulatory approval for Hanford Site closure. The integrated t.egulatory process uses 
the existing HFFACO process, action plan, and milestones; completes the WWMA closure prooess as 
negotiated by DOE and Ecology; and completes site closure under CERCLA. The process also integrates 
the applicable requirements of the above regulations consistent with Rndiolactiw Wuste Management 
Munuat (DOE M 435.1-1 [9])  and the Atomic Ernergv Act of1954 DOE is b responsible agency for the 
closure of all SST WMAa These WMAs will be closed in clase coordination with other closure and 
cleanup activities of the Hanford Site Central Plateau. Washington State has a state program authorized 
under the Resource Corarervufion I d R e m r y  Act of I976 @CRA [IO]) and executed through the 
H W M A  and its implementing regulations. Ecology i s  the lead regulatory agency for HWMA and has 
regulatory authority over RCRA closure of the SST system The 200 Areas of the Hanford Site, b w n  
as the Central Plateau, have been placed on the National Priorities List by EPA. The completion of 
remediation of the 200 Aras overall will be eventually finalilsd via CERCLA decisions d e  by EPA 
and permitting decisions made by Ecology. 

ImpIementation of the integrakd regulatory closure process is authorized in Appendix I of the 
HFFACO, which establishes expectations for the scope and approval of the Initial Singlesheli Tank 
System Pe$onnmce Assessment for the Hanford Site. m x  I of the HFFACO establishes regulatory 
requirements under which waste within the SST WMAs will be retrieved, and the W A S  subsqmtly 
closed pursuant to applicable state and federal laws and regulations. Relevant sections fiom the 
HFFACO, Appendix I, Section 2.5, are as follows: 
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‘‘Ecolo~, as the iead agency for SST system closure, EPA, d DOE have elected to develop 
and maintain as part of the SST system closure plan one performance assessment for the 
purposes of evaluating whether SST system closure conditions are protective of human health 
and the environment for all contaminants of concern, both radiological and mnradiological. 
DOE intends that tbis performance assessment (PA) will document by reference relevant 
pwformance requirements defined by RCRA, HWMA, Clean Water Act, Safe Drinking Water 
Act, and the Atomic Energy Act of I954 (AEA) a d  any other performance requirements that 
might be ARARS under CERCLA. The PA is of larger scope tban a risk asseessment required 
solely for nonradiological contaminants. The PA is expected to provide a single source of 
information that DOE can use to satisfy potentially duplicative functional and/or documentation 
requirements. A PA wiU be deveIoped for each WMA and will incorpmk the latest information 
available. These PAS wiIl be approved by Ecology and DOE pursuant to their respective 
authorities. For Ecology approval means incorpwatiW by reference, into the Site-Wide Pennit 
through the closure plans.” 

The closure of the SST system as currently projected means that the SST W M A s  would be closed as 
landfill units under the integrated regulatory closure pcess,  to be completed by h e  year 2032. The SST 
PA will serve different purposes depending upon the regulatory proeess it is Supporting. The SST PA 
will support waste determinations for tank waste residuals remaining after completion of retrieval in 
accordance with the HFFACO). Additionally, Appendix H to the HFFACO [2] requires DOE to interface 
with the U.S. Nuclear Regulatoa Commission (NRC) with respect to allowable waate residuals in tanks 
and the soil oolumn (Le., vadose zone). The SST PA also supports regulatory waivers through the 
HFFACO (21 Appendix H process when residual waste volume retrieval goals cannot be achieved For 
example, a request for exemption to the W A C 0  waste retrieval pa1 of 360 ft3 for SST C-106 is 
cumtly  under evaluation with the HFFACO regdatory authorities and the NRC. 

With respect to HWMA replatory processes @oth closure and corrective action), clowrre actions €or 
contaminants associated with the SST system are E h g  evaluated d e r  two xeparate processes: 1) 
Wmhingfon Ahini~h-at ive  Code (WAC) 173-303-610 [ 111 closure requirements for treatment, storage, 
and disposal units and 2) WAC 173-303-646 corrective action requirements for releases from treatment, 
storage, and diqmsal units. WAC 173-303-610 closure requirements assume two closure options are 
avaiktble for tanks systems: 1) removal ar decontamination of wastes and waste constituents to levels that 
allow far unrestricted land use (WAC t 73-3034 10 [2][b]) or 2) landfill closure where much removal and 
decontamination cannot be achieved. The practicability of achieving removal or decontamination is 
analyzed in closure plans required under WAC 173-303610. Selection of the closure option occurs 
through incorporation of specific closure activities by Ecology is modifications to the Hmford Site-wide 
permit @oh@ 2001 [12)). Corrective action requirements analyze multiple options for the cleanup of 
releases of waste to the soil column in a corrective measures study (CMS). Selection of corrective actions 
is achieved through an analysis that identifies those actions that provide the best balance of trade+of€s 
with respect to prescribed balancing and modifying criteria. Similar to closure activities, selected 
oorrective actions are defined by Ecology through incorporation as a modification to the Hanford Site  
wide Wt. 

DOE is in the process of preparing an environmental impact statement @IS) under the Nutiund 
EnvimnmentaI P o k y  Act of1969 (”A), This EIS will evaluate various closure alternatives, including, 
but not limited to, landfill cIosure. After completion of the NEPA process, this EIS will form the basis 
for DOE deckion making regarding closure, as memorialized in a record of decision. The SST 
prformmce assessment does not represent a DOE decision for landfill clmure in advance of compIethg 
the NEPA process, but is d y  intended to evaluate the human health impacts of this alternative. 
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Should the HWMA or NEPA processesl determine that the SST system will not close under landfill 
c I m ,  risks to human health and the envirOnment identified in the PA will require re-evaluation to take 
into consideration the selected actions. As an example, the landfill system described in this document 
assumes that the direct exposure pathway is unavailable to either human or ecological receptors post- 
closure as a result of the presumed depth of the barrier. Only impacts to receptors asimiated with 
releases to groundwater and to an intnader are analyzed in this document. Evaluation of the direct 
exposure pathway may be required as part of future closure and comctive action decision-making 
processes should a barrier system not lx selected. 
Purpose 

The initial SST PA evaluates human-health impacts from tank residuals and deep vadose contamination 
assumed left in the tank farms following closure using presently available information and presents the 
6mt results of an iterative analysis. The SST PA is prepared early in the life cycle of the retrieval and 
clogure project, befm much waste retrieval has been performed, to mpport decision making in regards to 
completion of SST retrievals, SST system closure plans, and HWMA permit modifications. This SST PA 
will also q p r t  consultation between DOE and the NRC on issues related to disposal of radioactive 
waste remaining in the SST system. 

Furthermore, while waiting hr the completion of the Tank C l m  and Waste Management 
Enviromenfd Impact Statement and its implementing Record of Decision, DOE will be wing the PA to 
support the following: 

Development of approach, assumptions, and methodology for evaluating long-term human 
health impacts related to the closure of the tank farm system 
Regulatory requirements for pre- and post-re~eval documentation 
Interim activities such as temporary barriers to prevent infiltrating water 0 

Additional characteriZation activities 
Risk-informed decisions m l m d  to: 

o The HWMA regulatory process (Le., HWMA treatment, storage, and disposal closure 
requirements, including HWMA corrective action requirements) 

o Integration of HWMA decisions into CERCLA decisions for the rest of the Hmford Site 
o Justification that the extent of retrieval of waste h m  an SST is sufficiently protective of 

human health when retrieval goals cannot be achieved through the Appendix H process, 
defined in the HFFACO (e.g., SST G 106 is currently under evaluation for exemption 
from the HPFACO retrieval goal) 

Q Decisions under the Atomic Energy Act of 1954 as implemented through DOE 0 435.1 
Venue to promote an open, transparent p e s s  of the SST-PA approach, assumption 
methods (how to do a PA). 

The development of a single dmument to m p r t  risk-informed decisions for at1 the above processes 
leading to closure is a direct result of agreements to streamline the dosure prccess that are kmalized in 
Appendix I of the HFFACO. 

DEFENSE IN DEPTH APPROACH TO CLOSURE 
DOE will employ a defense in depth approach for its WMA closures using a risk and uncertainty 
mitigation philosophy developed by the US. Nuclear Regulatory Commission that has proven effective in 
other venues, Key elements of the defense in depth philosophy are the use of multiple bartiers (both 
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natural and engineered) to isolate waste in the disposal mvimnmmt and the establishment of institutional 
controls to prevent or limit human access to the waste. The use of multiple barriers m v e s  confidence 
in the adequacy of clawre actions by mitigating intrinsic uncertainties associated with any single barrier. 
With this approach, even if one or more parts of the system fail or bction at a less effective level than 
projected, overall system performance remains at sufficiently protective levels. 

To close &e WMAs, three barriers that implement tbe defense in depth philosophy are anticipated 
including two engineered barriers &e., the surface cover and the grouted tank stsucture) and a natural 
barrier (i.e., the vadose mne). The barrier functions vary depemhg on which of the three primary 
pathways are being considered. For the groundwater pathway, all the barriers impede water movement in 
the subsurface and two of the b&m, the grouted tank structwe and the vadose zone, retard mitaminant 
migration through the subsurfice. Far the air pathway, the grouted tank structure and surface cover 
provide distance be-n waste and receptor, and resistance to vapor migration. For the intruder 
pathway, the engineered basrim deter intrusion over an assumed time interval, but have no function 
following intrusion. The vadose zone has no function in the air pathway or the intruder pathway. 

The application of defense in depth principles in the SST PA also provides insghts into the design of 
WMA closure, the extent and type of characterization needed of the geologic system, and the approach to 
conducting an analysis of the performance of the proposed dosure system. The SST PA d y s i s  
apecificalfy evaluates the characteristics of barriers and other site features that influence Contaminant 
migration by the various pathways. In this mme, the functionality of the barrim, both individually and 
as part of the total system, are directly evaluated. Both expected perfmnanm (called a reference case 
analysis) and sensitivity to variability in input parameters are quantified (sensitivity case analysis). 
Finally, the SST PA analysis also considers plausible Mer failure modes or underperformance and 
evaluates their impacts w total system performance. 

Knowing this information, &ysts can then assist the engineers and scientists responsible for WMA 
clormpe design to appropriately address those conpnenh and ~sumpt im that are mst important to 
success by reducing their associated uncertainties through additional ckacteripltion and/or development 
of compensating design features. Quality assurance, performance m h t i o n ,  and model v d c a t i o n  
are additional activities that enhance d d e n c e  in the longterm total system perfommce. 

Contaminmt Exposure Scemarhs and Exposure Pathways 

The initial SST PA evaluates three contaminant migration pathways (Le,, groundwater, air, and intrudm) 
that can lead to human exposure h u g h  a yariety of scedw. Conhminant expure scenarim are 
seIected that define levels of interactions by humans with air, water, and soil contaminated by waste. 
Human interactions with the waste generally occur through a variety of expure pathways such as direct 
human contact (e.g., contamination of skin), ingestion or inhalation (which enable contaminants to enter 
the body), or direct exposure to radiation (typically ganrma radiation from relatively short-lived isotopes 
such 85 Cs-137). Exposure scenarios are selected that represent plausible land use activities that could 
mur near a closed facility, and can be d y z e d  to provide exposure estimates that are cwrparable with 
regulatory criteria. Implicit in the asmmptiollfs of these scenarios is the idea that waste quantities should 
be sufficiently limited and isolated to permit safe land use with these activities. Exposure scenarios 
evaluated represent a range of possible exposure pthways. The scenarios include the residential farmer, 
site resident, and the industrial user. 

The selection of s c e h m  discussed above implies knowledge of waste disposal in the area. Human 
exposure scenarios are also evaluated with the inadvertent intruder pathway in which knowledge of the 
location of the disposal site is assumed to be lost. These scedw include a suburban resident with a 
garden, rural pasture, and mnmercid brming. The d pasture scenario is considered part of the 
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reference case, while the suburban resident and commercial farmer are considered in the sensitivity 
analysis. The intruder pathway is specific to the regdatmy environment for the disposal of low-level 
radioactive waste W E  0 435.1) and is not typically seen in env imen ta l  remediatim investigations. 
The evaluation of pertinent regulations a h  identified media-specific @e., air and gradwater) criteria m 
performance objectives, that m y  be used for remdation goals. The SST PA uses thee criteria as 
appropriate to the media and contaminam 

Model Methodology 

A conceptual model for each contaminant migration pathway was developed for each WMA, 
incorporating dl available and relevant site-specific data. For the groundwater pathway, much of these 
data have been collected under the RCRA Corrective Action pmess conducted by the DOE Offce of 
River Protection. Figure 2 presents a schematic of a typical conceptualization for a g e n d b d  WMA. 
The scientific conceptuaIization includes the dominant processes controUing the mobilization and 
transport of contamination. In keeping with the defense in depth safety philosophy, a reference case for 
each contaminant migration pathway was deked, The reference case reflects the set of parameters and 
engineering assumptiom that can represent the likely performance of the closed W X %  A concurrent 
examhation of the expected range of values for each parameter heIps define the expected performance 
range of each banier or feature. To estimate the robmess of the dected get of barrim alternatiye 
cmceptualhtions are also andyed using variations on the reference case design to establish the level of 
performance degradation that might mur. This degradation might represent an overestimate in the 
performance of a barrier, an error in the geologic conceptualimtinn of the system, or a fuhre event that 
cannot be reawnably contemplatd at this time. Poor system pfortnance noted thruugh either the 
sensitivity analysis or the alternative wnceptualhtion analysis (i.e., 'khat if' analysis) can indicate a 
need for an improved understanding of the system andlor a design change. 
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Fig. 2. Conceptual mode1 of general performance for each pathway analyzed. 

Impac?s to human health re6Ultmg from the air release of vulatiIe radimuclides from the gmutd  tank 
residuals were found to be well below air performance objectives, as were estimates of human health 
impacts for an intruder exposed to the residual tank waste and past releases (assumed to accw 500 years 
after closure). 
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For the inadvertent intruder, impacts include both acute and chronic dose. Reference c u e  exposure 
sce~~arios are well driller (acute dose) and rural farmer with a dairy cow (chronic dose). Alternate 
exposure scenarios considered for purposes of P scnsitivity analysis are chronic dose for a suburban 
resident with a garden and for a commercial farmer. The analytical results indicate that only the 
sensitivity case of the suburban resident with a garden exceeds the performance objective for three 
WMAs. Doses are generally more than a factor of 10 below applicable performance objectives aT 500 
years from closure. 

Table 1. Estimated Reference Case Groundwater Impacts at the Waste Management Area Feaceline 

I Maximum Contaminant Level I Exposure Scenariuv 

1 
Perfarmance 

Objective 

Radiological WAC1 73-3411 
Tc-99 1-129 Cr All-Pathways ILCR Hazard 
900 1 0.10 Farmer Industrial Index Beta-Photon 

I .@E-4 to Mcthod B 4mremlyr pCUL pCVL mglL 15111rem 
1,OE-5 1.0 

T m 0 0 -  e - 0. 
TX-TY 0 - 0 -  0 0 U 
U 0 - + -  0 0 e 
c 0 0 0 0  0 (> 0 
E-BX-BY - * e -  0 0 0 
A-AX 0 m e -  e 0 0 

~ ~ ~ 

Below Performance Objective: Above Performance 0b.jective: 

Greater than a factor of 10 Greater than a factor of 10 
0 Less than a factor of 10 

a Evaluated from year 2000 to 12032. 
Evaluated from year 2332 to 12032, 

Less than a factor of 10 

11 ,CR = incremental lifetime cancer risk 

Sensitivity Analysis 

The sensitivity analysis provides informatim that addresses the following issues: 

rn 
How welt can the performance of the closure system be estimated? 
How important are the “barriers” to the performance of the system? 
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+ What is the value of additionat information to reduce es-d uncertainty? 

These issues a r k  I q l y  because of inherent variability within the tank clome system Heterogeneities 
in the nahual system, long-term degradatiw of engineered barrier performance, and future human actions 
can affect future envimnmental contamination. Such variability generates uncertainty abaut real-time 
contaminant migration chharacteristics and limits the abdity of the modeler to adequately portray system 
features and processes that affect future environmental contamination levels (e.g., predictive uncertainty). 
Because tank closure system variability cannot be mmpIetely resolved (also referred to as irreducible 
Variability), a range of future environmental impacts are estimated that account fm effmts of this v a h -  
bility and provide a qualitative measure of uncminfy To complete these estimates, a suite of sensitivity 
c a m  has been formulated in which variability was quantified as ranges of m&hg input parameter 
values that envelope reference c ~ s e  values. The d t i n g  set of changes in esthated eavironmental (e.g., 
pundwakr) contamination levels in combination with Eference case results provided ranges of 
plausible future contamination levels caused by tank c l o m  system variability effects. 

Of the three major pathways (Le-, groundwater, air, and int3uder), the most cumplicated amIyais involves 
the groundwater pathway. Contaminant migration through the subsurface is influenced by all major 
components af the closure system. Therefore, the greatest amount of potentially significant parameter 
variability is amciated with this pathway. The methodology for the groundwater pathway uses a 
deterministic e to calculate a plausible mge of future groundwater contamination levels at the 
WMA fenceline that is generated by siteqwific closure system variability and ~UCOIII~SS~S the 
reference case result. This approach is deterministic because potential groundwater contamination Iweb 
are determined for discrete parameter values that define ranges in p a r a m e  (q., minimurn, reference 
case, and maximum values). Collectively, the suite of analytical resultg defines a fmite range of plausible 
future groundwater contamination levels. Although thme k a qualitative eqxctation that the actual 
groundwater contamination levels should tend toward the &me case estimate (e.g., the purpose of the 
reference case assumptims is to provide the kst estimate of actual c l m  system conditions), the 
analyses do not assign a likelihood of ommence to a particular outcome. These results contrast with 
those provided by a pmbabilistic/stochastic approach, in which a wntinuum of parameter values me often 
considered and heir likelihood of mCUrrenCe is assumed. These a s ~ t i o n s  are then propgated 
through the analysis to a set of realizations where the likelihood of a particular outcome occurring can be 
calculated 

The approach described herein was selected for the fouowing reasons: 
8 Closure system performance is being compared with respect to numemuB deterministic criteria 

(e.g., groundwater protection cr i ta ia  and various human health effectb). Comparison of 
deterministic criteria with d e t d s t i c  analytical reaulta provides B tramprent indidon of 
acceptable or unacceptable performance. 

The available dabhse describes the major featrules and procases affecting contaminant -port 
in some detail (e.g., precipitation aad infiltration rates, subsurface hydrogeologic characteristics, 
contaminant-specific geochemical behavior) and is amenable to the quantificatiDn of minimum 
and maximum values of critical parameters. The database, for the most part, is not considered 
adequate to assign probability distribution functions to various parameters, 

Manipuiatiou of single and multiple changes in parameter values coupled with asmiated changes 
in future groundwater contamhatbn levels pm*des insight into the relative importame of 
Various features and processes affecting contaminant transport. Tbese results also provide 
estimates of plausible variability in future groundwater con tamhation levels (e-g., uncertainty 



ge 16 of 20 of MOO189562 

WM’07 Conference, February 25 - March 1,2007, Tucson, AZ 

around the reference case outcome) and illustrate the estimated range of plausible outcomes due 
to irreducible system variability, 

rn This approach identifies additional important data needs. Importance is defined as data that are 
currently unavailable and are needed to better quantify a parameter value range that may generate 
relative large changes in projected groundwater contamination levels. 

A flow chart of the sensitivity case methoblogy for the groundwater pathway is pruvided in Figure 3. In 
this methodology, sensitivity cases were derived to evaluate the effects of system variability, groundwater 
contamination analyses were completed for each case, and comparisons of sensitivity case results 
(estimated groundwater mitamination levels at the WMA fenceline) to reference casc results were made. 

Initially, sensitivity cases were derived from the reference case modeling assumptions which defined the 
foilowing : 

0 

Site-specific reference parameter values. 

Site-specific closure system features and prooesses affecting cantaminant migration 
Parameters that describe these features and processes 

... . .. ... ... . . 

. 

I 

Fig. 3. Methodolugy used in the sensitivityhhat-if” analysk 
Critical features and processes included site-specific notural aystem characteristics such as low infiltration 
rates, a thick vadose zone, the current distribution of contaminants within the vadose zone, and 
engineered components including the surface barrier, and the grouted tank structure. Significant 
processes included unsaturated flow in the vadose zone, contaminant-specific geochemical reactivity with 
the subsurface sediments, and mixing of contaminated vadose zofie water with clean unconfined aquifer 
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water. Parameters describing these features and pmesses fell into three b m d  categories: recharge rates, 
waste chmctmistics (e.g., inventory and release mechanisms), and geohydrologic properties of the 
vadose zone and unconfined aquifer. 

To proceed with the sensitivity analysis, two types of c a m  were dishgukhed, sensitivity caw and 
"what if" cases. The sensitivity cams asmmed all primary reference case asgumptiws were unchanged 
md simply varied parameter values with respect to reference cage values. Tn the "what if' cases, 
alteration of postulated reference case assumptions affecting mtaminant migration was assumed (e.g,, 
different physical or chemical processes M human actions that altered system conditions). To represent 
these different assumptions, different parameter ashates  were considered. In these analyses, only 
contmninant migration to the WMA fenceline and only migration from waste m m s  in WMAs C and 
5-SX were considered. Also, sensitivity analysis results were only generated for constituents that reached 
the u n d i n e d  aquifer at non-negligible levels in r e f e k e  case analyses. 

Each sensitivity and -what if" caae usually assumed a change in one parameter value and, in some cases, 
the substitution or addition of a parameter relative to the reference case, By grouping w e s  that 
considered value changes to the  me parameter for specific contaminants present in specific waste 
m r c e s ,  a value range for IL given parameter was genedy defined by at least three values, a reference 
case value, a m i b  value, and a maximum d u e .  For example, the reference case operational period 
recharge rate was 100 mdyr and two sensitivity caws were generated that assumed operational period 
recharge rates of 40 and 140 m d y r  to define the minimum and maximum values, respectively, Then, by 
completing a contaminant migration analysis that estimated the groundwater impacts for each 
sensitivi@Pwhat if' case and associated parameter value change within each parameter p u p ,  a range of 
groundwater contamination levels was generated in response to parameter value change. 

Changes in groundwater contamination levels at the WMA fencehe in response to parameter value 
changes were calculated and, for ease of comparison, expressed as ratios of the p k  groundwater 
contamination Ievels from the Bensitivity case to peak levels estimated in the reference case. T h a  ratios, 
referred to as peak ratios, indicated the sensitivity of contaminant mipti.n to variability of I pdculrtr 
parameter because each ratio was associated with specik slngle parameter value changes (ea.,  single 
parameter variability]. Estimated increases or decreases in groundwater contamination levels we= 
indicated by peak ratio values greater or l a  than unity, respectively. Relatively hger or smaller ratios 
for given parameter ranges indicated greater sensitivity of groundwater contaminant levels to variability 
of the k tu re  or prooess represent& by the puameter. These ratios dm indicated uncertainty around the 
reference case estimate with respect to variability of a particular paramekr. That is, the plausible range of 
tstimated groundwater contamination levels was constrained by the plausible range of sitespecific 
parameter values determined h m  site-specific data. Figure 4 provides the results of this analysis for the 
sensitivity of gmmdwater contamination levels of To99 initially present in past leak inventories to 
variations in recharge for past leak inventories. The mer recharge rate after the year 2032 has no 
impact on the Tc-99 concentration at the fenceline because the major fraction of the initial inventory 
reaches the groundwater before the barrier has been placed over the WMA. 

The R N U I ~  of the single parameter variability d p s  were then used for two additional qrplications, a 
cumulative variability analysis and a barrier underperformance analysis. The cumulative variability 
analysis estimated the effects of multiple and simultaneous parameter value changes on groundwater 
cantamination levels fix &en contaminantlwaste type combiaations. Because the effects of variability in 
all significant parameters were considered to OCCUT simultaneously, a cumulative uncertainty in peak 
groundwater contamhation levels with respect to the reference case estimates are provided. 
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The barrier underperfortnmce analysis estimated the effects of single or multiple barrier 
underperformances (Le., the surface barrier, the grouted tank structure, andfor the vadose zone) on total 
system performance with respect to reference case assutnptioiis. Peak groundwater impacts from the 
underperformance cases were then compared against the reference case and a ratio of peak impacts from 
each case was calculated. The value of the ratio is indicative of the level of overall system loss of 
performance due to the underperformance of the rcspective barrier.. For mobile contaminants in tank 
residuals, the results nf this analysis indicated that system groundwater performance degraded by factors 
of 1.757.85, and 1.24 due to underperformance of the surface barrier, the grouted tank structure, and the 
vadose zone, respectively, for WMA C. Undwperformance of the entire engineered system in WMA C 
(Le., surface barrier and grouted tank structure) yielded an underperformance ratio as high as 13.77. Thc 
effect of each barrier on WMA S-SX was similar to results shown for WMA C. Moderately mobile 
contaminants wete shown to be generally more sensitive to barrier degradation than were mobile 
con tarninants. 

Based 011 the sensitivity analysis, the SST PA concludes that estimates of peak contaminant 
concentrations would likely have a variability on the order of a factor of 10 (Le., an estimated peak impact 
could be a factor of I O  higher or lower than that calculated in the reference case due to the natural and 
non-reducible variability of the system). A similar estimate of cumulative variability based on a 
probabilistic uncertainty analysis is documented in DOE-RL (1 999) [ 13) and corroborates the estimate of 
variability provided here. 

Fig. 4, Sensitivity of peak Tc-99 to varhtlons in recharge assumptio~s (WMA C) from past leak 
inventory. 

CONCLUSIONS 
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The results of the SST PA support the following: (1) retrieval of tank waste and grouting of the remaining 
residuals; (2) institution of interim measures to reduce the impacts to the groundwater h m  past tank farm 
releases (3) examination of the potential for more aggressive corrective measures to mitigate projected 
early groundwater impmcts. 

The long-term groundwater impacts from residual tank wastes are shown to be low and are below all 
performance objectives. Future work an gruuted tank waste form residuals and release mechanisms are 
expected to support even lower estimates of potential impacts. Expected parameter variability and 
alternative system conceptualizations also support this conclusion. 

In m y  cases, past releases from tank operations simply have too large an impact on groundwater 
concenmtions to make performance objectives achievable under the reference case assumption of no 
mediation of past releases, as used in this study. Sensitivity analpis of the extent of past release 
mediation of mobile contaminants required to achieve groundwater perfomaance objectives at an SST 
WMA fenceline was generally quite high (greater than 9Ph). Immobilization or removd of contaminated 
soil of over 90% of mobile Tc-99 &om past releases was indicated as necessary to achieve groundwater 
performance objectives for this contaminant at every WMA, except WMA C. 

A number of analysts (Myers 2005 [ 141; Knepp 2002a [ 15],2002b [ 161) have recommended interim 
measures as an immediate n e 4  due to o ~ t i o m l  period recharge rates on the project4 groundwater 
impacts from large tank releases. These analyses, including the SST PA, primarily examine risk to 
human health and are not rmfficiently comprehensive to support a final decision but instead contribute to 
the decision making p e e s .  Based on principles of risk management alone, the consideration of interim 
measures is supprted at most of the WMAs while the fdmaal RCRA [lo] Corrective Action process 
unfoids. Interim measures can cover a wide range of remedial activities. The SST PA examined barriers 
to infiltration in detail. Results h r n  the sensitivity analysis generally support the cuncept that reducing 
surface infiltration sooner is better than b r .  

DOE will continue to use an iterative approach to update the SST PA; up&h will be based on 
significant changes in the approach to dosure, mnceptuai m&l, or source characteristics used in the 
latest SST PA. The SST PA documents the c a n t  baseline but, by the nature of any baseline, changes 
will occur and must be addressed. These changes are driven by insights from laboratory studies, field 
efforts, numerical analyses, and design modifications as DOE move8 toward closure of the waste 
management mas. 
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