
 

U–1 

 

A
p

p
en

d
ix U

 ▪ L
o

n
g

-T
erm

 C
u

m
u

la
tive Im

p
a

cts A
n

a
lysis  

 

Cumulative Impacts 

Effects on the environment that result 
from the proposed action when added to 
other past, present, and reasonably 
foreseeable future actions, regardless of 
what agency or person undertakes such 
other actions (40 CFR 1508.7).   

APPENDIX U 

SUPPORTING INFORMATION FOR THE  

LONG-TERM CUMULATIVE IMPACT ANALYSES 

This appendix presents detailed information supporting the long-term cumulative impacts on groundwater quality 
and human health analyses discussed in Chapters 6 and 7 of this Tank Closure and Waste Management 
Environmental Impact Statement for the Hanford Site, Richland, Washington by describing (1) the overall 
groundwater modeling methodology, (2) the differences between the Hanford Site and the environmental impact 
statement model conceptualization, (3) current site conditions, (4) projected long-term cumulative impacts model 
results, and (5) potential remediation actions and the magnitude and timeframe of the benefits. 

This appendix contains detailed information regarding long-term cumulative impacts on groundwater 

quality and human health.  Long-term cumulative impacts would occur following the active project phase 

under each alternative.  For this Tank Closure and Waste Management Environmental Impact Statement 

for the Hanford Site, Richland, Washington (TC & WM EIS), long-term cumulative impacts were assessed 

out to approximately 10,000 years in the future.  Figure U–1 is a flowchart showing the components of 

the environmental impact statement (EIS) groundwater modeling system that were used to predict the 

long-term cumulative impacts on groundwater quality and human health.  This appendix discusses the 

overall groundwater modeling methodology and the predictions from the concentration-dependent 

analyses of long-term impacts on groundwater quality and 

human health.  Additionally, background information 

regarding current Hanford Site (Hanford) conditions; the U.S. 

Department of Energy Richland Operations Office (DOE-RL) 

Hanford cleanup process for Comprehensive Environmental 

Response, Compensation, and Liability Act (CERCLA) past-

practice units; and potential remediation actions is provided to 

aid in the interpretation of the long-term cumulative impacts 

predictions. 

 
Figure U–1.  Groundwater Modeling System Flowchart 

U.1 GROUNDWATER QUALITY 

This section discusses the methodology used for and results of the long-term groundwater impacts 

analysis of non–TC & WM EIS actions.  The groundwater modeling methodology, current site conditions 

and future vision, and model results for future site conditions and sensitivity analyses are described in 

Sections U.1.1, U.1.2, and U.1.3, respectively.  The presentation of the results follows the format 

developed for the TC & WM EIS alternatives (see Chapter 5 and Appendix O).  This section does not 

present cumulative groundwater quality impacts (i.e., non–TC & WM EIS impacts added to the impacts of 
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the TC & WM EIS alternative combinations).  Cumulative groundwater quality impacts are presented in 

Chapter 6. 

U.1.1 Groundwater Modeling Methodology 

The purpose of the long-term groundwater impacts analysis of non–TC & WM EIS sources is to provide a 

context for comparison of the TC & WM EIS alternatives.  Therefore, the methodology was designed to 

be fully consistent with the long-term groundwater alternatives analysis and the Technical Guidance 

Document for Tank Closure Environmental Impact Statement Vadose Zone and Groundwater Revised 

Analyses (DOE 2005).  This design consistency includes the models chosen to conduct the analysis, the 

parameter selection that affects the analysis, and the presentation and interpretation of the results. 

The collective set of models used to implement the TC & WM EIS long-term groundwater impacts 

analysis is regarded as the groundwater modeling system.  The design and implementation of the 

groundwater modeling system involved several components.  Specifically, these components include the 

following: source term, vadose zone flow and transport, groundwater flow, groundwater transport, and 

linkages of all the components in the overall modeling system.  Source-term representation lies at the 

beginning of the process for the general modeling strategy developed for the long-term groundwater 

impacts analysis.  The general process started with a conceptual model that was developed for each of the 

non–TC & WM EIS sites (source terms) to be applied to numerical models.  The inventories were 

gathered and applied to the release models for each source term, and the release model results were 

applied to the vadose zone models.  The vadose zone model results were, in turn, utilized for groundwater 

transport.  Results from the vadose zone flow and transport and the groundwater transport components 

were then used to complete concentration-dependent analyses.  Figure U–1 shows each of the components 

of the groundwater modeling system.  

 

The development of the inventory and a discussion of the end-state approach for the non–TC & WM EIS 

sources are described in Appendix S.  The constituents of potential concern (COPCs) considered in this 

analysis include all the COPCs in the TC & WM EIS alternatives analysis, as well as several COPCs that 

originate from only non–TC & WM EIS sources.  The inventory development relied on a search of 

available literature that provided estimates of the inventories for each source, estimates of uncertainties in 

the inventories, and a characterization of each source type and likely end state. 

The approach to analyzing releases to the vadose zone for the non–TC & WM EIS sources was the same 

as that described in Appendix M for the TC & WM EIS alternatives.  This analysis used site-specific 

parameters to estimate release rates from each of the sources to the vadose zone.  The waste form 

performance parameters, release models, and infiltration profiles used in this analysis of releases to the 

vadose zone are fully consistent with their counterparts in the TC & WM EIS alternatives analysis.  The 

results from the releases to the vadose zone analysis were used to support the vadose zone transport 

analysis. 

The vadose zone transport analysis methodology for the non–TC & WM EIS sources was the same as that 

described in Appendix N for the TC & WM EIS alternatives.  The vadose zone transport analysis used the 

STOMP [Subsurface Transport Over Multiple Phases] model to solve the nonlinear equations describing 

water and contaminant mass transport through the vadose zone.  A fully three-dimensional model of the 

subsurface geology for each of the non–TC & WM EIS sources was developed using the same techniques 

that were used in the TC & WM EIS alternatives analysis.  The material properties, infiltration profiles, 

and transport properties used in the vadose zone analysis are fully consistent with the TC & WM EIS 

alternatives analysis.  The vadose zone transport analysis results were input into the groundwater 

transport analysis. 
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The methodology used for groundwater transport impacts analysis of non–TC & WM EIS sources was the 

same as that described in Appendices L and O for the TC & WM EIS alternatives.  Appendix L discusses 

the development of the Base Case groundwater flow field, which describes the direction and rate of water 

movement in the aquifer.  This Base Case flow field was used for both the TC & WM EIS alternatives 

analysis and the non–TC & WM EIS sources analysis.  Appendix O discusses the use of the 

particle-tracking method to calculate a fully three-dimensional, regional-scale transient analysis of 

contaminant distribution in the aquifer.  The flow field, transport properties, and concentration 

measurement parameters used in the groundwater transport analysis are fully consistent with the 

TC & WM EIS alternatives analysis.  The outputs from the groundwater transport analysis were analyzed 

in terms of overall mass balance, concentration versus time at selected locations, and concentration 

distributions at selected times, which is the same process used for the alternatives impacts analysis.  The 

level of protection provided for the drinking water pathway was evaluated by comparison against the 

maximum contaminant levels of the “National Primary Drinking Water Regulations” (40 CFR 141) and 

other benchmarks presented in Appendix O. 

U.1.2 Current Site Conditions and Future Vision 

This section describes the current site conditions that were used to establish the conceptual models 

developed to represent the non–TC & WM EIS actions analyzed in this TC & WM EIS.  It is important to 

understand the existing conditions, including the hydrogeologic regime, the distribution of inventories, 

and the distribution of anthropogenic sources to evaluate the modeling methodology and the results of the 

analysis of long-term groundwater impacts on non–TC & WM EIS actions.  It is also important to 

consider the analysis of ongoing actions at Hanford when evaluating the analysis results. 

The groundwater modeling system used for the analyses in this TC & WM EIS captures the major 

features, events (e.g., releases, barrier placement), and processes associated with the hydrogeologic 

regime, source areas, and mass transfer and transport that govern groundwater contaminant distribution.  

Some of the features, events, and processes that occur or will occur at Hanford have a simplified 

representation in the groundwater modeling system due to the following:   

 Site-specific data to support more-complex representations are not available. 

 Uncertainties governing behaviors are large, and more-complex representations amplify these 

uncertainties in the outcomes. 

 Complexities associated with local-scale processes tend to average out over long times at the 

regional scale. 

The groundwater modeling system was designed to include only the complexities required to provide an 

unbiased evaluation of the alternatives in the context of the cumulative impacts.  As processes were 

examined for inclusion in and parameterization for the TC & WM EIS groundwater model, primary 

emphasis was placed on representation of features events, and processes that distinguish outcomes among 

the alternatives.  In cases where features, events, and processes did not strongly distinguish outcomes 

among the alternatives, and where significant uncertainties existed, the modeling system was simplified 

by exclusion.  Such cases include: 

 Pump-and-treat systems present at Hanford are not present in the groundwater modeling system; 

the future designs and operational lifetimes of such systems are unknown. 

 Seasonal fluctuations at the Columbia River are not present in the groundwater modeling system; 

these complexities strongly influence contaminant transport over shorter time scales for sites near 
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the Columbia River; all of the sites associated with the alternatives are located in the Central 

Plateau. 

 Contaminants have the same retardation factors with respect to the pore-water velocity at all 

times and locations. 

 Infiltration and background recharge are uniform with respect to time and space in the 

groundwater modeling system; lack of long-term characterization data preclude a more complex 

approach for the purposes of this TC & WM EIS. 

Subsequent subsections will discuss existing site conditions, corresponding model predictions of the 

current site conditions, and DOE-RL’s future vision and expected remediation of Hanford outside of tank 

closure activities. 

U.1.2.1 Regional Scale 

This section provides a regional-scale description of the current site conditions for the non–TC & WM EIS 

actions that are modeled in this TC & WM EIS.  This includes a discussion of the hydrogeologic regime, 

historical anthropogenic discharges, and distribution of inventories, followed by a comparison of the 

model to measured contaminant distributions, as well as a description of the ongoing actions at Hanford.  

U.1.2.1.1 Regional-Scale Hydrogeologic Regime 

The hydrogeologic regime describes the system of geology and groundwater flow that governs 

groundwater contaminant distribution.  Hanford is located in south-central Washington in the Columbia 

Plateau and lies in the portion of the Columbia Basin known as the Pasco Basin.  The site is also located 

in the Yakima Fold Belt, which is characterized by a series of east-west-oriented anticlinal ridges and 

synclinal valleys (Lindsey 1995; Reidel and Chamness 2007).  The generalized stratigraphy for the site, 

starting at the ground surface, is the Hanford formation, followed by the Ringold Formation, and a basalt 

bedrock composed primarily of Miocene-aged tholeiitic flood basalts at the bottom.  The Ringold 

Formation sediments (Ringold gravel, sand, silt, and mud) were deposited on top of the basalt and 

represent fluvial and lacustrine materials of the migrating, ancestral Columbia River and its tributaries 

(Reidel et al. 2006).  The Hanford formation consists of glacio-fluvial sediments (Hanford gravel, sand, 

silt, and mud) resulting from cataclysmic flood events during the Pleistocene from glacial Lake Missoula 

(Bjornstad and Lanigan 2007; Lindsey 1995; Serne et al. 2010).  Additionally, the Plio-Pleistocene (Cold 

Creek) Unit occurs locally at Hanford between the Hanford formation and the Ringold Formation, 

primarily in the western portion of Hanford, and was deposited after the period of the Columbia River 

incision that resulted in the deposition of the Ringold Formation and before the deposition of the Hanford 

formation (Reidel and Chamness 2007).    

The water table beneath the Central Plateau and the groundwater divide located in the Central Plateau are 

two major hydrogeologic features that govern contaminant flow and transport throughout Hanford, 

especially for contaminant sources originating in the Core Zone.  Much of the aquifer near the 200-East 

Area occurs in the highly permeable sediments of the Hanford formation, and there are few sources of 

natural recharge, making the water table flat near much of the eastern portion of the Central Plateau.  

Unlike the area in the eastern portion of the Central Plateau, the aquifer at Hanford generally occurs in the 

Ringold Formation; or where the Ringold Formation is not present, the base of the aquifer occurs at the 

top of a basalt layer.  The groundwater divide, which strongly impacts the shape and direction of 

contaminant plumes originating from the Core Zone, occurs as groundwater flows toward the 200-East 

Area, sending part of the flow north through Gable Mountain – Gable Butte Gap (Gable Gap), and 

southeast toward the central and southeast portion of Hanford.  Figure U–2 illustrates the regional water 

table and inferred directions of groundwater flow as depicted in the Hanford Site Groundwater 
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Monitoring and Performance Report for 2009 (referred to as the “2009 groundwater monitoring report”) 

(DOE 2010a).  

U.1.2.1.2 Regional-Scale Historical Anthropogenic Discharges 

The effects of past anthropogenic activities have influenced contaminant distribution in the subsurface 

throughout the operational period of Hanford.  Aqueous discharges have been released to the vadose zone 

as a result of different operational activities and the nature of the associated processes and structures that 

were needed during the operational period (DOE 2010a).  For analysis purposes in this TC & WM EIS, 

aqueous sources of contamination were examined based on the amount of discharge.  Sources with 

aqueous flux (volume per area) of less than 1 meter (3 feet) per year were categorized as moderate-

discharge sources.  Sources with aqueous flux (volume per area) of greater than 1 meter (3 feet) per year 

were categorized as heavy-discharge sources.  Solid sources were categorized as low-discharge sources.  

The sources along the Columbia River primarily fall within the heavy- and moderate-discharge categories 

and include releases associated with the nuclear reactors.  The sources in the central portion of the site 

include heavy-, moderate-, and low-discharge sites and are associated with plutonium processing and 

storage of waste generated from plutonium production.  The sources in the 300 Area include heavy-, 

moderate-, and low-discharge sites and are associated with manufacturing work and experiments that 

were carried out during operations. 

U.1.2.1.3 Regional-Scale Distribution of Inventories 

Groundwater contaminant plumes underlying Hanford originate from releases during past nuclear 

material production activities that occurred in the 100 and 300 Areas of the Columbia River corridor and 

the 200 Areas of the Central Plateau.  The major contaminants that make up plumes with concentrations 

above the drinking water standard in the upper portion of the unconfined aquifer at Hanford include 

hydrogen-3 (tritium), strontium-90, technetium-99, iodine-129, carbon tetrachloride, chromium, uranium, 

and nitrate.  Of the groundwater contaminant plumes, tritium and iodine-129 have the largest areas with 

concentrations above drinking water standards.  Table U–1 summarizes the primary locations of the major 

contaminant plumes in the upper portion of the unconfined aquifer.  Figure U–3 shows the measured 

spatial distribution of the major contaminant plumes at concentrations above the drinking water standard 

in the upper portion of the unconfined aquifer (DOE 2010a).  
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Figure U–2.  Regional Water Table and Inferred Groundwater Flow Directions, March 2009 
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Table U–1.  Primary Locations of Major Contaminant Plumes 

Contaminant Primary Locations 

Primary 

Area 

(km
2
) 

Drinking 

Water 

Standarda 

Mobility and  

Half-Life 

Radionuclides     

Hydrogen-3  

(tritium) 

200-East Area, 200-West Area, 

300 Area 

126.5 20,000 pCi/L Mobile; 12.3 years 

Strontium-90 100-N Area, Gable Mountain 1.9 8 pCi/L Moderate; 28.8 years 

Technetium-99 Gable Mountain, 200-West Area 2.4 900 pCi/L Mobile; 211,000 years 

Iodine-129 200-East Area, 200-West Area 58.8 1 pCi/L Mobile; 15.7 million 

years 

Chemicals     

Carbon 

tetrachloride 

200-West Area 11.5 5 μg/L Mobile  

(denser than water) 

Chromium 100-K Area, 100-H Area 2.0 100 μg/L Mobile (hexavalent) 

Nitrate 100-F Area, 200-East Area, 

200-West Area 

36.7 45,000 μg/L Mobile 

Uranium 200-East Area, 200-West Area, 

300 Area 

1.5 30 μg/L Moderate; 

246,000 years (U-234) 

700 million years (U-235) 

4.5 billion years (U-238) 

a Drinking water standards are included because the figures from the Hanford Site Groundwater Monitoring and Performance 

Report for 2009 (DOE 2010a) use them for mapping purposes.  Note that the benchmark standards used for mapping purposes 

in this Tank Closure and Waste Management Environmental Impact Statement for the Hanford Site, Richland, Washington are 

listed in Appendix O. 

Key: μg/L=micrograms per liter; km2=square kilometers; pCi/L=picocuries per liter; U=uranium. 
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Figure U–3.  Distribution of the Major Contaminant Plumes at Concentrations Above the 

Drinking Water Standard in the Upper Portion of the Unconfined Aquifer 
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U.1.2.1.4 Regional Comparison of Modeled Versus Measured Spatial Contaminant 

Distributions 

This section presents the results of the impacts analysis of non–TC & WM EIS sources in terms of the 

spatial distribution of COPC concentrations in calendar year (CY) 2010 and compares the results to the 

Hanford Site Groundwater Monitoring and Performance Report for 2009 (referred to as the 

“2009 groundwater monitoring report”) (DOE 2010a).  Concentrations of each radionuclide and chemical 

are indicated by a color scale that is relative to the benchmark concentration.  Concentrations greater than 

the benchmark concentration are indicated by the fully saturated colors green, yellow, orange, and red in 

order of increasing concentration.  Concentrations less than the benchmark concentration are indicated by 

the faded colors green, blue, indigo, and violet in order of decreasing concentration.  Note that the 

concentration ranges are on a logarithmic scale to facilitate visual comparison of concentrations that vary 

over three orders of magnitude.  Figures U–4 through U–12 are maps of the projected concentrations of 

contaminants in groundwater from the TC & WM EIS models for tritium, iodine-129, strontium-90, 

technetium-99, uranium-238, carbon tetrachloride, chromium, nitrate, and total uranium, respectively. 
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Figure U–4.  Spatial Distribution of Groundwater Hydrogen-3 (Tritium) Concentration  

(Non–TC & WM EIS Sources), Calendar Year 2010 
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Figure U–5.  Spatial Distribution of Groundwater Iodine-129 Concentration 

(Non–TC & WM EIS Sources), Calendar Year 2010 
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Figure U–6.  Spatial Distribution of Groundwater Strontium-90 Concentration 

(Non–TC & WM EIS Sources), Calendar Year 2010 
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Figure U–7.  Spatial Distribution of Groundwater Technetium-99 Concentration 

(Non–TC & WM EIS Sources), Calendar Year 2010 
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Figure U–8.  Spatial Distribution of Groundwater Uranium-238 Concentration 

(Non–TC & WM EIS Sources), Calendar Year 2010 
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Figure U–9.  Spatial Distribution of Groundwater Carbon Tetrachloride Concentration 

(Non–TC & WM EIS Sources), Calendar Year 2010 
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Figure U–10.  Spatial Distribution of Groundwater Chromium Concentration 

(Non–TC & WM EIS Sources), Calendar Year 2010 
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Figure U–11.  Spatial Distribution of Groundwater Nitrate Concentration 

(Non–TC & WM EIS Sources), Calendar Year 2010 
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Figure U–12.  Spatial Distribution of Groundwater Total Uranium Concentration 

(Non–TC & WM EIS Sources), Calendar Year 2010 

 

In general, at the regional scale, the simulations of groundwater transport in this TC & WM EIS replicate 

the values measured in the field to a close order of magnitude, particularly for discharges to cribs and 

trenches (ditches), where the historic measurements are most complete and show the strongest evidence 

of past-practice operations (more detail at the subregional scale is presented in Section U.1.2.2).  As 

shown in Appendices N and O, the agreement is good for both TC & WM EIS alternative sources and 

non–TC & WM EIS sources.  There are three contaminant plumes for which the simulated plumes are in 

greater disagreement with observations.  All are non–TC & WM EIS sources, including the carbon 

tetrachloride plume in the 200-West Area (see Figure U–9) and the uranium-238 plume (see Figure U–8) 

and total uranium plume (see Figure U–12) in the 200-East Area. 
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Prediction of carbon tetrachloride concentrations in the unconfined aquifer is qualitatively more uncertain 

than for all of the other COPCs in the groundwater analysis.  These uncertainties include the following: 

 The mode of transport, whether as a dissolved solute or a dense nonaqueous-phase liquid 

(DNAPL) 

 The large uncertainty in the physical form, co-contaminants, quantity, and concentration of 

carbon tetrachloride in the original source materials 

 The strong sensitivity of model outcomes to uncertainties in transport properties 

Simulation results for DNAPL flow and transport in the vadose zone at the 200-West Area exhibit 

sensitivities of more than several orders of magnitude to uncertainties in input parameters, which suggests 

that carbon tetrachloride contaminant behavior is not well understood or constrained 

(Oostrom et al. 2004).  For purposes of the TC & WM EIS long-term groundwater cumulative impacts 

analysis, these vadose zone uncertainties were recognized to result in variations in predicted groundwater 

impacts that are qualitatively greater than those for other COPCs in the analysis. 

Therefore, the TC & WM EIS analysis of the carbon tetrachloride contaminant transport was simplified 

(relative to all other COPCs) by eliminating vadose zone flow and transport from the analysis.  The 

source term for the groundwater flow and transport for the major component of the 200-West Area carbon 

tetrachloride plume was an estimate of the mass of the dissolved carbon tetrachloride present in the 

aquifer.  (Several minor sources of carbon tetrachloride dissolved in water at low concentrations were 

modeled separately.)  This simplified modeling methodology for the bulk of the carbon tetrachloride 

plume in the 200-West Area and reduced the uncertainties from contaminant transport modeling through 

the vadose zone.   

Hartman and Webber (2008) provided an estimate of the range of dissolved carbon tetrachloride in the 

unconfined aquifer in the 200-West Area of 55,900 to 64,600 kilograms (123,000 to 142,000 pounds).  

This TC & WM EIS used a value near the upper end of this range, 65,000 kilograms (143,000 pounds).  

This total inventory was assumed to be present in the unconfined aquifer starting in 2005, and the 

concentrations were modeled forward from this initial condition.  In addition, because of the uncertainties 

in the design and implementation of the groundwater remediation system for the 200-ZP-1 Operable Unit, 

no credit was taken in the TC & WM EIS modeling for removal or containment of carbon tetrachloride 

(Section U.1.3.4.2 contains a sensitivity analysis examining the effect of containment and removal of 

carbon tetrachloride, chromium, and technetium-99 concentrations at the Core Zone Boundary and the 

Columbia River nearshore.)  Additionally, simplifying assumptions were made that (1) there will be no 

continuing flux from the vadose zone to the unconfined aquifer, and (2) there is no degradation of carbon 

tetrachloride to other chemical forms.  As documented in the Technical Guidance Document for Tank 

Closure Environmental Impact Statement Vadose Zone and Groundwater Revised Analyses (DOE 2005), 

the retardation factor for carbon tetrachloride was modeled as 1, which corresponds to a distribution 

coefficient of 0 milligrams per liter (i.e., sorption is not a factor).  In light of these approximations, the 

predicted concentrations of carbon tetrachloride should be considered qualitatively more uncertain than 

other contaminants in the cumulative impacts analysis. 

Figure U–9 shows the predicted spatial distribution of carbon tetrachloride in the unconfined aquifer from 

non–TC & WM EIS sources in CY 2010.  Note that the bulk of the mass of carbon tetrachloride is 

confined to a roughly rectangular area beneath 200-West Area.  This is consistent with the assumed 

starting configuration.  Note also that, in the absence of the containment (i.e., groundwater pump and treat 

was not included in the model), part of the carbon tetrachloride mass from the 200-West Area has 

migrated north through Gable Gap.  Gable Mountain Pond, which included a small inventory of dissolved 

carbon tetrachloride, is a relatively small contributor to the mass of carbon tetrachloride north of Gable 
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Mountain.  The mass of carbon tetrachloride north of Gable Mountain is in excess of that observed from 

field measurements.  The excess northern migration of mass is caused by not considering containment in 

the modeling and by uncertainty in the location of the highly conductive Hanford/Ringold gravel contact.  

This uncertainty is discussed in detail in Appendix L. 

Uranium-238 and total uranium simulation results show higher impacts resulting from heavy-discharge 

facilities in the 200-East Area (e.g., B Pond) than actually observed.  The disagreement of these plumes 

with field measurements may be due to two possible areas of uncertainty that may dominate the 

simulation of these impacts.  The first is the uncertainty regarding the inventory of uranium-238 and total 

uranium in the heavy-discharge ponds (see Appendix S), which is estimated to be approximately 

50 percent.  The second, and probably more important source of uncertainty, is the interaction of 

uranium-238 and total uranium with subsurface materials beneath these facilities.  The TC & WM EIS 

analysis is based on a distribution coefficient for uranium of about 0.6 milliliters per gram (DOE 2005).  

This value, although appropriate for far-field conditions in the unconfined aquifer, is likely not 

representative of the conditions beneath the heavy-discharge sources (e.g., B Pond).  Therefore, the 

prediction of the uranium-238 and total uranium contaminant plumes for large non–TC & WM EIS 

sources should be considered an overestimate of the actual impacts by about an order of magnitude. 

U.1.2.1.5 Regional Consideration of Ongoing Hanford Site Activities  

The potentially applicable laws, regulations, and other requirements that affect the activities associated 

with the TC & WM EIS alternatives are listed in Chapter 8.  The TC & WM EIS groundwater modeling 

methodology was designed and implemented to evaluate the long-term impacts of the Tank Closure, Fast 

Flux Test Facility (FFTF) Decommissioning, and Waste Management alternatives in a manner consistent 

with these requirements.  In particular, development of the alternatives and the data needed to evaluate the 

alternatives was driven by these and associated quality assurance and data acceptance requirements.  The 

same methodology was extended to other sources (non–TC & WM EIS sources) to provide a context for 

evaluating the alternatives.   

The regulatory framework for cleanup of non–TC & WM EIS sources includes considerations and 

processes that are outside the scope of Chapter 8.  The regulatory framework for the non–TC & WM EIS 

sources includes CERCLA, which provides the basis for evaluating the end-state conditions likely to 

result from the cleanup activities.  The major Hanford cleanup actions that involve non–TC & WM EIS 

sources include river corridor sources and associated groundwater and Central Plateau non-tank-farm 

sources and associated groundwater.  An overview of Hanford cleanup activities, including the 

decisionmaking process, cleanup requirements, and goals and milestones, is provided in the Central 

Plateau Cleanup Completion Strategy (DOE 2009).   

For the purposes of evaluating the long-term impacts of the alternatives in the context of the  

non–TC & WM EIS sources, this appendix contains discussion of the groundwater modeling methodology 

and results.  Comparison of the model results with field conditions is included in this discussion to 

provide additional information regarding processes and assumptions in the modeling and their potential 

influence on the comparison of the alternatives.  In addition, this appendix includes a series of discussions 

(at the subregional level in Section U.1.2.2) of some salient features of the CERCLA cleanup process for 

non–TC & WM EIS sources.  The purpose of these discussions is to provide additional context to the 

modeling results by providing insight into CERCLA cleanup goals that are not reflected in the modeling 

methodology or results.   

Under CERCLA and Resource Conservation and Recovery Act (RCRA) processes, cleanup at Hanford 

has been under way since the mid-1990s. The first stage in this process involved cleanup actions to 

remove highly radioactive spent nuclear fuel and other materials.  Other cleanup actions have focused on 

the excavation of waste sites, followed by treatment and/or disposal of contaminated materials, 
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installation of groundwater treatment systems, and removal of surplus facilities.  Cleanup and closure 

decisions have been reached using both CERCLA and RCRA authorities.  CERCLA and RCRA 

processes establish a decisionmaking framework, milestones to complete cleanup, cleanup goals and 

levels that the actions must meet, and a description of the anticipated end state of the cleanup. 

In general, remedial investigation/feasibility study (RI/FS) work plans are prepared initially under 

CERCLA for source operable units containing liquid-waste sites that constitute primary sources of 

groundwater contamination and for the corresponding groundwater operable units.  Once the basic RI/FS 

process is under way for these operable units, additional RI/FS work plans are prepared to investigate 

burial grounds and other low-risk source operable units.  To accelerate cleanup of the river corridor area, 

expedited response and interim remedial actions were implemented.  The responses/actions resulting from 

the interim-action Records of Decision (RODs) addressing contaminated soil consist principally of 

excavating contaminated soil for treatment (as required) and disposal to protect groundwater from future 

contamination.  The responses for contaminated groundwater are disposing of it as interim actions to keep 

key contaminants from reaching the Columbia River.  In general, CERCLA RODs require contaminated 

soils to be cleaned to levels that will keep future groundwater contamination at or below drinking water or 

aquatic standards.  Specific CERCLA RODs for different parts of Hanford are listed below under each 

subregional discussion. 

Major milestones of the Hanford Federal Facility Agreement and Consent Order, also known as the 

Tri-Party Agreement (TPA), have been established to complete investigation and resultant remedial 

actions for certain operable units.  Interim milestones serve to demonstrate acceptable progress toward 

completion of the major milestones.  Cleanup performed in accordance with the major and interim 

milestones will meet CERCLA requirements for the river corridor source and groundwater operable units.  

Major milestones specific to different subregions are listed below under each subregional discussion.  

Under CERCLA, remedial action objectives (RAOs) are descriptions of what the remedial action is 

expected to accomplish (i.e., media- or site-specific goals for protecting human health and the 

environment).  They are defined as specifically as possible and are developed based on anticipated future 

land use, exposure assumptions, and potential applicable or relevant and appropriate requirements 

(ARARs).  RAOs provide a basis for evaluating the capability of a specific remediation action to achieve 

compliance with potential ARARs and the intended level of risk protection for human health and the 

environment.  The objectives for protection of human health and the environment are achieved by 

eliminating, reducing, or controlling the site risks posed through each exposure pathway through 

treatment, engineering, or institutional controls. 

The goal of RAOs is to restore groundwater to drinking water standards and ensure that the aquatic life in 

the Columbia River is protected by achieving ambient water quality standards where there are ecological 

receptors, including within the hyporheic (a region near or around the stream bed) zone.  The 

U.S. Environmental Protection Agency (EPA) states the following in the National Contingency Plan 

regulations implementing CERCLA (40 CFR 300.430(a)(1)(iii)(F)): 

EPA expects to return usable ground waters to their beneficial uses wherever 

practicable, within a timeframe that is reasonable given the particular 

circumstances of the sites.  When restoration of ground water to beneficial uses is 

not practicable, EPA expects to prevent further migration of the plume, prevent 

exposure to the contaminated ground water, and evaluate further risk reduction.   

For more information, see the Summary of Key Existing EPA CERCLA Policies for Groundwater 

Restoration (EPA 2009). 
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This end-state vision provides the reasonable future conditions that will result from river corridor cleanup 

actions.  In the aggregate, the goal of CERCLA actions is to mitigate existing sources of groundwater and 

surface-water contamination so that both Federal and state human health and ecological protection criteria 

will be achieved. 

U.1.2.2 Subregional Scale 

This section provides a description of the current site conditions for the past-practice actions that are 

modeled in this TC & WM EIS by subregion.  A discussion of the hydrogeologic regime, historical 

anthropogenic discharges, and distribution inventories, followed by a comparison of the modeled versus 

measured contaminant distributions and a description of the ongoing actions, is included for each 

subregion evaluated in the cumulative impacts analysis. 

U.1.2.2.1 100 Areas  

The 100 Areas comprise the groundwater sources in the northern portion of Hanford along the “horn” of 

the Columbia River, where the nuclear reactors were built.  The 100 Areas include the 100-B, -C, -K, -N, 

-D, -H, and -F Areas. 

U.1.2.2.1.1 100 Areas Hydrogeologic Regime 

The hydrogeologic regime describes the system of geology and groundwater flow that governs 

groundwater contaminant distribution.  The general stratigraphy across the 100 Areas includes suprabasalt 

sediments composed of Holocene deposits, the Hanford formation, all major units of the Ringold 

Formation, and basalt.  The 100 Areas are located on the north limb of the Wahluke syncline, except for 

the 100-B and -C Areas, which are centered or just to the south of the axis of the syncline (Lindsey 1992).  

Ringold mud is present in the eastern portion of the 100 Areas but pinches out moving toward the west.  

Ringold mud is an important geologic feature to note in the 100 Areas because it is relatively 

impermeable to the downward migration of groundwater (DOE 2010a).   

In the 100 Areas, the vadose zone predominantly occurs in the Hanford gravels and sands, except the 

100-N Area, where the vadose zone also comprises Ringold gravel.  Figures U–13 through U–15 depict 

cross sections that are typical of the vadose zone lithology in the 100 Areas.  The vadose zone ranges in 

thickness up to approximately 30 meters (98 feet) in depth.  Toward the eastern portion of the 100 Areas, 

the vadose zone is generally shallower, to depths of around 13 meters (42.7 feet) (Lindsey 1992). 

 
Figure U–13.  West-to-East Cross Section of Vadose Zone Lithology 

for 183-KE Filter Waste Facility Drywell 
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Figure U–14.  Northwest-to-Southwest Cross Section of Vadose Zone Lithology 

for 1325-N Liquid Waste Disposal Facility 

 
Figure U–15.  West-to-East Cross Section of Vadose Zone Lithology 

for 105-H Pluto Crib 

Groundwater enters the 100 Areas south from the gaps between Umtanum Ridge, Gable Butte, and Gable 

Mountain and from upgradient areas along the Columbia River.  Groundwater flows primarily to the north 

and discharges to the Columbia River.  The water table ranges from between 120 meters (394 feet) above 

mean sea level in the western portion of the 100 Areas to approximately 114 meters (374 feet) above 

mean sea level in the eastern portion of the 100 Areas.  The water table gradient in the 100 Areas is a 

major influence on the direction of flow, especially near the “horn,” where the movement of water 

through the 100 Areas changes from north and northwest toward the Columbia River to east toward the 

Columbia River.  In addition, note that the Columbia River does cause seasonal variations in local flow 

(DOE 2010a). 

Figure U–16 illustrates the 100 Areas water table and inferred directions of groundwater flow as depicted 

in the 2009 groundwater monitoring report (DOE 2010a).   
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Figure U–16.  100 Areas Water Table and Inferred Groundwater Flow Directions, March 2009 

U.1.2.2.1.2 100 Areas Historical Anthropogenic Discharges 

The effects of past anthropogenic activities have influenced contaminant transport in the subsurface in the 

100 Areas.  The primary sources of contamination in the 100 Areas were the support systems of the 

nuclear reactors and the structures and processes associated with reactor operations.  These operations 

generated large quantities of liquid and solid waste.  Releases to the vadose zone included releases from 

temporary surface impoundments, cribs and trenches (ditches), ponds, burial grounds, and unplanned-

release sites.  Though anthropogenic activities have diminished over time, residual effects continue to 

influence contaminant transport (DOE 2010a).  For analysis purposes in this TC & WM EIS, aqueous 

sources of contamination were examined based on the amount of discharge.  Sources with aqueous flux 

(volume per area) of less than 1 meter (3 feet) per year were categorized as moderate-discharge sources.  

Sources with aqueous flux of greater than 1 meter (3 feet) per year were categorized as heavy-discharge 

sources.  Solid sources were categorized as low-discharge sources.  The majority of the anthropogenic 

contaminant sources in the 100 Areas fall into the heavy- or moderate-discharge categories.   

U.1.2.2.1.3 100 Areas Comparison of Modeled Versus Measured Spatial Contaminant 

Distributions 

This section discusses the distribution of inventories as described in the 2009 groundwater monitoring 

report (DOE 2010a) and compares the results of the impacts analysis of past-practice sources in the 

100 Areas in terms of the spatial distribution of COPC concentrations in CY 2010.  Concentrations of 

each radionuclide and chemical are indicated by a color scale that is relative to the benchmark 

concentration.  Concentrations greater than the benchmark concentration are indicated by the fully 

saturated colors green, yellow, orange, and red in order of increasing concentration.  Concentrations less 

than the benchmark concentration are indicated by the faded colors green, blue, indigo, and violet in order 

of decreasing concentration.  Note that the concentration ranges are on a logarithmic scale to facilitate 

visual comparison of concentrations that vary over three orders of magnitude.   
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Chromium, nitrate, strontium-90, and tritium are the primary contaminants that make up the contaminant 

plumes in the majority of the 100 Areas.  Contamination is generally limited to the unconfined aquifer in 

the 100 Areas.  Concentrations in aquifer tubes along the Columbia River (screened in the Ringold upper 

mud) indicate that concentrations in some shallow tubes are lower than in  the mid-depth and deeper tubes 

because groundwater is mixed with water from the Columbia River (DOE 2010a).  Figure U–17 shows 

the spatial distribution of chromium concentrations in groundwater in the 100 Areas as predicted in the 

impacts analysis of past-practice sources.  In general, the simulations of groundwater transport replicate 

the values measured in the field.  Figures U–18 through U–20 show the spatial distributions of the major 

chromium plumes in the 100 Areas as reported in the 2009 groundwater monitoring report. 

 
Figure U–17.  Spatial Distribution of Groundwater Chromium Concentration 

(Past-Practice Sources), 100 Areas, Calendar Year 2010 
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Figure U–18.  Field-Reported Spatial Distribution of Groundwater Chromium Concentration, 

100-K Area, Calendar Year 2009  
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Figure U–20.  Field-Reported Spatial Distribution of Groundwater  

Chromium Concentration, 100-F Area, Calendar Year 2009 
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The 2009 groundwater monitoring report specifies the presence of a large nitrate plume in the 100-F Area 

with concentrations exceeding the drinking water standard.  Additional plumes exceeding the drinking 

water standard are also reported in the 100-D Area and much of the 100-N Area.  Though these plumes 

are depicted in the 2009 groundwater monitoring report, the attributed sources are not listed.   

Figures U–21 through U–23 show the spatial distributions of the major nitrate plumes in the 100 Areas as 

reported in the 2009 groundwater monitoring report (DOE 2010a).  The nitrate simulation conducted for 

the impacts analysis of past-practice sources in the 100 Areas does not replicate these plumes because 

inventories for the sources that contribute to these plumes were not available.  See Appendix S for a 

detailed discussion of the waste inventories used for the cumulative impact analyses. 
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Figure U–21.  Field-Reported Spatial Distribution of Groundwater  

Nitrate Concentration, 100-F Area, Calendar Year 2009 
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Figure U–22.  Field-Reported Spatial Distribution of Groundwater  

Nitrate Concentration, 100-N Area, Calendar Year 2009 



Tank Closure and Waste Management Environmental Impact Statement for the  

Hanford Site, Richland, Washington 

U–32 

 
Figure U–23.  Field-Reported Spatial Distribution of Groundwater  

Nitrate Concentration, 100-D Area, Calendar Year 2009 

 

Strontium-90 is present in groundwater in most of the subareas and is generally contained in the vadose 

zone.  Strontium-90 has a much greater affinity for sediment than for water (i.e., a high distribution 

coefficient), so its rate of transport in groundwater is considerably slower than the actual groundwater 

flow rate, and the plume characteristics change slowly over time.  Figure U–24 shows the spatial 

distribution of groundwater strontium-90 concentration in the 100 Areas as predicted in the impacts 
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analysis of past-practice sources.  In general, the simulations of groundwater transport replicate the values 

measured in the field within an order of magnitude.  Figures U–25 and U–26 show the spatial 

distributions of the major strontium-90 plumes in the 100 Areas as reported in the 2009 groundwater 

monitoring report. 

 
Figure U–24.  Spatial Distribution of Groundwater Strontium-90 Concentration 

(Past-Practice Sources), 100 Areas, Calendar Year 2010 
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Figure U–25.  Field-Reported Spatial Distribution of Groundwater  

Strontium-90 Concentration, 100-N Area, Calendar Year 2009 
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Figure U–26.  Field-Reported Spatial Distribution of Groundwater  

Strontium-90 Concentration, 100-K Area, Calendar Year 2009 
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Unlike strontium-90, tritium does not have a greater affinity for sediment than for water.  Likewise, the 

rate of transport of tritium in groundwater is faster than that of strontium-90, and tritium is present 

throughout the entire thickness of the unconfined aquifer.  The overall trend for tritium concentrations in 

the 100 Areas is elevated but slowly declining (DOE 2010a).  Figure U–27 shows the spatial distribution 

of tritium concentrations in groundwater in the 100 Areas as predicted in the impacts analysis of past-

practice sources.  In general, the 100 Area simulations of groundwater transport replicate plumes with 

tritium concentrations above the benchmark standard in the same locations as the groundwater monitoring 

report.  The simulations do, however, conservatively estimate the concentrations by approximately an 

order of magnitude in the vicinity of 1301-N Liquid Waste Disposal Facility (116-N-1) and 1325-N 

Liquid Waste Disposal Facility (116-N-3).  Figure U–28 shows the spatial distributions of the major 

tritium plumes in the 100 Areas as reported in the 2009 groundwater monitoring report (DOE 2010a). 

 
Figure U–27.  Spatial Distribution of Groundwater Hydrogen-3 (Tritium) Concentration 

(Past-Practice Sources), 100 Areas, Calendar Year 2010 
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Figure U–28.  Field-Reported Spatial Distribution of Groundwater Hydrogen-3 (Tritium) 

Concentration, 100-N Area, Calendar Year 2009 
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U.1.2.2.1.4 100 Areas Consideration of Ongoing Hanford Site Activities 

Cleanup of the 100 Areas has been under way since the mid-1990s.  Cleanup actions have removed highly 

radioactive spent nuclear fuel and other materials from the 100 Areas.  Other cleanup actions have 

focused on excavation of waste sites, followed by treatment and/or disposal of contaminated materials, 

installation of groundwater treatment systems, removal of surplus facilities, and placement of production 

reactors into a safe and stable configuration known as “interim safe storage.”  This section summarizes 

the decisions that have been reached; the milestones that have been established to complete cleanup; the 

goals and cleanup levels that the actions must meet; and the anticipated end-state condition of the river 

corridor cleanup. 

Established Decisions and Milestones  

The CERCLA RODs for the 100 Areas operable units are listed in Table U–2.  

Table U–2.  CERCLA Records of Decision for the 100 Areas 

Record of Decision – Location Date 

ROD for 100-BC-1, 100-DR-1, and 100-HR-1 Operable Units – soil remediation September 1995 

(EPA 1995a) 

ROD for 100-IU-1, 100-IU-3, 100-IU-4, and 100-IU-5 Operable Units – remedial action February 1996 

(EPA 1996a) 

ROD for 100-HR-3 and 100-KR-4 Operable Units – interim remedial actions – chromium May 1996 

pump-and-treat system (EPA 1996b) 

Amended ROD for 100-BC-1, 100-DR-1, and 100-HR-1 Operable Units – interim remedial April 1997 

actions (EPA 1997a) 

Interim-action ROD for remaining sites in 100 Areas: 100-BC-1, 100-BC-2, 100-DR-1, July 1999 

100-DR-2, 100-FR-1, 100-FR-2, 100-HR-1, 100-HR-2, 100-KR-1, 100-KR-2, 100-IU-2, 

100-IU-6, and 200-CW-3 (EPA 1999a) 

ROD for 100-KR-2 Operable Unit K Basins – interim remedial action (EPA 1999b) September 1999 

Interim-action ROD for 100-NR-1 and 100-NR-2 Operable Units (EPA 1999c) September 1999 

Amended ROD for 100-HR-3 Operable Unit – interim remedial action – in situ REDOX October 1999 

manipulation (EPA 1999d) 

Replacement of Table 3 in interim ROD for 100-NR-1 and 100-NR-2 Operable Units October 1999 

(Bond 1999a) 

Replacement of Appendix B in interim ROD for 100-NR-1 and 100-NR-2 Operable Units November 1999 

(Bond 1999b) 

ROD for 100-NR-1 Operable Unit – interim remedial actions (EPA 2000a) January 2000 

Explanation of Significance Difference for interim-action ROD for remaining sites, June 2000 

100-IU-6 Operable Unit – addition of 600-23 and J.A. Jones No. 1 waste sites (EPA 2000b) 

ROD for 100-BC-1, 100-BC-2, 100-DR-1, 100-DR-2, 100-FR-2, 100-HR-2, and 100-KR-2 September 2000 

Operable Units (100 Areas burial grounds) (EPA 2000c) 

Explanation of Significant Difference for ROD for 100-HR-3 Operable Unit (EPA 2003a) April 2003 

Explanation of Significant Difference for treatment, storage, and disposal interim-action May 2003 

ROD for 100-NR-1 Operable Unit and for interim-action ROD for 100-NR-1/100-NR-2 

Operable Unit (EPA 2003b) 

Explanation of Significant Difference for the 100 Area remaining sites – adds waste sites, February 2004 

ARARs, and institutional controls (EPA 2004a) 

Amendment to interim ROD for 100-KR-2 Operable Unit (EPA 2005a) June 2005 

Key: ARAR=applicable or relevant and appropriate requirement; CERCLA=Comprehensive Environmental Response, 

Compensation, and Liability Act; REDOX=reduction-oxidation; ROD=Record of Decision. 

Source: DOE 2006. 
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“Key facilities” (as identified in Section 8 of the TPA) in the 100 Areas include the 105-B, 105-C, 105-D, 

105-DR, 105-F, 105-H, 105-KE, 105-KW, and 105-N Reactor Buildings (Ecology, EPA, and DOE 1989).  

CERCLA removal actions have been used to initiate disposition of these key facilities (except the 

B Reactor, which is a designated National Historic Landmark) into interim safe storage, pending final 

decommissioning. 

The following three major TPA milestones specifically apply to cleanup of the river corridor source and 

groundwater operable units:   

 M-015-00D – Complete the RI/FS process through the submittal of a proposed plan for all 

100 and 300 Area operable units (December 31, 2012). 

 M-016-00A – Complete all interim response actions for the 100 Area units, except the 100-K 

Area, by the specified due date as approved in a remedial design/remedial action (RD/RA) work 

plan.  Completion of interim response actions is defined as completion of the interim ROD or 

action memorandum requirements in accordance with an approved RD/RA work plan or removal 

action work plan and approval by EPA and/or the Washington State Department of Ecology 

(Ecology) of the appropriate project closeout documents (December 31, 2012). 

 M-016-00C – Complete all interim response actions for the 100-K Area.  Completion of interim 

response actions is defined as completion of the interim ROD or action memorandum 

requirements in accordance with an approved RD/RA work plan or removal action work plan and 

the approval by EPA of the appropriate project closeout documents (December 31, 2020). 

Significant response actions that have occurred in the river corridor as a result of these RODs and 

subsequent modifications have included the following: 

 Waste site remediation program – Remediation to prevent future contamination of groundwater 

along the river cooridor occurred at more than 150 waste sites, including many high-priority 

liquid-waste sites, which have been excavated and backfilled with clean soil.  Approximately 

8.2 million metric tons (18 billion pounds) of contaminated soil has been disposed of at the 

Environmental Restoration Disposal Facility (ERDF).  For a summary of remedial actions taken 

through 2006 for the 100 Areas, see the second CERCLA Five-Year Review Report for the 

Hanford Site, Sections 1.4 and 3.4 (DOE 2006). 

 Pump-and-treat systems in the 100-K, 100-D, 100-H, and 100-N Areas – The 100-K, 100-D, and 

100-H large pump-and-treat systems have treated over 7.6 billion liters (2 billion gallons) of 

groundwater and removed nearly 1 metric ton (2,200 pounds) of chromium from the aquifer.  For 

more information, see Hanford Site Groundwater Monitoring for Fiscal Year 2008 (Hartman, 

Rediker, and Richie 2009) chapters on the 100-KR-4, 100 NR-2, 100-HR-3-D, and 100-HR-3-H 

systems; treatment statistics for all pump-and-treat systems are reported annually in the 

groundwater monitoring report.  

 Biostimulation test – Molasses was injected at the 100-D Area biostimulation treatability test site 

to nourish bacteria that can reduce hexavalent chromium to trivalent chromium, which is less 

toxic and less mobile than hexavalent chromium.  For more information, see Hanford Site 

Groundwater Monitoring for Fiscal Year 2008 (Hartman, Rediker, and Richie 2009), 

Section 2.5.2.9, In Situ Biostimulation Test. 
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 Electrocoagulation – New technology enabling cost-effective remediation of chromium-

contaminated groundwater was tested.  For more information, see Hanford Site Groundwater 

Monitoring for Fiscal Year 2008 (Hartman, Rediker, and Richie 2009), Section 2.5.2.6, 

Electrocoagulation Tests. 

 In situ REDOX [reduction-oxidation] manipulation – By injecting nontoxic chemicals into an 

aquifer, contaminants can be successfully immobilized to aquifer sediments, or reduced to a less 

toxic form (e.g., hexavalent chromium reduced to trivalent chromium).  Maintaining the in situ 

REDOX manipulation barrier depends on the presence of naturally occurring iron.  Studies have 

shown that fortifying the barrier with more iron offers a sustainable long-term repair.  For more 

information, see Hanford Site Groundwater Monitoring for Fiscal Year 2008 (Hartman, Rediker, 

and Richie 2009), Section 2.5.2.3, In Situ Redox Manipulation System, and Section 2.5.2.5, Zero-

Valent Iron Injection. 

 Apatite barrier installation – The barrier removes strontium-90 from groundwater and allows it to 

radioactively decay in the soil by binding it into the apatite mineral matrix.  For more 

information, see the Hanford Site Groundwater Monitoring for Fiscal Year 2008 (Hartman, 

Rediker, and Richie 2009), Section 2.4.2.3, Permeable Reactive Barrier. 

 Polysulfide injection – New technology to reduce  chromium within groundwater was tested.  For 

more information, see Geochemical Characterization of Chromate Contamination in the 

100 Area Vadose Zone at the Hanford Site (Dresel et al. 2008). 

 Phytoremediation field demonstration – The coyote willow (a common plant that grows along the 

banks of the Columbia River) can be used in phytoremediation to extract strontium-90 from 

groundwater prior to its migration to the Columbia River.  For more information, see Hanford 

Site Groundwater Monitoring for Fiscal Year 2008 (Hartman, Rediker, and Richie 2009), 

Section 2.4.2.5, Phytoremediation. 

 Spent nuclear fuel and related sludge removal actions – A total of 2,087 metric tons (4.6 million 

pounds) of spent nuclear fuel has been removed from the K-East and K-West Basins.  The spent 

nuclear fuel was packaged and moved to dry, safe storage on the Central Plateau.  Contaminated 

water has been removed from the K-East Basin and the basin has been removed.  The sludge from 

both basins has been placed in containers that are now in the K-West Basin.  The K-East Basin 

has been completely demolished.  After completion of sludge removal, the K-West Basin will be 

demolished.  The transuranic sludge will be treated and stored on the Central Plateau pending 

shipment to the Waste Isolation Pilot Plant near Carlsbad, New Mexico (DOE 2010b). 

 Facility removal actions – Over 300 structures have been demolished in the river corridor.  In 

addition, five 100 Area reactors have been placed in interim safe storage (DOE 2010b). 

Cleanup Goals and Levels 

The two RAOs for the 100 Area source operable units are listed in Table U–3. 
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Table U–3.  Remedial Action Objectives for the 100 Area Source Operable Units 

Objective 

Number Description 

1 Protect human and ecological receptors from exposure to contaminants in soil, structures, and 

debris by dermal exposure, inhalation, or ingestion of radionuclides, inorganics, or organics. 

Protection will be achieved by reducing concentration of, or limiting exposure pathways to, 

contaminants in the upper 4.6 meters (15 feet) of the soil in the soil exposure scenario.  The 

levels of reduction will be such that the total dose for radionuclides does not exceed 15 millirem 

per year above Hanford Site background levels for 1,000 years following remediation and 

Washington State Model Toxics Control Act Method B levels for inorganics and organics. 

2 Control the sources of groundwater contamination to minimize the impacts on groundwater 

resources, protect the Columbia River from further adverse impacts, and reduce the degree of 

groundwater cleanup that may be required under future actions.  Protection will be such that 

contaminants remaining in the soil after remediation do not result in an adverse impact on 

groundwater that could exceed MCLs and non-zero MCL goals under the Safe Drinking Water 

Act.  The Safe Drinking Water Act MCL for radionuclides will be attained at a designated point 

of compliance beneath or adjacent to the waste site in groundwater.  The location and 

measurement of the point of compliance will be defined by EPA and Ecology.  Monitoring for 

compliance will be performed at the defined point. 

Protect the Columbia River from adverse impacts so contaminants remaining in the soil after 

remediation do not result in an impact on groundwater and, therefore, the Columbia River, that 

could exceed the ambient water quality criteria under the Clean Water Act for protection of fish. 

Because there are no ambient water quality criteria for radionuclides, MCLs will be used.  The 

protection of receptors (aquatic species, with emphasis on salmon) in surface waters will be 

achieved by reducing or eliminating further contaminant loadings to groundwater so receptors at 

the point of groundwater discharge in the Columbia River are not subject to additional adverse 

risks.  Measurement of compliance will be at a nearshore well, in the downgradient plume.  The 

location and measurement will be defined by EPA and Ecology. 

Key: Ecology=Washington State Department of Ecology; EPA=U.S. Environmental Protection Agency; MCL=maximum 

contaminant level. 

Source: DOE 2006. 

Post-cleanup sampling is performed and cleanup verification packages are prepared to ensure that cleanup 

levels are actually achieved.  For example, see the second CERCLA Five-Year Review Report for the 

Hanford Site (DOE 2006), Table 1.5, for a listing of approved cleanup verification packages for the 

100 Areas. 

The following groundwater and surface-water RAOs have been developed for the river corridor:
1
  

 Prevent unacceptable risk to human health from ingestion of, and incidental exposure to, 

groundwater containing nonradioactive contaminant concentrations above Federal and state 

standards. 

 Prevent unacceptable risk to human health from ingestion of, and incidental exposure to, 

groundwater containing radioactive contaminant concentrations above Federal standards. 

                                                 
1
 This list reflects the typical categories and outcomes that groundwater RAOs have taken.  For RAOs specific to existing river 

corridor groundwater decisions, see the EPA Superfund Record of Decision: Hanford 100-Area (USDOE),  

100-KR-2 Operable Unit (EPA 1999b:35) for 100-KR-2 Operable Unit groundwater and the EPA Superfund Record of 

Decision: Hanford 100-Area (USDOE), 100-HR-3 and 100-KR-4 Operable Units (EPA 1996b:33) for 100-HR-3 Operable 
Unit groundwater. 
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 Prevent unacceptable risk to human health and ecological exposure to surface water containing 

nonradioactive contaminant concentrations above Federal and state standards. 

 Prevent unacceptable risk to human health and ecological exposure to surface water containing 

radioactive contaminant concentrations above Federal standards. 

Anticipated Cleanup End State 

Groundwater cleanup actions are currently being implemented to meet the following TPA milestones and 

cleanup levels: 

 Chromium entering the Columbia River.  “DOE shall take actions necessary to contain or 

remediate hexavalent chromium groundwater plumes in each of the 100 Area NPL [National 

Priorities List] operable units such that ambient water quality standards
2
 for hexavalent chromium 

are achieved in the hyporheic zone and river water column” (M-016-110-T01, due December 31, 

2012).  Note that the point of compliance is specified as the point at which biota are impacted.  In 

implementing interim-action RODs, the current practice has been to meet two times the ambient 

water quality standard in the nearest groundwater monitoring well.  This allows for the minimum 

observed extent of mixing (1:1) to occur as the groundwater flows into the hyperheic zone.  As 

the final RODs for remedial actions are written, this practice may be refined. 

 Chromium in groundwater.  “DOE shall take actions necessary to remediate hexavalent 

chromium groundwater plumes such that hexavalent chromium will meet drinking water 

standards (100 µg/L [micrograms per liter]) in each of the 100 Area NPL operable units”  

(M-016-110-T02, due December 31, 2020).  The point of compliance is measured from samples 

in groundwater monitoring wells. 

 Strontium-90 in groundwater.  “DOE shall take actions necessary to contain the strontium-90 

groundwater plume at the 100-NR-2 Operable Unit such that the default ambient water quality 

standard
3
 (8 pCi/L [picocuries per liter]) for strontium-90 is achieved in the hyporheic zone and 

river water column” (M-016-110-T-03, due December 31, 2016).  See the note in the first bullet 

above for chromium entering the Columbia River. 

 All contaminants entering the Columbia River.  “DOE shall implement remedial actions selected 

in all 100 Area Records of Decision for Groundwater Operable Units so that no contamination 

above drinking water standards or ambient water quality standards enters the Columbia River 

unless otherwise specified in a CERCLA decision” (M-016-110-T-04, due December 31, 2016).  

See note in first bullet above for chromium entering the Columbia River. 

Table U–4 summarizes the current and planned actions and the expected cleanup end state for each of 

Hanford’s groundwater operable units in the 100 Areas.   

                                                 
2
 For chromium, the drinking water standard is 100 micrograms per liter.  The standard for protection of aquatic life is 

approximately 10 micrograms per liter.  Currently, as part of the TPA, a remedial action goal of 22 micrograms per liter in 

groundwater has been developed , which is expected to be sufficient to meet the aquatic standard by the time the water reaches 
the hyporheic zone or river water column. 

3 
There is no ambient water quality standard for strontium-90, so the drinking water standard is used as a default standard.  

However, the actual dose to aquatic receptors is significantly below published risk-based dose guidelines. 
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Table U–4.  River Corridor Groundwater Plumes and Treatment Actions 

Operable 

Unit 

Primary 

Contaminants 

Current Status and 

Actions 

Future 

Actions 

Anticipated Cleanup 

End State 

100-BC-5 Strontium-90, 

chromium, 

hydrogen-3 

(tritium) 

No active remediation 

required at this time.  

To be addressed in an 

RI/FS/PP. 

Subject to final 

ROD.   

Groundwater to meet drinking 

water standards.  Groundwater 

entering the Columbia River 

will meet ambient water quality 

standards for protection of 

ecological receptors.  Subject 

to final ROD. 

100-FR-3 Strontium-90, 

chromium 

No active remediation 

required at this time.  

To be addressed in an 

RI/FS/PP. 

Subject to final 

ROD.   

Groundwater to meet drinking 

water standards.  Groundwater 

entering the Columbia River 

will meet ambient water quality 

standards for protection of 

ecological receptors. Subject to 

final ROD. 

100-HR-3-D Chromium, nitrate Pump-and-treat 

system at 2,461-liter-

per-minute  

(650-gallon-per-

minute) capacity.  In 

situ REDOX 

manipulation barrier 

in place.   

Expansion to 

2,461 liters 

(650 gallons) 

per minute by 

2011.  (Meets 

TPA Milestone 

M-016-111B.)  

Additional 

actions subject 

to final ROD. 

Chromium entering the 

Columbia River will meet 

ambient water quality standards 

for protection of ecological 

receptors by 2012.  [See TPA 

Milestone M-016-110-T01.] 

Groundwater will meet 

drinking water standards by 

2020.  [See TPA Milestone 

M-016-110-T02.] 

100-HR-3-H Chromium Pump-and-treat 

system at 1,136-liter-

per-minute  

(300-gallon-per-

minute) capacity. 

Expansion to 

2,650 liters 

(700 gallons) 

per minute by 

2011.  (Meets 

TPA Milestone 

M-016-111C.)  

Additional 

actions subject 

to final ROD. 

Chromium entering the 

Columbia River will meet 

ambient water quality standards 

for protection of ecological 

receptors by 2012.  [See TPA 

Milestone M-016-110-T01.]  

Groundwater will meet 

drinking water standards by 

2020.  [See TPA Milestone 

M-016-110-T02.] 

100-KR-4 Chromium, 

nitrate, 

strontium-90, 

trichloroethylene 

Pump-and-treat 

system at 4,164-liter-

per-minute 

(1,100-gallon-per-

minute) capacity.  

(Meets TPA 

Milestone M-016-

11A.) 

Additional 

actions subject 

to final ROD. 

Chromium entering the 

Columbia River will meet 

ambient water quality standards 

for protection of ecological 

receptors by 2012.  [See TPA 

Milestone M-016-110-T01.]  

Groundwater will meet drinking 

water standards by 2020.  [See 

TPA Milestone M-016-110-

T02.]  Strontium-90 entering 

the Columbia River will meet 

ambient water quality standard 

(8 picocuries per liter) by 2016.  

[See TPA Milestone M-016-

110-T-03.] 
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Table U–4.  River Corridor Groundwater Plumes and Treatment Actions (continued) 

Operable 

Unit 

Primary 

Contaminants 

Current Status and 

Actions 

Future 

Actions 

Anticipated Cleanup 

End State 

100-N/NR-2 Strontium-90, 

sulfate, diesel 

(100-N) 

Previous strontium-90 

pump-and-treat 

system was not 

effective.  Currently 

using apatite barrier 

and phytoremediation. 

Subject to final 

ROD. 

Groundwater to meet drinking 

water standards.  Groundwater 

entering the Columbia River 

will meet ambient water quality 

standards for protection of 

ecological receptors.  TPA 

Milestone M-016-110-T-03 

sets target for strontium-90 of 

8 picocuries per liter by 

December 31, 2016, for 

groundwater entering the 

hyporheic zone and river water 

column. 

Key: FS=feasibility study; PP=proposed plan; REDOX=reduction-oxidation; RI=remedial investigation; ROD=Record of 

Decision; TPA=Tri-Party Agreement [Hanford Federal Facility Agreement and Consent Order]. 

U.1.2.2.2 300 Area 

The 300 Area is located along the eastern reach of the Columbia River near the southeastern portion of 

Hanford and comprises the groundwater sources associated with nuclear fuels production and research 

activities that were conducted during Hanford’s operational period. 

U.1.2.2.2.1 300 Area Hydrogeologic Regime 

The hydrogeologic regime describes the system of geology and groundwater flow that governs 

groundwater contaminant distribution.  The geology in the 300 Area is relatively flat, with some small 

depressions in the Ringold Formation, where the Hanford formation dips down and fills them.  The 

lithology in this area is generally Hanford gravel and sand sitting on top of Ringold gravel and sand.  

Ringold mud is present throughout the 300 Area above the Columbia River Basalt Group and is typically 

10 to 15 meters (33 to 49 feet) thick (DOE 2010a).   

The vadose zone in the vicinity of the 300 Area is made up almost entirely of Hanford gravel, with some 

occurrences of Hanford sand.  Figures U–29 and U–30 depict cross sections that are typical of the vadose 

zone lithology in the 300 Area.  The vadose zone ranges in thickness from approximately 3 to 15 meters 

(10 to 49 feet).  The thickness of the vadose zone in this area varies due to seasonal fluctuations in the 

elevation of the water table (DOE 2010a). 

 
Figure U–29.  West-to-East Cross Section of Vadose Zone Lithology 

for 300 Area Process Trenches 
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Figure U–30.  West-to-East Cross Section of Vadose Zone Lithology 

for 300-Area Burial Ground 

Groundwater in the 300 Area generally flows toward the Columbia River.  Localized groundwater flow 

patterns in the 300 Area are impacted by variation in the permeability of the sediments and seasonal 

fluctuations of the Columbia River.  The water table decreases from approximately 120 meters (394 feet) 

to the west of the 300 Area to approximately 105 meters (344 feet) as it approaches the 300 Area.  

Figure U–31 illustrates the 300 Area water table and inferred directions of flow as indicated by the 2009 

groundwater monitoring report (DOE 2010a).  
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Figure U–31.  300 Area Water Table and Inferred Groundwater Flow Directions, March 2009 
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U.1.2.2.2.2 300 Area Historical Anthropogenic Discharges 

During Hanford’s operational period, the 300 Area was used for nuclear fuel fabrication and research 

activities; the effects of these past anthropogenic activities continue to influence contaminant transport in 

the subsurface in the 300 Area.  These operations generated large volumes of liquid effluents that were 

disposed of in facilities for infiltration to the underlying soil.  For analysis purposes in this TC & WM EIS, 

aqueous sources of contamination were examined based on the amount of discharge.  Sources with 

aqueous flux (volume per area) of less than 1 meter (3 feet) per year were categorized as moderate-

discharge sources.  Sources with aqueous flux of greater than 1 meter (3 feet) per year were categorized 

as heavy-discharge sources.  Solid sources were categorized as low-discharge sources.  The 

anthropogenic contaminant sources in the 300 Area included heavy-discharge sites, such as ponds and 

trenches, that were used to dispose of wastes from fuel fabrication and fuel research activities, as well as 

solid waste burial grounds, individual facilities, and periodic spills and accidental releases that 

contributed moderate and low contaminant discharges to groundwater.  Though anthropogenic activities 

have diminished over time, residual effects continue to influence contaminant plume migration 

(DOE 2010a). 

U.1.2.2.2.3 300 Area Comparison of Modeled Versus Measured Spatial Contaminant 

Distributions 

This section discusses the distribution of inventories as described in the 2009 groundwater monitoring 

report (DOE 2010a) and compares the results of the impacts analysis for past-practice sources in the 

300 Area in terms of the spatial distribution of COPC concentrations in CY 2010.  Nearly all of the 

disposal facilities, associated with the historical routine disposal of liquid effluent to support fuel 

fabrication and fuel research in the 300 Area, have been out of service for decades, and most have been 

remediated by removal of contaminated soil and structures.  Nitrate and uranium are the major 

contaminants of the residual contamination remaining in the underlying vadose zone and aquifer.  In 

general, the simulations of groundwater transport replicate the values measured in the field.  

Concentrations of each radionuclide and chemical are indicated by a color scale that is relative to the 

benchmark concentration.  Concentrations greater than the benchmark concentration are indicated by the 

fully saturated colors green, yellow, orange, and red in order of increasing concentration.  Concentrations 

less than the benchmark concentration are indicated by the faded colors green, blue, indigo, and violet in 

order of decreasing concentration.  Note that the concentration ranges are on a logarithmic scale to 

facilitate visual comparison of concentrations that vary over three orders of magnitude.   

The remedial investigation for groundwater beneath the 300 Area (DOE 1995a) identified uranium, 

cis-1,2-dichloroethene, and trichloroethene as COPCs for interim action (EPA 1996c).  The inventory for 

the 300 Area sources of groundwater contamination (see Appendix S) used in this TC & WM EIS 

included nitrate, uranium-238, and total uranium.  There was no identified source or inventory for the 

volatile organics (cis-1,2-dichloroethene and trichloroethene), and they were not modeled.  

The 2009 groundwater monitoring report indicates that there are relatively high concentrations of nitrate 

present in the southern portion of the 300 Area, but the contamination is mostly associated with 

agricultural and industrial activities not associated with Hanford.  The nitrate simulation of the impacts 

analysis of past-practice sources in the 300 Area does not replicate this plume because inventories of the 

attributing sources were not included.   

Figures U–32 and U–33 show the spatial distribution of the uranium-238 and total uranium plumes in the 

300 Area, respectively, as predicted by the impacts analysis of past-practice sources.  The uranium 

contamination is mostly attributed to the 300 Area Process Trenches, 300 Area South Process Pond, and 

300 Area North Process Ponds.  Figure U–34 shows the spatial distribution of the uranium plume in the 

300 Area as reported in the 2009 groundwater monitoring report. 
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Figure U–32.  Spatial Distribution of Groundwater Uranium-238 Concentration 

(Past-Practice Sources), 300 Area, Calendar Year 2010 
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Figure U–33.  Spatial Distribution of Groundwater Total Uranium Concentration 

(Past-Practice Sources), 300 Area, Calendar Year 2010 
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Figure U–34.  Field-Reported Spatial Distribution of Groundwater  

Uranium Concentration, 300 Area, December 2009 
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U.1.2.2.2.4 300 Area Consideration of Ongoing Hanford Site Activities 

Cleanup of the river corridor, including the 300 Area, has been under way since the mid-1990s.  Cleanup 

and closure decisions have been reached using both CERCLA and RCRA authorities.  This section 

summarizes the decisions that have been reached; the milestones that have been established to complete 

cleanup; the goals and cleanup levels that the actions must meet; and the anticipated end-state condition 

of the river corridor cleanup. 

Established Decisions and Milestones 

The CERCLA RODs for the 300 Area operable units are listed in Table U–5. 

Table U–5.  CERCLA Records of Decision for the 300 Area Operable Units 

Record of Decision – Location Date 

Final ROD for 300-FF-1 Operable Unit and interim ROD for 300-FF-5 Operable Unit – 

removal, treatment, monitoring (EPA 1996c) 

July 1996 

Explanation of Significant Difference for ROD for 300-FF-1 Operable Unit – site-specific 

variance from land-disposal-restriction treatment standard for lead (EPA 2000d) 

January 2000 

Explanation of Significant Difference for ROD for 300-FF-5 Operable Unit – expansion of 

300-FF-5 scope, increased monitoring, and new operations and maintenance plan 

(EPA 2000e) 

June 2000 

ROD for interim remedial actions for 300-FF-2 Operable Unit – removal, treatment, and 

monitoring (EPA 2001) 

April 2001 

Explanation of Significant Difference for ROD for 300-FF-2 Operable Unit – soil cleanup 

level (EPA 2004b) 

May 2004 

Key: CERCLA=Comprehensive Environmental Response, Compensation, and Liability Act; ROD=Record of Decision. 

Source: DOE 2006. 

Significant response actions that have occurred in the river corridor as a result of these RODs and 

subsequent modifications include the following: 

 Waste Site Remediation Program – Remediation to prevent future contamination of groundwater 

along the river corridor occurred at more than 150 waste sites, including many high-priority 

liquid-waste sites that have been excavated and backfilled with clean soil.  Approximately 

8.2 million metric tons (18 billion pounds) of contaminated soil have been disposed of at the 

ERDF.  For a summary of remedial actions taken through 2006 for the 300 Area, see the second 

CERCLA Five-Year Review Report for the Hanford Site, Sections 1.4 and 3.4 (DOE 2006). 

The following two major TPA milestones specifically apply to cleanup of the river corridor source and 

groundwater operable units:   

 M-016-00B – Complete all interim 300 Area remedial actions, including Burial 

Grounds 618-10 and 618-11, but not including sites associated with retained 300 Area facilities 

and the utility corridors.  Completion of interim remedial actions for waste sites associated with 

the retained 300 Area facilities and their utilities is subject to approved RD/RA work plans due 

September 30, 2018.   

 M-015-00D – Complete the RI/FS process through the submittal of a proposed plan for all 

300 Area operable units (due December 31, 2012). 
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Cleanup Goals and Levels 

The RAOs for the 300 Area source operable units are listed in Table U–6. 

Table U–6.  Remedial Action Objectives for the 300 Area Source Operable Units 

Objective 

Number Description 

1 Protect human and ecological receptors from exposure to contaminants in soil, structures, and 

debris by dermal exposure, inhalation, or ingestion of radionuclides, inorganics, or organics. 

Protection will be achieved by reducing concentration of, or limiting exposure pathways to, 

contaminants in the upper 4.6 meters (15 feet) of the soil in the soil exposure scenario.  The 

levels of reduction will be such that the total dose for radionuclides does not exceed 15 millirem 

per year above Hanford Site background levels for 1,000 years following remediation and 

Washington State Model Toxics Control Act Method B levels for inorganics and organics. 

2 Control the sources of groundwater contamination to minimize the impacts on groundwater 

resources, protect the Columbia River from further adverse impacts, and reduce the degree of 

groundwater cleanup that may be required under future actions.  Protection will be such that 

contaminants remaining in the soil after remediation do not result in an adverse impact on 

groundwater that could exceed MCLs and non-zero MCL goals under the Safe Drinking Water 

Act.  The Safe Drinking Water Act MCL for radionuclides will be attained at a designated point 

of compliance beneath or adjacent to the waste site in groundwater.  The location and 

measurement of the point of compliance will be defined by EPA and Ecology.  Monitoring for 

compliance will be performed at the defined point. 

Protect the Columbia River from adverse impacts so contaminants remaining in the soil after 

remediation do not result in an impact on groundwater and, therefore, the Columbia River, that 

could exceed the ambient water quality criteria under the Clean Water Act for protection of fish. 

Because there are no ambient water quality criteria for radionuclides, MCLs will be used.  The 

protection of receptors (aquatic species, with emphasis on salmon) in surface waters will be 

achieved by reducing or eliminating further contaminant loadings to groundwater so receptors at 

the point of groundwater discharge in the Columbia River are not subject to additional adverse 

risks.  Measurement of compliance will be at a nearshore well, in the downgradient plume.  The 

location and measurement will be defined by EPA and Ecology. 

Key: Ecology=Washington State Department of Ecology; EPA=U.S. Environmental Protection Agency; MCL=maximum 

contaminant level. 

Source: DOE 2006. 

Post-cleanup sampling is performed and cleanup verification packages are prepared to ensure that cleanup 

levels are actually achieved.  For example, the second CERCLA Five-Year Review Report for the Hanford 

Site (DOE 2006) provides a listing of approved cleanup verification packages for the 300 Area. 

The following groundwater and surface-water RAOs have been developed for the river corridor:
4
 

 Prevent unacceptable risk to human health from ingestion of, and incidental exposure to, 

groundwater containing nonradioactive contaminant concentrations above Federal and state 

standards. 

 Prevent unacceptable risk to human health from ingestion of, and incidental exposure to, 

groundwater containing radioactive contaminant concentrations above Federal standards. 

 Prevent unacceptable risk to human health and ecological exposure to surface water containing 

nonradioactive contaminant concentrations above Federal and state standards. 

                                                 
4
   This list reflects the typical categories and outcomes that groundwater RAOs have taken. 
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 Prevent unacceptable risk to human health and ecological exposure to surface water containing 

radioactive and nonradioactive contaminant concentrations above Federal standards. 

Anticipated Cleanup End State 

Groundwater cleanup actions are currently being implemented to meet the following TPA milestone and 

cleanup levels: 

 Uranium in 300 Area groundwater.  “DOE will have a remedy in place designed to meet Federal 

Drinking Water Standards for uranium (30 µg/L [micrograms per liter]) throughout the 

groundwater plume in the 300-FF-5 Operable Unit unless otherwise specified in a CERCLA 

decision document” (M-016-110-T05, due December 31, 2015).  Note that the point of 

compliance is measured from samples in groundwater monitoring wells. 

Table U–7 summarizes the current and planned actions and the expected cleanup end state for the 

300-FF-5 Operable Unit. 

Table U–7.  River Corridor Groundwater Plumes and Treatment Actions 

Operable 

Unit 

Primary 

Contaminants 

Current Status and 

Actions 

Future 

Actions 

Anticipated Cleanup 

End State 

300-FF-5 Uranium Previous cleanup 

levels were not met 

for uranium.  

Additional 

treatability testing is 

under way, along 

with a new 

feasibility study. 

Subject to final 

Record of 

Decision. 

Uranium in groundwater will 

have a remedy in place by 

December 31, 2015, that will 

be able to achieve drinking 

water standards.  [See 

Milestone M-016-110-T05.] 

U.1.2.2.3 Western Portion of the Central Plateau 

The western portion of the Central Plateau is located in the western side of the Core Zone Boundary and 

comprises the S, T, U, and Z Areas; US Ecology Commercial Low-Level Radioactive Waste Disposal 

Site; and ERDF. 

U.1.2.2.3.1 Western Portion of the Central Plateau Hydrogeologic Regime 

The hydrogeologic regime describes the system of geology and groundwater flow that governs 

groundwater contaminant distribution.  The stratigraphy in the western portion of the Central Plateau 

generally includes the Hanford formation, Plio-Pleistocene (Cold Creek) Unit, and Ringold Formation.  

The Hanford formation contacts the Plio-Pleistocene Unit in the western part of the area and the coarse 

gravel and occasional sand of the Ringold Formation in the southeast.  The Hanford formation represents 

most of the thickness of the vadose zone in the western portion of the Central Plateau (Cole et al. 2001; 

Last et al. 2009; Lindsey, Connelly, and Bjornstad 1992; Lindsey 1995; Thorne et al. 2006; 

Williams et al. 2002).  Figures U–35 through U–37 depict cross sections that are typical of the vadose 

zone lithology in the western portion of the Central Plateau.  The vadose zone ranges between 64.0 meters 

(210 feet) and 106 meters (348 feet) in thickness.  The vadose zone generally becomes thinner going from 

southwest to the northeast.  The vadose zone under the ERDF is approximately 100 meters (328 feet) 

thick (DOE 2010a).   
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Figure U–35.  West-to-East Cross Section of Vadose Zone Lithology for 216-U-1/2 Cribs 

 
Figure U–36.  West-to-East Cross Section of Vadose Zone Lithology for T Tank Farm 
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Figure U–37.  West-to-East Cross Section of Vadose Zone Lithology for 216-Z-1A Trench 

Groundwater in the western portion of the Central Plateau generally flows east-northeast.  The water table 

in this area decreases in elevation from west to east, from approximately 138 meters (453 feet) in the west 

to approximately 130 meters (426 feet) in the east.  There are a few anomalies present in the water table 

elevations that are attributable to pump-and-treat operations, specifically in the U and T Areas.   

Figure U–38 illustrates the 300 Area water table and inferred directions of flow as indicated by the 2009 

groundwater monitoring report (DOE 2010a).  
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Figure U–38.  Western Portion of the Central Plateau Water Table  

and Inferred Groundwater Flow Directions, March 2009 

U.1.2.2.3.2 Western Portion of the Central Plateau Historical Anthropogenic Discharges 

During Hanford’s operational period, the main purpose of the facilities in the Central Plateau was the 

removal of plutonium.  Likewise, the western portion of the Central Plateau was impacted by intentional 

and unintentional releases of liquid wastes generated from plutonium removal processes.  Additionally, 

wastes are stored in tank farms, and there are several solid waste sites located in the western portion of the 

Central Plateau.  The effects of these past anthropogenic activities continue to influence contaminant 

distribution in the subsurface in the western portion of the Central Plateau (DOE 2010a).  For analysis 

purposes in this TC & WM EIS, aqueous sources of contamination were examined based on the amount of 

discharge.  Sources with aqueous flux (volume per area) of less than 1 meter (3 feet) per year were 

categorized as moderate-discharge sources.  Sources with aqueous flux of greater than 1 meter (3 feet) per 

year were categorized as heavy-discharge sources.  Solid sources were categorized as low-discharge 

sources.  Contributors to the anthropogenic contaminant sources in the western portion of the Central 

Plateau included heavy-discharge sites such as ponds and cribs and trenches (ditches), moderate-
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discharge sites such as past leaks from tank farms, and low-discharge sites such as individual facilities.  

Though anthropogenic activities have diminished over time, residual effects continue to influence 

contaminant migration. 

U.1.2.2.3.3 Western Portion of the Central Plateau Comparison of Modeled Versus Measured 

Spatial Contaminant Distributions 

This section discusses the distribution of inventories as described in the 2009 groundwater monitoring 

report (DOE 2010a) and compares the results of the impacts analysis for past-practice sources in the 

western portion of the Central Plateau in terms of the spatial distribution of COPC concentrations in 

CY 2010.  Concentrations of each radionuclide and chemical are indicated by a color scale that is relative 

to the benchmark concentration.  Concentrations greater than the benchmark concentration are indicated 

by the fully saturated colors green, yellow, orange, and red in order of increasing concentration.  

Concentrations less than the benchmark concentration are indicated by the faded colors green, blue, 

indigo, and violet in order of decreasing concentration.  Note that the concentration ranges are on a 

logarithmic scale to facilitate visual comparison of concentrations that vary over three orders of 

magnitude.   

The primary contaminants that form extensive plumes within the western portion of the Central Plateau 

include carbon tetrachloride, chromium, nitrate, iodine-129, tritium, technetium-99, and uranium.  In 

general, the simulations of groundwater transport replicate the values measured in the field. Carbon 

tetrachloride is a COPC in the western portion of the Central Plateau and is primarily associated with the 

discharge of the 216-Z-1A, 216-Z-9, and 216-Z-18 Trenches in the Z Area.  Figure U–39 shows the 

spatial distribution of carbon tetrachloride as predicted in the impacts analysis of  

past-practice sources, and Figure U–40 is the corresponding depiction of the carbon tetrachloride plume 

as presented in the 2009 groundwater monitoring report (DOE 2010a).  See Section U.1.2.1.4 for a 

discussion describing the factors leading to the qualitatively greater uncertainty in the future carbon 

tetrachloride spatial concentration distribution. 
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Figure U–39.  Spatial Distribution of Groundwater Carbon Tetrachloride Concentration  

(Past-Practice Sources), Western Portion of the Central Plateau, Calendar Year 2010 
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Figure U–40.  Field-Reported Spatial Distribution of Groundwater  

Carbon Tetrachloride Concentration, 200-West Area, Calendar Year 2009 
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The chromium plumes in the western portion of the Central Plateau are associated with discharges to 

ponds (S Area), past leaks (Waste Management Area S-SX), discharges to cribs and trenches (Waste 

Management Area T-TX), and burial grounds.  Figure U–41 shows the spatial distribution of chromium 

as predicted in the impacts analysis for past-practice sources.  Figure U–42 is the corresponding depiction 

of the chromium plume near the Waste Management Area S-SX (DOE 2010a).  The chromium plumes 

predicted by the groundwater transport simulations approximately match the plumes indicated by the 

2009 groundwater monitoring report with respect to peak concentrations and locations of the plumes. 

 
Figure U–41.  Spatial Distribution of Groundwater Chromium Concentration  

(Past-Practice Sources), Western Portion of the Central Plateau, Calendar Year 2010 
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Figure U–42.  Field-Reported Spatial Distribution of Groundwater Chromium Concentration 

(Past-Practice Sources), Waste Management Area S-SX, Calendar Year 2009 
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There are several nitrate plumes in the western portion of the Central Plateau that are primarily associated 

with the discharges from cribs and trenches (ditches).  In general, the simulations of groundwater 

transport replicate the nitrate concentration values measured in the field within an order of magnitude, 

except for the large nitrate plume in the southwestern portion of the Central Plateau.  The extensive plume 

in the southern western portion of the Central Plateau near the ERDF is not replicated in the groundwater 

transport and shows lower concentrations of nitrate in this area, as well as a smaller area that exceeds the 

benchmark standard.  An inventory for nitrate was not available for the ERDF.  (See Appendix S for a 

detailed discussion of the waste inventories used for the cumulative impacts analyses).  Figure U–43 

shows the spatial distribution of nitrate as predicted in the impacts analysis for past-practice sources.  

Figures U–44 and U–45 are the corresponding depictions of the nitrate plumes present in the western 

portion of the Central Plateau as presented in the 2009 groundwater monitoring report (DOE 2010a). 

 
Figure U–43.  Spatial Distribution of Groundwater Nitrate Concentration  

(Past-Practice Sources), Western Portion of the Central Plateau, Calendar Year 2010 
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Figure U–44.  Field-Reported Spatial Distribution of Groundwater Nitrate Concentration, 

Central and Northern Portions of the 200-West Area, Calendar Year 2009 
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Iodine-129 plumes in the western portion of the Central Plateau originate from the TX/TY waste 

management areas, U Plant, REDOX disposal facilities, and discharges from several cribs.  In general, the 

simulations of groundwater transport replicate the values measured in the field within an order of 

magnitude.  The largest of the iodine-129 plumes in this area originates in the southeastern 200-West 

Area and extends approximately 2 kilometers (1.2 miles) east into the 600 Area, with its highest 

concentrations measured at up to 10 times the drinking water standard.  The values of iodine-129 

concentrations estimated by the groundwater transport simulations approximately match the plumes for 

this area; however, the simulated plume extends farther east and toward the Gable Gap.  Additionally, the 

simulated groundwater transport results indicate a plume near the 216-W-LWC Crib that is not indicated 

in the 2009 groundwater monitoring report (DOE 2010a).  Appendix S provides a detailed discussion of 

the waste inventories used for the cumulative impacts analyses.  Figure U–46 shows the spatial 

distribution of iodine-129 as predicted in the impacts analysis for past-practice sources.  Figures U–47 

and U–48 are depictions of the iodine-129 plumes in the western portion of the Central Plateau as 

presented in the 2009 groundwater monitoring report. 

 
Figure U–46.  Spatial Distribution of Groundwater Iodine-129 Concentration 

(Past-Practice Sources), Western Portion of the Central Plateau, Calendar Year 2010 
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Figure U–47.  Field-Reported Spatial Distribution of Groundwater Iodine-129 Concentration, 

Northern 200-West Area, Calendar Year 2009 
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In the northern portion of the western Central Plateau, tritium contamination can be attributed to waste 

disposal facilities adjacent to the T/TX/TY waste management areas, as well as from permitted discharges 

from the State-Approved Land Disposal Site.  In the southern portion of the western Central Plateau, 

tritium contamination can be attributed to waste disposal facilities associated with the REDOX Facility, 

with a large plume extending from the REDOX Facility cribs and a smaller plume extending from  

216-S-25 Crib.  Figure U–49 shows the spatial distribution of tritium as predicted in the impacts analysis 

for past-practice sources.  Figures U–50 and U–51 are the depictions of the tritium plumes in the western 

portion of the Central Plateau as presented in the 2009 groundwater monitoring report (DOE 2010a).  The 

predicted plumes generally correspond to the field plumes, except the tritium plume originating from the 

State-Approved Land Disposal Site, which was not included in the simulations. 

 
Figure U–49.  Spatial Distribution of Groundwater Hydrogen-3 (Tritium) Concentration  

(Past-Practice Sources), Western Portion of the Central Plateau, Calendar Year 2010 
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Figure U–50.  Field-Reported Spatial Distribution of Groundwater Hydrogen-3 (Tritium) 

Concentration, Northern 200-West Area, Calendar Year 2009 
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Technetium-99 contamination is present in the western Central Plateau on the eastern side of Waste 

Management Area T, downgradient from the 216-U-1/2 Cribs near U Plant and near Waste Management 

Areas S-SX and U (DOE 2010a).  In general, the simulations of groundwater transport replicate the 

technetium-99 concentration values measured in the field within an order of magnitude in the vicinity of 

Waste Management Areas T and TX-TY.  In the vicinity of Waste Management Areas U and S-SX, and 

the ERDF, the groundwater transport simulations depict concentrations approximately one order of 

magnitude lower than the 2009 groundwater monitoring report (DOE 2010a).  (Appendix S provides a 

detailed discussion of the waste inventories used for the cumulative impacts analysis).  The angle and 

extent of the plume near Waste Management Area T are closely replicated in the groundwater transport 

simulations.  The plumes in Waste Management Areas TX-TY are comingled, appearing as a single 

plume, and extend more toward the Gable Gap in the groundwater transport simulations, but are in 

approximately the same location as depicted in the 2009 groundwater monitoring report (DOE 2010a).  

The plumes near Waste Management Areas U and S-SX also extend slightly more toward the Gable Gap 

than in the 2009 groundwater monitoring report.  The plume near the ERDF is present in the groundwater 

transport simulation results at approximately the same size and angle as in the 2009 groundwater 

monitoring report; however, it is further to the east.  Figure U–52 shows the spatial distribution of 

technetium-99 as predicted in the impacts analysis for past-practice sources.  Figures U–53 and U–54 are 

the depictions of the technetium-99 plumes in the western portion of the Central Plateau as presented in 

the 2009 groundwater monitoring report. 
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Figure U–52.  Spatial Distribution of Groundwater Technetium-99 Concentration  

(Past-Practice Sources), Western Portion of the Central Plateau, Calendar Year 2010 
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Figure U–53.  Field-Reported Spatial Distribution of Groundwater Technetium-99 Concentration, 

Northern 200-West Area, Calendar Year 2009 
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Uranium contamination present in the western Central Plateau is primarily associated with the U Area 

cribs and Waste Management Area U.  Uranium interacts with soil particles and can undergo chemical 

sorption, and is not as mobile in the vadose zone as technetium-99 (DOE 2010b).  The 2009 groundwater 

monitoring report (DOE 2010a) indicates a uranium plume above the benchmark standard in the vicinity 

of the 216-U-1/2 Cribs, and also discusses elevated uranium concentrations present west and northwest of 

Waste Management Areas S and SX near U Pond (DOE 2010a).  The values of uranium total 

concentrations estimated by the groundwater transport simulations are lower than in the 2009 

groundwater monitoring report for the area near the 216-U-1/2 Cribs.  Additionally, the groundwater 

transport simulations estimate a plume with concentrations above the benchmark standard in the vicinity 

of the 216-S-5 Crib and 216-S-6 Crib that is not present in the 2009 groundwater monitoring report.  

(Appendix S provides a detailed discussion of the waste inventories used for the cumulative impacts 

analysis.)  Figures U–55 and U–56 show the spatial distributions of uranium-238 and total uranium as 

predicted in the impacts analysis for past-practice sources.  Figure U–57 is a depiction of the uranium 

plume in the western portion of the Central Plateau as presented in the 2009 groundwater monitoring 

report. 
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Figure U–55.  Spatial Distribution of Groundwater Uranium-238 Concentration  

(Past-Practice Sources), Western Portion of the Central Plateau, Calendar Year 2010 
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Figure U–56.  Spatial Distribution of Groundwater Total Uranium Concentration  

(Past-Practice Sources), Western Portion of the Central Plateau, Calendar Year 2010 
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Figure U–57.  Field-Reported Spatial Distribution of Groundwater Uranium Concentration, 

200-West Area, 2009  

U.1.2.2.3.4 Western Portion of the Central Plateau Consideration of Ongoing Hanford Site 

Activities 

Cleanup of the Central Plateau is a highly complex activity because of the large number of waste sites, 

surplus facilities, active treatment and disposal facilities, and areas of deep soil contamination.  Past 

discharges of more than 1,703 billion liters (450 billion gallons) of liquids to the soil have resulted in 

about 155 square kilometers (60 square miles) of contaminated groundwater.  For areas of groundwater 

contamination in the Central Plateau, the CERCLA goal is to restore the aquifer to achieve drinking water 

standards.
5
  In those instances where remediation goals are not achievable in a reasonable timeframe, 

programs will be implemented to prevent migration of the plume beyond the Central Plateau, prevent 

exposure to contaminated groundwater, and evaluate further risk-reduction opportunities as new 

technologies become available.  Near-term actions are being taken to control plume migration for key 

contaminants until remediation goals are achieved.   

                                                 
5
   This goal is expressed in the Hanford Site Groundwater Strategy: Protection, Monitoring, and Remediation (DOE 2004:14).  

This strategy document was approved by DOE-RL, DOE Office of River Protection, EPA, and Ecology.  This goal has more 

recently been embedded into RAO No. 1 for the 200-ZP-1 Operable Unit groundwater: “Return the 200-ZP-1 OU 

groundwater to beneficial use (restore groundwater to achieve domestic drinking water levels) by achieving the cleanup levels 

(provided later in Table 11). This objective is to be achieved within the entire 200-ZP-1 OU groundwater plumes. The 
estimated timeframe to achieve cleanup levels is within 150 years” (EPA 2008).   
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Groundwater beneath the western portion of the Central Plateau comprises two operable units, as 

described below. 

 The 200-ZP-1 Operable Unit is located in the northern half of the 200-West Area and includes a 

large plume of carbon tetrachloride and smaller plumes of technetium-99, chromium, 

trichloroethylene, and iodine-129. 

 The 200-UP-1 Operable Unit is located in the southern half of the 200-West Area and includes 

contaminant plumes of technetium-99 and uranium. 

The Central Plateau Cleanup Completion Strategy (DOE 2009) describes DOE’s vision for completion of 

the Central Plateau cleanup and outlines the decisions needed to achieve the vision.  The Central Plateau 

strategy involves steps to (1) contain and remediate contaminated groundwater; (2) implement a 

geographic cleanup approach that guides remedy selection from a plateau-wide perspective and protects 

groundwater from future contamination; (3) develop treatment methods for deep-vadose-zone 

contamination to prevent future groundwater contamination; and (4) conduct essential waste management 

operations in coordination with cleanup actions.   

One of DOE’s foremost objectives with the Central Plateau strategy is to make cleanup decisions that will 

identify the final footprint for permanent waste management and containment of residual contamination 

within the 52-square-kilometer (20-square-mile) Industrial-Exclusive area.  The final footprint identified 

for long-term waste management and containment of residual contamination should be as small as 

practical and remain under Federal ownership and control for as long as a potential hazard exists.  Outside 

the final footprint, the remainder of the Central Plateau will be available for other potential uses, 

consistent with the applicable comprehensive land-use plan (CLUP) land use designation, while 

maintained under Federal ownership and control.   

Accordingly, the Central Plateau strategy is organized into the following three principal components: 

 Inner Area – Defined as the final footprint area of Hanford that will be dedicated to long-term 

waste management and containment of residual contamination.  The boundary of the Inner Area 

is defined by waste disposal decisions already in place and by the anticipated future decisions that 

will result in the requirement for continued waste management and control of residual 

contamination.  The Inner Area is anticipated to be approximately 26 square kilometers 

(10 square miles) or less in size and will remain under Federal ownership and control for as long 

as potential hazards exist.  If future waste management facilities are required to support mission 

completion, e.g., tank waste treatment, those facilities will be located within the Inner Area.  As 

activities and time progress and decisions are made about specific actions in the future, the exact 

locations for facility placements may vary from those locations identified in the early planning 

documents. 

 Outer Area – Defined as all areas of the Central Plateau beyond the boundary of the Inner Area.  

It is DOE’s intent to clean up the Outer Area to a level comparable to that achieved for the river 

corridor.  Contaminated soil and debris removed as part of Outer Area cleanup will be placed 

within the Inner Area for final disposal.  Completion of cleanup for the approximately 

168-square-kilometer (65-square-mile) Outer Area will shrink the active footprint of cleanup for 

the Central Plateau to the Inner Area. 

 Groundwater Remediation – As acknowledged in the Hanford Site Groundwater Strategy: 

Protection, Monitoring, and Remediation (DOE 2004) and then reaffirmed in the final ROD for 

the 200-ZP-1 Operable Unit (EPA 2008), DOE’s goal is to restore Central Plateau groundwater to 

its beneficial uses.  This includes groundwater underlying both the Inner and Outer Areas.   
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Established Decisions and Milestones 

The following RODs have been published for areas of the Central Plateau: 

 ROD for interim remedial measure for the 200-ZP-1 Operable Unit, June 1995 (EPA 1995b) 

 ROD for interim remedial action for the 200-UP-1 Operable Unit, February 1997 (EPA 1997b) 

 ROD for the 221-U Facility (Canyon Disposition Initiative), September 2005 (EPA 2005b) 

 ROD for the 200-ZP-1 Operable Unit, September 2008 (EPA 2008) 

These decisions provide a basis for extrapolating cleanup goals to be determined in the remaining Central 

Plateau decisions and for projecting the expected end state that would result from those cleanup actions. 

The following TPA milestones form the principal commitments for completing Central Plateau cleanup 

activities: 

 M-015-00 – Complete the RI/FS (or RCRA Facility Investigation/Corrective Measures Study and 

RI/FS) process for all non-tank-farm operable units except for canyon-associated past-practice 

waste-site operable units covered in Milestone M-85-00 by December 31, 2016.6 

 M-016-00 – Complete remedial actions for all non-tank-farm and non-canyon operable units by 

September 30, 2024.7 

 M-016-119-T01 – DOE will have a remedy in place to contain existing groundwater 

plumes (except iodine, nitrate, and tritium) in the National Priorities List 200 Areas (Central 

Plateau) by December 31, 2020. 

Groundwater cleanup on the Central Plateau is driven by the following TPA milestones: 

 M-015-17A – Submit a 200-UP-1 Operable Unit RI/FS report and proposed plan to EPA (due 

September 30, 2010, pending approval of Change Package M-15-09-02).  

 M-015-21A – Submit a 200-BP-5 and 200-PO-1 Operable Unit feasibility study report and 

proposed plan(s) to Ecology (due December 31, 2012, pending approval of Change Package 

M-15-09-02). 

 M-015-82A – Submit a treatability test plan as an amendment to the 200-BP-5 Operable Unit 

RI/FS work plan to determine whether a 189-liter-per-minute (50-gallon-per-minute) pump-and-

treat system can be sustained in the shallow and discontinuous aquifer to contain and reduce the 

mass of the uranium and commingled technetium-99 plumes near the B/BX/BY tank farms.  The 

plan will include initial aquifer tests to determine sustained yield.  If sufficient sustained yield can 

be demonstrated, treatability testing will follow in accordance with the approved treatability test 

plan (due December 31, 2011). 

 M-015-82B – Initiate aquifer tests within 6 months of approval of the treatability test plan.  Full-

scale deployment of the treatment system will be made via the 200-BP-5 Operable Unit RD/RA 

work plan (due date to be determined). 

                                                 
6
  This milestone reflects the proposed changes included in TPA Change Package M-15-09-02.  This change package underwent 

a 45-day public review and comment period that started May 3, 2010.  
7
  This milestone reflects the proposed changes included in TPA Change Package M-16-09-03.  This change package underwent 

a 45-day public review and comment period that started May 3, 2010. 
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 M-016-119-T01 – DOE will have a remedy in place to contain existing groundwater plumes 

(except iodine, nitrate, and tritium) in the National Priorities List 200 Areas (Central Plateau) 

(due December 31, 2020). 

 M-016-120 – DOE will have a groundwater treatment system (not to exceed a 189-liter-per-

minute [50-gallon-per-minute] pump-and-treat capacity) for the technetium-99 plume at the 

S/SX/SY tank farms within the 200-UP-01 Operable Unit.  This milestone may be met by 

utilizing treatment capacity at another location, such as the new 200-West Area pump-and-treat 

system or the Effluent Treatment Facility (due December 31, 2011). 

 M-016-122 – Begin Phase I operation of the new 200-West Area pump-and-treat system per the 

RD/RA work plan and the 200-ZP-1 Operable Unit ROD.  This action will provide the initial 

portion of the overall pump-and-treat capacity expected to be required by the 200-ZP-1 and 

200-UP-1 Operable Unit RODs.  This initial operation can provide treatment for the 

technetium-99 plume at the S/SX/SY tank farms within the 200-UP-1 Operable Unit (due 

December 31, 2011). 

 M-016-124 – Submit the 200-ZP-1 Operable Unit remedial design report  

(due August 31, 2010).  

Significant response actions that have occurred in the western portion of the Central Plateau as a result of 

these RODs and subsequent modifications include the following: 

 The 200-UP-1 Operable Unit has a pump-and-treat system that began operations in 1994.  The 

goals for that treatment system are to contain the existing plumes of uranium and technetium-99 

within the Central Plateau and to reduce concentrations to below 10 times drinking water 

standards.  The draft feasibility study and proposed plan was submitted by DOE to EPA in 

September 2010.  Final treatment system goals and designs will be defined in the 200-UP-1 

Operable Unit ROD, which will be issued following public comment on the proposed plan.  The 

ROD for the 200-UP-1 Operable Unit is expected to be completed in 2012.  The current 

200-West Area groundwater treatment system has been designed with sufficient capacity and 

expansion capability (e.g., for uranium treatment) to also support the needs expected to be 

defined in the 200-UP-1 Operable Unit ROD.  For more information, see the “Responsiveness 

Summary” section in the Record of Decision, Hanford 200 Area, 200-ZP-1 Superfund Site, 

Benton County, Washington (EPA 2008). 

 In the mid-1980s, carbon tetrachloride was found in the unconfined aquifer beneath the 200-West 

Area of Hanford.  During this time, groundwater monitoring results indicated that the carbon 

tetrachloride plume was widespread and that concentrations were increasing.  The source of the 

carbon tetrachloride contamination was determined to be liquid waste discharged to the vadose 

zone through engineered disposal sites.  A groundwater pump-and-treat system began operations 

in 1994.  The goal of this system is to ameliorate the highest concentration portion of the plume 

of carbon tetrachloride (EPA 1995a).  Soil vapor extraction was initiated in February 1992 to 

remove carbon tetrachloride contamination from the vadose zone in the vicinity of these disposal 

sites.  The purpose of the remediation using soil vapor extraction is to mitigate the threat to the 

environment caused by the migration of carbon tetrachloride vapors through the soil column and 

into groundwater.  Since February 1992, soil vapor extraction has been operated as an interim 

action pending final cleanup activities for these waste sites.  Final cleanup activities will be 

determined as part of the CERCLA RI/FS process for the 200-PW-1 Operable Unit.  The 

200-PW-1 Operable Unit includes the waste sites and associated vadose zone that received the 

carbon tetrachloride liquid waste.  Another groundwater pump-and-treat system is being designed 

and will be installed and operated in accordance with an approved RD/RA work plan to meet 
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CERCLA requirements and achieve RAOs.  The system will be designed to capture and treat 

contaminated groundwater to reduce the mass of carbon tetrachloride, total chromium, hexavalent 

chromium, nitrate, trichloroethylene, iodine-129, technetium-99, and tritium throughout the 

200-ZP-1 Operable Unit by a minimum of 95 percent in 25 years.  The pump-and-treat 

component will be designed and implemented in combination with monitored natural attenuation 

to achieve cleanup levels for all COPCs in 125 years.  Carbon tetrachloride concentrations in 

groundwater above 100 micrograms per liter correspond to approximately 95 percent of the mass 

of carbon tetrachloride currently residing in the aquifer.
8
  Specific extraction and injection well 

locations, treatment equipment design, operation requirements, and other system details will be 

determined during the remedial design phase.  The remedial design will also consider as 

necessary the need for treatment of other constituents (such as uranium) that may be captured by 

the 200-ZP-1 Operable Unit extraction wells.  In addition to the pump-and-treat system, natural 

attenuation processes will be used to reduce concentrations to below the cleanup levels.  Natural 

attenuation processes to be relied on as part of this component include abiotic degradation, 

dispersion, sorption, and, for tritium, natural radioactive decay because of its relatively short 

12.3-year half-life.  Monitoring will be employed in accordance with the approved RD/RA 

documents to evaluate the effectiveness of the pump-and-treat system and natural attenuation 

processes.
9  Fate and transport analyses conducted as part of the feasibility study indicate that the 

timeframe necessary to reduce the remaining COPC concentrations to acceptable levels through 

monitored natural attenuation would be approximately 100 years.  Modeling also indicates that 

this portion of the plume area would remain in the Central Plateau geographic area during this 

timeframe.  The overarching requirement is to meet the groundwater cleanup levels identified in 

this ROD within 125 years.   

                                                 
8
  The Performance Monitoring Plan for the 200-ZP-1 Groundwater Operable Unit Remedial Action (DOE 2010c) for the 

200-West Area pump-and-treat system defines the groundwater monitoring data collection activities associated with 

implementation of the 200-ZP-1 Operable Unit remedial action selected remedy as described in the ROD.  This plan presents 

the types of data collected, well networks monitored, frequency of data collection, and analysis of the data to satisfy the 

requirements of the ROD.  The more specific aspects of data collection are described in a sampling and analysis plan and/or a 

quality assurance project plan.  The performance monitoring plan is approved by EPA.  After operations begin, an annual 

performance monitoring report will document this information and provide an evaluation of how the system is meeting the 

RAOs defined in the ROD. 
9
  The natural attenuation process will apply to all of the COPCs identified in the 200-ZP-1 Operable Unit ROD.  These COPCs 

include carbon tetrachloride, trichloroethylene, nitrate, total chromium, hexavalent chromium, iodine-129, technetium-99, and 

tritium.  The natural attenuation process will also apply to uranium, which is a COPC for the 200-UP-1 Operable Unit.  

However, note that, after 25 years of pump-and-treat operations, it is likely that several of these COPCs 

(e.g., trichloroethylene, total chromium, hexavalent chromium) may drop below their corresponding cleanup level specified in 

the ROD.  In this case, monitored natural attenuation in the out-years would not be required for these COPCs.  The 

performance monitoring plan (DOE 2010c) identifies the initial network of wells that will be monitored to track performance 

of the remedial action.  This network was strategically selected based on the three-dimensional shape of the plumes within the 

61-meter-thick (200-foot-thick) aquifer.  A number of new monitoring wells are proposed to be installed to address areas that 

are lacking well coverage.  This monitoring plan will be reviewed with DOE-RL and EPA on an annual basis to determine 

whether any changes are needed to the sampling network, sampling frequency, or analyses to be performed.  The specific 

parameters that will be tested to measure the effectiveness of natural attenuation have not been defined at this time but will 

likely be similar to those specified in Abiotic Degradation Rates for Carbon Tetrachloride and Chloroform: Progress in 
FY 2009 (Amonette et al. 2010).  
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 In 2006, DOE proposed installing an interim barrier over the contaminated soils in the tank farms.  

DOE and Ecology decided to install an interim surface barrier at the T tank farm.  The barrier was 

placed over tank T-106 and nearby tanks.  The barrier is installed over the largest-recorded past 

release from a single-shell tank and is intended to mitigate the impact of this release.  Tank T-106 

leaked 435,321 liters (115,000 gallons) that contained approximately 37.4 curies of 

technetium-99 in 1973 (Corbin et al. 2005).  Prior to installing this extraction system, 

groundwater concentrations were more than 100 times drinking water standards for 

technetium-99.
10

  In 2008, 23.8 grams
11

 (0.4 curies) of technetium-99 were extracted during the 

first full year of operation of this system (Hartman, Rediker, and Richie 2009).   

 In 2010, DOE initiated a study that focused on uranium via vadose zone ammonia injection.  In 

January 2010, Pacific Northwest National Laboratory completed a laboratory evaluation of 

gaseous technologies focused on immobilization of uranium (Szecsody et al. 2010) that 

recommended pursuing ammonia injection because it was best suited for field implementation.  

The uranium sequestration pilot test will inject an air/ammonia mixture into a narrow slice of the 

vadose zone.  The ammonia is expected to react with the sediment pore water, thereby increasing 

its pH to a level where dissolution of aluminosilicate minerals is encouraged.  Once a sufficient 

volume of soil has been reacted, ammonia injection will be stopped to allow pore-water pH to 

return to normal due to natural buffering processes.  During this process, those aluminosilicate 

minerals that had dissolved when the pH was very high will precipitate and coat or entrain a 

substantial fraction of the mobile uranium.
12

  

Cleanup Goals and Levels 

Evaluation of the Central Plateau operable units
13

 is expected to have the following common RAOs:   

 Prevent unacceptable risk to human health from direct contact with COPCs present in 

contaminated soil.  Unacceptable risks are (1) an excess lifetime cancer risk
14

 greater than 10
-4

 to 

10
-6 

or (2) a Hazard Index greater than 1 under reasonable maximum-exposure scenarios.  The 

point of compliance (depth in the soil column) for protecting human health will be established 

through the RI/FS process and will be consistent with reasonably foreseeable land use and 

associated exposures. 

                                                 
10

  From DOE 2009 p.2.8-7, “Well 299-W11-46 (located at the northeast corner of T Tank Farm) was converted to an extraction 

well in fiscal year (FY) 2007 to mitigate technetium-99.  The well is screened between 6.22 to 9.32 m below the water table 

(74.05 m bgs) and had an annual average technetium-99 concentration of 9,300 pCi/L in FY 2008.  The maximum 

concentration in well 299-W11-46 was 18,000 pCi/L.  This is down an order of magnitude from the FY 2007 annual average 

concentration of 97,000 pCi/L and maximum of 63,200 pCi/L [sic].”  Note that the average and maximum values appear to be 

switched with one another. 
11

  The total mass of technetium-99 in groundwater in this area has not been estimated. 
12

  Pacific Northwest National Laboratory demonstrated a laboratory-based approach to measure six phases of uranium in 

Hanford soil ranging from an aqueous (highly mobile) phase to crystalline phosphates and silicates that are highly immobile 

and release uranium only when extracted with 8-molar nitric acid at 95 degrees Celsius (203 degrees Fahrenheit) for 2 hours 

(Szecsody et al. 2010).  Similar measurements of field site samples showing the change in the relatively mobile and immobile 

phases of uranium will be analyzed to evaluate the effectiveness of the field test.  The Data Quality Objectives Summary 
Report for the Uranium Sequestration Pilot Test (CHPRC 2011) provides additional details of the analytical approach. 

13
  Central Plateau operable units include 200-EA-1/200-IS-1 (200-East Area Inner Area/Pipelines); 200-WA-1 (200-West Area 

Inner Area); 200-OA-1/200-CW-1/3 (Outer Area); 200-DV-1 (deep vadose zone); 200-SW-2 (burial grounds); 200-CB-1 

(B Plant canyon and associated waste sites); 200-CP-1 (PUREX [Plutonium-Uranium Extraction] canyon and associated waste 

sites); 200-CR-1 (REDOX canyon and associated waste sites); and 200-PW-1/3/6 (plutonium-contaminated sites).  Operable 

unit designations reflect the proposed changes included in TPA Change Package C-09-07.  This change package is undergoing 

a 45-day public review and comment period that started May 3, 2010. 
14

  The Model Toxics Control Act uses a level of 10-5excess lifetime risk of incidence of cancer. 
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 Mitigate unacceptable risk to ecological receptors associated with exposure to waste or soil 

contaminated above risk-based criteria.  (A specific biointrusion depth will be established based 

upon a review of scientific studies on key indicator terrestrial biota that are directly relevant and 

applicable to the ecological setting of the Inner Area of the Central Plateau.) 

 Prevent migration of COPCs in the vadose zone from the source unit to groundwater in 

concentrations that would degrade the groundwater aquifer above applicable standards such as 

Federal maximum contaminant levels. 

 Return contaminated groundwater aquifers to maximum beneficial use within a reasonable 

timeframe.
15

 

 Prevent COPCs in groundwater from migrating to the Columbia River above applicable ambient 

water quality criteria.
16

  

Anticipated Cleanup End State 

Cleanup decisions for the Central Plateau will lead to a combination of actions for waste sites and 

groundwater that collectively will meet the cleanup goals described in the previous sections.  For areas of 

groundwater contamination in the Central Plateau, the goal is remediation of the aquifer to achieve 

drinking water standards.  For waste sites, remedies will be implemented that prevent future groundwater 

contamination.  In those instances where remediation goals are not achievable in a reasonable timeframe, 

programs will be implemented to prevent further migration of the plume, prevent exposure to 

contaminated groundwater, and evaluate further risk-reduction opportunities as new technologies become 

available.  Near-term actions will be taken when appropriate to control plume migration until remediation 

goals are achieved.  

Table U–8 summarizes the current and planned actions and the expected cleanup end-state condition for 

the Central Plateau groundwater operable units. 

                                                 
15

  This terminology is directly from CERCLA policy for groundwater cleanup.  For the 200-ZP-1 Operable Unit ROD, the 

following timeframe is established in an RAO: “RAO #1: Return the 200-ZP-1 OU groundwater to beneficial use (restore 

groundwater to achieve domestic drinking water levels) by achieving the cleanup levels (provided later in Table 11). This 

objective is to be achieved within the entire 200-ZP-1 OU groundwater plumes. The estimated timeframe to achieve cleanup 

levels is within 150 years.”  EPA has determined that a 150-year timeframe is “reasonable” for cleanup of this plume in the 
200-West Area (EPA 2008). 

16
  This commitment is also embedded within TPA milestone M-016-119-T01, which states:  “DOE will have a remedy in place 

to contain existing groundwater plumes (except iodine, nitrate, and tritium) in the 200 NPL Area (Central Plateau).  The due 
date for this milestone is 12/31/2020.”  
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Table U–8.  Western Portion of the Central Plateau Groundwater Plumes and Treatment Actions 

Operable 

Unit 

Primary 

Contaminants 

Current Status 

and Actions 

Future Actions Anticipated Cleanup  

End State 

200-ZP-1 Carbon 

tetrachloride, 

technetium-99 

(other COPCs are 

chromium, 

trichloroethylene, 

nitrate, tritium, and 

iodine-129) 

Pump-and-treat 

system at 

1,893-liter-per-

minute 

(500-gallon-per-

minute) capacity 

for carbon 

tetrachloride.  

Additional 

extraction wells 

near the T tank 

farm for 

technetium-99 

(about 189 liters 

[50 gallons] per 

minute). 

Expansion to 8,328–

9,464 liters (2,200–

2,500 gallons) per 

minute by 2012 

(200-ZP-1 Operable 

Unit ROD 

[EPA 2008]). 

Cleanup goal is to achieve 

95 percent mass removal for 

eight COPCs within 25 years 

(by about 2036).  Cleanup 

levels to be reached through 

monitoring natural attenuation 

within an additional 100-year 

time period.  Meet drinking 

water standards for all 

COPCs, except carbon 

tetrachloride, which is to meet 

3.4 micrograms per liter 

(lower than drinking water 

standards)  

(200-ZP-1 Operable Unit 

ROD [EPA 2008]). 

200-UP-1 Uranium, 

technetium-99 

Pump-and-treat 

system for 

uranium and 

technetium-99 (up 

to 189 liters 

[50 gallons] per 

minute) began in 

1994.  Target 

cleanup levels 

(10 times the 

maximum 

contaminant 

level) were met in 

2005.  One-year 

rebound study 

conducted, then 

pumping 

resumed. 

System capacity of 

189 liters 

(50 gallons) per 

minute for 

technetium-99 near 

the S/SX/SY tank 

farms to begin in 

fiscal year 2012 

(TPA Milestone  

M-016-120).  

Additional treatment 

requirements subject 

to final ROD for 

200-UP-1 Operable 

Unit.  Anticipated to 

be treated using the 

200-ZP-1 Operable 

Unit treatment 

system. 

Cleanup levels are anticipated 

to be consistent with other 

groundwater RODs at 

Hanford, i.e., drinking water 

standards or below. 

Key: COPC=constituent of potential concern; Hanford=Hanford Site; ROD=Record of Decision; TPA=Tri-Party Agreement 

[Hanford Federal Facility Agreement and Consent Order]. 

U.1.2.2.4 Eastern Portion of the Central Plateau 

The eastern portion of the Central Plateau comprises the B Area, the 600 Area Nonradioactive Dangerous 

Waste Landfill (NRDWL), the PUREX [Plutonium-Uranium Extraction] Plant, and the proposed greater-

than-Class C (GTCC) waste disposal facility, and is located in the eastern side of the Core Zone 

Boundary, south of Gable Mountain and Gable Gap. 

U.1.2.2.4.1 Eastern Portion of the Central Plateau Hydrogeologic Regime 

The hydrogeologic regime describes the system of geology and groundwater flow that governs 

groundwater contaminant distribution.  The layering of geology in the eastern portion of the Central 

Plateau is fairly complex when compared with other areas of Hanford.  The Ringold Formation is present 

in the southwest part of the eastern portion of the Central Plateau and gradually thins out and disappears 

in the northern part of the 200-East Area.  In the north, the Hanford formation sits directly on top of 
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basalt.  The absence of the Ringold Formation near the northern boundary of the 200-East Area is the 

result of flooding events that eroded the Ringold Formation and deposited a thick sequence of Hanford 

gravel and sand materials.  The absence of all or major parts of the Ringold Formation occurs over a wide 

area from Gable Gap through the northern boundary of the 200-East Area and is most likely related to the 

“erosional window” described by Thorne et al. (2006) in Gable Gap, where the Elephant Mountain 

Member basalt has been eroded.  Erosional paleochannels present in this area have recently been 

described in more detail by Bjornstad et al. (2010).  Further to the east, Ringold materials reappear and 

the Ringold Formation thickens.  The thickness of the Ringold Formation is controlled by the proximity 

to the erosional surface; it is thicker at its margins and thinner to absent within the erosional channel.  The 

Hanford formation is thickest to the west, and is also thick in the north, where the Hanford formation 

directly contacts basalt.  To the northeast, the Hanford formation thins considerably as the basalt surface 

rises in an area of lower topography (Bjornstad et al. 2010; Cole et al. 2001; Lindsey 1995; 

Thorne et al. 2006; Williams et al. 2002). 

The erosional surface plays a role in the thickness of the vadose zone in addition to the stratigraphy at the 

water table.  In general, the vadose zone is almost entirely Hanford formation, consisting of Hanford sand 

and Hanford gravel.  There are locations in the south of the eastern portion Central Plateau where Ringold 

gravel and sand are also present in the vadose zone.  In the NRDWL area, the vadose zone is made up 

almost entirely of Hanford sand and gravel.  The vadose zone is uniformly about 100 meters (328 feet) in 

thickness in the southern portion, and gradually changes to between 64 meters (210 feet) in thickness in 

the northwestern portion of the area to about 56 meters (184 feet) in thickness in the northeastern portion 

of the area.  However, the vadose zone in the NRDWL area is much thinner, on the order of about 

40 meters (131 feet) thick (Bjornstad et al. 2010; Cole et al. 2001; DOE 2010a; Lindsey 1995; 

Thorne et al. 2006; Williams et al. 2002;).  Figures U–58 and U–59 depict cross sections that are typical 

of the vadose zone lithology in the eastern portion of the Central Plateau.   

 
Figure U–58.  West-to-East Cross Section of Vadose Zone Lithology for C Tank Farm  
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Figure U–59.  West-to-East Cross Section of Vadose Zone Lithology for A Tank Farm  

The flat water table is a significant hydrogeologic feature in the eastern portion of the Central Plateau.  It 

stays at approximately 122 meters (400 feet) in elevation across the eastern portion of the Central Plateau.  

Figure U–60 illustrates the water table and inferred directions of groundwater flow in the eastern portion 

of the Central Plateau as depicted in the 2009 groundwater monitoring report.  The groundwater divide, 

which strongly influences the shape and extents of contaminant plumes, occurs near the 200-East Area, 

sending flow north through the Gable Gap and southeast toward the central and southeast portion of 

Hanford (DOE 2010a).   
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Figure U–60.  Eastern Portion of the Central Plateau Water Table and Inferred 

Groundwater Flow Directions, March 2009 

U.1.2.2.4.2 Eastern Portion of the Central Plateau Historical Anthropogenic Discharges 

During Hanford’s operational period, the main purpose of the facilities in the Central Plateau was the 

removal of plutonium.  Likewise, the eastern portion of the Central Plateau was impacted by intentional 

and unintentional releases of liquid wastes generated from plutonium removal processes.  Additionally, 

wastes are stored in tank farms, and there are several solid waste sites located in the eastern portion of the 

Central Plateau.  The effects of these past anthropogenic activities continue to influence contaminant 

distribution in the subsurface in the eastern portion of the Central Plateau (DOE 2010a).  For analysis 

purposes in this TC & WM EIS, aqueous sources of contamination were examined based on the amount of 

discharge.  Sources with aqueous flux (volume per area) of less than 1 meter (3 feet) per year were 

categorized as moderate-discharge sources.  Sources with aqueous flux of greater than 1 meter (3 feet) per 

year were categorized as heavy-discharge sources.  Solid sources were categorized as low-discharge 

sources.  The anthropogenic contaminant sources in the eastern portion of the Central Plateau included 

heavy-discharge sites such as ponds and cribs and trenches (ditches), moderate-discharge sites such as 

past leaks from tank farms, and low-discharge sites.  Though anthropogenic activities have diminished 

over time, residual effects continue to influence contaminant migration. 

U.1.2.2.4.3 Eastern Portion of the Central Plateau Comparison of Modeled Versus Measured 

Spatial Contaminant Distributions 

This section discusses the distribution of inventories as described in the 2009 groundwater monitoring 

report (DOE 2010a) and compares the results of the impacts analysis for past-practice sources in the 

eastern portion of the Central Plateau in terms of the spatial distribution of COPC concentrations in 

CY 2010.  Concentrations of each radionuclide and chemical are indicated by a color scale that is relative 

to the benchmark concentration.  Concentrations greater than the benchmark concentration are indicated 

by the fully saturated colors green, yellow, orange, and red in order of increasing concentration.  
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Concentrations less than the benchmark concentration are indicated by the faded colors green, blue, 

indigo, and violet in order of decreasing concentration.  Note that the concentration ranges are on a 

logarithmic scale to facilitate visual comparison of concentrations that vary over three orders of 

magnitude.   

The primary contaminants forming extensive plumes within the eastern portion of the Central Plateau 

include nitrate, iodine-129, tritium, technetium-99, and uranium.  In general, the simulations of 

groundwater transport replicate the values measured in the field.  Nitrate is found above the drinking 

water standard in the eastern portion of the Central Plateau near the BY Cribs.  The nitrate plume above 

the drinking water standard in this area is primarily associated with the discharges from the BY Cribs, the 

B/BX/BY waste management areas, and the 216-B-12 and 216-B-62 Cribs.  In the vicinity of the 

BY Cribs and the B/BX/BY waste management areas the values of nitrate concentrations above the 

benchmark standard that are estimated by the groundwater transport simulations approximately match the 

values indicated in the 2009 groundwater monitoring report.  Figure U–61 shows the spatial distribution 

of nitrate as predicted in the impacts analysis for past-practice sources.  Figure U–62 is the corresponding 

depiction of the nitrate plumes as presented in the 2009 groundwater monitoring report (DOE 2010a). 

 
Figure U–61.  Spatial Distribution of Groundwater Nitrate Concentration 

(Past-Practice Sources), Eastern Portion of the Central Plateau, Calendar Year 2010 
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Figure U–62.  Field-Reported Spatial Distribution of Groundwater 

Nitrate Concentration, 200-East Area and 600 Area, Calendar Year 2009 
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The highest concentrations of iodine-129 in the eastern portion of the Central Plateau are found near the 

B/BX/BY waste management areas and the associated cribs to the north, as well as near Waste 

Management Area C and B Pond.  The iodine-129 plumes with concentrations above the benchmark 

standard originating from the eastern portion of the Central Plateau that are predicted by the groundwater 

transport simulations generally match the concentration values indicated by the 2009 groundwater 

monitoring report (DOE 2010a).  In general, the locations of the iodine-129 plumes with concentrations 

above the benchmark standard are replicated by the groundwater transport simulations.  The shapes and 

extents of the plumes near the BY Cribs and B/BX/BY waste management areas are closely replicated by 

the groundwater transport simulations, and the large plume that extends to the southeast shows a similar 

shape, but extends further east toward the Columbia River.  Figure U–63 shows the spatial distribution of 

iodine-129 as predicted in the impacts analysis for past-practice sources.  Figures U–64 and U–65 are the 

depictions of iodine-129 plumes in the eastern portion of the Central Plateau as presented in the 2009 

groundwater monitoring report (DOE 2010a). 

 
Figure U–63.  Spatial Distribution of Groundwater Iodine-129 Concentration 

(Non–TC & WM EIS Sources), Eastern Portion of the Central Plateau, Calendar Year 2010 
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Figure U–64.  Field-Reported Spatial Distribution of Groundwater Iodine-129 Concentration, 

Northern 200-East Area, Calendar Year 2009  
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In the eastern portion of the Central Plateau, tritium contamination can primarily be attributed to 

discharges from the 216-B-50 and 216-B-57 Cribs.  In general, the groundwater transport simulations 

match the general locations and extents of the tritium plumes, with the concentrations above the 

benchmark standard that were indicated in the 2009 groundwater monitoring report, except the 

groundwater transport simulations show the tritium plume above the benchmark standard extending 

through Gable Gap toward the 100 Areas.  The concentrations predicted by the groundwater transport 

simulations replicate the concentrations indicated in the 2009 groundwater monitoring report 

(DOE 2010a) within an order of magnitude, except near the northeastern boundary of the Core Zone, 

where the vadose zone is thin.  Figure U–66 shows the spatial distribution of tritium as predicted in the 

impacts analysis for past-practice sources.  Figures U–67 and U–68 are depictions of the tritium plumes 

originating from sources in the eastern portion of the Central Plateau as presented in the 2009 

groundwater monitoring report.   

 
Figure U–66.  Spatial Distribution of Groundwater Hydrogen-3 (Tritium) Concentration  

(Past-Practice Sources), Eastern Portion of the Central Plateau, Calendar Year 2010 
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Figure U–67.  Field-Reported Spatial Distribution of Groundwater 

Hydrogen-3 (Tritium) Concentration, Northern 200-East Area,  

Calendar Year 2009 
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Figure U–68.  Field-Reported Spatial Distribution of Groundwater 

Hydrogen-3 (Tritium) Concentration, Southern 200-East Area, Calendar Year 2009   
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Technetium-99 contamination is present in the eastern Central Plateau near the A/AX, B/BX/BY, and 

C waste management areas.  The PUREX Plant and BY Cribs also contribute to the technetium-99 

contamination in this area.  The technetium-99 concentration plumes above the benchmark standard that 

are predicted by the groundwater transport simulations generally replicate the concentrations and plume 

locations indicated in the 2009 groundwater monitoring report (DOE 2010a) within an order of 

magnitude, except in the vicinity of the PUREX Plant and C waste management area.  The technetium-99 

plumes predicted by the groundwater transport simulations in the vicinity of the PUREX Plant and 

C waste management area predict concentrations approximately an order of magnitude lower than the 

2009 groundwater monitoring report.  Appendix S provides a detailed discussion of the waste inventories 

used for the cumulative impacts analyses.  Figure U–69 shows the spatial distribution of technetium-99 as 

predicted in the impacts analysis for past-practice sources.  Figures U–70 and U–71 are the depictions of 

the technetium-99 plumes in the eastern portion of the Central Plateau as presented in the 2009 

groundwater monitoring report. 

 
Figure U–69.  Spatial Distribution of Groundwater Technetium-99 Concentration  

(Past Practice Sources), Eastern Portion of the Central Plateau, Calendar Year 2010 
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Figure U–70.  Field-Reported Spatial Distribution of Groundwater 

Technetium-99 Concentration, BY Cribs, Calendar Year 2009  
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Figure U–71.  Field-Reported Spatial Distribution of Groundwater 

Technetium-99 Concentration, A/AX and C Waste Management Areas, Calendar Year 2009   
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Uranium concentrations above the drinking water standard are present near the B/BX/BY waste 

management areas, extending northwest, and near the 216-B-12 Crib and some of the PUREX Cribs in 

the eastern portion of the Central Plateau.  Figures U–72 and U–73 show the spatial distribution of 

uranium-238 and total uranium as predicted in the impacts analysis of past-practice sources.   

Figures U–74 and U–75 are the depictions of the uranium plumes in the eastern portion of the Central 

Plateau as presented in the 2009 groundwater monitoring report (DOE 2010a).  Uranium-238 and total 

uranium simulation results show higher impacts resulting from heavy-discharge facilities in the 200-East 

Area (e.g., B Pond) than actually observed.  The disagreement of these plumes with field measurements 

suggests that two possible areas of uncertainty may dominate the simulation of these impacts.  The first is 

the uncertainty in the inventory of uranium-238 and total uranium in the heavy-discharge ponds 

(see Appendix S), which is approximately 50 percent.  The second, and likely more important source of 

uncertainty, is the interaction of uranium-238 and total uranium with subsurface materials beneath these 

facilities.  The TC & WM EIS analysis is based on a distribution coefficient for uranium of about 

0.6 milliliters per gram (DOE 2005).  This value, although appropriate for far-field conditions in the 

unconfined aquifer, is probably not representative of the conditions beneath the heavy-discharge sources 

(e.g., B Pond).  Therefore, the prediction of the uranium-238 and total uranium contaminant plumes for 

large past-practice sources should be considered an overestimate of the actual impacts by about an order 

of magnitude. 
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Figure U–72.  Spatial Distribution of Groundwater Uranium-238 Concentration  

(Past-Practice Sources), Eastern Portion of the Central Plateau, Calendar Year 2010 
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Figure U–73.  Spatial Distribution of Groundwater Total Uranium Concentration  

(Past-Practice Sources), Eastern Portion of the Central Plateau, Calendar Year 2010 
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Figure U–74.  Field-Reported Spatial Distribution of Groundwater  

Uranium Concentration, BY Cribs, Calendar Year 2009  
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Figure U–75.  Field-Reported Spatial Distribution of Groundwater 

Uranium Concentration, PUREX [Plutonium-Uranium Extraction] Cribs, Calendar Year 2009  
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U.1.2.2.4.4 Eastern Portion of the Central Plateau Consideration of Ongoing Hanford Site 

Activities 

Cleanup of the Central Plateau is a highly complex activity because of the large number of waste sites, 

surplus facilities, active treatment and disposal facilities, and areas of deep soil contamination.  Past 

discharges of more than 1,703 billion liters (450 billion gallons) of liquids to the soil have resulted in 

about 155 square kilometers (60 square miles) of contaminated groundwater.  For areas of groundwater 

contamination in the Central Plateau, the CERCLA goal is to restore the aquifer to achieve drinking water 

standards.
17

   In those instances where remediation goals are not achievable in a reasonable timeframe, 

programs will be implemented to prevent migration of the plume beyond the Central Plateau, prevent 

exposure to contaminated groundwater, and evaluate further risk-reduction opportunities as new 

technologies become available.  Near-term actions are being taken to control plume migration for key 

contaminants until remediation goals are achieved.   

Groundwater beneath the eastern portion of the Central Plateau comprises two operable units, as 

described below. 

 The 200-BP-5 Operable Unit is located in the northern half of the 200-East Area and includes 

contaminant plumes of uranium and technetium-99. 

 The 200-PO-1 Operable Unit is located in the southern half of the 200-East Area and includes 

extensive plumes of tritium, iodine-129, and nitrate. 

The Central Plateau Cleanup Completion Strategy (DOE 2009) describes DOE’s vision for completion of 

the Central Plateau cleanup and outlines the decisions needed to achieve the vision.  The Central Plateau 

cleanup strategy, objectives, and vision are described in the subregional discussion for the western portion 

of the Central Plateau.   

Established Decisions and Milestones 

The following ROD has been published for areas of the Central Plateau: 

 ROD for interim remedial actions for portions of the 100 Areas (100-BC-1, 100-BC-2, 100-DR-1, 

100-DR-2, 100-FR-1, 100-FR-2, 100-HR-1, 100-HR-2, 100-KR-1, 100-KR-2, 100-IU-2, and 

100-IU-6 Operable Units), 100 Area reactor waste, and portions of the 200 Areas  

(200-CW-3 Operable Units), July 1999 (EPA 1999a) 

The following TPA milestones form the principal commitments for completing Central Plateau cleanup 

activities: 

 M-015-00 – Complete the RI/FS (or RCRA Facility Investigation/Corrective Measures Study and 

RI/FS) process for all non-tank-farm operable units except for canyon-associated past-practice 

waste-site operable units covered in Milestone M-85-00 by December 31, 2016.
18

 

                                                 
17

 This goal is expressed in the Hanford Site Groundwater Strategy: Protection, Monitoring, and Remediation (DOE 2004:14).  

This strategy document was approved by DOE-RL, the DOE Office of River Protection, EPA, and Ecology.  This goal has 

more recently been embedded into RAO No. 1 for the 200-ZP-1 Operable Unit groundwater: “Return the 200-ZP-1 OU 

groundwater to beneficial use (restore groundwater to achieve domestic drinking water levels) by achieving the cleanup levels 

(provided later in Table 11). This objective is to be achieved within the entire 200-ZP-1 OU groundwater plumes. The 
estimated timeframe to achieve cleanup levels is within 150 years” (EPA 2008). 

18
 This milestone reflects the proposed changes included in TPA Change Package M-15-09-02.  This change package underwent 

a 45-day public review and comment period that started May 3, 2010.  
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 M-016-00 – Complete remedial actions for all non-tank-farm and non-canyon operable units by 

September 30, 2024.
19

 

 M-016-119-T01 – DOE will have a remedy in place to contain existing groundwater plumes 

(except iodine, nitrate, and tritium) in the National Priorities List 200 Areas (Central Plateau) by 

December 31, 2020. 

Significant characterization and response actions that have occurred in the eastern portion of the Central 

Plateau as a result of these RODs and subsequent modifications include the following: 

 Installation of soil desiccation pilot test equipment is under way to support startup in 

October 2010. Characterization of the test site is complete (DOE 2010d) and was performed in 

accordance with the requirements contained in the approved sampling and analysis plan 

(DOE 2008).  Numerical simulation has shown that moisture removal will interrupt contaminant 

transport toward groundwater (Oostrom et al. 2009).  The soil desiccation pilot test is designed to 

demonstrate feasibility of this technology and collect data to allow its evaluation in feasibility 

studies that address deep vadose zone contamination.  The principal intent of this test is to 

provide information (e.g., cost and effectiveness) that can be used in the CERCLA feasibility 

study process for deep vadose zone sites with technetium-99 contamination to evaluate potential 

remedial actions.  Actual deployment of a full-scale remedial action using desiccation technology 

would be selected in a ROD for a specific CERCLA operable unit or for a corrective action 

decision for an RCRA unit.  The first feasibility study that will address this issue is the 200-WA-1 

Operable Unit (based on proposed TPA changes), which includes the BC cribs and trenches 

(ditches) site.  The 200-DV-1 Operable Unit feasibility study will also use information from this 

test in evaluating possible remedies.  The 200-DV-1 Operable Unit includes the seven sets of 

B and T cribs and trenches (ditches) that are included with the Tank Closure alternatives in this 

TC & WM EIS.
20

 

 DOE will submit a treatability test plan for determining whether a 189-liter-per-minute 

(50-gallon-per-minute) capacity pump-and-treat system can be sustained in the shallow and 

discontinuous aquifer to contain and reduce the mass of uranium and commingled technetium-99 

plumes near the B/BX/BY tank farms by December 31, 2010 (TPA Milestone M-015-82).  If 

sufficient sustained yield can be demonstrated, treatability testing will follow in accordance with 

the approved treatability test plan.  Full-scale deployment of the treatment systems will be made 

via the 200 BP-5 Operable Unit RD/RA work plan. 

 In 1980, DOE completed a characterization study of the 216-B-5 Reverse Well (Smith 1980).  

Waste, which contained approximately 4.3 kilograms (9.5 pounds) of plutonium from B Plant that 

was pumped into a settling tank between 1945 and 1947.  Subsequently, material was pumped 

into 216-B-5 well which extended approximately 3 meters (10 feet) into groundwater.  The 

characterization study suggests approximately 50 percent of the plutonium inventory remained in 

the settling tank and was not discharged to the well.  Monitoring wells were also drilled around 

the reverse well.  Plutonium and strontium-90 exceeding 10 nanocuries per gram of soil were 

limited to within 6 meters (20 feet) of the reverse well in 1979 (when the study was performed).  

                                                 
19

 This milestone reflects the proposed changes included in TPA Change Package M-16-09-03.  This change package underwent 
a 45-day public review and comment period that started May 3, 2010. 

20
 The seven sets of B and T Cribs included in the TC & WM EIS Tank Closure alternatives include 33 individual waste sites.  Of 

these, 32 are currently assigned to the 200-TW-1 and 200-TW-2 Operable Units and will therefore be assigned to the new 

deep vadose zone operable unit, 200-DV-1.  Of this set of 33 waste sites, only 216-T-28 will be assigned to an operable unit 

other than 200-DV-1.  The 216-T-28 waste site is currently assigned to the 200-LW-1 Operable Unit; it will be reassigned to 

the 200-WA-1 Operable Unit.  TPA Change Package C-09-07 lists the proposed revisions in operable unit assignments for 
Central Plateau waste sites. 
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Plutonium concentrations exceeding 100 nanocuries per gram were limited to a narrow 1-meter 

(3-foot) layer, located at the position of the 1948 water table.  In 1995, DOE implemented a 

treatability test plan Pilot-Scale Treatability Test Plan for the 200-BP-5 Operable Unit 

(DOE 1995b) for portions of the 200-BP-5 groundwater operable units that had been identified as 

candidates for accelerated remedial action.  One location included the 216-B-5 Reverse Well with 

key groundwater contaminants identified as cesium-137, strontium-90, and plutonium-239 and 

-240.  The treatability test and its results are described in 200-BP-5 Operable Unit Treatability 

Test Report (DOE 1996) and included groundwater extraction tests, analytical studies, and risk 

assessment modeling.  The conclusion of the treatability test regarding the 216-B-5 Reverse Well 

was that the B-5 Reverse Well plumes will not produce an unacceptable risk to offsite 

groundwater users.  Therefore, it is recommended that the plumes be removed from the 

accelerated IRM (interim remedial measure) pathway and that the future course of action include 

only groundwater monitoring to track plume movement and verify modeling results.  

Cleanup Goals and Levels 

Evaluation of the Central Plateau operable units
21

 is expected to have the following common RAOs:   

 Prevent unacceptable risk to human health from direct contact with COPCs present in 

contaminated soil.  Unacceptable risks are (1) an excess lifetime cancer risk
22

 greater than 10
-4 

to 

10
-6

 or (2) a Hazard Index greater than 1 under reasonable maximum-exposure scenarios.  The 

point of compliance (depth in the soil column) for protecting human health will be established 

through the RI/FS process and will be consistent with reasonably foreseeable land use and 

associated exposures. 

 Mitigate unacceptable risk to ecological receptors associated with exposure to waste or soil 

contaminated above risk based criteria.  (A specific biointrusion depth will be established based 

upon a review of scientific studies on key indicator terrestrial biota that are directly relevant and 

applicable to the ecological setting of the Inner Area of the Central Plateau.) 

 Prevent migration of COPCs in the vadose zone from the source unit to groundwater in 

concentrations that would degrade the groundwater aquifer above applicable standards such as 

Federal maximum contaminant levels. 

 Return contaminated groundwater aquifers to maximum beneficial use within a reasonable 

timeframe.
23

  

  

                                                 
21

 Central Plateau operable units include 200-EA-1/200-IS-1 (200-East Area Inner Area/Pipelines); 200-WA-1 (200-West Area 

Inner Area); 200-OA-1/200-CW-1/3 (Outer Area); 200-DV-1 (deep vadose zone); 200-SW-2 (burial grounds); 200-CB-1 

(B Plant canyon and associated waste sites); 200-CP-1 (PUREX canyon and associated waste sites); 200-CR-1 (REDOX 

canyon and associated waste sites); and 200-PW-1/3/6 (plutonium-contaminated sites).  Operable unit designations reflect the 

proposed changes included in TPA Change Package C-09-07.  This change package is undergoing a 45-day public review and 
comment period that started May 3, 2010. 

22
 The Model Toxics Control Act uses a risk level of 10-5. 

23
 This terminology is directly from CERCLA policy for groundwater cleanup.  For the 200-ZP-1 Operable Unit ROD, the 

following timeframe is established in an RAO: “RAO #1: Return the 200-ZP-1 OU groundwater to beneficial use (restore 

groundwater to achieve domestic drinking water levels) by achieving the cleanup levels (provided later in Table 11).  This 

objective is to be achieved within the entire 200-ZP-1 OU groundwater plumes. The estimated timeframe to achieve cleanup 

levels is within 150 years.”  EPA has determined that a 150-year timeframe is “reasonable” for cleanup of this plume in the 
200-West Area. 
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 Prevent COPCs in groundwater from migrating to the Columbia River above applicable ambient 

water quality criteria.
24

 

Anticipated Cleanup End State 

Cleanup decisions for the Central Plateau will lead to a combination of actions for waste sites and 

groundwater that collectively will meet the cleanup goals described in the previous sections.  For areas of 

groundwater contamination in the Central Plateau, the goal is remediation of the aquifer to achieve 

drinking water standards.  For waste sites, remedies will be implemented that prevent future groundwater 

contamination.  In those instances where remediation goals are not achievable in a reasonable timeframe, 

programs will be implemented to prevent further migration of the plume, prevent exposure to 

contaminated groundwater, and evaluate further risk-reduction opportunities as new technologies become 

available.  Near-term actions will be taken when appropriate to control plume migration until remediation 

goals are achieved.  

Table U–9 summarizes the current and planned actions and the expected cleanup end state for the Central 

Plateau groundwater operable units. 

Table U–9.  Eastern Portion of the Central Plateau Groundwater Plumes and Treatment Actions 

Operable 

Unit 

Primary 

Contaminants 

Current Status 

and Actions Future Actions 

Anticipated Cleanup  

End State 

200-PO-1 Hydrogen-3 

(tritium), 

iodine-129, nitrate 

No active treatment.  

Monitoring only. 

Future treatment is subject 

to the final 200-PO-1 

Operable Unit ROD. 

Cleanup levels are anticipated to 

be consistent with other 

groundwater RODs at Hanford, 

i.e., drinking water standards or 

below.  For tritium, natural 

radioactive decay is expected to 

cause this plume to dissipate in 

the near future to reach drinking 

water standards.  The nitrate and 

iodine-129 plumes are expected 

to dissipate within a reasonable 

time period to reach drinking 

water standards.  Some localized 

treatment systems may be needed. 

200-BP-5 Uranium, 

technetium-99 

No active treatment.  

Monitoring only.  A 

treatability test was 

performed in the 

mid-1990s for this 

plume, but no action 

was warranted at 

that time. 

Future treatment is subject 

to the final 200-BP-5 

Operable Unit ROD.  A 

treatability test plan to 

determine viability of a 

pump-and-treat system 

capacity of at least 189 

liters (50 gallons) per 

minute for uranium and 

technetium-99 is being 

prepared (per TPA 

Milestones M-015-82A 

and B).  Some active 

treatment is anticipated to 

address plumes of uranium 

and technetium-99 that are 

continuing to emerge in 

groundwater. 

Cleanup levels are anticipated to 

be consistent with other 

groundwater RODs at Hanford, 

i.e., drinking water standards or 

below. 

Key: Hanford=Hanford Site; ROD=Record of Decision; TPA=Tri-Party Agreement [Hanford Federal Facility Agreement and Consent Order]. 

                                                 
24

  This commitment is also embedded within TPA milestone M-016-119-T01, which states: “DOE will have a remedy in place to 

contain existing groundwater plumes (except iodine, nitrate, and tritium) in the 200 NPL Area (Central Plateau).  The due date 
for this milestone is 12/31/2020.” 
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In addition to the cleanup end states in the eastern portion of the Central Plateau, a possible new disposal 

facility was considered in the cumulative impacts analysis.  As discussed in Chapter 1, DOE has prepared 

the Draft Environmental Impact Statement for the Disposal of Greater-Than-Class C (GTCC) Low-Level 

Radioactive Waste and GTCC-Like Waste (GTCC EIS) (DOE 2011), which addresses the disposal of low-

level radioactive waste (LLW) generated by activities licensed by the U.S. Nuclear Regulatory 

Commission or an agreement state that contains radionuclides in concentrations exceeding Class C limits 

as defined in (10 CFR 61).  The GTCC EIS also addresses DOE LLW and transuranic waste that have 

characteristics similar to GTCC LLW and that may not have an identified path to disposal. 

Hanford is being considered as a candidate location for a new GTCC waste disposal facility in the Draft 

GTCC EIS.  Such a facility is not expected to be operational until after 2019.  In addition, DOE estimates 

there are about 12,000 cubic meters (420,000 cubic feet) of GTCC LLW and similar DOE waste 

(DOE 2011) already in storage or projected to be generated from existing facilities or that may be 

generated in the future as a result of actions proposed by DOE or commercial entities.  Detailed 

information on this waste is provided in the Draft GTCC EIS (DOE 2011). 

If Hanford were selected to host a GTCC disposal facility pursuant to the Final GTCC EIS, DOE would 

conduct an appropriate project-specific National Environmental Policy Act review, including a 

cumulative impacts analysis.  These offsite inventories have been estimated since publication of the Draft 

TC & WM EIS and are included in the groundwater impacts analysis in this Final TC & WM EIS.  

However, because the GTCC disposal facility is only being considered at Hanford and is not a currently 

operating facility or past waste site, and therefore is not similar to the other types of facilities included in 

the cumulative groundwater impacts analysis, an additional analysis was completed for the potential 

GTCC disposal facility to help the reader understand the contribution of this facility to the long-term 

environmental impacts.  

Of the inventories evaluated for the potential GTCC waste disposal facility, only two constituents, 

technetium-99 and iodine-129, were predicted to be released to the aquifer over the 10,000-year model 

period.  Figure U–76 shows the technetium-99 concentration versus time at the Core Zone Boundary and 

the Columbia River nearshore for all of the cumulative impacts analysis sites.  This concentration-versus-

time graph is shown as a point of comparison for the individual source locations discussed below.  The 

peak technetium-99 concentration is estimated to be close to the benchmark for the early peak 

(circa CY 1960) and within an order of magnitude for the later peak (circa CY 3500).  The early rise in 

the technetium-99 concentration-versus-time curve is due to liquid releases and the relatively rapid travel 

time through the vadose zone.  The later peak in concentration versus time is due to partition-limited 

releases and the slower travel time through the vadose zone because of lower moisture content.  

Figure U–77 shows the iodine-129 concentration-versus-time graph at the Core Zone Boundary and the 

Columbia River nearshore for all of the cumulative impacts analysis sites.  The iodine-129 concentration-

versus-time graph shows a similar behavior to the technetium-99 concentration-versus-time; however, the 

peaks are elevated.  The early peak is more than an order of magnitude above the benchmark and the later 

peak is close to the benchmark. 

Figures U–78 and U–79 show concentration versus time for technetium-99 and iodine-129 at the Core 

Zone Boundary for the GTCC waste disposal site.  These figures can be directly compared with  

Figures U–76 and U–77.  Note that the GTCC waste sources are major contributors to the 

non-TC & WM EIS technetium-99 and iodine-129 concentrations at the Core Zone Boundary after 

CY 3940. 
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Figure U–76.  Technetium-99 Concentration Versus Time 

(Including Greater-Than-Class C Waste Inventory) 
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Figure U–77.  Iodine-129 Concentration Versus Time  

(Including Greater-Than-Class C Waste Inventory) 

 
Figure U–78.  Technetium-99 Concentration Versus Time 

(Greater-Than-Class C Waste Disposal Site Only) 
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Figure U–79.  Iodine-129 Concentration Versus Time 

(Greater-Than-Class C Waste Disposal Site Only) 

U.1.2.2.5 North of the Central Plateau 

The region north of the Central Plateau comprises the area north of the Core Zone Boundary and south of 

the 100 Areas.  It includes the eastern portion of Gable Butte, Gable Gap, the western portion of Gable 

Mountain, West Lake, and Gable Mountain Pond. 

U.1.2.2.5.1 North of the Central Plateau Hydrogeologic Regime 

The hydrogeologic regime describes the system of geology and groundwater flow that governs 

groundwater contaminant distribution.  The lithology in this region consists of Hanford gravel, Hanford 

sand, Plio-Pleistocene (Cold Creek) gravel, Plio-Pleistocene silt, Ringold Formation, and basalt.  This 

region can be separated into distinct zones based on the lithology.  In the northern area of Gable Gap, 

there is a flat layer of Hanford formation sitting on top of a layer of Ringold Formation that conforms to 

the basalt layer below.  This continues down the western half of Gable Gap until about the northernmost 

portion of the Gable Mountain Pond.  South of this is a zone of flat Hanford formation sitting on top of a 

flat Plio-Pleistocene layer.  The basalt in this zone is relatively flat.  There are some small partial layers of 

Ringold Formation in this zone occurring below the Plio-Pleistocene.  On the eastern half of Gable Gap, 

there is a thick layer of Hanford formation conforming directly to the basalt layer.  In the southern half of 

this zone, underneath Gable Mountain Pond in the West Lake channel, the basalt layer becomes thicker, 

and the Plio-Pleistocene layer is deposited on top, with a flat Hanford layer sitting at the surface.  There 

are two major features in this region that impact groundwater flow and contaminant distribution.  The first 

is the presence of anticlines and synclines in this area.  There is an anticline that runs through the northern 

section of the region below Gable Butte and Gable Mountain, and there are a small syncline and another 

anticline that border the northeast and southwest edges of Gable Mountain Pond.  There is also a syncline 

that runs through the middle of Gable Gap into the very northern portion of the 200-East Area.  The 

second major feature in this area is West Lake.  This is the only naturally occurring lake at Hanford.  The 

lake tends to deposit large amounts of salt upon recharge (Bjornstad et al. 2010; DOE 2010e). 
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The vadose zone in this region is primarily composed of Hanford gravel and Hanford sand.  Other 

formations are present at the bottom of the vadose zone near the water table.  The units that protrude into 

the vadose zone include Plio-Pleistocene, Ringold, and basalt.  Plio-Pleistocene protrudes above the water 

table in the southern half of the region and Ringold protrudes above the water table in the western half. 

The vadose zone is generally between 30 meters (98 feet) thick in the north and about 60 meters 

(197 feet) thick in the south.  The vadose zone also becomes thinner from the west to the east.  In the 

vicinity of West Lake and Gable Mountain Pond, the vadose zone is thin, with thicknesses ranging from 

approximately 10 to 15 meters (33 to 49 feet) (Bjornstad et al. 2010).  Figure U–80 is a representative 

cross section of the vadose zone at Gable Mountain Pond. 
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The water table is flat in this region, at about 120 meters (394 feet) in elevation.  Figure U–81 illustrates 

the water table and inferred directions of groundwater flow in the region north of the Central Plateau as 

indicated in the 2009 groundwater monitoring report (DOE 2010a). 

 
Figure U–81.  North of the Central Plateau Water Table and Inferred  

Groundwater Flow Directions, March 2009  

U.1.2.2.5.2 North of the Central Plateau Historical Anthropogenic Discharges 

Large volumes of processing waste were discharged in the area north of the Central Plateau (DOE 2010a), 

both intentionally and unintentionally, during Hanford’s operational period.  For analysis purposes in this 

TC & WM EIS, aqueous sources of contamination were examined based on the amount of discharge.  

Sources with aqueous flux (volume per area) of less than 1 meter (3 feet) per year were categorized as 

moderate-discharge sources.  Sources with aqueous flux of greater than 1 meter (3 feet) per year were 

categorized as heavy-discharge sources.  Solid sources were categorized as low-discharge sources.  The 

anthropogenic sources in the northern portion of the Central Plateau were primarily heavy-discharge sites 

and included ponds and trenches (ditches), with Gable Mountain Pond being a major source of influence 

on regional flow. 

U.1.2.2.5.3 North of the Central Plateau Comparison of Modeled Versus Measured Spatial 

Contaminant Distributions 

This section discusses the distribution of inventories as described in the 2009 groundwater monitoring 

report (DOE 2010a) and compares the results of the impacts analysis of past-practice sources in the region 

north of the Central Plateau in terms of the spatial distribution of COPC concentrations in CY 2010.  

Concentrations of each radionuclide and chemical are indicated by a color scale that is relative to the 

benchmark concentration.  Concentrations greater than the benchmark concentration are indicated by the 

fully saturated colors green, yellow, orange, and red in order of increasing concentration.  Concentrations 
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less than the benchmark concentration are indicated by the faded colors green, blue, indigo, and violet in 

order of decreasing concentration.  Note that the concentration ranges are on a logarithmic scale to 

facilitate visual comparison of concentrations that vary over three orders of magnitude.   

The primary contaminant forming extensive plumes within the region north of the Central Plateau is 

strontium-90.  Figure U–82 shows the spatial distribution of strontium-90 as predicted in the impacts 

analysis of past-practice sources.  Figure U–83 is the corresponding depiction of the strontium-90 plumes 

as presented in the 2009 groundwater monitoring report (DOE 2010a).  Note that some of the modeled 

source areas, including Gable Mountain Pond, were moved from their actual locations to place them 

entirely over active areas of the aquifer (see Appendix O for more detail). 

 
Figure U–82.  Spatial Distribution of Groundwater Strontium-90 Concentration  

(Past-Practice Sources), North of the Central Plateau, Calendar Year 2010 
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Figure U–83.  Field-Reported Spatial Distribution of Groundwater Strontium-90,  

North of the Central Plateau, Calendar Year 2009  
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U.1.2.2.5.4 North of the Central Plateau Consideration of Ongoing Hanford Site Activities 

Existing contaminant plumes north of the Central Plateau are largely associated with discharges or waste 

within the Central Plateau.  Past discharges of liquids to the soil have resulted in about 155 square 

kilometers (60 square miles) of contaminated groundwater.  Within the Central Plateau itself, programs 

will be implemented to prevent migration of the plume beyond the Central Plateau, prevent exposure to 

contaminated groundwater, and evaluate further risk-reduction opportunities as new technologies become 

available.  North of the Central Plateau, programs will be implemented to evaluate the nature and extent 

of contamination and processes impacting natural attenuation. 

U.1.2.2.6 Southeast of the Central Plateau 

Southeast of the Central Plateau comprises the region southeast of the Core Zone that extends southeast 

toward the 300 Area.  The region southeast of the Central Plateau includes the 600 Area NRDWL, the 

Fast Flux Test Facility, and several outlying portions of the 300 Area. 

U.1.2.2.6.1 Southeast of the Central Plateau Hydrogeologic Regime 

The hydrogeologic regime describes the system of geology and groundwater flow that governs 

groundwater contaminant distribution.  The lithology in the region that extends southeast of the Central 

Plateau is composed of Hanford sand and Hanford gravel sitting on top of Ringold sand and Ringold 

gravel.  In portions, these units also sit on top of Ringold mud.  These units then conform to a layer of 

basalt.  The vadose zone is primarily composed of Hanford formation sediments.  In the southwest 

portion of this region, basalt is found above the water table (DOE 2010a).  Additionally, an erosional 

paleochannel composed of highly conductive Hanford formation materials is present in the vadose zone 

beginning in the Central Plateau and continuing to the southeast toward the Fast Flux Test Facility 

(Bjornstad et al. 2010).   

The vadose zone varies in thickness in the area southeast of the Central Plateau.  The thickest portions of 

the vadose zone are in the northwest near the Core Zone, where it is approximately 90 meters (295 feet) 

thick; it becomes thinner as it approaches the 300 Area, where it is approximately 15 meters (49 feet) 

thick (DOE 2010a).  Figure U–84 is a representative cross section of the vadose zone lithology at the 

600 Area NRDWL. 
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Figure U–84.  West-to-East Cross Section of Vadose Zone Lithology for 

600 Area Nonradioactive Dangerous Waste Landfill 

The water table ranges from about 126 meters (413 feet) in elevation to about 112 meters (367 feet) in 

elevation from west to east.  Figure U–85 illustrates the water table and inferred directions of 

groundwater flow in the region southeast of the Central Plateau as indicated by the 2009 groundwater 

monitoring report (DOE 2010a).  In the western portion of this area, water movement is from southwest 

to northeast.  Then, as water enters the high-conductivity channel, water flow is diverted toward the 

southeast.  On the eastern half of the site, water flow is primarily from west to east (DOE 2010a).   
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Figure U–85.  Southeast of the Central Plateau Water Table and Inferred 

Groundwater Flow Directions, March 2009  

U.1.2.2.6.2 Southeast of the Central Plateau Historical Anthropogenic Discharges 

The principal sources of anthropogenic discharges during Hanford’s operational period in the region 

southeast of the Central Plateau included the 300 North Cribs, 321 Cribs, 300 Wye Burial Ground 

(618-11), and the 600 Area NRDWL (DOE 2010a).  These sources were moderate- and low-discharge 

sources.  For analysis purposes in this TC & WM EIS, sources with aqueous flux (volume per area) of less 

than 1 meter (3 feet) per year were categorized as moderate-discharge sources.  Sources with aqueous flux 

of greater than 1 meter (3 feet) per year were categorized as heavy-discharge sources.  Solid sources were 

categorized as low-discharge sources. 

U.1.2.2.6.3 Southeast of the Central Plateau Comparison of Modeled Versus Measured Spatial 

Contaminant Distributions 

The groundwater flow patterns greatly influence the observed contaminant distributions in the region 

southeast of the Central Plateau.  Groundwater contamination is primarily impacted by sources located in 

the 200-East Area and, in general, is not impacted by waste sites located southeast of the Central Plateau.  

The 2009 groundwater monitoring report does, however, indicate a tritium plume in the 300 Area that 

greatly exceeds the drinking water standard.  The tritium plume is attributed to the 300 Wye Burial 

Ground (618-11); however, this plume is not reflected in the prediction for the 300 Area impacts analysis 

of past-practice sources because an inventory for tritium was not available.  Appendix S provides a 

detailed discussion of the waste inventories used for the cumulative impacts analysis.  Figure U–86 shows 

the spatial distribution of tritium, as reported in the 2009 groundwater monitoring report (DOE 2010a).  
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Other sources located in this area (300 North Cribs, 321 Cribs, and 600 Area NRDWL) have minimal 

impact on the groundwater contamination in this region. 

 
Figure U–86.  Field-Reported Spatial Distribution of Groundwater 

Hydrogen-3 (Tritium) Concentration, Burial Ground 618-11, Calendar Year 2009 

U.1.2.2.6.4 Southeast of the Central Plateau Consideration of Ongoing Hanford Site Activities 

Existing contaminant plumes southeast of the Central Plateau are largely associated with discharges or 

waste within the Central Plateau.  Past discharges of more than 1,703 billion liters (450 billion gallons) of 

liquids to the soil have resulted in about 155 square kilometers (60 square miles) of contaminated 

groundwater.  Within the Central Plateau itself, programs will be implemented to prevent migration of the 

plume beyond the Central Plateau, prevent exposure to contaminated groundwater, and evaluate further 

risk-reduction opportunities as new technologies become available.  Southeast of the Central Plateau, 

programs will be implemented to evaluate the nature and extent of contamination and processes impacting 

natural attenuation. 
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The reader is reminded that the maximum concentrations listed 
in Table U–11 and the concentrations versus time presented in 
Figures U–87 through U–95 are aggregated results from over 
300 individual source areas.  Further, the concentration-versus-
time plots show the maximum concentrations regardless of 
where they occur along the Core Zone Boundary and the 
Columbia River nearshore.  The reader should not attempt to 
interpret these results in terms of the classic conceptualization 
of a groundwater contamination plume moving beneath an 
observation well.  The characteristics of any individual 
contributing source, including the inventory, release rate, 
transport rate through the vadose zone, and transport through 
the unconfined aquifer, typically do not lead to a readily 
identifiable signature in the concentration tables or the 
concentration-versus-time results. 

U.1.3 Model Results for Future Site Conditions and Sensitivity Analyses 

U.1.3.1 Release and Mass Balance 

This section presents the results of the impacts analysis of non–TC & WM EIS sources in terms of the 

total amount of COPCs released to the vadose zone, groundwater, and Columbia River (see Appendix S 

for a description of non–TC & WM EIS sources).  Releases of radionuclides are totaled in curies; 

chemicals, in kilograms.  Both are totaled over the 10,000-year period of analysis.  Table U–10 lists the 

releases to the vadose zone, groundwater, and Columbia River of the COPCs that contribute the bulk of 

the risk. 

Table U–10.  Release of the COPC Drivers to the Vadose Zone, Groundwater, and 

Columbia River from Non–TC & WM EIS Sources 

 Radionuclide (curies) Chemical (kilograms) 

Release to: H-3 I-129 Tc-99 U-238 Cr NO3  Utot  

Vadose zone 2.38×10
6
 1.15×10

1
 1.17×10

3
 3.60×10

3
 3.52×10

5
 7.62×10

7
 7.08×10

6
 

Groundwater 2.03×10
6
 1.14×10

1
 1.15×10

3
 2.16×10

2
 3.57×10

5
 7.66×10

7
 1.31×10

5
 

Columbia River 7.21×10
4
 1.14×10

1
 1.15×10

3
 2.12×10

2
 3.77×10

5
 7.90×10

7
 1.15×10

5
 

Note: Total amount released over the 10,000-year period of analysis. 

Key: COPC=constituent of potential concern; Cr=chromium; H-3=hydrogen-3 (tritium); I=iodine; NO3=nitrate; Tc=technetium; 

TC & WM EIS=Tank Closure and Waste Management Environmental Impact Statement for the Hanford Site, Richland, 

Washington; U=uranium; Utot=total uranium. 

U.1.3.2 Concentration Versus Time 

This section presents the results of the 

impacts analysis for non–TC & WM EIS 

sources in terms of groundwater COPC 

concentrations versus time at the Core 

Zone Boundary and Columbia River.  

Table U–11 lists the maximum COPC 

concentrations at the Core Zone Boundary 

and the Columbia River nearshore in the 

peak year of the 10,000-year period of 

analysis.  Figures U–87 through U–95 

include concentration-versus-time plots 

for tritium, iodine-129, strontium-90, 

technetium 99, uranium-238, carbon 

tetrachloride, chromium, nitrate, and total uranium, respectively.  In the Draft TC & WM EIS, a line 

denoting the 95th percentile upper confidence limit of the concentrations was included on several of these 

figures to address the discrete nature of the concentrations carried across a barrier or the river.  This 

confidence interval was calculated to aid in interpreting data with a significant amount of random 

fluctuation (noise).  However, in this Final TC & WM EIS, the particle-tracking simulations were run with 

1 million particles instead of 100,000 particles.  The results of the particle-tracking simulations with 

1 million particles greatly reduced the amount of random fluctuation (noise) in the concentration-versus-

time figures, and the confidence intervals were not needed to aid in interpreting the data.  A more detailed 

discussion of the particle-tracking simulations is presented in Appendix O.  The benchmark concentration 

of each radionuclide and chemical is included on each of the figures as a reference point.  Note that the 

concentrations are plotted on a logarithmic scale to facilitate visual comparison of concentrations that 

vary over five orders of magnitude. 
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Table U–11.  Calculated Maximum COPC Concentrations in the Peak Year at the  

Core Zone Boundary and Columbia River Nearshore from Non–TC & WM EIS Sources  

Contaminant 

Core Zone Boundary  

(peak year) 

Columbia River 

Nearshore  

(peak year) 

Benchmark 

Concentrationa 

Radionuclide (picocuries per liter)     

Hydrogen-3 (tritium) 112,000,000 

(1997) 

4,140,000 

(1986) 

20,000 

Carbon-14 1,090 

(1998) 

5 

(1992) 

2,000 

Strontium-90 1,730 

(1998) 

27,600 

(1991) 

8 

Technetium-99 657 

(1980) 

212 

(1991) 

900 

Iodine-129 42.2 

(1962) 

19.8 

(2017) 

1 

Cesium-137 0 

N/A 

1,430 

(1985) 

200 

Uranium isotopes 

(includes uranium-233, -234, -235, -238) 

839 

(1959) 

6,190 

(1979) 

15 

Neptunium-237 7 

(2061) 

2 

(3662) 

15 

Plutonium isotopesb 

(includes plutonium-239, -240) 

26 

(7725) 

2 

(1991) 

15 

Chemical (micrograms per liter)     

1-Butanol  518 

(1998) 

2 

(3891) 

3,600 

Boron and compounds 0.02 

(3270) 

1 

(2364) 

7,000 

Carbon tetrachloride 577 

(2035) 

208 

(2067) 

5 

Chromiumc 13,300 

(1959) 

7,210 

(1979) 

100 

Dichloromethane 0.2 

(3321) 

0.1 

(3923) 

5 

Fluoride 160,000 

(2008) 

30,700 

(2032) 

4,000 

Hydrazine/hydrazine sulfate 0.009 

(3308) 

0.043 

(3281) 

0.022 

Lead 0 

N/A 

32 

(2397) 

15 

Manganese 93 

(3705) 

0.4 

(2223) 

1,600 

Mercury 1.7 

(2016) 

0.002 

(10,973) 

2 

Nitrate 1,040,000 

(1947) 

846,000 

(1976) 

45,000 

Total uranium 1,220 

(1959) 

1,910 

(1979) 

30 

Trichloroethylene 0.02 

(3220) 

0.07 

(3297) 

5 

a The sources of the benchmark concentrations are provided in Appendix O, Section O.3. 

b The plutonium isotopes impact at the Core Zone Boundary is due primarily to the 216-B-5 Reverse Well where plutonium was injected 
directly into groundwater.  Negligible contributions were predicted from all other waste sites (including burial grounds) within the 

Central Plateau. 
c It was assumed for analysis purposes that all chromium is hexavalent. 

Note: Peak concentrations of some non–TC & WM EIS source constituents occurred in the past.  The relationships of past to future  
non–TC & WM EIS source constituent concentrations are presented in the concentration-versus-time plots in Figures U–87 through U–95. 

Key: COPC=constituent of potential concern; N/A=not applicable; TC & WM EIS=Tank Closure and Waste Management Environmental Impact 

Statement for the Hanford Site, Richland, Washington. 
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Figure U–87.  Hydrogen-3 (Tritium) Concentration Versus Time (Non–TC & WM EIS Sources) 

 
Figure U–88.  Iodine-129 Concentration Versus Time (Non–TC & WM EIS Sources) 
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Figure U–89.  Strontium-90 Concentration Versus Time (Non–TC & WM EIS Sources) 

 
Figure U–90.  Technetium-99 Concentration Versus Time (Non–TC & WM EIS Sources) 
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Figure U–91.  Uranium-238 Concentration Versus Time (Non–TC & WM EIS Sources) 

 
Figure U–92.  Carbon Tetrachloride Concentration Versus Time (Non–TC & WM EIS Sources) 
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Figure U–93.  Chromium Concentration Versus Time (Non–TC & WM EIS Sources) 

 
Figure U–94.  Nitrate Concentration Versus Time (Non–TC & WM EIS Sources) 
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Figure U–95.  Total Uranium Concentration Versus Time (Non–TC & WM EIS Sources) 

U.1.3.3 Predicted Spatial Distribution of Concentration 

This section presents the results predicted by the impacts analysis of non–TC & WM EIS sources in terms 

of the spatial distribution of COPC concentrations in groundwater at selected times in the future.  

Concentrations of each radionuclide and chemical are indicated by a color scale that is relative to the 

benchmark concentration.  Concentrations greater than the benchmark concentration are indicated by the 

fully saturated colors green, yellow, orange, and red in order of increasing concentration.  Concentrations 

less than the benchmark concentration are indicated by the faded colors green, blue, indigo, and violet in 

order of decreasing concentration.  Note that the concentration ranges are on a logarithmic scale to 

facilitate visual comparison of concentrations that vary over three orders of magnitude.   

In general, the simulations of groundwater transport for current conditions in this TC & WM EIS replicate 

the values measured in the field to a close order of magnitude, particularly for discharges to cribs and 

trenches (ditches), where the historic measurements are most complete and show the strongest signature 

of past-practice operations.  The major contaminants that make up plumes with concentrations above the 

drinking water standard in the upper portion of the unconfined aquifer at Hanford include tritium, 

strontium-90, technetium-99, iodine-129, carbon tetrachloride, chromium, uranium, and nitrate.  As 

shown in Appendices N and O, the agreement is good for both TC & WM EIS alternative sources and 

non–TC & WM EIS sources.  As previously noted, there are two contaminants for which the simulated 

plumes for current conditions are in greater disagreement with observation: carbon tetrachloride (plume in 

the 200-West Area) and uranium (uranium-238 plume and total uranium plume in the 200-East Area). 

As indicated in Section U.1.2.1.3, tritium is one of the major COPCs, and is currently present in the 

200-East Area, 200-West Area, and 300 Area.  Tritium is a short-lived, mobile radionuclide, and though 

there is widespread tritium contamination present at Hanford, radioactive decay is expected to prevail; 

thus, tritium is not expected to be a contaminant of concern in the future.  Figure U–96 presents the 

projected tritium concentrations in groundwater in CY 2135. 
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Figure U–96.  Spatial Distribution of Groundwater Hydrogen-3 (Tritium) Concentration 

(Non–TC & WM EIS Sources), Calendar Year 2135 

Strontium-90 is present in the 100-N Area and Gable Mountain.  Strontium-90 has a relatively short half-

life (29 years) and is moderately mobile.  Though strontium-90 has a short half-life it also has a greater 

affinity for sediment than water, and its rate of transport is considerably slower than the actual 

groundwater flow rate.  As a result, strontium-90 plume characteristics tend to change slowly over time 

and are expected to persist until radioactive decay reduces its concentration.  Figure U–97 presents the 

projected strontium-90 concentrations in groundwater in CY 2135. 
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Figure U–97.  Spatial Distribution of Groundwater Strontium-90 Concentration 

(Non–TC & WM EIS Sources), Calendar Year 2135 

Technetium-99 is a long-lived, mobile radionuclide that is currently present in the 200-West Area and 

Gable Mountain.  Technetium-99 is expected to persist due to its long half-life; however, some natural 

attenuation is expected to occur as a result of dispersion.  Figure U–98 presents the projected 

technetium-99 concentrations in groundwater in CY 3890. 
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Figure U–98.  Spatial Distribution of Groundwater Technetium-99 Concentration 

(Non–TC & WM EIS Sources), Calendar Year 3890 

Iodine-129 is currently present in the 200-East and 200-West Areas.  Iodine-129, like technetium-99, is a 

long-lived, mobile radionuclide.  Iodine-129 is expected to persist due to its long half-life; however, some 

natural attenuation is expected to occur as a result of dispersion.  Figure U–99 presents the projected 

iodine-129 concentrations in groundwater in CY 3890. 
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Figure U–99.  Spatial Distribution of Groundwater Iodine-129 Concentration 

(Non–TC & WM EIS Sources), Calendar Year 3890 

Future projections of carbon tetrachloride are not included in this section due to the factors discussed in 

Section U.1.2.1.4, which lead to the qualitatively greater uncertainty in the future carbon tetrachloride 

spatial concentration distribution.  Instead, a sensitivity analysis discussing variations resulting from 

capture-and-removal scenarios that are representative of groundwater remediation goals is presented in 

Section U.1.3.4.2.  

Figure U–100 shows the projected chromium concentrations in groundwater in CY 2135.  Hexavalent 

chromium is a mobile contaminant that is not strongly retained in the vadose zone, and concentrations are 

expected to attenuate over time as a result of mobilization and dispersion.  In CY 2135, the majority of 

the chromium contamination from the 100 and 300 Area sources will have migrated to the Columbia 

River.  The remaining source in CY 2135 is Waste Management Area S-SX. 
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Figure U–100.  Spatial Distribution of Groundwater Chromium Concentration 

(Non–TC & WM EIS Sources), Calendar Year 2135 

Uranium is primarily present in the 200-East Area, the 200-West Area, and the 300 Area.  Uranium is 

moderately mobile and has a long half-life (4.5 billion years for uranium-238) (DOE 2010a).  

Uranium-238 and total uranium simulation results show higher impacts resulting from heavy-discharge 

facilities in the 200-East Area (e.g., B Pond) than actually observed.  The disagreement of these plumes 

with field measurements suggests that two possible areas of uncertainty may dominate the simulation of 

these impacts.  The first is the uncertainty in the inventory of uranium-238 and total uranium in the 

heavy-discharge ponds (see Appendix S), which is approximately 50 percent.  The second, and probably 

more important source of uncertainty, is the interaction of uranium-238 and total uranium with subsurface 

materials beneath these facilities.  The TC & WM EIS analysis is based on a distribution coefficient for 

uranium of about 0.6 milliliters per gram (DOE 2005).  This value, although appropriate for far-field 
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conditions in the unconfined aquifer, is probably not representative of the conditions beneath the heavy-

discharge sources (e.g., B Pond).  Therefore, the prediction of the uranium-238 and total uranium 

contaminant plumes for large non–TC & WM EIS sources should be considered an overestimate of the 

actual impacts by about an order of magnitude.  Figures U–101 and U–102 show the projected 

uranium-238 and total uranium concentrations in groundwater in CY 2135, respectively. 

 
Figure U–101.  Spatial Distribution of Groundwater Uranium-238 Concentration 

(Non–TC & WM EIS Sources), Calendar Year 2135 
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Figure U–102.  Spatial Distribution of Groundwater Total Uranium Concentration 

(Non–TC & WM EIS Sources), Calendar Year 2135 

Nitrate is primarily present in the 100-F Area, 200-East Area, and 200-West Area.  Like chromium, 

nitrate is a mobile contaminant, and natural attenuation is expected to occur as a result of dispersion over 

time.  Figure U–103 presents the projected nitrate concentrations in groundwater in CY 2135. 
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Figure U–103.  Spatial Distribution of Groundwater Nitrate Concentration 

(Non–TC & WM EIS Sources), Calendar Year 2135 

U.1.3.4 Sensitivity Analyses 

Cleanup decisions regarding non-tank-farm contamination sites are outside the scope of this 

TC & WM EIS; however, it is recognized that cleanup and planning processes for the cleanup of some of 

these sites have occurred or are currently in progress, in accordance with RCRA, CERCLA, and/or the 

TPA and in consultation with applicable Federal and state agencies.  Non-tank-farm sites were evaluated 

in the TC & WM EIS cumulative impacts analysis, and the end states were represented as either all waste 

left in place or removal of some or all of the waste, with treatment and disposal.  Selection of the end 

states was guided by information provided by DOE that met specific quality assurance requirements.  

Appendix S, Section S.3.1, provides additional detail on the approach to selecting end states for the sites 
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evaluated in the cumulative impacts analysis.  Not all of the sites with past cleanup activities had 

documentation that met the TC & WM EIS quality assurance criteria; therefore, the removal, treatment, 

and disposal end state was not included in the cumulative impacts modeling.  As a result, the cumulative 

impacts analysis does not project future impacts resulting from some past and ongoing cleanups 

conducted under CERCLA and does not account for cleanups under existing CERCLA plans.  Sensitivity 

analyses evaluating the magnitude and timeframe of potential impacts that may occur from cleanup and 

remediation activities are included in this appendix to demonstrate the potential influences of remedial 

actions at some of the prominent waste sites located on the Central Plateau and along the Columbia River 

corridor.  These sensitivity analyses can be used as a tool to help Federal and state agencies better define 

future remediation options and prioritize cleanup efforts. 

U.1.3.4.1 Flux Reduction 

Releases from past anthropogenic activities at Hanford have left a signature in the underlying vadose zone 

and in some cases contaminants have already reached the aquifer.  The results of the cumulative impacts 

and alternatives analyses suggest that additional measures could be implemented to support closure and 

better define remediation options for the cleanup process.  Possible remediation techniques, including 

subsurface barriers, soil vapor extraction, soil desiccation, or other technologies developed in the future, 

could be implemented to reduce solute flux from the vadose zone and into groundwater at the time of 

closure. 

The flux-reduction sensitivity analysis was designed to evaluate the potential response of the groundwater 

system to reductions in flux from the vadose zone that would occur if remediation activities were 

implemented. The objectives of this analysis were as follows: 

 Evaluate the timeframe over which flux reduction might be effective. 

 Analyze the response of the aquifer system to reductions in flux from the vadose zone. 

 Evaluate the effectiveness of vadose zone flux remediation measures for sources with different 

amounts of discharge. 

The flux-reduction sensitivity analysis evaluated cumulative impact sites in the Central Plateau and along 

the river corridor, as well as tank farm sources from Tank Closure Alternative 2B (landfill closure).  The 

cumulative impacts sites included in the analysis were as follows: 

 Ponds (B, S, T, U, and Gable Mountain) 

 River corridor sources (1301-N, 100-K Mile Long Trench, and 300 Area Process Ponds) 

 BC Cribs (and trenches [ditches]) 

 REDOX sources (216-U-8, 216-S-7, 216-S-8) 

 PUREX sources (216-A-9, 216-A-10, 216-A-30, 216-B-12) 

Tank Closure Alternative 2B (landfill closure) was the basis for the alternative sources that were analyzed 

in the flux-reduction sensitivity, which included the following: 

 Tank farm past leaks (A, AX, B, BX, BY, C, S, SX, T, TX, TY, and U)  

 Ancillary equipment (A, AN, AP, AW, AX, AY, AZ, B, BY, C, S, SY, T, TX, TY, and U) 

 Retrieval leaks (A, AX, B, BX, BY, C, S, SX, T, TX, TY, and U) 

 Tank residuals (A, AN, AP, AW, AX, AY, AZ, B, BX, BY, C, S, SX, SY, T, TX, TY, and U) 

 Cribs and trenches (ditches) (B, BX, BY, T, TX, and TY) 

Reductions in flux from the vadose zone of 50, 75, and 99 percent were calculated and applied to each of 

the individual sites that were analyzed.  A range of heavy-, moderate-, and low-discharge sites were 

included in the analysis.  The timeframe for which the vadose zone flux reduction would occur was 
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assumed to be CY 2035.  After the flux reduction was applied to a site, the groundwater concentrations 

were calculated using the particle-tracking code.  The results that were reported for the Core Zone and 

Columbia River tracking objects were compared with the base (EIS) cases.  A more detailed description 

of particle tracking and the reporting objects can be found in Appendix O. 

Figure U–104 is a schematic of a typical graph of solute at the water table showing flux versus time that 

highlights the major features that can be evaluated when interpreting a flux graph.  As aqueous and 

contaminant discharges are released to the vadose zone, there is an increase in flux from the vadose zone 

into the aquifer.  It is possible that not all of the features highlighted in the schematic will occur in every 

circumstance; however the features are significant to evaluate when they do occur.  It is important to 

assess the shape and length of duration of the peak and the breakthrough shoulder in relationship to the 

start time of the flux reduction so that the effectiveness of a flux reduction can be evaluated.   

Figure U–105 illustrates general timeframes in which a flux reduction could occur.  A flux reduction 

occurring prior to the peak flux reaching the aquifer (labeled “A” on Figure U–105) would be most 

effective in a flux-reduction scenario because most of the mass would still be in the vadose zone and 

potentially available for recovery, sequestration, or immobilization.  A flux reduction occurring during the 

peak, or just following the peak but before the flux leveled off (labeled “B” on Figure U–105) would be 

of marginal utility, depending on the length and duration of the peak, because less mass would be 

available for recovery, sequestration, or immobilization.  A vadose zone flux reduction occurring after the 

breakthrough shoulder (labeled “C” on Figure U–105) would be the least practical because most of the 

contaminant flux would already have reached the aquifer.  The general shape of the flux graphs is largely 

determined by the vadose zone geology, the geometry of the source, the background rate of recharge, the 

magnitude and time pattern of initial aqueous discharge, and the degree of interaction of the solute and 

vadose zone sediments.  This analysis investigated the role of initial aqueous discharge and retardation of 

solute in the vadose zone on the potential effectiveness of flux reduction.  Three ranges of values of 

aqueous discharge and two solutes differentiated by the values of the distribution coefficients for liquid-

solid phase partitioning were considered.  In this analysis, iodine-129 did not partition to the solid phase 

and was assigned a retardation factor of unity (1).  Uranium-238 was assumed to partition onto the solid 

phase and was assigned a distribution coefficient of 0.6 milliliters per gram, producing retardation factors 

ranging from approximately 2 to 8 for Hanford vadose zone sediments. 
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Figure U–104.  Schematic of Flux to Aquifer Versus Time 

 
Figure U–105.  Schematic of a Flux to Aquifer Versus Time  

Curve in Relationship to the Start of a Flux Reduction 
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U.1.3.4.1.1 Heavy-Discharge Conditions 

Heavy-discharge sites are characterized as sites that had aqueous flux (volume per area) of greater than 

1 meter (3 feet) per year.  Two of the heavy-discharge sites that were evaluated in the flux-reduction 

analysis are the 216-A-9 Crib and the TY Cribs, which had peak, short-term discharge rates of 906 and 

92 meters (2,970 and 302 feet) per year, respectively.  The 216-A-9 Crib is located in the PUREX area in 

the eastern portion of the Central Plateau and operated between 1956 and 1958 and between 1966 and 

1967.  The TY Cribs are located in the T/TX/TY waste management areas in the western portion of the 

Central Plateau and operated between 1946 and 1952, 1955 and 1956, and 1960 and 1966.   

Figures U–106 through U–109 are the iodine-129 and uranium-238 flux graphs for the 216-A-9 Crib and 

TY Cribs.  The flux graphs for both sites are typical examples of heavy-discharge sites and show a high, 

sharp peak during the operational period and a tapering shoulder that lasts approximately 1,000 years or 

more.  The flux graphs for the two sites are similar but reflect differences dependent upon the aqueous 

discharge of the initial release and extent of inter-phase partitioning.  For conservative tracers such as 

iodine-129, the flux curves show a high peak, reflecting rapid movement of solute to the water table with 

the initial aqueous discharge, followed by more-gradual drainage with background recharge.  For iodine-

129, the percentage of the total flux that reached the water table prior to CY 2035 was 98 and 80 percent 

for the 216-A-9 Crib and TY Cribs, respectively.  For release of uranium-238 at the 216-A-9 Crib, the 

initial aqueous discharge was so large that 80 percent of the initial solute release reached the water table 

during the 10,000-year period of analysis, and 88 percent of that amount reached the water table within 5 

years of the initial release.  Only 20 percent of the initial uranium-238 release remained in the vadose 

zone at the end of the period of analysis.  In these cases, flux reduction may be of marginal utility because 

it only impacts mass represented by the shoulder of the flux graph and would not reduce the uranium-238 

concentration in groundwater, as shown in Figures U–110 through U–113, which depict groundwater 

concentrations at the Core Zone Boundary and Columbia River nearshore locations.  At the TY Cribs, the 

initial aqueous discharge was not as large as at the 216-A-9 Crib, and only 17 percent of the initial release 

of uranium-238 reached the water table within the 10,000-year period of analysis.  Of the initial uranium 

release, 83 percent remained in the vadose zone after 10,000 years.  In this case, flux reduction could be 

useful, as indicated by the reduction in groundwater concentrations shown in Figure U–113. 
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Figure U–106.  Iodine-129 Flux to Aquifer Versus Time, 216-A-9 Crib 

 
Figure U–107.  Uranium-238 Flux to Aquifer Versus Time, 216-A-9 Crib 
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Figure U–108.  Iodine-129 Flux to Aquifer Versus Time, TY Cribs 

 
Figure U–109.  Uranium-238 Flux to Aquifer Versus Time, TY Cribs 
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Figure U–110.  Iodine-129 Concentration Versus Time, 216-A-9 Crib,  

Flux-Reduction Comparison 

 
Figure U–111.  Uranium-238 Concentration Versus Time, 216-A-9 Crib,  

Flux-Reduction Comparison 
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Figure U–112.  Iodine-129 Concentration Versus Time, TY Crib,  

Flux-Reduction Comparison 

 
Figure U–113.  Uranium-238 Concentration Versus Time, TY Crib,  

Flux-Reduction Comparison 
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U.1.3.4.1.2 Moderate-Discharge Conditions 

Moderate-discharge sites are characterized as sites that had aqueous flux (volume per area) of less than 

1 meter (3 feet) per year.  Past leaks from the C and U tank farms are two examples of the moderate-

discharge sites that were evaluated in the flux-reduction analysis.  The C tank farm is located in the 

eastern portion of the Central Plateau and has a record of leaks occurring in 1946.  The U tank farm is 

located in the western portion of the Central Plateau and has records of leaks occurring in 1946, 1956, and 

1975.  Figures U–114 through U–117 are the flux graphs for iodine-129 and uranium-238, depicting past 

leaks from the C and U tank farms.  The graphs differ in showing the effect of inter-phase partitioning in 

modifying the rate of transport of solutes through the vadose zone.  For conservative tracers such as 

iodine-129, the flux curves show a high peak reflecting rapid movement of solute to the water table with 

the initial aqueous discharge, followed by more-gradual drainage under background recharge conditions.  

The portion of total flux to the water table reaching the water table prior to CY 2035 was 87 and 

22 percent for C and U tank farm releases, respectively.  For uranium-238, the flux graphs have a rounded 

form with delay prior to initial arrival at the water table, indicating that the moderate aqueous discharge 

was not sufficient to rapidly transport the retarded solute (moves slower than water) through the vadose 

zone.  Thus, for moderate-discharge sites, the effectiveness of flux reduction would depend on the 

magnitude of the initial release and the degree of retardation of the solute.  For the cases analyzed here, 

the iodine-129 is rapidly transported to the water table, and the groundwater concentrations reported in 

Figures U–118 and U–120 do not show a response to the 50 percent flux reduction after 2035.  For 

uranium-238, releases from the C and U tank farms would not reach the water table prior to CY 2035, and 

flux reduction could be effective as indicated in the groundwater concentrations depicted in  

Figures U–119 and U–121.  For conservative tracers such as iodine-129, the flux graphs for both sites are 

typical examples of moderate-discharge sites and show a high, rounded peak following the operational 

period and a breakthrough shoulder that lasts up to approximately 1,000 years.  For moderate-discharge 

sites, the flux graphs indicate that a reduction in flux can reduce the peak flux and the flux following the 

peak.  A significant amount of the peak is still present after CY 2035 (dashed line) because the peak is 

rounded and has a longer duration that allows some of peak mass to get captured before it is released to 

the aquifer.  Thus, flux reduction may be useful as a means of vadose zone remediation.  Figures U–118 

and U–119 are the concentration-versus-time graphs for the base (EIS) case and the 50 percent flux 

reduction case for iodine-129 and uranium-238 for the past leaks from the C tank farm.  Figures U–120 

and U–121 are the concentration-versus-time graphs for the base (EIS) case and the 50 percent flux-

reduction case for iodine-129 and uranium-238 for the past leaks from the U tank farm.  Overall, the 

duration of the concentration peaks is shortened by a flux reduction for moderate-discharge sites. 
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Figure U–114.  Iodine-129 Flux to Aquifer Versus Time, C Tank Farm, Past Leaks 

 
Figure U–115.  Uranium-238 Flux to Aquifer Versus Time, C Tank Farm, Past Leaks 
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Figure U–116.  Iodine-129 Flux to Aquifer Versus Time, U Tank Farm, Past Leaks 

 
Figure U–117.  Uranium-238 Flux to Aquifer Versus Time, U Tank Farm, Past Leaks 
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Figure U–118.  Iodine-129 Concentration Versus Time, C Tank Farm, Past Leaks, 

Flux-Reduction Comparison 

 
Figure U–119.  Uranium-238 Concentration Versus Time, C Tank Farm, Past Leaks, 

Flux-Reduction Comparison 



 

Appendix U ▪ Supporting Information for the Long-Term Cumulative Impact Analyses  

U–149 

 
Figure U–120.  Iodine-129 Concentration Versus Time, U Tank Farm, Past Leaks, 

Flux-Reduction Comparison 

 
Figure U–121.  Uranium-238 Concentration Versus Time, U Tank Farm, Past Leaks, 

Flux-Reduction Comparison 
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U.1.3.4.1.3 Low-Discharge Conditions 

Releases of tank farm residuals from the C and U tank farms, as analyzed under Tank Closure 

Alternative 2B, are two examples of releases occurring under low-discharge conditions that were 

evaluated in the flux-reduction analysis.  Figures U–122 through U–125 are the flux graphs for iodine-129 

and uranium-238 for the tank residuals released from the C and U tank farms.  The flux graphs for both 

sites are typical examples of low-discharge sites and indicate that the grouted tank farm residuals would 

have a slow release to the aquifer; a flux reduction would thus affect the entire duration of release.  

Figures U–126 through U–129 are the concentration-versus-time graphs for the base (EIS) case and the 

50 percent flux-reduction case for iodine-129 and uranium-238 for the tank farm residuals from the C and 

U tank farms.  The concentrations are reduced approximately linearly with respect to the flux reduction 

for low-discharge sites. 

 
Figure U–122.  Iodine-129 Flux to Aquifer Versus Time, C Tank Farm, Tank Residuals 
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Figure U–123.  Uranium-238 Flux to Aquifer Versus Time, C Tank Farm, Tank Residuals 

 
Figure U–124.  Iodine-129 Flux to Aquifer Versus Time, U Tank Farm, Tank Residuals 
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Figure U–125.  Uranium-238 Flux to Aquifer Versus Time, U Tank Farm, Tank Residuals 

 
Figure U–126.  Iodine-129 Concentration Versus Time, C Tank Farm, Tank Residuals, 

Flux-Reduction Comparison 
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Figure U–127.  Uranium-238 Concentration Versus Time, C Tank Farm, Tank Residuals, 

Flux-Reduction Comparison 

 
Figure U–128.  Iodine-129 Concentration Versus Time, U Tank Farm, Tank Residuals, 

Flux-Reduction Comparison 
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Figure U–129.  Uranium-238 Concentration Versus Time, U Tank Farm, Tank Residuals, 

Flux-Reduction Comparison 

U.1.3.4.1.4 Comparison with Partial Clean Closure (Tank Closure Alternative 4) 

In the alternatives analysis (see Chapter 5, Section 5.1.1.7), Tank Closure Alternative 4 included clean 

closure of the SX and BX tank farms.  This analysis was a specific example of the flux-reduction concept; 

it was limited in scope to two source areas and limited to remediation by excavation.  To implement the 

flux-reduction concept in Tank Closure Alternative 4, fluxes from the vadose zone to the water table were 

assigned a value of zero curies per year starting in CY 2045.  Section 5.1.1.7.4 (Analysis of Concentration 

Versus Time) shows the resulting response of the aquifer to this flux reduction.  For comparison with the 

flux-reduction scenario described above, Table U–12 shows the total reduction of curies from the Tank 

Closure Alternative 4 analysis compared with the total number of curies in the flux-reduction sensitivity 

analysis. 

Table U–12.  Comparison of Total Curies Removed Through Flux Reductions 

Radionuclide 

Total Curies 

Removed from  

SX and BX Tank 

Farms by Partial 

Clean Closure, Tank 

Closure Alternative 4 

Total Curies 

Removed from 

Sources in 

50 Percent 

Flux-Reduction 

Scenario 

Total Curies 

Removed from 

Sources in 

75 Percent 

Flux-Reduction 

Scenario 

Total Curies 

Removed from 

Sources in  

99 Percent 

Flux-Reduction 

Scenario 

Technetium-99 3.37×10
1
 5.11×10

2
 7.67×10

2
 1.01×10

3
 

Iodine-129 5.90×10
-2

 8.85×10
-1

 1.33 1.75 

Uranium-238 3.36×10
-2

 7.24 1.09×10
1
 1.43×10

1
 

U.1.3.4.1.5 Flux-Reduction Analysis Conclusions 

Based on the results predicted by the flux-reduction analysis, flux reduction is likely to be effective in 

reducing long-term impacts on the groundwater system for moderate- and low-discharge sites and may be 

of marginal utility in reducing long-term impacts for heavy-discharge sites, depending on the magnitude 
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of the aqueous discharge occurring in the release, the degree of retardation in the vadose zone, and the 

inventory.  Impacts may not be greatly reduced if the magnitude of the release and inventory is minimal.  

Note that the particular constituent(s) of concern should be identified before considering flux reduction as 

a remediation measure, as flux reduction may be more effective for contaminants that move through the 

vadose zone at a slower rate.  In the flux-reduction analysis, the results indicated that certain constituents 

(i.e., iodine-129) migrate to the aquifer faster than other constituents (i.e., uranium-238), which 

comparatively travel to the groundwater system at a much slower rate.  It is important to identify the 

constituents to be addressed by the flux reduction because, in most cases, a constituent like iodine-129 

could be available at most low- and some moderate-discharge sites, whereas constituents like 

uranium-238 may be available at most low-, moderate-, and heavy-discharge sites. 

U.1.3.4.2 Capture-and-Removal Scenario 

The purpose of the capture-and-removal scenario is to provide the potential results of achieving the 

200-ZP-1 ROD mass reduction goal of 95 percent mass removal within 25 years.  This analysis is 

relevant to the depiction of CERCLA cleanup actions because there are an existing ROD, established 

cleanup levels, and a treatment system design that is under way.  The scheduled start of the full-scale 

treatment system is in 2012.  The TC & WM EIS contaminant transport results show that many of the 

mobile risk drivers (e.g., technetium-99) have already been released to groundwater from the vadose zone 

and thus cannot be effectively mitigated by soil removal actions.  Therefore, the only potentially effective 

remediation for the impacts from these sites is containment and treatment of the groundwater itself.  The 

200-ZP-1 proposed plan and ROD includes the flexibility to add specific extraction wells to treat 

emerging contaminant plumes.  The 200-ZP-1 ROD establishes specific cleanup levels to be achieved 

within a 100-year period following 25 years of active treatment.  The actual implementation of the 

treatment system could be modified to ensure achievement of these levels. 

Hanford Site Groundwater Monitoring for Fiscal Year 2007 indicates an upper limit of approximately 

65,000 kilograms (143,000 pounds) of dissolved carbon tetrachloride located in the 200-West Area of the 

Core Zone Boundary (Hartman and Webber 2008).  The primary sources of the carbon tetrachloride are 

three of the 216-Z cribs and trenches (ditches) that received waste from the Plutonium Finishing Plant 

(DOE 2010a).  In the cumulative impacts analysis, 65,000 kilograms (143,000 pounds) of carbon 

tetrachloride were released directly to the aquifer in CY 2005.  This did not account for current or planned 

containment and removal of carbon tetrachloride from the aquifer.  The RAO, as defined in the interim 

ROD (EPA 1995b) and carried forward into the final ROD, states that the pump-and-treat remedy will 

capture the carbon tetrachloride plume in the unconfined aquifer (DOE 2010a) consistent with the 

CERCLA ROD for the 200-ZP-1 operable unit (EPA 2008).  The capture-and-removal scenario was 

designed to evaluate the potential response of the carbon tetrachloride plume to mass removal from the 

aquifer that would result from pump-and-treat operations. 

Three variations, in which specified masses of aqueous phase carbon tetrachloride, chromium, and 

technetium-99 were assumed to be released directly to the aquifer beneath the 200-West Area, are 

evaluated in the capture-and-removal scenario (uranium was not included in this sensitivity analysis 

because the cleanup targets will not be added until after completion of the CERCLA process for the 

200-UP-1 Operable Unit).  The base case assumed no pump-and-treat system; 65,000 kilograms 

(143,000 pounds) of aqueous phase carbon tetrachloride, 3,000 kilograms (6,600 pounds) of chromium, 

and 1.75 curies of technetium-99 were assumed to be released directly to the aquifer in CY 2005 and were 

allowed to migrate under the prevailing hydraulic conditions.  The second case was designed to represent 

95 percent carbon tetrachloride removal; this case was modeled by simulating the release of 5 percent of 

the mass of carbon tetrachloride (3,250 kilograms [7,150 pounds]), chromium (150 kilograms 

[330 pounds]), and technetium-99 (0.0875 curies) in CY 2040.  The third case was designed to represent 

99 percent removal by releasing 1 percent of the mass of carbon tetrachloride (650 kilograms 

[1,430 pounds]), chromium (30 kilograms [66 pounds]), and technetium-99 (0.0175 curies) in 2040.  For 
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both of these pump-and-treat simulations, the effect of pumping on the flow field was not explicitly 

considered; all three scenarios utilized the groundwater flow field that was used in the cumulative impacts 

and alternatives analyses.  A more detailed description of flow field development is provided in 

Appendix L. 

Figures U–130 and U–131 demonstrate that, with no remediation (base case), the projected carbon 

tetrachloride concentration would remain above the 5-micrograms-per-liter benchmark standard for 

approximately 200 years at the Core Zone Boundary and approximately 3,000 years at the Columbia 

River.  With 95 percent removal, the carbon tetrachloride concentration at both locations would fall below 

the benchmark standard within 100 years following completion of the containment and removal in 

CY 2040, which is consistent with the 200-ZP-1 ROD (EPA 2008).  With 99 percent removal, the carbon 

tetrachloride concentrations at both locations would not exceed the benchmark standard and would 

remain 1 to 3 orders of magnitude below the benchmark standard for the next 10,000 years.  Note that the 

time scale (x axis) presented in Figure U–130 is only 600 years of the model simulation for ease in 

interpreting the difference of the concentration-versus-time curves at the Core Zone Boundary.  The time 

scale in Figure U–131 is the entire length of the model simulation (10,000 years). 

 
Figure U–130.  Carbon Tetrachloride Concentration Versus Time at the Core Zone Boundary, 

Capture-and-Removal Scenario Comparison 
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Figure U–131.  Carbon Tetrachloride Concentration Versus Time at the Columbia River, 

Capture-and-Removal Scenario Comparison 

Figures U–132 and U–133 demonstrate that, with no remediation (base case), the projected chromium 

concentration would remain below the 100-micrograms-per-liter benchmark standard at the Core Zone 

Boundary and the Columbia River.  With both 95 and 99 percent removal, the chromium concentrations 

at both locations would peak at least two orders of magnitude below the benchmark standard.  Note that 

the time scale (x axis) presented in Figure U–132 is only 600 years of the model simulation for ease in 

interpreting the difference of the concentration-versus-time curves at the Core Zone Boundary.  The time 

scale in Figure U–133 is the entire length of the model simulation (10,000 years). 
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Figure U–132.  Chromium Concentration Versus Time at the Core Zone Boundary, 

Capture-and-Removal Scenario Comparison 

 
Figure U–133.  Chromium Concentration Versus Time at the Columbia River, 

Capture-and-Removal Scenario Comparison 
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Figures U–134 and U–135 demonstrate that with no remediation (base case), the projected technetium-99 

concentration would remain two orders below the 900-picocuries-per-liter benchmark standard at the 

Core Zone Boundary and at the Columbia River.  With both 95 and 99 percent removal, the 

technetium-99 concentrations at both locations would peak at about three and a half orders of magnitude 

below the benchmark standard.  Note that the time scale (x axis) presented in Figure U–134 is 600 years 

of the model simulation for ease in interpreting the difference of the concentration-versus-time curves at 

the Core Zone Boundary.  The time scale in Figure U–135 is the entire length of the model simulation 

(10,000 years). 

 
Figure U–134.  Technetium-99 Concentration Versus Time at the Core Zone Boundary, 

Capture-and-Removal Scenario Comparison 
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Figure U–135.  Technetium-99 Concentration Versus Time at the Columbia River, 

Capture-and-Removal Scenario Comparison 

U.2 HUMAN HEALTH 

This section presents the results of the analysis of long-term 

cumulative impacts on human health.  The same methodology 

used for the alternatives analysis was used to analyze 

cumulative impacts.  A description of this methodology is 

presented in Appendix Q.   

As described in Chapter 4, Section 4.4, several hundred impact 

scenarios could result from the potential combinations of the 

11 Tank Closure, 3 FFTF Decommissioning, and 3 Waste 

Management alternatives when factored with their associated 

option cases and waste disposal groups.  For purposes of 

cumulative impacts analysis, three combinations of 

alternatives were chosen to represent key points along the 

range of actions and associated overall impacts that could 

result from full implementation of the three sets of proposed 

actions.  Alternative Combination 1 represents the potential 

short-term impacts resulting from minimal DOE action and the 

greatest long-term impacts with respect to groundwater.  

Alternative Combination 2 is a midrange case that represents 

DOE’s Preferred Alternatives.  Alternative Combination 3 

represents a combination that would generally result in 

maximum potential short-term impacts, but would likely have 

the lowest long-term impacts on groundwater.  (Note: For 

some resource areas, a combination that includes Tank Closure Alternative 6A, Option Case, would result 

in maximum impacts.)  These three alternative combinations were selected for cumulative impacts 

analysis in this EIS only to establish overall cumulative impact reference cases for stakeholders and 

Alternative Combinations Analyzed in 
This Environmental Impact Statement 

 

Alternative Combination 1: All No Action 
Alternatives for tank closure, Fast Flux 
Test Facility (FFTF) decommissioning, 
and waste management. 
 
Alternative Combination 2: Tank Closure 
Alternative 2B; FFTF Decommissioning 
Alternative 2 with the Idaho Option for 
disposition of remote-handled special 
components (RH-SCs) and the Hanford 
Reuse Option for disposition of bulk 
sodium; and Waste Management 
Alternative 2 with Disposal Group 1. 
 
Alternative Combination 3: Tank Closure 
Alternative 6B, Base Case; FFTF 
Decommissioning Alternative 3 with the 
Idaho Option for disposition of RH-SCs 
and the Hanford Reuse Option for 
disposition of bulk sodium; and Waste 
Management Alternative 2 with Disposal 
Group 2. 
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decisionmakers to consider; selection of these combinations does not preclude the selection and 

implementation of different combinations of the various alternatives in support of final agency decisions.   

The long-term human health impacts of releases of radionuclides are estimated as dose and as the lifetime 

risk of the incidence of cancer.  Potential human health impacts of releases of chemical constituents 

include both carcinogenic effects and other forms of toxicity.  Impacts of carcinogenic chemicals are 

estimated as lifetime risk of incidence of cancer; noncarcinogenic effects, as Hazard Quotient, the ratio of 

the long-term intake of a single chemical to intake that produces no observable effect, and as a Hazard 

Index, the sum of the Hazard Quotients of a group of chemicals.  

These four measures of human health impacts were calculated for each year for 10,000 years for 

applicable receptors at three onsite analysis locations (i.e., Core Zone Boundary, Columbia River 

nearshore, and Columbia River surface water) and for members of the population downstream from the 

site.  The downstream population is assumed to comprise 5 million individuals for the foreseeable future 

(DOE 1987), each of whom uses surface water for domestic purposes and irrigation of a garden.  This is a 

large amount of information that must be summarized to allow interpretation of results.  The method 

chosen is to present the dose for the year of maximum dose, risk for the year of maximum risk, and 

Hazard Index for the year of maximum Hazard Index.  This choice is based on the regulation of 

radiological impacts expressed as dose and the observation that peak risk and peak noncarcinogenic 

impacts expressed as Hazard Index may occur at times other than that of peak dose.   

The three onsite analysis locations are the Core Zone Boundary, the Columbia River nearshore, and the 

Columbia River.  The offsite analysis location is an access point to Columbia River surface water, which 

could be at various points near the site and at population centers downstream of the site.  The total offsite 

population is assumed to be 5 million people. 

Consistent with DOE guidance (DOE Guide 435.1-1) Section IV.p.(2), the potential consequences of loss 

of administrative or institutional control are considered by estimating the impacts on onsite receptors.  

Because DOE does not anticipate loss of control of the site, these onsite receptors are considered 

hypothetical and are applied to develop estimates for past and future periods of time. 

Four types of receptors are considered.  The first type, a drinking-water well user, uses groundwater as a 

source of drinking water.  The second type, a resident farmer, uses either groundwater or surface water, 

but not both, for drinking water consumption and irrigation of crops.  Garden size and crop yield are 

adequate to produce approximately 25 percent of average requirements of crops and animal products.  

The third type, an American Indian resident farmer, also uses either groundwater or surface water, but not 

both, for drinking water consumption and irrigation of crops.  Garden size and crop yield are adequate to 

produce the entirety of average requirements of crops and animal products.  The fourth type, an American 

Indian hunter-gatherer, is impacted by both groundwater and surface water because he drinks surface 

water and consumes both wild plant materials, which use groundwater, and game animals, which use 

surface water. 

The significance of dose impacts is evaluated by comparison against the 100-millirem-per-year all-

exposure-modes standard specified for protection of the public and the environment in DOE Order 458.1.  

The level of protection provided for the drinking water pathway is evaluated by comparison against the 

applicable drinking water standards presented in Chapter 5, Section 5.1.1.  The significance of 

noncarcinogenic chemical health impacts is evaluated by comparison against a guideline value of 

unity (1) for Hazard Index. 

Potential human health impacts of past, present, and reasonably foreseeable future non–TC & WM EIS 

actions are summarized in Tables U–13 through U–15.  The key radioactive and chemical drivers of 

human health risk are listed in the tables.  As shown in the tables, the peak radiation dose and risk may 

have already occurred for all locations and all receptors.  As for the peak Hazard Index and 
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nonradiological lifetime risk, the peak has either already occurred or would occur between CYs 2035 and 

3300.  For the period of time prior to CY 2000, lifetime radiological risks for the year of peak risk at the 

Core Zone Boundary and Columbia River locations were high, approaching unity (1).  Because the ratio 

of magnitudes of dose and risk coefficients varies among radionuclides and the dose and risk at a given 

location may vary in time, the year of peak dose may not correspond to the year of peak radiological risk.  

Similarly, for chemical constituents, some constituents produce toxic effects, but not incidence of cancer, 

and some carcinogenic chemicals do not produce other observable health effects.  For these reasons, the 

year of peak hazard index may not correspond to the year of peak nonradiological risk for chemical 

constituents.  Figure U–136 depicts the cumulative radiological risk of incidence of cancer at the Core 

Zone Boundary and the Columbia River nearshore for the drinking-water well user over time.  The DOE 

cleanup goal is included to aid in the interpretation of the predicted risk.  For the period after CY 2000, 

risks remain high, with values between 1 × 10
-3

 and 1 × 10
-2

.  The estimate of radiation dose for the years 

of peak dose for the offsite population is 228 person-rem per year, approximately 0.01 percent of the 

average background dose. 



 

 

 

A
p

p
en

d
ix U

 ▪ S
u

p
p
o

rtin
g

 In
fo

rm
a

tio
n

 fo
r th

e L
o

n
g

-T
erm

 C
u

m
u

la
tive Im

p
a

ct A
n
a

lyses  

 

U
–

1
6

3 

Table U–13.  Human Health Impacts of Past, Present, and Reasonably Foreseeable Future Non–TC & WM EIS Actions 

at the Core Zone Boundary 

Radioactive 

Constituent 

Drinking-Water Well User Resident Farmer American Indian Resident Farmer 

Concentration 

at Year of 

Peak Dose 

(curies per 

cubic meter) 

Dose at Year 

of Peak Dose 

(millirem 

per year) 

Radiological 

Risk at 

Year of Peak 

Radiological 

Risk 

Concentration 

at Year of 

Peak Dose 

(curies per 

cubic meter) 

Dose at Year 

of Peak Dose 

(millirem 

per year) 

Radiological 

Risk at  

Year of Peak 

Radiological 

Risk 

Concentration 

at Year of  

Peak Dose  

(curies per 

cubic meter) 

Dose at Year 

of Peak Dose 

(millirem 

per year) 

Radiological 

Risk at 

Year of Peak 

Radiological 

Risk 

Hydrogen-3 (tritium) 1.12×10-1 1.31×104 1.25×10-1 1.12×10-1 1.53×104 1.50×10-1 1.12×10-1 1.82×104 1.91×10-1 

Carbon-14 8.78×10-7 1.41 2.97×10-5 8.78×10-7 2.87 6.79×10-5 8.78×10-7 8.86 2.24×10-4 

Strontium-90 1.65×10-6 1.20×102 2.01×10-3 1.65×10-6 1.58×102 2.94×10-3 1.65×10-6 2.64×102 5.63×10-3 

Technetium-99 1.74×10-7 3.05×10-1 1.05×10-5 1.74×10-7 7.87×10-1 3.45×10-5 1.74×10-7 1.61 7.55×10-5 

Iodine-129 1.86×10-9 5.31×10-1 6.04×10-6 1.86×10-9 6.63×10-1 9.33×10-6 1.86×10-9 8.57×10-1 1.41×10-5 

Uranium isotopes 

(includes U-233, 

-234, -235, -238) 

7.05×10-8 8.74 9.86×10-5 7.05×10-8 9.09 1.06×10-4 7.05×10-8 9.79 1.21×10-4 

Neptunium-237 9.04×10-10 2.64×10-1 1.22×10-6 9.04×10-10 2.68×10-1 1.28×10-6 9.04×10-10 3.19×10-1 1.45×10-6 

Total N/A 1.33×104 1.27×10-1 N/A 1.54×104 1.54×10-1 N/A 1.85×104 1.97×10-1 

Year of peak impact 1997 1997 1997 1997 1997 1997 1997 1997 1997 

Chemical 

Constituent 

Drinking-Water Well User Resident Farmer American Indian Resident Farmer 

Concentration 

at Year of 

Peak Hazard 

Index 

(grams per 

cubic meter) 

Hazard Index 

at Year of 

Peak Hazard 

Index 

Nonradiological 

Risk at 

Year of Peak 

Nonradiological 

Risk 

Concentration 

at Year of  

Peak Hazard 

Index  

(grams per 

cubic meter) 

Hazard Index 

at Year of  

Peak Hazard 

Index 

Nonradiological 

Risk at 

Year of Peak 

Nonradiological 

Risk 

Concentration 

at Year of  

Peak Hazard 

Index  

(grams per 

cubic meter) 

Hazard Index 

at Year of 

Peak Hazard 

Index 

Nonradiological 

Risk at 

Year of Peak 

Nonradiological 

Risk 

1-Butanol  1.32×10-2 3.77×10-3 0.00 0.00 0.00 0.00 1.79×10-1 2.58×10-1 0.00 

Carbon tetrachloride 0.00 0.00 9.19×10-4 0.00 0.00 5.80×10-3 5.77×10-1 6.47×102 2.52×10-2 

Chromium 1.33×101 1.27×102 0.00 4.13 4.08×101 2.03×10-9 5.18×10-1 7.70 9.33×10-5 

Fluoride 2.63 1.25 0.00 6.14×101 8.21×101 0.00 1.38×101 3.88×101 0.00 

Mercury 0.00 0.00 0.00 0.00 0.00 0.00 1.33×10-3 8.86×10-1 0.00 

Nitrate 7.80×102 1.39×101 0.00 1.04×103 1.45×102 0.00 2.05×102 6.41×101 0.00 

Total uranium 1.22 1.17×101 0.00 4.41×10-5 4.28×10-4 0.00 6.35×10-2 6.43×10-1 0.00 

Total N/A 1.53×102 9.19×10-4 N/A 2.68×102 5.80×10-3 N/A 7.59×102 2.53×10-2 

Year of peak impact 1959 1959 2035 1947 1947 2035 2035 2035 2035 

Note: Concentrations are those reported for groundwater at the specified location.  Total concentrations, although reported, are not used in the analysis. 

Key: N/A=not applicable; TC & WM EIS=Tank Closure and Waste Management Environmental Impact Statement for the Hanford Site, Richland, Washington; U=uranium. 
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Table U–14.  Human Health Impacts of Past, Present, and Reasonably Foreseeable Future Non–TC & WM EIS Actions 

at the Columbia River Nearshore 

Radioactive 

Constituent 

Drinking-Water Well User Resident Farmer American Indian Resident Farmer 

Concentration 

at Year of 

Peak Dose 

(curies per 

cubic meter) 

Dose at Year 

of Peak Dose 

(millirem 

per year) 

Radiological 

Risk at 

Year of Peak 

Radiological 

Risk 

Concentration 

at Year of 

 Peak Dose 

(curies per 

cubic meter) 

Dose at Year 

of Peak Dose 

(millirem 

per year) 

Radiological 

Risk at  

Year of Peak 

Radiological 

Risk 

Concentration 

at Year of  

Peak Dose  

(curies per 

cubic meter) 

Dose at Year 

of Peak Dose 

(millirem 

per year) 

Radiological 

Risk at 

Year of Peak 

Radiological 

Risk 

Hydrogen-3 (tritium) 4.14×10-3 4.84×102 3.38×10-3 3.51×10-3 4.77×102 4.70×10-3 3.51×10-3 5.68×102 5.96×10-3 

Carbon-14 4.77×10-9 7.68×10-3 1.67×10-7 4.70×10-9 1.54×10-2 3.63×10-7 4.70×10-9 4.74×10-2 1.20×10-6 

Strontium-90 2.45×10-5 1.79×103 3.36×10-2 2.48×10-5 2.37×103 4.41×10-2 2.48×10-5 3.97×103 8.46×10-2 

Technetium-99 6.25×10-8 1.09×10-1 1.28×10-5 6.26×10-8 2.82×10-1 1.24×10-5 6.26×10-8 5.76×10-1 2.71×10-5 

Iodine-129 2.55×10-9 7.25×10-1 8.19×10-6 2.53×10-9 9.01×10-1 1.27×10-5 2.53×10-9 1.16 1.92×10-5 

Cesium-137 1.07×10-6 3.92×101 8.81×10-4 1.43×10-6 4.50×103 1.01×10-1 1.43×10-6 1.36×104 3.04×10-1 

Uranium isotopes 

(includes U-233, 

-234, -235, -238) 

3.29×10-6 4.07×102 3.28×10-3 3.58×10-6 4.61×102 5.40×10-3 3.58×10-6 4.97×102 6.15×10-3 

Neptunium-237 8.41×10-10 2.45×10-1 1.07×10-6 8.52×10-10 2.52×10-1 1.21×10-6 8.52×10-10 3.01×10-1 1.36×10-6 

Plutonium isotopes 

(includes Pu-239,  

-240) 

1.44×10-9 9.75×10-1 6.07×10-6 1.83×10-9 1.30 5.83×10-6 1.83×10-9 1.61 6.76×10-6 

Total N/A 2.72×103 4.12×10-2 N/A 7.81×103 1.55×10-1 N/A 1.86×104 4.01×10-1 

Year of peak impact 1986 1986 1991 1985 1985 1985 1985 1985 1985 

Chemical 

Constituent 

Drinking-Water Well User Resident Farmer American Indian Resident Farmer 

Concentration 

at Year of 

Peak Hazard 

Index 

(grams per 

cubic meter) 

Hazard Index 

at Year of 

Peak Hazard 

Index 

Nonradiological 

Risk at 

Year of Peak 

Nonradiological 

Risk 

Concentration 

at Year of  

Peak Hazard 

Index  

(grams per 

cubic meter) 

Hazard Index 

at Year of  

Peak Hazard 

Index 

Nonradiological 

Risk at 

Year of Peak 

Nonradiological 

Risk 

Concentration 

at Year of  

Peak Hazard 

Index  

(grams per 

cubic meter) 

Hazard Index 

at Year of 

Peak Hazard 

Index 

Nonradiological 

Risk at 

Year of Peak 

Nonradiological 

Risk 

Carbon tetrachloride 1.42×10-2 5.79×10-1 3.31×10-4 2.30×10-2 5.93 2.09×10-3 2.30×10-2 2.58×101 9.10×10-3 

Chromium 7.21 6.87×101 0.00 6.04 5.96×101 4.34×10-9 6.04 8.97×101 1.99×10-4 

Fluoride 1.31×101 6.21 0.00 1.29×101 1.73×101 0.00 1.29×101 3.63×101 0.00 

Manganese 6.91×10-5 1.41×10-5 0.00 5.77×10-5 1.53×10-5 0.00 5.77×10-5 6.91×10-5 0.00 

Mercury 9.53×10-8 9.08×10-6 0.00 9.17×10-8 2.79×10-5 0.00 9.17×10-8 6.13×10-5 0.00 

Nitrate 6.30×102 1.13×101 0.00 8.46×102 1.19×102 0.00 8.46×102 2.65×102 0.00 

Total uranium 1.91 1.82×101 0.00 1.61 1.56×101 0.00 1.61 1.63×101 0.00 

Total N/A 1.05×102 3.31×10-4 N/A 2.17×102 2.09×10-3 N/A 4.33×102 9.30×10-3 

Year of peak impact 1979 1979 2067 1976 1976 2067 1976 1976 2067 

Note: Concentrations are those reported for groundwater at the specified location.  Total concentrations, although reported, are not used in the analysis. 

Key: N/A=not applicable; Pu=plutonium;  TC & WM EIS=Tank Closure and Waste Management Environmental Impact Statement for the Hanford Site, Richland, Washington; U=uranium. 
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Table U–15.  Human Health Impacts of Past, Present, and Reasonably Foreseeable Future Non–TC & WM EIS Actions  

at the Columbia River Surface Water 

Radioactive  

Constituent 

Resident Farmer American Indian Resident Farmer American Indian Hunter-Gatherer 

Concentration 

at Year of 

Peak Dose 

(curies per 

cubic meter) 

Dose at Year 

of Peak Dose 

(millirem 

per year) 

Radiological 

Risk at 

Year of Peak 

Radiological Risk 

Concentration 

at Year of 

Peak Dose 

(curies per 

cubic meter) 

Dose at Year 

of Peak Dose 

(millirem 

per year) 

Radiological Risk 

at  

Year of Peak 

Radiological Risk 

Concentration 

at Year of  

Peak Dose  

(curies per 

cubic meter) 

Dose at Year 

of Peak Dose 

(millirem 

per year) 

Radiological 

Risk at 

Year of Peak 

Radiological 

Risk 

Hydrogen-3 (tritium) 2.40×10-8 3.26×10-3 3.22×10-8 2.40×10-8 3.98×10-3 4.20×10-8 3.51×10-3 2.23×101 4.11×10-4 

Carbon-14 0.00 0.00 0.00 0.00 0.00 0.00 4.70×10-9 3.10×10-2 8.12×10-7 

Strontium-90 3.37×10-10 3.22×10-2 6.03×10-7 3.37×10-10 4.85×10-1 1.01×10-5 2.48×10-5 1.77×103 4.60×10-2 

Technetium-99 5.02×10-12 2.27×10-5 9.95×10-10 5.02×10-12 5.23×10-5 2.48×10-9 6.26×10-8 1.95×10-3 1.04×10-7 

Iodine-129 1.07×10-14 3.82×10-6 5.38×10-11 1.07×10-14 5.83×10-5 1.40×10-9 2.53×10-9 8.00×10-3 1.96×10-7 

Cesium-137 2.59×10-12 8.15×10-3 1.83×10-7 2.59×10-12 4.01×10-2 9.00×10-7 1.43×10-6 1.15×104 2.59×10-1 

Uranium isotopes 

(includes U-233, -234, 

-235, -238) 

1.52×10-11 1.96×10-3 2.30×10-8 1.52×10-11 5.44×10-3 7.69×10-8 3.58×10-6 4.44×101 9.69×10-4 

Neptunium-237 6.67×10-15 1.98×10-6 9.47×10-12 6.67×10-15 1.94×10-5 1.17×10-10 8.52×10-10 4.94×10-2 1.95×10-7 

Plutonium isotopes 
(includes Pu-239,  

-240) 

3.66×10-15 2.64×10-6 1.19×10-11 3.66×10-15 4.13×10-4 2.31×10-9 1.83×10-9 3.63×10-1 1.35×10-6 

Total N/A 4.56×10-2 8.42×10-7 N/A 5.35×10-1 1.11×10-5 N/A 1.33×104 3.06×10-1 

Year of peak impact 1985 1985 1985 1985 1985 1985 1985 1985 1985 

Chemical 

Constituent 

Resident Farmer American Indian Resident Farmer American Indian Hunter-Gatherer 

Concentration 

at Year of 

Peak Hazard 

Index 

(grams per 

cubic meter) 

Hazard Index 

at Year of 

Peak Hazard 

Index 

Nonradiological 

Risk at 

Year of Peak 

Nonradiological 

Risk 

Concentration 

at Year of  

Peak Hazard 

Index  

(grams per 

cubic meter) 

Hazard Index 

at Year of  

Peak Hazard 

Index 

Nonradiological 

Risk at 

Year of Peak 

Nonradiological 

Risk 

Concentration 

at Year of  

Peak Hazard 

Index  

(grams per 

cubic meter) 

Hazard Index 

at Year of 

Peak Hazard 

Index 

Nonradiological 

Risk at 

Year of Peak 

Nonradiological 

Risk 

Carbon tetrachloride 2.10×10-7 5.40×10-5 2.46×10-8 2.10×10-7 2.43×10-4 2.69×10-9 2.08×10-1 2.25×102 8.76×10-3 

Chromium 8.66×10-5 8.56×10-4 9.13×10-15 8.66×10-5 1.40×10-3 7.99×10-11 1.10 4.86 1.99×10-4 

Fluoride 3.47×10-5 4.65×10-5 0.00 3.47×10-5 1.03×10-4 0.00 7.61 1.11 0.00 

Hydrazine/hydrazine 

sulfate 

0.00 0.00 0.00 0.00 0.00 4.02×10-7 0.00 0.00 0.00 

Manganese 0.00 0.00 0.00 0.00 0.00 0.00 6.47×10-5 6.36×10-5 0.00 

Mercury 0.00 0.00 0.00 0.00 0.00 0.00 2.21×10-7 8.43×10-6 0.00 

Nitrate 4.78×10-3 7.24×10-4 0.00 4.78×10-3 4.51×10-1 0.00 1.79×102 6.98 0.00 

Total uranium 1.40×10-5 1.36×10-4 0.00 1.40×10-5 1.89×10-4 0.00 1.65×10-1 7.31×10-2 0.00 

Trichloroethylene 0.00 0.00 0.00 0.00 0.00 5.23×10-10 0.00 0.00 0.00 

Total N/A 1.82×10-3 2.46×10-8 N/A 4.52×10-1 4.06×10-7 N/A 2.38×102 8.96×10-3 

Year of peak impact 1962 1962 2146 1962 1962 3272 2067 2067 2067 

Note: Concentrations are those reported for groundwater at the specified location.  Total concentrations, although reported, are not used in the analysis. 

Key: N/A=not applicable; Pu=plutonium; TC & WM EIS=Tank Closure and Waste Management Environmental Impact Statement for the Hanford Site, Richland, Washington; U=uranium. 



Tank Closure and Waste Management Environmental Impact Statement for the  

Hanford Site, Richland, Washington 

U–166 

 
Figure U–136.  Cumulative Radiological Lifetime Risk of Incidence of Cancer  

(Non–TC & WM EIS Actions) for the Drinking-Water Well User Over Time,  

Core Zone Boundary and Columbia River Nearshore 

Potential human health impacts of Alternative Combination 1, in conjunction with the past, present, and 

reasonably foreseeable future (non–TC & WM EIS) actions discussed earlier, are summarized in 

Tables U–16 through U–18.  The key radiological and chemical risk and hazard drivers are listed in the 

tables.  As reflected in these tables, the impacts of Alternative Combination 1 are dominated by the 

impacts of non–TC & WM EIS sources.  Figure U–137 depicts the cumulative radiological risk of 

incidence of cancer at the Core Zone Boundary and the Columbia River nearshore for the drinking-water 

well user over time.  The DOE cleanup goal is included to aid in the interpretation of the predicted risk.  

The estimate of radiation dose for the year of peak dose for the offsite population is 229 person-rem per 

year, approximately 0.01 percent of the average background dose. 
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Table U–16.  Alternative Combination 1 Cumulative Human Health Impacts at the Core Zone Boundary 

Radioactive 

Constituent 

Drinking-Water Well User Resident Farmer American Indian Resident Farmer 

Concentration 

at Year of 

Peak Dose 

(curies per 

cubic meter) 

Dose at Year 

of Peak Dose 

(millirem 

per year) 

Radiological 

Risk at 

Year of Peak 

Radiological 

Risk 

Concentration 

at Year of 

 Peak Dose 

(curies per 

cubic meter) 

Dose at Year 

of Peak Dose 

(millirem 

per year) 

Radiological 

Risk at  

Year of Peak 

Radiological 

Risk 

Concentration 

at Year of  

Peak Dose  

(curies per 

cubic meter) 

Dose at Year 

of Peak Dose 

(millirem 

per year) 

Radiological 

Risk at 

Year of Peak 

Radiological 

Risk 

Hydrogen-3 (tritium) 1.12×10-1 1.31×104 1.25×10-1 1.12×10-1 1.53×104 1.50×10-1 1.12×10-1 1.82×104 1.91×10-1 

Carbon-14 8.78×10-7 1.41 2.97×10-5 8.78×10-7 2.87 6.79×10-5 8.78×10-7 8.86 2.24×10-4 

Strontium-90 1.65×10-6 1.20×102 2.01×10-3 1.65×10-6 1.58×102 2.94×10-3 1.65×10-6 2.64×102 5.63×10-3 

Technetium-99 7.05×10-7 1.23 4.24×10-5 7.05×10-7 3.18 1.40×10-4 7.05×10-7 6.49 3.05×10-4 

Iodine-129 2.02×10-9 5.75×10-1 6.54×10-6 2.02×10-9 7.18×10-1 1.01×10-5 2.02×10-9 9.28×10-1 1.53×10-5 

Uranium isotopes 

(includes U-233, 

-234, -235, -238) 

7.05×10-8 8.74 9.86×10-5 7.05×10-8 9.09 1.06×10-4 7.05×10-8 9.79 1.21×10-4 

Neptunium-237 9.04×10-10 2.64×10-1 1.22×10-6 9.04×10-10 2.68×10-1 1.28×10-6 9.04×10-10 3.19×10-1 1.45×10-6 

Total N/A 1.33×104 1.27×10-1 N/A 1.54×104 1.54×10-1 N/A 1.85×104 1.97×10-1 

Year of peak impact 1997 1997 1997 1997 1997 1997 1997 1997 1997 

Chemical 

Constituent 

Drinking-Water Well User Resident Farmer American Indian Resident Farmer 

Concentration 

at Year of 

Peak Hazard 

Index  

(grams per 

cubic meter) 

Hazard Index 

at Year of 

Peak Hazard 

Index 

Nonradiological 

Risk at 

Year of Peak 

Nonradiological 

Risk 

Concentration 

at Year of  

Peak 

Hazard Index  

(grams per 

cubic meter) 

Hazard Index 

at Year of  

Peak 

Hazard Index 

Nonradiological 

Risk at 

Year of Peak 

Nonradiological 

Risk 

Concentration 

at Year of  

Peak 

Hazard Index  

(grams per 

cubic meter) 

Hazard Index 

at Year of 

Peak Hazard 

Index 

Nonradiological 

Risk at 

Year of Peak 

Nonradiological 

Risk 

1-Butanol 1.32×10-2 3.77×10-3 0.00 1.32×10-2 6.84×10-3 0.00 3.89×10-2 5.62×10-2 0.00 

Carbon tetrachloride 0.00 0.00 9.19×10-4 0.00 0.00 5.80×10-3 0.00 0.00 2.52×10-2 

Chromium 1.33×101 1.27×102 0.00 1.33×101 1.32×102 2.05×10-9 1.18×101 1.75×102 9.38×10-5 

Fluoride 2.63 1.25 0.00 2.63 3.52 0.00 2.97 8.33 0.00 

Nitrate 1.81×103 3.23×101 0.00 1.81×103 2.54×102 0.00 1.90×103 5.96×102 0.00 

Total uranium 1.22 1.17×101 0.00 1.22 1.19×101 0.00 1.21 1.22×101 0.00 

Total N/A 1.72×102 9.19×10-4 N/A 4.01×102 5.80×10-3 N/A 7.91×102 2.53×10-2 

Year of peak impact 1959 1959 2035 1959 1959 2035 1960 1960 2035 

Note: Concentrations are those reported for groundwater at the specified location.  Total concentrations, although reported, are not used in the analysis. 

Key: N/A=not applicable; U=uranium. 
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Table U–17.  Alternative Combination 1 Cumulative Human Health Impacts at the Columbia River Nearshore 

Radioactive 

Constituent 

Drinking-Water Well User Resident Farmer American Indian Resident Farmer 

Concentration 

at Year of 

Peak Dose 

(curies per 

cubic meter) 

Dose at Year 

of Peak Dose 

(millirem 

per year) 

Radiological 

Risk at 

Year of Peak 

Radiological 

Risk 

Concentration 

at Year of 

 Peak Dose 

(curies per 

cubic meter) 

Dose at Year 

of Peak Dose 

(millirem 

per year) 

Radiological 

Risk at  

Year of Peak 

Radiological 

Risk 

Concentration 

at Year of  

Peak Dose  

(curies per 

cubic meter) 

Dose at Year 

of Peak Dose 

(millirem 

per year) 

Radiological 

Risk at 

Year of Peak 

Radiological 

Risk 

Hydrogen-3 (tritium) 4.14×10-3 4.84×102 3.38×10-3 3.51×10-3 4.77×102 4.70×10-3 3.51×10-3 5.68×102 5.96×10-3 

Carbon-14 4.77×10-9 7.68×10-3 1.67×10-7 4.70×10-9 1.54×10-2 3.63×10-7 4.70×10-9 4.74×10-2 1.20×10-6 

Strontium-90 2.45×10-5 1.79×103 3.36×10-2 2.48×10-5 2.37×103 4.41×10-2 2.48×10-5 3.97×103 8.46×10-2 

Technetium-99 2.92×10-7 5.12×10-1 1.28×10-5 2.52×10-7 1.14 4.99×10-5 2.52×10-7 2.32 1.09×10-4 

Iodine-129 2.55×10-9 7.25×10-1 8.19×10-6 2.53×10-9 9.01×10-1 1.27×10-5 2.53×10-9 1.16 1.92×10-5 

Cesium-137 1.07×10-6 3.92×101 8.81×10-4 1.43×10-6 4.50×103 1.01×10-1 1.43×10-6 1.36×104 3.04×10-1 

Uranium isotopes 

(includes U-233, 

-234, -235, -238) 

3.29×10-6 4.07×102 3.28×10-3 3.58×10-6 4.61×102 5.40×10-3 3.58×10-6 4.97×102 6.15×10-3 

Neptunium-237 8.41×10-10 2.45×10-1 1.07×10-6 8.52×10-10 2.52×10-1 1.21×10-6 8.52×10-10 3.01×10-1 1.36×10-6 

Plutonium isotopes 

(includes Pu-239,  

-240) 

1.44×10-9 9.75×10-1 6.07×10-6 1.83×10-9 1.30 5.83×10-6 1.83×10-9 1.61 6.76×10-6 

Total N/A 2.72×103 4.12×10-2 N/A 7.81×103 1.55×10-1 N/A 1.86×104 4.01×10-1 

Year of peak impact 1986 1986 1991 1985 1985 1985 1985 1985 1985 

Chemical 

Constituent 

Drinking-Water Well User Resident Farmer American Indian Resident Farmer 

Concentration 

at Year of 

Peak Hazard 

Index  

(grams per 

cubic meter) 

Hazard Index 

at Year of 

Peak Hazard 

Index 

Nonradiological 

Risk at 

Year of Peak 

Nonradiological 

Risk 

Concentration 

at Year of  

Peak Hazard 

Index  

(grams per 

cubic meter) 

Hazard Index 

at Year of  

Peak Hazard 

Index 

Nonradiological 

Risk at 

Year of Peak 

Nonradiological 

Risk 

Concentration 

at Year of  

Peak Hazard 

Index  

(grams per 

cubic meter) 

Hazard Index 

at Year of 

Peak Hazard 

Index 

Nonradiological 

Risk at 

Year of Peak 

Nonradiological 

Risk 

Carbon tetrachloride 1.42×10-2 5.79×10-1 3.31×10-4 2.30×10-2 5.93 2.09×10-3 2.30×10-2 2.58×101 9.10×10-3 

Chromium 7.21 6.87×101 0.00 6.04 5.96×101 4.34×10-9 6.04 8.97×101 1.99×10-4 

Fluoride 1.31×101 6.21 0.00 1.29×101 1.73×101 0.00 1.29×101 3.63×101 0.00 

Manganese 6.91×10-5 1.41×10-5 0.00 5.77×10-5 1.53×10-5 0.00 5.77×10-5 6.91×10-5 0.00 

Mercury 9.53×10-8 9.08×10-6 0.00 9.17×10-8 2.79×10-5 0.00 9.17×10-8 6.13×10-5 0.00 

Nitrate 6.30×102 1.13×101 0.00 8.46×102 1.19×102 0.00 8.46×102 2.65×102 0.00 

Total uranium 1.91 1.82×101 0.00 1.61 1.56×101 0.00 1.61 1.63×101 0.00 

Total N/A 1.05×102 3.31×10-4 N/A 2.17×102 2.09×10-3 N/A 4.33×102 9.30×10-3 

Year of peak impact 1979 1979 2067 1976 1976 2067 1976 1976 2067 

Note: Concentrations are those reported for groundwater at the specified location.  Total concentrations, although reported, are not used in the analysis. 

Key: N/A=not applicable; Pu=plutonium; U=uranium. 
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Table U–18.  Alternative Combination 1 Cumulative Human Health Impacts at the Columbia River Surface Water 

Radioactive 

Constituent 

Resident Farmer American Indian Resident Farmer American Indian Hunter-Gatherer 

Concentration 

at Year of 

Peak Dose 

(curies per 

cubic meter) 

Dose at Year 

of Peak Dose 

(millirem 

per year) 

Radiological 

Risk at 

Year of Peak 

Radiological 

Risk 

Concentration 

at Year of 

 Peak Dose 

(curies per 

cubic meter) 

Dose at Year 

of Peak Dose 

(millirem 

per year) 

Radiological  

Risk at  

Year of Peak 

Radiological  

Risk 

Concentration 

at Year of  

Peak Dose  

(curies per 

cubic meter) 

Dose at Year 

of Peak Dose 

(millirem 

per year) 

Radiological 

Risk at 

Year of Peak 

Radiological 

Risk 

Hydrogen-3 (tritium) 2.40×10-8 3.26×10-3 3.22×10-8 2.40×10-8 3.98×10-3 4.20×10-8 3.51×10-3 2.23×101 4.11×10-4 

Carbon-14 0.00 0.00 0.00 0.00 0.00 0.00 4.70×10-9 3.10×10-2 8.12×10-7 

Strontium-90 3.37×10-10 3.22×10-2 6.03×10-7 3.37×10-10 4.85×10-1 1.01×10-5 2.48×10-5 1.77×103 4.60×10-2 

Technetium-99 5.02×10-12 2.27×10-5 9.95×10-10 5.02×10-12 5.23×10-5 2.48×10-9 2.52×10-7 7.60×10-3 4.06×10-7 

Iodine-129 1.07×10-14 3.82×10-6 5.38×10-11 1.07×10-14 5.83×10-5 1.40×10-9 2.53×10-9 8.00×10-3 1.96×10-7 

Cesium-137 2.59×10-12 8.15×10-3 1.83×10-7 2.59×10-12 4.01×10-2 9.00×10-7 1.43×10-6 1.15×104 2.59×10-1 

Uranium isotopes 

(includes U-233, -234, 
-235, -238) 

1.52×10-11 1.96×10-3 2.30×10-8 1.52×10-11 5.44×10-3 7.69×10-8 3.58×10-6 4.44×101 9.69×10-4 

Neptunium-237 6.67×10-15 1.98×10-6 9.47×10-12 6.67×10-15 1.94×10-5 1.17×10-10 8.52×10-10 4.94×10-2 1.95×10-7 

Plutonium isotopes 

(includes Pu-239, -240) 

3.66×10-15 2.64×10-6 1.19×10-11 3.66×10-15 4.13×10-4 2.31×10-9 1.83×10-9 3.63×10-1 1.35×10-6 

Total N/A 4.56×10-2 8.42×10-7 N/A 5.35×10-1 1.11×10-5 N/A 1.33×104 3.06×10-1 

Year of peak impact 1985 1985 1985 1985 1985 1985 1985 1985 1985 

Chemical  

Constituent 

Resident Farmer American Indian Resident Farmer American Indian Hunter-Gatherer 

Concentration 

at Year of 

Peak Hazard 

Index  

(grams per 

cubic meter) 

Hazard Index 

at Year of 

Peak Hazard 

Index 

Nonradiological 

Risk at 

Year of Peak 

Nonradiological 

Risk 

Concentration at 

Year of  

Peak Hazard 

Index  

(grams per 

cubic meter) 

Hazard Index at 

Year of  

Peak Hazard 

Index 

Nonradiological 

Risk at 

Year of Peak 

Nonradiological 

Risk 

Concentration at 

Year of  

Peak Hazard 

Index  

(grams per 

cubic meter) 

Hazard Index at 

Year of Peak 

Hazard Index 

Nonradiological 

Risk at 

Year of Peak 

Nonradiological 

Risk 

Carbon tetrachloride 2.10×10-7 5.40×10-5 2.46×10-8 2.10×10-7 2.43×10-4 2.69×10-9 2.08×10-1 2.25×102 8.76×10-3 

Chromium 8.66×10-5 8.56×10-4 9.13×10-15 8.66×10-5 1.40×10-3 7.99×10-11 1.10 4.86 1.99×10-4 

Fluoride 3.47×10-5 4.65×10-5 0.00 3.47×10-5 1.03×10-4 0.00 7.61 1.11 0.00 

Hydrazine/hydrazine 
sulfate 

0.00 0.00 0.00 0.00 0.00 4.02×10-7 0.00 0.00 0.00 

Manganese 0.00 0.00 0.00 0.00 0.00 0.00 6.47×10-5 6.36×10-5 0.00 

Mercury 0.00 0.00 0.00 0.00 0.00 0.00 2.21×10-7 8.43×10-6 0.00 

Nitrate 4.78×10-3 7.24×10-4 0.00 4.78×10-3 4.51×10-1 0.00 1.79×102 6.98 0.00 

Total uranium 1.40×10-5 1.36×10-4 0.00 1.40×10-5 1.89×10-4 0.00 1.65×10-1 7.31×10-2 0.00 

Trichloroethylene 0.00 0.00 0.00 0.00 0.00 5.23×10-10 0.00 0.00 0.00 

Total N/A 1.82×10-3 2.46×10-8 N/A 4.52×10-1 4.06×10-7 N/A 2.38×102 8.96×10-3 

Year of peak impact 1962 1962 2146 1962 1962 3272 2067 2067 2067 

Note: Concentrations are those reported for groundwater at the specified location.  Total concentrations, although reported, are not used in the analysis. 

Key: N/A=not applicable; Pu=plutonium; U=uranium. 
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Figure U–137.  Alternative Combination 1 Cumulative Radiological Lifetime Risk of Incidence 

of Cancer for the Drinking-Water Well User Over Time, Core Zone Boundary 

and Columbia River Nearshore  

Potential human health impacts of Alternative Combination 2, in conjunction with the past, present, and 

reasonably foreseeable future (non–TC & WM EIS) actions discussed above, are summarized in 

Tables U–19 through U–21.  The key radiological and chemical risk and hazard drivers are listed in the 

tables.  As indicated in these tables, the impacts of Alternative Combination 2 are dominated by the 

impacts of non–TC & WM EIS sources.  Figure U–138 depicts the cumulative radiological risk of 

incidence of cancer at the Core Zone Boundary and the Columbia River nearshore for the drinking-water 

well user over time.  The DOE cleanup goal is included to aid in the interpretation of the predicted risk.  

The estimate of radiation dose for the year of peak dose for the offsite population is 229 person-rem per 

year, approximately 0.01 percent of the average background dose. 
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Table U–19.  Alternative Combination 2 Cumulative Human Health Impacts at the Core Zone Boundary 

Radioactive 

Constituent 

Drinking-Water Well User Resident Farmer American Indian Resident Farmer 

Concentration 

at Year of 

Peak Dose 

(curies per 

cubic meter) 

Dose at Year 

of Peak Dose 

(millirem 

per year) 

Radiological 

Risk at 

Year of Peak 

Radiological 

Risk 

Concentration 

at Year of 

Peak Dose 

(curies per 

cubic meter) 

Dose at Year 

of Peak Dose 

(millirem 

per year) 

Radiological 

Risk at  

Year of Peak 

Radiological 

Risk 

Concentration 

at Year of  

Peak Dose  

(curies per 

cubic meter) 

Dose at Year 

of Peak Dose 

(millirem 

per year) 

Radiological 

Risk at 

Year of Peak 

Radiological 

Risk 

Hydrogen-3 (tritium) 1.12×10-1 1.31×104 1.25×10-1 1.12×10-1 1.53×104 1.50×10-1 1.12×10-1 1.82×104 1.91×10-1 

Carbon-14 8.78×10-7 1.41 2.97×10-5 8.78×10-7 2.87 6.79×10-5 8.78×10-7 8.86 2.24×10-4 

Strontium-90 1.65×10-6 1.20×102 2.01×10-3 1.65×10-6 1.58×102 2.94×10-3 1.65×10-6 2.64×102 5.63×10-3 

Technetium-99 6.03×10-7 1.05 3.63×10-5 6.03×10-7 2.72 1.19×10-4 6.03×10-7 5.55 2.61×10-4 

Iodine-129 2.13×10-9 6.07×10-1 6.90×10-6 2.13×10-9 7.58×10-1 1.07×10-5 2.13×10-9 9.80×10-1 1.61×10-5 

Uranium isotopes 

(includes U-233, 

-234, -235, -238) 

7.05×10-8 8.74 9.86×10-5 7.05×10-8 9.09 1.06×10-4 7.05×10-8 9.79 1.21×10-4 

Neptunium-237 9.04×10-10 2.64×10-1 1.22×10-6 9.04×10-10 2.68×10-1 1.28×10-6 9.04×10-10 3.19×10-1 1.45×10-6 

Total N/A 1.33×104 1.27×10-1 N/A 1.54×104 1.54×10-1 N/A 1.85×104 1.97×10-1 

Year of peak impact 1997 1997 1997 1997 1997 1997 1997 1997 1997 

Chemical 

Constituent 

Drinking-Water Well User Resident Farmer American Indian Resident Farmer 

Concentration 

at Year of 

Peak Hazard 

Index  

(grams per 

cubic meter) 

Hazard Index 

at Year of 

Peak Hazard 

Index 

Nonradiological 

Risk at 

Year of Peak 

Nonradiological 

Risk 

Concentration 

at Year of  

Peak Hazard 

Index  

(grams per 

cubic meter) 

Hazard Index 

at Year of  

Peak Hazard 

Index 

Nonradiological 

Risk at 

Year of Peak 

Nonradiological 

Risk 

Concentration 

at Year of  

Peak Hazard 

Index  

(grams per 

cubic meter) 

Hazard Index 

at Year of 

Peak Hazard 

Index 

Nonradiological 

Risk at 

Year of Peak 

Nonradiological 

Risk 

1-Butanol 1.32×10-2 3.77×10-3 0.00 1.32×10-2 6.84×10-3 0.00 1.32×10-2 1.91×10-2 0.00 

Carbon tetrachloride 0.00 0.00 9.19×10-4 0.00 0.00 5.80×10-3 0.00 0.00 2.52×10-2 

Chromium 1.34×101 1.27×102 0.00 1.34×101 1.32×102 2.05×10-9 1.34×101 1.98×102 9.40×10-5 

Fluoride 2.63 1.25 0.00 2.63 3.52 0.00 2.63 7.38 0.00 

Nitrate 1.81×103 3.23×101 0.00 1.81×103 2.54×102 0.00 1.81×103 5.66×102 0.00 

Total uranium 1.22 1.17×101 0.00 1.22 1.19×101 0.00 1.22 1.24×101 0.00 

Total N/A 1.72×102 9.19×10-4 N/A 4.01×102 5.80×10-3 N/A 7.84×102 2.53×10-2 

Year of peak impact 1959 1959 2035 1959 1959 2035 1959 1959 2035 

Note: Concentrations are those reported for groundwater at the specified location.  Total concentrations, although reported, are not used in the analysis. 

Key: N/A=not applicable; U=uranium. 
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Table U–20.  Alternative Combination 2 Cumulative Human Health Impacts at the Columbia River Nearshore 

Radioactive 

Constituent 

Drinking-Water Well User Resident Farmer American Indian Resident Farmer 

Concentration 

at Year of 

Peak Dose 

(curies per 

cubic meter) 

Dose at Year 

of Peak Dose 

(millirem 

per year) 

Radiological 

Risk at 

Year of Peak 

Radiological 

Risk 

Concentration 

at Year of 

 Peak Dose 

(curies per 

cubic meter) 

Dose at Year 

of Peak Dose 

(millirem 

per year) 

Radiological 

Risk at  

Year of Peak 

Radiological 

Risk 

Concentration 

at Year of  

Peak Dose  

(curies per 

cubic meter) 

Dose at Year 

of Peak Dose 

(millirem 

per year) 

Radiological 

Risk at 

Year of Peak 

Radiological 

Risk 

Hydrogen-3 (tritium) 4.14×10-3 4.84×102 3.38×10-3 3.51×10-3 4.77×102 4.70×10-3 3.51×10-3 5.68×102 5.96×10-3 

Carbon-14 4.77×10-9 7.68×10-3 1.67×10-7 4.70×10-9 1.54×10-2 3.63×10-7 4.70×10-9 4.74×10-2 1.20×10-6 

Strontium-90 2.45×10-5 1.79×103 3.36×10-2 2.48×10-5 2.37×103 4.41×10-2 2.48×10-5 3.97×103 8.46×10-2 

Technetium-99 2.85×10-7 4.98×10-1 1.28×10-5 2.61×10-7 1.18 5.18×10-5 2.61×10-7 2.41 1.13×10-4 

Iodine-129 2.55×10-9 7.25×10-1 8.19×10-6 2.53×10-9 9.01×10-1 1.27×10-5 2.53×10-9 1.16 1.92×10-5 

Cesium-137 1.07×10-6 3.92×101 8.81×10-4 1.43×10-6 4.50×103 1.01×10-1 1.43×10-6 1.36×104 3.04×10-1 

Uranium isotopes 

(includes U-233, 

-234, -235, -238) 

3.29×10-6 4.07×102 3.28×10-3 3.58×10-6 4.61×102 5.40×10-3 3.58×10-6 4.97×102 6.15×10-3 

Neptunium-237 8.41×10-10 2.45×10-1 1.07×10-6 8.52×10-10 2.52×10-1 1.21×10-6 8.52×10-10 3.01×10-1 1.36×10-6 

Plutonium isotopes 

(includes Pu-239, 

-240) 

1.44×10-9 9.75×10-1 6.07×10-6 1.83×10-9 1.30 5.83×10-6 1.83×10-9 1.61 6.76×10-6 

Total N/A 2.72×103 4.12×10-2 N/A 7.81×103 1.55×10-1 N/A 1.86×104 4.01×10-1 

Year of peak impact 1986 1986 1991 1985 1985 1985 1985 1985 1985 

Chemical 

Constituent 

Drinking-Water Well User Resident Farmer American Indian Resident Farmer 

Concentration 

at Year of 

Peak Hazard 

Index  

(grams per 

cubic meter) 

Hazard 

Index 

at Year of 

Peak Hazard 

Index 

Nonradiological 

Risk at 

Year of Peak 

Nonradiological 

Risk 

Concentration  

at Year of  

Peak Hazard 

Index  

(grams per 

cubic meter) 

Hazard Index  

at Year of  

Peak Hazard 

Index 

Nonradiological 

Risk at 

Year of Peak 

Nonradiological 

Risk 

Concentration  

at Year of  

Peak Hazard 

Index  

(grams per 

cubic meter) 

Hazard Index 

at Year of  

Peak Hazard 

Index 

Nonradiological 

Risk at 

Year of Peak 

Nonradiological 

Risk 

Carbon tetrachloride 1.42×10-2 5.79×10-1 3.31×10-4 2.30×10-2 5.93 2.09×10-3 2.30×10-2 2.58×101 9.10×10-3 

Chromium 7.21 6.87×101 0.00 6.04 5.96×101 4.34×10-9 6.04 8.97×101 1.99×10-4 

Fluoride 1.31×101 6.21 0.00 1.29×101 1.73×101 0.00 1.29×101 3.63×101 0.00 

Manganese 6.91×10-5 1.41×10-5 0.00 5.77×10-5 1.53×10-5 0.00 5.77×10-5 6.91×10-5 0.00 

Mercury 9.53×10-8 9.08×10-6 0.00 9.17×10-8 2.79×10-5 0.00 9.17×10-8 6.13×10-5 0.00 

Nitrate 6.30×102 1.13×101 0.00 8.46×102 1.19×102 0.00 8.46×102 2.65×102 0.00 

Total uranium 1.91 1.82×101 0.00 1.61 1.56×101 0.00 1.61 1.63×101 0.00 

Total N/A 1.05×102 3.31×10-4 N/A 2.17×102 2.09×10-3 N/A 4.33×102 9.30×10-3 

Year of peak impact 1979 1979 2067 1976 1976 2067 1976 1976 2067 

Note: Concentrations are those reported for groundwater at the specified location.  Total concentrations, although reported, are not used in the analysis. 

Key: N/A=not applicable; Pu=plutonium; U=uranium. 
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Table U–21.  Alternative Combination 2 Cumulative Human Health Impacts at the Columbia River Surface Water 

Radioactive 

Constituent 

Resident Farmer American Indian Resident Farmer American Indian Hunter-Gatherer 

Concentration 

at Year of 

Peak Dose 

(curies per 

cubic meter) 

Dose at Year 

of Peak Dose 

(millirem 

per year) 

Radiological 

Risk at 

Year of Peak 

Radiological 

Risk 

Concentration 

at Year of 

 Peak Dose 

(curies per 

cubic meter) 

Dose at Year 

of Peak Dose 

(millirem 

per year) 

Radiological  

Risk at  

Year of Peak 

Radiological  

Risk 

Concentration 

at Year of  

Peak Dose  

(curies per 

cubic meter) 

Dose at Year 

of Peak Dose 

(millirem 

per year) 

Radiological 

Risk at 

Year of Peak 

Radiological 

Risk 

Hydrogen-3 (tritium) 2.40×10-8 3.26×10-3 3.22×10-8 2.40×10-8 3.98×10-3 4.20×10-8 3.51×10-3 2.23×101 4.11×10-4 

Carbon-14 0.00 0.00 0.00 0.00 0.00 0.00 4.70×10-9 3.10×10-2 8.12×10-7 

Strontium-90 3.37×10-10 3.22×10-2 6.03×10-7 3.37×10-10 4.85×10-1 1.01×10-5 2.48×10-5 1.77×103 4.60×10-2 

Technetium-99 5.02×10-12 2.27×10-5 9.95×10-10 5.02×10-12 5.23×10-5 2.48×10-9 2.61×10-7 7.89×10-3 4.22×10-7 

Iodine-129 1.07×10-14 3.82×10-6 5.38×10-11 1.07×10-14 5.83×10-5 1.40×10-9 2.53×10-9 8.00×10-3 1.96×10-7 

Cesium-137 2.59×10-12 8.15×10-3 1.83×10-7 2.59×10-12 4.01×10-2 9.00×10-7 1.43×10-6 1.15×104 2.59×10-1 

Uranium isotopes 

(includes U-233, -234, 

-235, -238) 

1.52×10-11 1.96×10-3 2.30×10-8 1.52×10-11 5.44×10-3 7.69×10-8 3.58×10-6 4.44×101 9.69×10-4 

Neptunium-237 6.67×10-15 1.98×10-6 9.47×10-12 6.67×10-15 1.94×10-5 1.17×10-10 8.52×10-10 4.94×10-2 1.95×10-7 

Plutonium isotopes 

(includes Pu-239, -240) 

3.66×10-15 2.64×10-6 1.19×10-11 3.66×10-15 4.13×10-4 2.31×10-9 1.83×10-9 3.63×10-1 1.35×10-6 

Total N/A 4.56×10-2 8.42×10-7 N/A 5.35×10-1 1.11×10-5 N/A 1.33×104 3.06×10-1 

Year of peak impact 1985 1985 1985 1985 1985 1985 1985 1985 1985 

Chemical  

Constituent 

Resident Farmer American Indian Resident Farmer American Indian Hunter-Gatherer 

Concentration 

at Year of 

Peak Hazard 

Index  

(grams per 

cubic meter) 

Hazard Index 

at Year of 

Peak Hazard 

Index 

Nonradiological 

Risk at 

Year of Peak 

Nonradiological 

Risk 

Concentration at 

Year of  

Peak Hazard 

Index  

(grams per 

cubic meter) 

Hazard Index at 

Year of  

Peak Hazard 

Index 

Nonradiological 

Risk at 

Year of Peak 

Nonradiological 

Risk 

Concentration at 

Year of  

Peak Hazard 

Index  

(grams per 

cubic meter) 

Hazard Index at 

Year of Peak 

Hazard Index 

Nonradiological 

Risk at 

Year of Peak 

Nonradiological 

Risk 

Carbon tetrachloride 2.10×10-7 5.40×10-5 2.46×10-8 2.10×10-7 2.43×10-4 2.69×10-9 2.08×10-1 2.25×102 8.76×10-3 

Chromium 8.66×10-5 8.56×10-4 9.13×10-15 8.66×10-5 1.40×10-3 7.99×10-11 1.10 4.86 1.99×10-4 

Fluoride 3.47×10-5 4.65×10-5 0.00 3.47×10-5 1.03×10-4 0.00 7.61 1.11 0.00 

Hydrazine/hydrazine 

sulfate 

0.00 0.00 0.00 0.00 0.00 4.02×10-7 0.00 0.00 0.00 

Manganese 0.00 0.00 0.00 0.00 0.00 0.00 6.47×10-5 6.36×10-5 0.00 

Mercury 0.00 0.00 0.00 0.00 0.00 0.00 2.21×10-7 8.43×10-6 0.00 

Nitrate 4.78×10-3 7.24×10-4 0.00 4.78×10-3 4.51×10-1 0.00 1.79×102 6.98 0.00 

Total uranium 1.40×10-5 1.36×10-4 0.00 1.40×10-5 1.89×10-4 0.00 1.65×10-1 7.31×10-2 0.00 

Trichloroethylene 0.00 0.00 0.00 0.00 0.00 5.23×10-10 0.00 0.00 0.00 

Total N/A 1.82×10-3 2.46×10-8 N/A 4.52×10-1 4.06×10-7 N/A 2.38×102 8.96×10-3 

Year of peak impact 1962 1962 2146 1962 1962 3272 2067 2067 2067 

Note: Concentrations are those reported for groundwater at the specified location.  Total concentrations, although reported, are not used in the analysis. 

Key: N/A=not applicable; Pu=plutonium; U=uranium. 
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Figure U–138.  Alternative Combination 2 Cumulative Radiological Lifetime Risk of Incidence 

of Cancer for the Drinking-Water Well User Over Time, Core Zone Boundary 

and Columbia River Nearshore 

Potential human health impacts of Alternative Combination 3, in conjunction with the past, present, and 

reasonably foreseeable future (non–TC & WM EIS) actions discussed above, are summarized in 

Tables U–22 through U–24.  The key radiological and chemical risk and hazard drivers are listed in the 

tables.  As indicated in these tables, the impacts of Alternative Combination 3 are dominated by the 

impacts of non–TC & WM EIS sources.  Figure U–139 depicts the cumulative radiological risk of 

incidence of cancer at the Core Zone Boundary and the Columbia River nearshore for the drinking-water 

well user over time.  The DOE cleanup goal is included to aid in the interpretation of the predicted risk.  

The estimate of radiation dose for the year of peak dose for the offsite population is 229 person-rem per 

year, approximately 0.01 percent of the average background dose. 

The foregoing tabulations of cumulative human health impacts, which have involved subsuming the 

impacts of each of the alternative combinations and those of all past, present, and reasonably foreseeable 

future (non–TC & WM EIS) actions, show that the peaks for the dose, risk, and Hazard Index occur at 

similar times and concentrations.  A more detailed discussion of the results of the cumulative impact 

analyses is presented in Chapter 6. 
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Table U–22.  Alternative Combination 3 Cumulative Human Health Impacts at the Core Zone Boundary 

Radioactive 

Constituent 

Drinking-Water Well User Resident Farmer American Indian Resident Farmer 

Concentration 

at Year of 

Peak Dose 

(curies per 

cubic meter) 

Dose at Year 

of Peak Dose 

(millirem 

per year) 

Radiological 

Risk at 

Year of Peak 

Radiological 

Risk 

Concentration 

at Year of 

 Peak Dose 

(curies per 

cubic meter) 

Dose at Year 

of Peak Dose 

(millirem 

per year) 

Radiological 

Risk at  

Year of Peak 

Radiological 

Risk 

Concentration 

at Year of  

Peak Dose  

(curies per 

cubic meter) 

Dose at Year 

of Peak Dose 

(millirem 

per year) 

Radiological 

Risk at 

Year of Peak 

Radiological 

Risk 

Hydrogen-3 (tritium) 1.12×10-1 1.31×104 1.25×10-1 1.12×10-1 1.53×104 1.50×10-1 1.12×10-1 1.82×104 1.91×10-1 

Carbon-14 8.78×10-7 1.41 2.97×10-5 8.78×10-7 2.87 6.79×10-5 8.78×10-7 8.86 2.24×10-4 

Strontium-90 1.65×10-6 1.20×102 2.01×10-3 1.65×10-6 1.58×102 2.94×10-3 1.65×10-6 2.64×102 5.63×10-3 

Technetium-99 6.01×10-7 1.05 3.62×10-5 6.01×10-7 2.71 1.19×10-4 6.01×10-7 5.53 2.60×10-4 

Iodine-129 2.13×10-9 6.08×10-1 6.91×10-6 2.13×10-9 7.59×10-1 1.07×10-5 2.13×10-9 9.81×10-1 1.62×10-5 

Uranium isotopes 

(includes U-233, 

-234, -235, -238) 

7.05×10-8 8.74 9.86×10-5 7.05×10-8 9.09 1.06×10-4 7.05×10-8 9.79 1.21×10-4 

Neptunium-237 9.04×10-10 2.64×10-1 1.22×10-6 9.04×10-10 2.68×10-1 1.28×10-6 9.04×10-10 3.19×10-1 1.45×10-6 

Total N/A 1.33×104 1.27×10-1 N/A 1.54×104 1.54×10-1 N/A 1.85×104 1.97×10-1 

Year of peak impact 1997 1997 1997 1997 1997 1997 1997 1997 1997 

Chemical 

Constituent 

Drinking-Water Well User Resident Farmer American Indian Resident Farmer 

Concentration 

at Year of 

Peak Hazard 

Index  

(grams per 

cubic meter) 

Hazard Index 

at Year of 

Peak Hazard 

Index 

Nonradiological 

Risk at 

Year of Peak 

Nonradiological 

Risk 

Concentration 

at Year of  

Peak Hazard 

Index  

(grams per 

cubic meter) 

Hazard Index 

at Year of  

Peak Hazard 

Index 

Nonradiological 

Risk at 

Year of Peak 

Nonradiological 

Risk 

Concentration 

at Year of  

Peak Hazard 

Index  

(grams per 

cubic meter) 

Hazard Index 

at Year of 

Peak Hazard 

Index 

Nonradiological 

Risk at 

Year of Peak 

Nonradiological 

Risk 

1-Butanol 1.32×10-2 3.77×10-3 0.00 1.32×10-2 6.84×10-3 0.00 1.32×10-2 1.91×10-2 0.00 

Carbon tetrachloride 0.00 0.00 9.19×10-4 0.00 0.00 5.80×10-3 0.00 0.00 2.52×10-2 

Chromium 1.34×101 1.27×102 0.00 1.34×101 1.32×102 2.05×10-9 1.34×101 1.98×102 9.40×10-5 

Fluoride 2.63 1.25 0.00 2.63 3.52 0.00 2.63 7.38 0.00 

Nitrate 1.81×103 3.23×101 0.00 1.81×103 2.54×102 0.00 1.81×103 5.66×102 0.00 

Total uranium 1.22 1.17×101 0.00 1.22 1.19×101 0.00 1.22 1.24×101 0.00 

Total N/A 1.72×102 9.19×10-4 N/A 4.01×102 5.80×10-3 N/A 7.84×102 2.53×10-2 

Year of peak impact 1959 1959 2035 1959 1959 2035 1959 1959 2035 

Note: Concentrations are those reported for groundwater at the specified location.  Total concentrations, although reported, are not used in the analysis. 

Key: N/A=not applicable; U=uranium. 
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Table U–23.  Alternative Combination 3 Cumulative Human Health Impacts at the Columbia River Nearshore 

Radioactive 

Constituent 

Drinking-Water Well User Resident Farmer American Indian Resident Farmer 

Concentration 

at Year of 

Peak Dose 

(curies per 

cubic meter) 

Dose at Year 

of Peak Dose 

(millirem 

per year) 

Radiological 

Risk at 

Year of Peak 

Radiological 

Risk 

Concentration 

at Year of 

Peak Dose 

(curies per 

cubic meter) 

Dose at Year 

of Peak Dose 

(millirem 

per year) 

Radiological 

Risk at  

Year of Peak 

Radiological 

Risk 

Concentration 

at Year of  

Peak Dose  

(curies per 

cubic meter) 

Dose at Year 

of Peak Dose 

(millirem 

per year) 

Radiological 

Risk at 

Year of Peak 

Radiological 

Risk 

Hydrogen-3 (tritium) 4.14×10-3 4.84×102 3.38×10-3 3.51×10-3 4.77×102 4.70×10-3 3.51×10-3 5.68×102 5.96×10-3 

Carbon-14 4.77×10-9 7.68×10-3 1.67×10-7 4.70×10-9 1.54×10-2 3.63×10-7 4.70×10-9 4.74×10-2 1.20×10-6 

Strontium-90 2.45×10-5 1.79×103 3.36×10-2 2.48×10-5 2.37×103 4.41×10-2 2.48×10-5 3.97×103 8.46×10-2 

Technetium-99 2.85×10-7 4.98×10-1 1.28×10-5 2.62×10-7 1.18 5.18×10-5 2.62×10-7 2.41 1.13×10-4 

Iodine-129 2.55×10-9 7.25×10-1 8.19×10-6 2.53×10-9 9.01×10-1 1.27×10-5 2.53×10-9 1.16 1.92×10-5 

Cesium-137 1.07×10-6 3.92×101 8.81×10-4 1.43×10-6 4.50×103 1.01×10-1 1.43×10-6 1.36×104 3.04×10-1 

Uranium isotopes 

(includes U-233, -234, 

-235, -238) 

3.29×10-6 4.07×102 3.28×10-3 3.58×10-6 4.61×102 5.40×10-3 3.58×10-6 4.97×102 6.15×10-3 

Neptunium-237 8.41×10-10 2.45×10-1 1.07×10-6 8.52×10-10 2.52×10-1 1.21×10-6 8.52×10-10 3.01×10-1 1.36×10-6 

Plutonium isotopes 

(includes Pu-239,  

-240) 

1.44×10-9 9.75×10-1 6.07×10-6 1.83×10-9 1.30 5.83×10-6 1.83×10-9 1.61 6.76×10-6 

Total N/A 2.72×103 4.12×10-2 N/A 7.81×103 1.55×10-1 N/A 1.86×104 4.01×10-1 

Year of peak impact 1986 1986 1991 1985 1985 1985 1985 1985 1985 

Chemical 

Constituent 

Drinking-Water Well User Resident Farmer American Indian Resident Farmer 

Concentration 

at Year of 

Peak Hazard 

Index  

(grams per 

cubic meter) 

Hazard Index 

at Year of 

Peak Hazard 

Index 

Nonradiological 

Risk at 

Year of Peak 

Nonradiological 

Risk 

Concentration 

at Year of  

Peak Hazard 

Index  

(grams per 

cubic meter) 

Hazard Index 

at Year of  

Peak Hazard 

Index 

Nonradiological 

Risk at 

Year of Peak 

Nonradiological 

Risk 

Concentration 

at Year of  

Peak Hazard 

Index  

(grams per 

cubic meter) 

Hazard Index 

at Year of 

Peak Hazard 

Index 

Nonradiological 

Risk at 

Year of Peak 

Nonradiological 

Risk 

Carbon tetrachloride 1.42×10-2 5.79×10-1 3.31×10-4 2.30×10-2 5.93 2.09×10-3 2.30×10-2 2.58×101 9.10×10-3 

Chromium 7.21 6.87×101 0.00 6.04 5.96×101 4.34×10-9 6.04 8.97×101 1.99×10-4 

Fluoride 1.31×101 6.21 0.00 1.29×101 1.73×101 0.00 1.29×101 3.63×101 0.00 

Manganese 6.91×10-5 1.41×10-5 0.00 5.77×10-5 1.53×10-5 0.00 5.77×10-5 6.91×10-5 0.00 

Mercury 9.53×10-8 9.08×10-6 0.00 9.17×10-8 2.79×10-5 0.00 9.17×10-8 6.13×10-5 0.00 

Nitrate 6.30×102 1.13×101 0.00 8.46×102 1.19×102 0.00 8.46×102 2.65×102 0.00 

Total uranium 1.91 1.82×101 0.00 1.61 1.56×101 0.00 1.61 1.63×101 0.00 

Total N/A 1.05×102 3.31×10-4 N/A 2.17×102 2.09×10-3 N/A 4.33×102 9.30×10-3 

Year of peak impact 1979 1979 2067 1976 1976 2067 1976 1976 2067 

Note: Concentrations are those reported for groundwater at the specified location.  Total concentrations, although reported, are not used in the analysis. 

Key: N/A=not applicable; Pu=plutonium; U=uranium. 
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Table U–24.  Alternative Combination 3 Cumulative Human Health Impacts at the Columbia River Surface Water 

Radioactive 

Constituent 

Resident Farmer American Indian Resident Farmer American Indian Hunter-Gatherer 

Concentration 

at Year of 

Peak Dose 

(curies per 

cubic meter) 

Dose at Year 

of Peak Dose 

(millirem 

per year) 

Radiological 

Risk at 

Year of Peak 

Radiological 

Risk 

Concentration 

at Year of 

 Peak Dose 

(curies per 

cubic meter) 

Dose at Year 

of Peak Dose 

(millirem 

per year) 

Radiological  

Risk at  

Year of Peak 

Radiological  

Risk 

Concentration 

at Year of  

Peak Dose  

(curies per 

cubic meter) 

Dose at Year 

of Peak Dose 

(millirem 

per year) 

Radiological 

Risk at 

Year of Peak 

Radiological 

Risk 

Hydrogen-3 (tritium) 2.40×10-8 3.26×10-3 3.22×10-8 2.40×10-8 3.98×10-3 4.20×10-8 3.51×10-3 2.23×101 4.11×10-4 

Carbon-14 0.00 0.00 0.00 0.00 0.00 0.00 4.70×10-9 3.10×10-2 8.12×10-7 

Strontium-90 3.37×10-10 3.22×10-2 6.03×10-7 3.37×10-10 4.85×10-1 1.01×10-5 2.48×10-5 1.77×103 4.60×10-2 

Technetium-99 5.02×10-12 2.27×10-5 9.95×10-10 5.02×10-12 5.23×10-5 2.48×10-9 2.62×10-7 7.89×10-3 4.22×10-7 

Iodine-129 1.07×10-14 3.82×10-6 5.38×10-11 1.07×10-14 5.83×10-5 1.40×10-9 2.53×10-9 8.00×10-3 1.96×10-7 

Cesium-137 2.59×10-12 8.15×10-3 1.83×10-7 2.59×10-12 4.01×10-2 9.00×10-7 1.43×10-6 1.15×104 2.59×10-1 

Uranium isotopes 

(includes U-233, -234, 

-235, -238) 

1.52×10-11 1.96×10-3 2.30×10-8 1.52×10-11 5.44×10-3 7.69×10-8 3.58×10-6 4.44×101 9.69×10-4 

Neptunium-237 6.67×10-15 1.98×10-6 9.47×10-12 6.67×10-15 1.94×10-5 1.17×10-10 8.52×10-10 4.94×10-2 1.95×10-7 

Plutonium isotopes 

(includes Pu-239, -240) 

3.66×10-15 2.64×10-6 1.19×10-11 3.66×10-15 4.13×10-4 2.31×10-9 1.83×10-9 3.63×10-1 1.35×10-6 

Total N/A 4.56×10-2 8.42×10-7 N/A 5.35×10-1 1.11×10-5 N/A 1.33×104 3.06×10-1 

Year of peak impact 1985 1985 1985 1985 1985 1985 1985 1985 1985 

Chemical  

Constituent 

Resident Farmer American Indian Resident Farmer American Indian Hunter-Gatherer 

Concentration 

at Year of 

Peak Hazard 

Index  

(grams per 

cubic meter) 

Hazard Index 

at Year of 

Peak Hazard 

Index 

Nonradiological 

Risk at 

Year of Peak 

Nonradiological 

Risk 

Concentration  

at Year of  

Peak Hazard 

Index  

(grams per 

cubic meter) 

Hazard Index  

at Year of  

Peak Hazard 

Index 

Nonradiological 

Risk at 

Year of Peak 

Nonradiological 

Risk 

Concentration  

at Year of  

Peak Hazard 

Index  

(grams per 

cubic meter) 

Hazard Index  

at Year of  

Peak Hazard 

Index 

Nonradiological 

Risk at 

Year of Peak 

Nonradiological 

Risk 

Carbon tetrachloride 2.10×10-7 5.40×10-5 2.53×10-8 2.10×10-7 2.43×10-4 2.62×10-9 2.08×10-1 2.25×102 8.76×10-3 

Chromium 8.66×10-5 8.56×10-4 9.09×10-15 8.66×10-5 1.40×10-3 7.99×10-11 1.10 4.86 1.99×10-4 

Fluoride 3.47×10-5 4.65×10-5 0.00 3.47×10-5 1.03×10-4 0.00` 7.61 1.11 0.00 

Hydrazine/hydrazine 

sulfate 

0.00 0.00 0.00 0.00 0.00 4.02×10-7 0.00 0.00 0.00 

Manganese 0.00 0.00 0.00 0.00 0.00 0.00 6.47×10-5 6.36×10-5 0.00 

Mercury 0.00 0.00 0.00 0.00 0.00 0.00 2.21×10-7 8.43×10-6 0.00 

Nitrate 4.78×10-3 7.24×10-4 0.00 4.78×10-3 4.51×10-1 0.00 1.79×102 6.98 0.00 

Total uranium 1.40×10-5 1.36×10-4 0.00 1.40×10-5 1.89×10-4 0.00 1.65×10-1 7.31×10-2 0.00 

Trichloroethylene 0.00 0.00 0.00 0.00 0.00 5.23×10-10 0.00 0.00 0.00 

Total N/A 1.82×10-3 2.53×10-8 N/A 4.52×10-1 4.06×10-7 N/A 2.38×102 8.96×10-3 

Year of peak impact 1962 1962 2143 1962 1962 3272 2067 2067 2067 

Note: Concentrations are those reported for groundwater at the specified location.  Total concentrations, although reported, are not used in the analysis. 

Key: N/A=not applicable; Pu=plutonium; U=uranium. 
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Figure U–139.  Alternative Combination 3 Cumulative Radiological Lifetime Risk of Incidence 

of Cancer for the Drinking-Water Well User Over Time, Core Zone Boundary 

and Columbia River Nearshore 
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