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EXECUTIVE SUMMARY 

The 200-ZP .. t Groundwater Operable Unit (OU) is located under the northern part of the 

200 West Area at the Hanford Site. The· Compreheruiye Environmental Response, 

Compensation, and Liability .A.ct of 1980 (CBRCLA) requires that remedial investigation (RI) 

reports evaluate human and ecological risk and determine whether a feasibility study (FS) is 

needed to assess remedial alternatives for mitigating the risk. Multiple ecological and human 

health risk scenarios are discussed in Sections S.O and 6.0. Preliminary risk evaluation indicates 

that cancer risks exceed the thresholds for human health, thus triggering an FS. The ecological 

risk assessment concludes that using growidwater concentrations representative of the average, 

there is no evidence for potential ecological risk for 200-ZP-1 OU cootarniuanw. 

Based on the human health risk evaluation and ecological risk evaluation, an FS must be . 

performed to evaluate the appropriate remedial alternatives. By agreement between the U.S. 

Department of Energy, Richland Operations Office (RL) and the U.S. F.aviromnental Protection 

• Agency (BP A), the detailed baseline risk assessment will be peifonned as part of the FS. 

• 

The 200 Areas of the Hanford Site contain four groundwater OUs: . 200-ZP-1, 200-UP-1, 

200-BP-S, and 2~P0-1. This RI report descn"bes the aquifer characterimtion and groundwater 

remedial activities for the 200-ZP-1 OU in the 200 West Atea. The plate map in Appendix A 

illustrates the groundwater monitoring well network, groundwater m11tamjnant plumes, facilities, 

and other features ofthe.200-ZP-1 and 200-UP-1 OUs. The 200-ZP-1 OU includes Z Plant, 

T Plant, Low-Level Waste Management Areas 3 and 4 (LLWMA-3 and LLWMA-4), T Tank 

Farm, TX-TY Tank Farms, the State-Approved Land Disposal Site (SALDS), and various cribs 

and trenches that received liquid waste. The 200 West Area facilities and waste sites are shown 

on the plate map in Appendix B. 

The primary objectives of this RI report for the 200-ZP-l OU are listed below. After stating the 

objectives oftbis RI report, the regulatory basis and milestone information are discussed, 

followed by a mme detailed discussion of each objective. 

1. Estimate the nature and extent of groundwater contamiuatfon that currently exists within 

the 200-ZP-1 OU sufficiently to screen remediation altematives in the subsequent FS and 

to support nmiediation activities. 
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2. Integrate and evaluate information from CERCLA and the Resource Conservation and • 

Recovery Act of 1976 (RCRA) efforts to identify potential satmated zone coritaminants 

and characterize the subsurface hydrogeology and aquifer properties. 

3. Determine if a FS and baseline risk assessment are required. 

4. Determine if sufficient data have been collected to support the preparation of a baseline 

risk assessment and FS. 

S. Present aquifer property and contaminant data to support fate and transport modeling. 

6. Combine data from the 200-ZP-1 and 200-UP-l OUs to develop a comprehensive 

distribution model of the carbon tetrachloride plume that underlies both areas. 

7. Identify groundwater COJ1tarninants to be evaluated in human health and ecological risk 

assessments in the upcoming FS. 

As agreed by EPA and RL in the October 2005. 200 Area Unit Managers' meeting (FH 2005a). 

this RI report does not include a complete baseline risk assessment The EPA subsequently 

agreed that the Pacific Northwest National Laboratory report, Recent Site-W'ule Transport 

Modeling Related to the Carbon Tetrachloride Plume at the Ha,iford Site (Bergeron and Cole 

2004), provides sufficient risk modeling and carbon tetrachloride groundwater plume analysis to 

support the preparation of this RI report. The forthcoming FS will include a baseline risk 

assessment The contaminant of potential concern evaluation in this RI includes screening 

against preHrninary remediation goals that are based on drinking water maximmn contaminant 

levels or Model Toxics Control A.ct formula "B" numbers, which ever is lower. These goals are 

based on risk or best available technology when risk concentrations are not routinely measurable. 

The RI activities for the 200-ZP-1 OU are descn"bed in this RI report according to the 

requirements of CERCLA and are consistent with the goals and objectives in the Remedial 

Investigation/Feasibility Study Work Plan for the 200-ZP-1 Groundwater Operable Unit 

(DOE-RL 2004c). This RI report conforms to the conditions set forth in the Hanford Federal 

Facility Agreement and Coment Order (Tri-Party Agreement) and amendments (Ecology et al. 

2003) signed by the Washington State Department of Ecology (Ecology), EPA, and RL, 

including Tri-Party Agreement Milestone M-01S-OOC for completing all 200 Area non-tank farm 

OU pre-Record ofDecision documents on or before December 31, 2008. 
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Contaminants from treatment, storage, and/or disposal (l'SD) units in the 200-ZP-1 OU that 

impact groundwater are included in this RI report because the' groundwater OU will be 

remediated under CERCLA. The TSD unit groundwater monitoring requirements are not 

considered in this RI report because either the conditions of Washington Administrative Code 

(WAC) 173•303-645(1Xe) have not been satisfied or a separate agreement exists on how 

requirements will be met. The Waste Site Remediation Project (WSRP) and the Tank Fanns 

Project will predict impacts to the groundwater ftom the single-shell tank (SS'O system RCRA 

TSD unit sites in the 200-ZP-l OU when data are available. The WSRP is scheduled for 

completion in 2017. The anticipated groundwater data schedule for TSD units and certain 

non-TSD unit locations is outlined below: 

• SST aystem TSD mdt Waste Management Area T (WMA-T): 2028 closme date. 

• SST l)'ltem TSD unit WMA-TX/I'Y: 2028 closure date. 

• Low-Level Burial Gnunds TSD anlt LLWMA-3 and LLWMA-4: No individual 

closure dates are established. However, all 200 Area non-tank farm OUs must be closed 

by 2024 in accordance with the Tri-Party Agreement Milestone M-016-00 (Ecology et al. 

2003). Note also that a portion of LLWMA-4 is also part of the 200-UP-1 OU. 

• SALDS: Although this disposal location is located outside of the 200 West Area 

boundary and it is not a TSO unit, a tritium phune from the discharge to SALDS is 

monitored but is not expected to impact other plumes in the 200-ZP-1 Groundwater OU. 

This disposal location is active, and no individual closure date is established other than 

Tri-Party Agreement Milestone M...()16-00 (Ecology et al. 2003). The disposal location 

supports operation of the 200 Area Effluent Treatment Facility. 

The WSRP is evaluating potential C01ltaminant flux from CERCLA vadose zone waste sites to 
' . 

groundwater in the Z Plant vicinity. The ongoing vadose zone studies will continue to provide 

data for updating groundwater and risk assessment models. The WSRP is also evaluating the 

partitioning of dense nonaqueous phase liquids (DNAPLs), including the presence or absence of 

free-phase DNAPLs, within the 200-ZP-1 OU. 1he vadose zone and groundwater DNAPL 

investigations currently being performed in the vicinity of the 216-Z-9 Trench are addressed by 

the Sampling and Analysis Plan/or Investigation of Dense Nonaqueous PhMe Liquid Carbon 

Tetrachloride at the 216-Z-9 Trench (DOB-RL 2003d). The remaining DNAPL characterization 
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efforts are addressed by the sampling and analysis plan {SAP) in Appendix B of Plutonium/ • 

Organic-lllch Process Condensate/Process Waste Group Operable Unit RIIFS Work Plan: 

Includes the 200-PW-1. 200-PW-3. and 200-PW-6 Operable Units (DOS.RL 2004b). 

• Objective #1: The first RI objective is addressed in Sections 2.0, 3.0, and 4.0 fur 

estimating the nature and extent of200-ZP-1 groundwater contamination sufficiently to 

screen remediation alternatives in the subsequent FS and to support remediation 

activities. The approach for collecting and evaluating contaminant concentrations and 

modeling input parameters ( e.g., geotechnical, hydrologic, and geochemical aquifer 

properties) is desaibed in Section 2.0. Groundwater monitoring and characteri7.ation for 

the 200-ZP-1 RI were conducted in accordance with the SAP in Appendix A of the 

20()..ZP-l RI/FS work plan (DOS.RL 2004c). 

Section 3.0 descn'bes several studies that were performed based on 200-ZP-l OU · 

groundwater data to develop a better understanding of the satmated mne contaminsnt.s 

and properties. The RCRA TSD unit groundwater monitoring results, SALOS 

groundwater monitoring results, interim pump-and-treat system perfomumce, and 

pertinent vadose zone investigations are also summarized in Section 3.0 

Section 4.0 descn'bes the con.tmmnant of amcem {COC) concentration and aquifer data, 

including depth-discrete sampling results that were obtained through the plans presented 

in Section 2.0. 

The current groundwater flow direction in the 200-ZP-l OU is generally from west to 

east The lateral extent of the plwnes and their locations are shown in the plate map in 

Appendix A. The carbon tefrachloride groundwater plume emamrtes from the Z Plant 

area and underlies most of the 200 West Area, spanning across both the 200-ZP-l and 

200-UP-l OUs. The nitrate plmne underlies most of the operational area of 200 West 

Area in 200-ZP-l OU. More localized plwnes of chromiwn and technetimn.-99 underlie 

WMA-T. Technetium-99 is undergoing further evaluation with respect to its depth in the 

200-ZP--l OU east of the WMA-T area. The uranimn plmne underlies the T Plant area. 

Iodine-129 and tritiwn are spreading east, to an area northeast of the TX-TY Tank Farms. 

• 

Two localized plumes of uranimn and technetium-99 are located east of the TX-TY Tank • 

Farms. A trichloroethylene (TCE) plume begins north of Z Plant and underlies the 
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TX-TY Tank Farms, extending north beyond WMA-T. Although a fluoride plume is 

noted in the annual Sitewide groundwater report (PNNL 2006), the risk evaluation did 

not note it as an identified risk driver. 

A critical component of the 200-ZP-1 subsurface characterimion effort is the collection 

of depth-discrete contaminant concentration and aquifer property data for evaluating the 

three-dimensional distnoution and projected movement of contaminants in the saturated 

zone. Important depth-discrete data are descn1>ed in Section 4.0 for monitoring wells that 

were drilled during fiscal year 2004 (FY04) and FY0S. Additional depth-discrete data 

will be collected ftom wells that are planned to be drilled in the 200-ZP-1 OU. Four 

additional 200-ZP-1 RCRA wells (i.e., LLWMA-5, LLWMA-8, LLWMA-13, and 

LL WldA-17) are currently planned·for the monitoring well network. The carbon 

tetrachloride and technetium-99 depth-discrete data are described in the discussion for the 

fourth RI objective in this executive summary. 

• Objective #2: The second RI report objective is the integration of data from both 

CBRCLA and RCRA programa, which are also described in Sections 2.0, 3.0, and 4.0. 

The following data were collected and evaluated from both RCRA and CERCLA wells: 

- COC concentrations 

- Aquifer properties 

- Depth-discrete groundwater results. 

For the carbon teCrachloride, data from both the 200-ZP-1 and the 200-UP-1 OUs were 

considered because this plume is in both OUs. 

• Objective #3: Sections 2.0, 3.0, and 4.0 address the third RI objective of obtaining 

sufficient data to support &te and transport modeling. Section 2.0 identifies aquifer 

properties that are measured as inputs for fate and transport modeling. Saturated aquifer 

sediments were evaluated for particle.size distribution, calcium carbonate content, bulk 

density, lithology, hydraulic conductivity, cation exchange capacity, major cation 

content, total organic and inorganic carbon content, partition (or distribution) coefficient 

oc.), and pH. In addition, groundwater properties included hydraulic gradient, well 

development parameters (i.e., flow rate, water-level drawclown, and pumping 
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performance), dispersivity, specific conductivity, alkalinity, dissolved oxygen, turbidity,· • 

pH, and temperature. 

Section 3.0 descnoes the results of Ket and other aquifer studies. Aquifer slug tests and 

other studies provided data that will be used in the FS to predict the movement of COCs 

in the saturated mne and to evaluate their response to remedial alternatives. Several 

studies focused on the teleased amount, current disposition, and projected movement of 

carbon tetrachloride in the 200-ZP-1 OU. Depth-discrete groundwater monitoring data 

were collected to show the vertical distn"bution of COCs within the aquifer and to · 

monitor the movement of COCs in groundwater over time. 'Ibis information will be used 

to support the screening of alternatives and baseline risk assessment in the FS. Pilot tests 

may be required in the future to determine the viability of various remedial alternatives in 

an FS. Section 4.0 presents the results of the COC .concentration and aquifer property 

data-gathering activities :introduced in Section 2.0. 

• Objective #4: The fourth RI.objective is addressed in Sections 4.3 and 4.4. The fourth 

objective is to generate data to develop comprehensive model of the.three-dimensional • 

distnDUtion of carbon. tetrachloride in the 200-ZP-1 and 200-UP-1 OUs. In addition, 

depth-discrete data are presented to develop a localized three-dimensional model of 

tecbnetium-99 in the WMA-T area. 

The lateral extent and varying concentrations of cmbon tetracbloride in groundwater are 

descnoed in Section 4.3. Depth-discrete groundwater concentration data for carbon 

tetrachloride and three of its potential degradation compounds (i.e., chloroform, 

methylene chloride, and chloromethane) from wells in both OUs are discussed in 

Section 4.4. Depth-discrete groundwater concentrations of the four compounds in 

200-ZP-1 and 200-UP-l OUs are combined on the three plate maps in Appendix C. 

These plate maps include cross-sections, vertical concentration plots, and 

isoconcentration contours of carlxm ·tetrachloride (at three separate depth intervals) and 

its degradation products. 

The conceptual model of the carbon tetrachloride groundwater plume is that the plmne 

extends vertically from the top of the unconfined aquifer near the disposal source areas 

by the Plutonium Finishing Plant, to the base of the unconfined aquifer at the top of the 
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Ringold Lower Mud Unit (Unit 8). The plume extends through the Ringold Formation to 

the top of basalt where the Unit 8 confining layer is absent, as at well 299-W13-1. The 

conceptual model also shows that as the distance :fi:om the source area increases in 

a downgradient direction, the highest carbon tetrachloride concentrations occur deeper in 

the unconfined aquifer. The model indicates that recharge from natural infiltration and 

less-contaminated former wastewater discharges contribute to reduced cmbon 

tetrachloride concentrations in the upper portion of the unconfined aquifer in 

a downgradient direction ·from the source area. 

Although not shown in the vertical plots on the plate maps in Appendix C, the 

approximate depth to groundwater in the wells ranges from about 67 to 76 m (220 to 

250 ft) below ground surface (bgs) and the approximate depth to the Ringold Lower Mud 

Unit nmges fi:mn about 113 to 134 m (370 to 440 ft) bgs. In general, the elevation of the 

water table decreases from west to east, and the elevation of the Ringold Lower Mud Unit 

increases from .southwest to northeast. 

In general, .the depth ofthe maximum concentration of chloroform is similar to the depth 

of the maximum concentrition of carbon tetrachloride in each well. A few wells show 

low levels of methylene chloride present within the aquifer. Fewer wells have detectable 

concentrations of chloromcthane. The chloroform, methylene chloride, and 

chloromethane contaminants may be the result of carbon t.etrachloride degradation. In 

addition, if the degradation is from reduclive decblcmnation, the reduction occms in the 

fullowing order: cmbon tetrachloride to chloroform, to methylene chloride, and then to 

chloromethane. This would account for the decreasing concentrations of the three 

degradation products. 

In addition to ·carbon tetrachloride, depth-discrete data are collected for technetium-99. 

A tedmetium-99 plume has been identified northeast ofWMA-T, where the T Tank Farm 

is located. The technetium-99 plume was previously thought to be located at the water 

table. A ·new well, 299-Wl 1-25B, was located in the northeast comer ofWMA-T to 

assess the vertical extent of the technetium-99. Recent data :fi:om w~ 299-Wl l-25B 

indicate technctium-99 concentrations at 180,000 pCi/L at a depth of IO m 

(approximately 9.1 m [30 ft]) below the water table. It must be noted that the maximum 

ES-vii 



OOEIRL-2006-24, Rev. 0 

depth of the nitrate concentrations is the same as the mamnum depth of the 

technctium-99 concentrations. 

In order to assess the lateral extent of the tecbnetium-99 plume·in the deeper unconfined 

aquifer, well 299-Wl 1-45 was drilled approximately 80 m (262.5 ft) downgradient ( east) 

ofwell 299-Wl1-25B. Well 299-Wl 1-45 was sampled every 1.5 m (4.9 ft) throughout 

the top 56 m (183.7 ft) of the aquifer. The nitrate and technetium-99 concentrations are 

shown in Figure 4-42. Again, the depth distnlmtions of both contaminants are similar to 

that of well 299,;,Wl 1-25B; however, the maximum concen1rations are lower. Additional 

wells are planned in the area during FY06 to assess the lateral and vertical extent of the 

technetium-99 plume. 

• Objective #5: The fifth RI objectiveis addressed in Sections 1.0, 2.0, 4.0, 5.0, and 6.0. 

The objective is to identify groundwater cmtaminants for detailed risk assessment in the 

upcoming FS; both human and ecological receptors are evaluated. Section 1.0 descnl>es 

how groundwater contaminants are divided into two broad "Group A" and "Group B" 

• 

categories. Group A is composed ofeight contaminants with jcfentifiedand mapped • 

groundwaterplumes: carbon tetracbloride,total chromium, iodino--129, nitrate, 

technetium-99, TCE, tritium, and total and radioactive uranium. Group B is composed of 

47 other groundwater co,,tmnirumts that are found in relatively lower concentrations and 

in fewer wells. Group A was evaluated using the logic in Figure 1-3, and Group B·was 

evaluated using the logic in Figure 1-4. The n;sult of the evaluation was a list of analytes 

that is shown in Table ES-1. The COCs for additional risk evaluation to human receptors 

include the Group A (i.e., eight major risk drivers) and six additional Group B analytes. 

Four analytes pose potential risk to the ecological receptors. 

Both groups of contaminants were subjected to a data quality assessment (DQA) process 

conducted according to the requirements of the 200-ZP-1 RI/PS work plan (DOE-RL 

2004c) and Data Quality Objectives Summary Report Supporting the 200-ZP-l Operable 

Unit Remedial brvestigation/Feasibility Study Process (FH 2003c). The DQA presented 

in Appendix F demonstrates that the data meet the established data quality objectives • 

Section 6.0 presents the results of initial fate and transport and risk modeling for carbon 

tetrachloride, technetium-99, iodine-129, and total and radioactive uranium. It is 
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emphasized that this is not the baseline risk assessment that will be performed in the FS. 

Tables 6-6, 6-7, and 6-8 summarize the preliminary risks and doses. Depending on the 

risk scenario, the hazard quotient (HQ) for carbon tetrachloride ranged from 171 to 81 S. 

The HQs greater than one must be address in the FS. Total uranium HQs for both 

scenarios range from 8.57 to 49.5, which is well above one. The cancer risks range from 

2.948-04 to l .93E-06, depending on the risk scenario and radionuclide. 

Table ES-1. Contaminants of Concern for Risk Evaluation in the Feasibility Study. 

Chromium (total) 1,2-dicbloroethane 

I-129 

Nitrate 

To-99 

Tricbloroethylene 
(TCE) 

Tritium 

Uranium (total and 
radioactive) 

Tetracbl.oroethylene 
(PCE) 

Hexavalent chromium Carbon tetrachloride 

Iron Cyanide 

Chloroform Hexavalent chromium 

Uranium (total) 

• Retain methylene chloride for additional evaluation because it is a potential degradation product of carbon 
tetrachloride. 

COC • contaminant of coneem 
DF • dilution factor 
HQ • hazard quotient 
PRO • preliminary remediation goal 
UCL • upper confidence limit 
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METRiC CONVERSION CHART 

Jato Metric Units Oat of Metric Units 

Q'YouKnow Multiply.By To Get Q'Tou.Know Multiply.By To Get 

Lencth Leqth 

inches 25.4 mil1imetera miUimatcrs 0.039 inches 

iDdiea 2.54 centimeters centimctas 0.394 inches 

feet 0.305 metms mem 3.281 feet 

yards 0.914 meters meters 1.094 yards 

miles 1.609 kilomctm .kilometers 0.621 miles 

Area Area 

sq.inches 6.452 sq.centimeters sq c:entimeten 0.155 sq. inches 

lq. feet 0.093 sq.meters sq.meters 10.76 sq. feet 

sq.yards 0;836 aq. meters aq.metms 1.196 sq.yards 

sq.miles 2.6 aq. kilometers aq. ki1omdera 0.4 sq. miles 
acres 0.405 hectlRs hectares 2.47 acres 
Mass (weight) Mass {weight) 

oum:ea 28.35 grams srams 0.035 ounces • pounds 0.454 kilograms kilograms 2.205 pounds 

ton 0.907 mctricm mdricton 1.102 11:m. 

Volume Volume 

teaspoons 5 millili1ms gp1Jjtite,:'R 0.033 fluid ounces 

tablespoons IS Diillili1aB litms 2.1 pm 
ftuid OUD0e8 30 milliliten lim 1.057 quarts 

.caps 0.24 liten li1aB 0.264 gallons 
pm 0.47 liten cubic mclmB 35.315 cubicbt 

quarts 0.9S litcn cubic meters · 1.308 cubic yards 

pllons 3.8 liten 

c:ubicfeet 0.028 cubicmdcrl 

cubic yards 0.765 cubicm=rs 

Temperature Temperature 
Fahnmheit 1Ubtract32, Celsius Celsius multiplyby Fabmmeit 

1hctt 9/5,thmadd 
multiplyby 32 
S/9 

RadloactMty Radloadlnty 

picocuries 37 millibecqucrcls 0.027 picocuries 
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1~0 INTRODUCl'ION 

The remedial investigation (RI) activities tbr the 200-ZP-1 Groundwater Operable Unit (OU) are 
descn"bed in this report in accordance with the rcquirements of the Comprehensive 
Environmental Response, Compensation, and Liability A.ct of 1980 (CERCLA). This RI report 

conforms to the conditions set forth ht the Hanford Federal Facility Agreement and Consent 
Order (Tri.;Party Agreement) and amendments (Bcologyet at 2003) signed by the Washington 
State Department of Ecology (Ecology), U.S •. :Environmental Protection Agency (BP A), and 
U.S. Department ofEnergy (DOE), Ricblarid Op,rations Office (RL), including Tri-Party 
Agreement Milestone M-015~ forcompleting all200 Area non-tank :&rm OU pre-Record of 
Decision(ROD) docmnents•on or before ·December 31, 2008. The RI report supports the final 
remedy selection for the 2oo.;z,.;1 OU in the Remet/jal Investigation/Feasibility Study Work 
Plan/or the 2~ZP-I Groundwater Operable Unit (DOE-RL 2004c), a agreed upon by RL and 
EPA. 

The location of the 200-ZP-l OU within the 200 West Area of the Hanford Site is shown in 
Figure 1-1. 'lbe 200-ZP-1 Groundwater OU is one of two grmmdwater OUs located within the 
200 West groundwater aggregate area of the Hanford Site. A plate map of the 200-ZP-l and the 
200-UP-1 OUs is pre.,entedinAppendixA The200-ZP-l OU.groundwaterunderlies z·Plant, 
T Plant, I.ow-LevelWaste Management Areas 3 and 4 (LLWMA-3and LLWMA-4), T Tank 
Farm, TX7TYTank Farms,.the Statc-/ippmved Land Disposal Site (SALOS), and various cn"bs 
and trenches teeeiving liquid waste. The 200-ZP-lOU background, physical setting, . 

co,,taminsnts of~ (COCs), .and conceptual model information are discussed in various 
project documents and are summarized in Section 1.5. 

As descn"bed in~ 200-ZP-1 RI/PS work plan (DOE-RL 2004c), the primary goals of the RI 
report are to define the nature and extmt of groundwater contamination a it is currently 
und~ and to ·pn:sent analytical and other data that willlater be used to support the 
prq,aration of a baseline risk assessment·and a feastmlity study (FS). The FS will support the 
selection of a final remedy. Tri-Party Agreement Milestone M--015--00C requjres the cxmpletion 
of all non-~ farm pre,-ROD documents t,y December 31, 2008. 

For the 200-ZP-1 CBRCLA RI/FS process, tbe baseline risk assessment will be reported in the 

FS. As agreed upon by RL and BPA, ancl as documented iil an attaclunent to the October 2005, 
200 Area Unit Managers'. Meeting minutes (PH 200Sa), a baseline risk assessment is not 
included in the RI report because of pending efforts to. acquire sufficient modeling data, 

including the fullowing:. 

• Additional carbon tetrachloride analysis of groundwater samples :fi:um the base of the 
unconfined aquifer 

' ' 

• Installation and sampling of at least three new wells in the vicinity of the Old Laundry 
Factlityand T Plant 

• Completion of a technctium-99 study in the T Plant area 

• Estimation of the carbon tetrachloride and tedmetium-99 mass in the unconfined aquifer 

• Update of the vadose 7.0ne and groundwater models to &cilitate parameter adjustments, 
addition of new data, and inclusion of a declining water table 
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• Projection of whether identified groundwater phunes could migrate outside the 200 West 
Area. 

The above risk assessment data and modeling requirements were discussed and agreed upon by 
BP A, RL, Fluor Hanford, Inc. (FH), and Pacific Northwest National Laboratory (PNNL) 

representatives in Central Plateau Remediation Project meetings on August 3, 200S, and 
September 15, 2005. The BP A subsequently agreed that PNNL's report, Recent Site-W'ule 
Transport Modeling Related to the <Jarbon Tetradiloride Plume at the Hanford Site (Bergeron 

and Cole 2004), provides sufficient risk modeling and carbon tetrachloride groundwater plume 
analysis to support the RI report preparation, and no additional modeling was required at this 
time. Future modeling plans are clescn'bed in further detail in Section 7.3. 

A number of treatment, storage, and/or disposal (TSD) units and a non-TSD unit disposal 
location are located within the 200-ZP-l OU boundary. PoSSt'ble COCs originating from these 
TSD units that are impacting groundwater have been included in this RI report because the 
groundwater OU will be remediated under CERCLA. The TSD compliance. issues are not 

considered in this RI report because these facilities are regulated under the Raource 
Conservation and Recovery Act of 1976 (RCRA). The Waste Site Remediation Project (WSRP) 
and the Tank F811DS Project will predict impacts to groundwater from RCRA sites in the 
200-ZP-1 OU when data are available. The WSRP is scheduled for completion in 2017. The 
anticipated groundwater data schedule is outlined below: 

• Single-Shell Tank (SST) ll)'ltem TSD 1Dlit Waste Management Area T (WMA .. T): 
2028 closure date. 

• SST system TSD IUlit WMA .. TXfl'Y: 2028 closure date. 

• Low.;Level Burial Grounds (LLBG) TSD unit LLWMA-3 and LLWMA-4: No 

individual closure dates are established. However, all 200 Area non-tank farm OUs must 

be closed by 2024 in accordance with the Tri-Party Agreement Milestone M-016-00 
(Ecology et al. 2003). 

• SALDS: Although this disposal location is located outside of the 200 West Area 
boundary and it is not a TSO unit, a tritium plume fi:om the discharge to this location is 
monitored because it could impact other plum.es in the 200-ZP-1 Groundwater OU. 'Ibis 

disposal location unit is active and no individual closure date is established other than 
Tri-Party Agreement Milestone M-016-00 (Ecology et al. 2003). The disposal location 
supports operations of the 200 Area Effluent Treatment Facility. 

Additional waste sites that coulil impact groundwater are descn'bed in Sections l.S and 3.4. 
Major groundwater COCs (described later in this RI as "Group A" COCs) that were released at 

each waste site, or that were detected in associated groundwater samples, are discussed in 
Section 3.4. The waste sites include the T, TX, and TY Tank Farms. Additional discussion of 
the "Oroup A" COCs are p,:esented in Section 4.3, including tedmetium.-99 in Section 4.3.S. 
The groundwater distn"bution of carbon tetrachloride and technetium-99 are mrther discussed in 
Section 4.4. 

Monitoring and cbaractem.ation activities performed in support of this RI report were conducted 

• 

• 

in accordance with the sampling and analysis plan (SAP) in Appendix A of the 200-ZP-1 RI/FS • 
work plan (OOE-RL 2004c). In addition to data collected in support of the 200-ZP-l RI/FS 
work plan, groundwater data :from 1988 to the present are also included in this RI report. 
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Oeotecbnical · h·~lo . . ·· and ~"'emical data from sediments (which are needed for t .. IU,.'>I glC, .. &-.. . . . ·. . 

co11tmuirumt fate and transport modeling) are summarized in fJeqions 2.0 and 3;0. Depth
discrete groundwater data are presented in Section 4.0. Soil lithology is presented in Section 3.0. 
Additional descriptions of the parameters are available in the documents that are.referenced in 
those sections. 

The WSRP is continuing to evaluate potential contamirumt flux from CERCLA vadose zone 
waste sites to groundwater in the vicinity of Z Plant. The ongoing vadose zone studies will 
continue to prt>Vide data for updating groundwater and risk assessment models. The WSRP is 
also evaluating the pattitirimng of dense nonaqueous phase liquids (DNAPLs), including the 
presence or absence of free..phase DN.APLs, within the 200-ZP~ l OtJ. The vadose zone and 
growdwater DNAPL investigations ·cummtty.being pc;d'onned·mthe vicinity of the 216-Z-9 
Trench are addressed in the Sampling and Analysis Plan/orlnvestigation of Deme Nonaqueous 
Phase Liquid Carl,on Tetiachloruk at the 2l~k9 7rench (DOB-RL 2003d). •The remaining 
DNAPL characterimtion efforts are addressed by_the SAP in .Appendix B of the Plutonium/ 
Organic-Ric~ Process Contleilaate/Prticw W.aste .Group Operable Unit RIIFS Work Plan: 
Includes the 200-PW-1, 200-PW-3, and 200-PW-6 Operable Uni/3 (DOE-RL 2004b). 

1.1 PURPOSE 

The primary purpllSes c,f the 200,;,ZP-1 Rlreport are (l)to define the nature and extent of 
groundwater contamination in the ~ZP..;l OU; (2)to·integrate and analyze information from 
various CERCLA··and RCRA Gbaractcrization studies, reports and .meetings; (3) to provide 
a preliminary:.assessrncpt of risks·to the human and ecological pc:,pu.lation; (4) to identify the key 
COCs that pose the major rim to human ·health arid tl.teenvirtmmentfi:om the SS COCs 
(Table l.;1) identified in the20Q..ZP-l RJ!FSwodcplan (DO~lL·2004c); and (S) to define 
vadose mne/groundwater1' -1 risk'evaluation parameters. Al .agreed upon by RL and BP A, and 
as documentec!in an attachment to 1he October 2005 200 AreatJnitManagers' Meeting minutes 
(FH 200Sa)/a. baseline risk assessment is not included in this RI report, but rather will rather be 
included in die FS. . 

.. . .. 

Data analysis in-this RI report is fucused on the wellsJisted in Table 1-2, which includes the 
wells listed in .Appendix A, rab1e:A3~2, of the ~ZP-1 RI/FS work •plan (DOE-RV2004c), as 
well as a number of RCRA w.,ps that are being used to'supplement the database. Table 1·3 
presents the ongirial Table A.3-2 :from the 20()..ZP;.;t RI/FS work plan. Information about the 
TSD units and S>.LDS is presc;nted for C0111pleteness. Wells and monitoring constituents related 
to TSD unit and SAIDS compliance are determined from their respective groundwater 
monitoringp~ not ftom Tables 1-2 and 1~3. 

The RI cbaracterimtion efforts to date were based miEPA's Guidance for the Data Quality 
Objectives Prt,cess (BP A 2000), which was used to develop the SAP in Appendix A of the 
200-ZP-lRtlFS wmk plan (DOB-RL2004c). Both EPA and RL participated in the data quality 
objectives (DQO) ·proqess· and generally concurred with the results.· The results ftom this process 
are documented in the Data Quality Objectives Report Supporting the 200-ZP-1 Operable Unit 
Remedial Investigation/Feasibility Study Process (FH 2003c). 

1-3 



OOF/RL-2006-24, Rev. 0 

1.2 DOCUMENT ORGANIZATION 

This RI contains eight major sections and eleven appendices as listed below: 

• Section 1.0, Introduction 

• Section 2.0, RI Approach 

• Section 3.0, Other Supporting Studies Performed Outside of the 200-ZP-1 RI/FS Process 

• Section 4.0, RI Results 

• Section 5.0, Human and Ecological Risk Evaluation 

• Section 6.0, Risk. Evaluation 

• Section 7.0, ~ummary 

• Section 8~0, References 

• Appendix A, Plate Map of200-UP-1 and 200-ZP-1 Monitoring Network 

• Appendix B, Plate Map of Hanford Site 200 Area Waste Sites 

• Appendix C, Shallow, Middle, and Deep Plate Maps of Carbon Tetrachloride Depth.-
Discrete Groundwater Data for the 200 West Area 

• Appendix D, 200 Area Maps of Liquid Release Inventory Data 

• Appendix E, Complete COC Data Set 

• Appendix F, Data Evaluation and Data Smmnary Tables 

• Appendix G, COC Concentration Trend Graphs 

• Appendix H, Data Quality Assessment 

• Appendix I, Summary Data Results from Each COC Evaluation Logic 

• Appendix 1, Detailed Data Results fi:om Each COC Evaluation Logic 

• Append.ix K, Minimum and Maximum Nondetected and Detected Analytes 

• Appendix L, Vertical COC Concentration Plots for RI/FS Wells 

• Appendix M, Vertical COC Concentration Plots for Other 200-ZP-1 Wells 

• Appendix N, Vertical COC Concentration Plots for Sediments and Soil Gas from the 
RI/FS Wells 

• Appendix 0, Gamma Logs 

• Appendix P, Soil Inventory. 

1.3 SUPPORTING DOCUMENTS AND REMEDIAL INVESTIGATION BASIS 

Supporting documents for this RI report are summarized in Table 1-4. Other references are 
listed in Section 8.0. 
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• 1A DATAEVALUATIONMETHODOLOGY 

• 

The data evaluation procedures desctJ."bed below are designed to differentiate between COCs that 

require more extensive human health risk assessment in the FS and other COCs that are notthe 
major determinants ofhmnan health risk. The pn,cedmes are applied to all of the wells listed in 
Table 1-2. Alternative procedures could be followed during compliance monitoring after a ROD 
is approved. .. . 

1.4.l Contaminants of Concern Identfflcatlon 
.· . . ·. : .. 

Groundwater plumes are identified for eight major COCs and are shown on the map in 

Figure 1-2 and the plate map in Appendix A. TMse are referred to throughout the remainder of 
this RI report as.-oioup A~ COCs. · None.of tbe 47 other·coes are found in high enough 
concentrati011S and/or in enough wells to justify drawing plumes; these are referred to throughout 
the remainder of this RI report as "Oroup B" COCs. The monitoring .-nci extraction wells within 

the mapped plume boundaries are]ncludedin'I'able t .;2~· A separate set of evaluation procedures 
is presented mt each ofthe COC groups. . Flowcharts of the procedures are shown in Figure 1-3 
for Group A COCs and in·Figure 1-4 for Group B coes ... The logic for theCOC evaluation was 
documented in an attachment to the Ck.tober 2005 200 Area Unit Managers' ·Meeting minutes 
(PH 2005a)~ The outcome of these evaluations is presented in Section 4.2. 

. . . : ·. :· . . . . 
. . .. 

The "Group A" COC groundwater plumes on the plate map in Appendix A are primarily based 
on interpretations of200-Zft-1 pundwateranalytical data from fiscal year 2005 ·(FY05). . 
Groundwater: analytical data from FY03 tbmug11.FY04 t1re included ftom 200-ZP-l wells for 
which FYOS :data arc unavailable. The areal depiQtion of the eight plumes in Appendix A is 
·intended torc:present an estimated·lateral extent of,c:ach ~up.A" COC for the indicated 
concentration or•activity level in the shallow portion ofthe unconfined iquifer. The depicted 
isopleths are derived ·from annual avenge concentrations· and activity levels and are not based 
solely on depth..aiscrete analytical :data. · 
lA.1.1 Grottp A ~ontamtn~t of Concern Data Evaluatloli. Eight groundwater plumes are 
mapped in the· 200-ZP-1 00, as discussed in the 200-ZP-1 RI/FS WOik plan (OOB-RL 2004c) 
and Hanford "Site Grountlwater,Monitorlngf~rFiscalYear 2005 (PNNL 2006). The eight 
Group A COCs include the following: . total chromium, carbon tetrachloride, iocfine.129, nitrate, 

tecbnetium-99, tricbloroethylene (TCB); tritlun:i, ,anct radioact.i.vcftotal ~um. · The Oroup A 
COCs were previously identified as potential hummihealth risk drivers in the 200-ZP-1 RI/FS 
wmk plm · Bach Group A q()C is separately evaluated for monitoring and extraction wells 

within the mapped.plume boundaries in Figure J .;2 •. For ease .of evaluation, the question numbers 
identified in Figure 1-3 are also identified in brackets in each step below: 

1. ·For each Group A COC,analytical data are grouped into one data set fi:om wells within 
the applicable plume boundary. The wells that are grouped tor: data evaluation are 
associated with a mapped plume a:nctaie listed as "Group A" wells ·in Table t-2. Other 
wells hi Table 1-2 were not used if they were not associated with a mapped groundwater 
plmne. 'lbe result is eight data sets that are evaluated in steps 2 through 4 below. 

2. If the Group A COC concentration .for any sample in a data set is greater than twice the 
preliminarymnec.tiation goals (PROs) (A-1] (Figure 1-3) orif 100/4 or more of the 
concentrations in the data set exceed the PROs, the COC is included in the baseline risk 
assessment and potential remedial actions are evaluated in the FS [A.;2] (Figure 1-3). 
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No further statistical analysis is required at this time. Additional statistical analysis is not • 
precluded for the FS or compliance monitoring. 

3. If less than 100/4 of the Group A COC concentrations in the data set exceed the PRGs, 
then the concentration trend is evaluated in the RI according to the following decision 
rules and statistical analyses: 

• For concentrations below the method detection limit (MDL), SO% of the MDL is used 
in statistical calculations. If no MDL exists, the practical quantitation limit (PQL) is 
used. 

• If less than 15% of the data are between the MDL and the PQL, then assign a value 
equal to the PQL to each data point. 

• If 15% to 500/4 of the concentrations are below the PQL, and all PQLs are equal and 
the data are distributed normally or log normally, then use Cohen's method to 
calculate the mean, standard deviation, and upper confidence limit (UCL). 

• If 15% to S00/4 of the concentrations are below the PQL, and all PQLs are not equal, 
and/or the data are not distnl>uted normally or log normally, then other applicable 
statistical analyses will be selected. The logic and statistical reference will be 
provided in the subsequent discussions when these alternate approaches are required. 

• If greater than 500/4 of the concentrations are below the PQL, then the largest value in 
the data set is substituted for the UCL. 

4. If the concentration for the 95% UCL or the largest PQL from step 3 exceeds the PRO, • 
then potential remedial actions are evaluated in the FS for t1ie primary COC. Otherwise, 
no further action is required [A-3] (Figure 1-3). 

1.4.1.2 Group B Secondary Contaminant of Concern Data Evaluation. The Group B 
COCs include contmninants that were detected in the wells listed in Table 1-2 (also see 
Section 4.2 and Table 1-5 of this RI report). The selected limit in Table 1-5 is the PRO or action 
limit. The source column in Table 1-S provides the basis of the PRO, as previously detailed in 
the 200-ZP-1 RI/FS work plan (DOE-RL 2004c). The Group 8 COCs are~ based on 
Table Al-7 in Appendix A of the 200-ZP-1 RI/FS work plan. 

Table 1-5 specifies the PRO or selected limit for the antimony as the maximum contaminant 
level (MCL). The MCL is lower than the contract-required detection limit (CRDL). The goal is 
for the CRDL to be well below the PRO, which is the MCL in this case. Previously used 
analytical methods cannot routinely achieve CRDLs below the MCL Efforts are being made to 
specify methods ( e.g., graphite furnace atomic absmption) that will meet the MCL. In addition, 
antimony is not a primary "risk driver" in the 200-ZP-1 OU. The BP A's Rbk bsesament 
Guidance for &lperfand (RAGS), Volume 1. Human Health Evaluation Manual (Part A). Interim 
Final (BP A 1989) and Washington Administrative Code (WAC) 173-340-707 indicate that 
a CRDL may be used to assess the need for action ifEP A methods are used and reasonable 
approaches are implemented to lower reporting limits. Because antimony is not a primary "risk 
driver'' and reasonable CRDLs have been attempted, added efforts to obtain CRDLs below the 
6 µglL MCL are not planned at this time. 
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The following procedures forideriti.fymg "indicator substances" are obtained from 
WAC 173-340-703. The procedures are intended to determine whether any of the secondary 
COCs should be included in the baseline risk assessment 

For each Group B COC, analytical data from wells within the 200-ZP .. l OU (see Table 1-2) are 
grouped into a single data set. Bach of Group B COCs is evaluated separately. For each step 

below, the question number from Figure 1-4 (e.g., S-1) is identific:d in brackets: 

1. No further action is required for analytes that are not detected [B-0] (Figure 1-4). 

2. If all of the results for the analyte are below the PRG, no further action is requited [B-1] 
(Figure 1-4). 

3. If,any result for a detected analyte is above the PRG and the analyte is a common 
laboratory solvent(e.g~, methylene chloride, acetone, toluene, etc.), the associated sample 
is evaluated for potentialcross-contamination with the "5-,-10 rule." The 5-10 mle is 
based on the BP A's Laboratory J)attiYalidtition Functional Guidelines for Evaluating 
Organic Ana,&sa(Bleyler 1988) m.tehapter 1 of'Test Methoils for Evaluating Solid 
Waste: PhysicaVCheniicalMeiluids (EPA 1999). These mies indicate that the detection 
of the analyte may be due to contamination 'if the associated sample concentrations are 
less than $times the blank or, (for common laboratory COJ1tmninants) are less than , 
10 times the blank. :Note that the'btank may be,a ~ry preparation b~ a mp 
blank, or a field blank. Cmnmonlaboratory contaminants, as defined by the BPA's 
fimctfonal guidelines, are methylene chloride, toluene, acetone, and the phthalate 
cmnpo~ [B-2, yes] (Figure-1-4). ' 

• No further action is requirediftb.e detected concentratiOlis of the analyte are less than 
either Sor t0,times the ipplicable field blank concentrations (B-4, no] (Figure 1-4). 

• For analytes with concentrations greater than S or 1 0 times the field blank 
COll.centrations, the analytical data and samples are further evaluated for pq:sistence, 
ftequcncy, trends, location, and presence of an identifiedpiume [B-4, yes] 
(Figure 1-4). 

4. An analyte that is not a common laboratory solvent or:plasticizer is included in the 
baseline risk ,assessment if 100/4 or more of its detected concentrations ·exceed PRGs. 
No fiuther statistical analysis is required. Potential remediation of the analyte would be 
considered in th~ pending''baselinerisk assessment of the PS based on persistence in the 
environment, location of wells containing the analyte, frequency of detection, etc. [B-3, 
yes] (Figure 1-4). 

S. For,analytes tbat are not common laboratory solvents and are detected above the PROs at 
a frequency ofless than 100/4, the analytes are evaluated for persistence, frequency, 
trends, location, presence of an.identified plume, and chemical and physical properties 
tbat affect &te and transport. The decision rules and statistical analyses applied to 
primary COCs may also be applied to the secondary COCs. The Group B COC 
evaluation of similar frequency of detection are listed below [B-3, no] (Figure 1-4): 

• For concentrations below the MDL, 500/4 of the MDL is used in statistical 
calculations. If no MDL exists, the PQL is used. 
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• If less than IS% of the data are between the MDL and PQL, then assign a value equal • 

to the PQL to each data point 

• If 15% to 500/4 of the concentrations are below the PQL, all PQLs are equal, and the 
data are distributed nonnally or log normally, then use Cohen's method to calculate 
the mean, standard deviation, and UCL. 

• If 15% to 500/4 of the concentrations are below the PQL, and all PQLs are not equal, 

and/or the data are not distributed normally or log normally, then other applicable 
statistical analyses will be selected. The logic and statistical reference will be 
provided in the subsequent discussions when these alternate approaches are required. 

• If greater than SO% of the concentrations are below the PQL, then the largest value in 
the data set is substituted for the UCL. 

1.4.2 Modeling Approach 

AB documented in an attachment to the October 2005 200 Area Unit Managers' Meeting minutes 

(FH 2005a), RL and EPA agreed to defer a baseline risk assessment to the FS to allow more time 

for completion of groundwater plume characterization efforts. The 200-ZP-1 drilling, sampling, 
analysis, and modeling efforts are currently focused on developing a detailed understanding of 
the distribution and movement of four major risk..cmving COCs in the vadose and saturated 

zones: carbon tetrachloride, technetium-99, iodine-129, and uranium. If possible, the 
characterization results will be included in a baseline risk assessment that is planned as part of 
the FS. The objective of the baseline risk assessment will be to evaluate the risks associated with 

predicted COC concentrations at potential exposure locations. Known and potential future COC 
sources will be evaluated within a relevant timeftame. 

The assumed scenario for 1he baseline risk assessment will be based on the long-term effect of 

discontinuing pump-and-treat operations on existing key COC plumes. The analysis will include 

the cmrent interpretations of existing plumes as initial conditions and will extend from the 

present through a period of 1,000 years. Potential future sources of key COCs from waste sites 

and facilities within the 200-ZP-1 OU will be generated using inventory emrnates and the release 

and vadose zone using Subsmface Transport Over Multiple Phases (STOMP) transport tools. 

1.4.3 Buman Health Risk Evaluation 

As documented in an attachment to the October 2005 200 Area Unit Managers' Meeting minutes 

(FH 2005a), RL and EPA agreed to limit the risk discussion in this RI report to the following: 

• Preliminary estimated risks associated with the carbon tetracllloride plume developed in 

a previous modeling study in Recent Site-W'ule Transport Modeling Related to the 

Carbon Tetrachloride Plume at the Hanford Site (Bergeron and Cole 2005) 

• Preliminary estimated risks based on current interpretations of carbon tetrachloride, 
iodine-129, tecbnetium-99, and uranium groundwater plumes that originate within the 
200-ZP-1 OU and exceed drinking water standards (DWSs), as presented in Hanford Site 
Groundwater Monitoring/or Fiscal Year 2005 (PNNL 2006). 

The preliminary risk information in this RI report is developed from an October 2005 update to 

previously predicted carbon tetrachloride concentration levels (Bergeron and Cole 2004, 2005). 
The preliminary risks are also based on the scenarios descnoed in a September 1999 letter report 
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(BHI 1999a), in Hanford Site Risk.Assessment Methodology (HSRAM) (DOE-RL 1995b), and in 

Screening Assessment and Requiremenl3 for a Comprehensive Assessment: Columbia River 
Comprehensive Impact Assessment(DOE-RL 1998). The risk i;cenarios are based on potential 
exposure pathways (e.g., ingestion, inhalation, and dermal) for COCs in groundwater, surface 
water, and sediments and include ingestion through consumption of contmninated fish, meat, and 

produce. 

The Hmnan Health Risk/Impact Module uses estimates of media- and time-specific 
concentrations to estimate potential impacts on the ecology of the Columbia River corridor, the 
health of persons who might live in or use the corridor or the upland Hanford environment, the 
local economy, and cultural~- The modules that provide ecological impacts or impacts 

on the local economy and cultural resources are not.used as a part of this RI or the planned FS. 

The Human Health Risk Assessment Module (HUMAN) framework can estimate cancer and 
non-cancer risks to humans from contaminant, in the study region. The routes of exposure will 

vary based on. the scenarios. for the assessment. The scenarios ·are focused on the use of 
potentially contaminated water and exposure to potentially ccmtammatcci .,u and sediment. 
Locations on the Hanford Site can be assessed for various scenarios within the framework. The 
groundwater pathway is the priDiary exposure route for the cmtamfoBllbl. The model includes 
iirigation in the residential famier.scenario, which adds contamination ftom groundwater to.the 
iirigated soil. •• The n:sidential farmer scenario is similar to that previously used on the Hanford 
Site (DOE-RL 1995b), except that exposure originates from the river pathway rather than the 
groundwater pathway.. · 

Two categories of impacts, carcinogenic and systemic effects, will be emmated in the human 
health risk ·assessment .to evaluate an adverse impact from a .rootarninant. to humans. Impacts 
will be assessed with the HUMAN computer code that was used in the Columbia River 
comprehensive impact assessmentc(OOE-RL 1998). The metrics include the following: 

. . 

• Carcinogenic effects will be evaluated for radionuclides and carcin.ogellic chemicals. The 
incremental lifetime cancer risk will be calculated using available slope factors, which 
assumes .adding in the toxic· effects from all carcinogenic contaminants. In addition, the 
resuits of the human health impact assessment will be presented as an annual dose for the 
radi011uclides considered; which is specified under DOE Order 5400.S and DOE O 43S.1. 

• Systemic effects will be evaluated for non.carcinogenic radionuclides (e.g., n.epbrotoxic 
effects of uranium) and chemicals. The h8Zlll'd quotient (HQ) will be calculated using 
available reference doses (RfDs), which assumes adding in the toxic effects from all 
noncarcinogenic contmniuants. 

: .. : 

Cc,,.taminanill in the environment may adversely affect human health and the environment when 
two conditions are met: (1) the key components of a system are exposed to the contaminant, and 

(2) the exposure exceeds a threshold above which ·etreets are probable. Impact is defined as 
an adverse change in the system being examined. The 1ransport modules provide estimates of 
time-dependent C011taminant concentrations ftom. Hanford Site sources in a time-dependent 
manner in the vadose zone, groundwater, and the Columbia River and its associated river 
sediments. · 

Preliminary risk information presented will be developed ftom a selected set of existing plume 
concentration levels that exceed DWSs and past-predicted concentration levels of carbon 
tetrachloride estimated by Bergeron and Cole (2005). Risk estimates will be based on standard 
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exposure scenarios similar to those defined in the HSRAM (DOE-RL 1995b). During the period • 
of institutional control, land use in the Central Plateau is assumed to be exclusive industrial, 
which will preclude the use of groundwater; thus, there is no dose to the industrial worker from 

contaminated plumes. For purposes of the risk discussion in this RI, risks estimated oonsider 
drinking water only and residential farmer scenarios using groundwater. The baseline risk 
analysis that is deferred until the FS may consider a broader set of exposure scenarios. 

1.4.4 Ecological Risk Evaluation 

There are no direct exposure pathways from Central Plateau groundwater to ecological receptors. 
The main concern for ecological exposure occurs at the Columbia River. Ecological risks are 
evaluated in this RI by a simple bounding analysis that includes three exposure scenarios. The 
bounding analysis will not account for contributions from multiple groundwater OUs, but it is 

expected to demonstrate which cootaminant, and OU are more likely to present ecological risks 
to the Columbia River. 

First, groundwater concentrations are compared to applicable ecological indicators that are 
protective of aquatic and riparian organisms. The indicator concentrations are protective of 
aquatic organisms and are compiled from the 100 Area and 300 Area River Corridor Baseline 
Risk Assessment (RCBRA), as docmnented in Data Quality Objectives Summary Report for the 
I 00 Area and 300 Area Component of the River Corridor Baseline Risk Assessment (BID 200S). 

The undiluted comparison is the worst-case condition and will indicate if there are potential 
ecological effects from the OU. 

Two dilution scenarios are also evaluated to estimate the more likely impact of groundwater • 
COJ1btrninants on the OU. The dilution scenarios address a mass-balance dilution of groundwater 
in the hyporheic zone and a mass-balance dilution in the Columbia River. Each of these two 
dilution scenarios is also compared to applicable ecological indicator concentrations for aquatic 
and riparian organisms. 

1.4.5 Data Completeness 

The groundwater monitoring data were examined for completeness. Table 1-6 presents the 
monitoring well category or type of data as discussed in the 200-ZP-l RI/FS work plan 
(DOE-RL 2004c) versus the information presented in this RI report. In addition, differences 
between the requirements of the 200-ZP-l RI/FS work plan and the information presented are 

discussed. 

For routine groundwater monitoring, specific wells were listed for analysis of specific COCs at 

various frequencies. The table~ in the 200-ZP-l RYFS work plan (fable A3-2) 
(DOE-RL 2004c) is presented in this RI report as Table 1-6, along with Table 1-2, which shows 
both the original requested wells and the additional wells that were used in the COC evaluation. 
The additional wells were included to ensure that the higher concentrations in the center of the 
plumes were considered for the COC risk evaluation. Data from 1988 indicate that the RYFS 
wells were sampled numerous times for most COCs. 

Section A.3.2.4 of the 20~ZP-l RJ/FS work plan (DOE-RL 2004c) requires additional 

monitoring for a selected list of COCs for selected list of wells. The original 200-ZP-l RI/FS • 
work plan presented details to explain that not all the COCs needed to be monitored in all wells 
every quarter or ever year. Thus, for the complete list of COCs, it was agreed that select wells 
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will be monitored for all the COCs twice and if no detects were found, then additional 
monitoring will not be required. Table A3-3ofthe 200-ZP-1 RI/FS work plan (DOE-RL 2004c) 
identifies the seven wells where these additional COCs were required to be run. The results of 
the COC completeness evaluation are listed in Table 1-7 for the seven wells required to be tested 
in the 200-ZP-l RI/FS work plan, as well as three supplemental wells. A majority of the wells 
have been analyzed for the majority of the COCs at least once. 

The modeling input parameters were discussed in Section A3.2.4 and Table A2-2 of the 
200-ZP• l RI/PS work plan (DOE-RL 2004c). Sections 2.0 and 4.0 of this RI report discuss the 
results of the geochemical, hydrogeological, and physical parameter sampling that will be used 
to support future.cootaminant fate and transport modeling. 

Depth-discrete data for carbon tetrachloride were required for eight wells in the 200-ZP-1 RYFS 
work plan (DOE-RL 2004c). Depth-discrete analytical data were also collected from a number 
of additional wells. Depth-discrete data are available for the following· 19 wells, which are 
referred to as "RI/FS wells" in this RI report (Table 1-8): 299-Wl 0-24, 299-Wll-25B 
(well "Tlj, 299-W.l 143 (well ''H''), 299-Wll-4~ (well"T2''), 299-W13-0l(well "G"), 
299-Wl4-l l, 299-W14-13, 299-W14-14, 299-Wl4-19, 299-WlS-42 (well "A"), 299-WlS-43, 
299-WlS-44, 299-WlS-46, 299-WlS-49 (well "C''), 299-WlS-S0 (well"E"), 299-WlS-152 
(well "F"), 299-Wl7-01 {well"f'), 299.;,W18-16 (well "D"),and 699-50-74(well "T"). Depth
discrete data from the 19 RI/FS wells that were available in February 2006 were included in this 
RI report. Subsequent depth-disaete data, including partition (or distribution) coefficient <Ket) 
values, are expected from three new wells that are planned for drilling during FY06 and two new 
wells in FY07 in the vicinity of the Old Laundry Facility. The five planned wells are designated 
as "AA," "BB," "CC," "DD," and "EE." A sixth well is being held'in reserve. Additional data 
from these new wells will be included as an appendix to the FS .. 

1.5 BACKGROUND FOR THE 20Q..ZP-1 OPERABLE UNIT 

Numerous liquid waste discharges occurred in the 200 Aicas.since operations began on the 
Hanford Site in 1945. Low-level waste was disposed in open trenches and ponds and later 
flushed with fresh water. Potential sources of groundwater contamination at the 200-ZP-l OU 
are listed in Table t .;.9 for the Group A COCs .. The T, TX, and TY Tarik Farms are included in 
Table 1-9. Various waste sites overlying the 2()().;.ZP-1 OU are furtherdescn'bed in Section 3.4. 
As discussed in Section 3A, vadose zone waste sites overlying the 200-ZP-l OU are grouped 
into several OUs according to the operations associated with each site. A RI repoit for the 
200-PW-1 OU is expected to address many of the Group A COC waste sources when it is 
completed. The waste sites listed m Table· 1·9 and other potential soun:es of200-ZP--l 
groundwater contamination will be evaluated· further in the 200-ZP-t FS as needed to develop 
remedial options.· While the information presented in Table 1-9 is from the Soil Inventory Model 
(Rev. 1 ), this does not preclude the use of additional source inventory information in later stages 
of the CERCLA process. . 

Liquid release inventory data are illustrated for selected years from 1944 through 1973 on the 
maps of the 200-ZP-I and 200-UP-l areas in Appendix D. Also, the plate maps presented in 
Appendices A and B show the COI'ltamination source areas that could potentially provide the 
largest impact to groundwater in the future. 
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Summaries of historical operations and disposal practices for the T and Z Plants are presented in • 
the following subsections. Detailed information on discharges to these units can be found in 
a previous DQ0 summary report (FH 2003c), the Z Plant source aggregate area management 
study report (AAMSR) (DOE-RL 1992c), and the T Plant source AAMSR (DOE-RL 1992b) .. 

1.5.1 T Plant 

The T Plant was built in 1944 and operated as one of the first separation facilities at the Hanford 
Site. The 221-T Building (also known as T Plant, or T Canyon Building) housed the first 
operational, :full-scale, bismuth-phosphate separation facility in the world. The dilute plutonium
nitrate solution generated through this process was transferred to the 224-T Bulle Reduction 
Building where it was purified to reduce volume using the lanthanum-fluoride process. 
Operations in the 221-T and 224-T Buildings ceased in 1956. Primary waste streams from the 
221-T and 224-T Buildings included process waste and aqueous process waste that were 
discharged to tanks, cribs, and trenches. Decontam.inati.on wastewater was discharged to a cn"b. 
The associated analytical laboratory operated from 1944 to 1956 and produced aqueous process 
waste that was discharged to a crib. 

The 221-T Building was used for a series of testing programs from 1964 to 1990. The beginning 
portion of the process facility of 221-T housed the Contamment Systems Testing Facility from 
1964 to 1969. These programs were managed by Pacific Northwest Laboratory from 1964 to 
1969 and by Westinghouse Hanford Company from 1976 to 1990. Cmrent operations in the 
221-T Building include services in radioactive decontamination and :reclamation, as well as 
decommissioning of process equipment. T Plant will receive sludge from the cleanout of the • 
KBasins. 

Plutoniwn scrap in liquid and solid forms was stored in the 224-T Building beginning in the 
early 1970s. The scrap was removed ftom the 224-T BuUcting in 198S (although the building 
was not decontmninated) when it was am.verted to a TSD unit identified as the 224-T 
Transuranic Waste Storage and Assay Facility. The storage area, an old processing hood; and all 
of the piping associated with plutonium-separation processing mnain entombed in the building. 
The 224-T-Transuranic Waste Storage and Assay Facility conducted nondestructive assays and 
examjnations of newly generated, contact-handled, transuranic solid waste packages to meet the 
Waste Isolation Pilot Plant waste acceptance criteria requirements. 

1.5.2 Z Plant Aggregate Area 

The Z Plant began operation in 194S as the Plutonium Isolation Facility, which concentrated 
plutonium-nitrate solution produced by either of the separation facilities ('I' Plant or B Plant) and 
converted the concentrate to a plutonium-nitrate paste for shipment to Los Alamos, New Mexico, 
for further refinement. This operation took place from 1945 to 1949. Primary waste streams 
from the Plutonium Isolation Facility included process waste and wastewaters that were 
discharged to a ditch, several cribs, and a reverse well. 

In 1949, the 234-5 (or Z Plant) was constructed to produce plutonium metal. The 234-5, or 
Z Plant Complex (also referred to as the Plutonium Finishing Plant [PFP]), operated 
continuously from 1949 to 1973 and then intermittently from 198S to 1988. The Z Plant • 
processed plutonium from the 200 East and 200 West Area separation &cilities to a plutonium 
metal and/or plutonium oxide. Primary waste streams ftom the PFP included process waste and 
wastewaters that were discharged to cribs, tanks, ponds, ditches, and seepage basins. 
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Plutonium recovery facilities also operated in the Z Plant process area. These included the 
Recovery of Uranium and Plutonium by Extraction (RECUPLBX) Facility (234-SZ Building) 
that operated from 195S to 1962 andthe Plutonium-ReclamatiOJ'l Facility-(PRF) (236-Z) that 
operated from 1964to 19798lldagain from 1984to 1987. These facilities recovered plutonium 
from the PFP liquid waste itream. The primary waste streams ftom the RBCUPLEX Facility 
included aqueous process waste, organic solvent waste, and spentsilica gel that were discharged 
to a ditch, pond, trench, and frmch drain. The primary waste streams from the PRF included 
aqueous process waste and organic process waste that were discharged to trenches, cnos, and tile 
fields. The RECUPLBX Facility was shut down after a criticality event in 1962. 

A process line also operated in the 242.;z Building ftom 1949 to 19S9, and again from 1964 to 
1976, to recover americium from the PPP waste stream. The primary waste stream from the 
americium recovery was spettt ion-exchange resin that was discharged to ditches and a pond. 
The americium recovery process also generated an organic waste stream ( carbon tetrachloride 
811d dl"l,utyl butyl phosphonate). This mcility shut down after an explosion in 1976 in one of the 
recovery units. 

An analytical laboratory has operated at Z Plant from 19S5 to the present The primary waste 
stream from the laboratory includes process wastes, used or discarded reagents, and wastewater 
discharged to cribs. 

The 200-ZP-1 IRM Phase Hand m Remedial Design Rl!port (OOB-RL 2006a) states that 
between. 1955 and 1973,.an estimated-600,000 to 900,000 kg of carbon tetrachloride were 
discharged to the soil column witbili·the 200-ZP-1 OU. The total estimated mass of dissolved 
carbon tetrachloride, TCE, and chloroform in groundwater was estimated at 4,400 kg, 0.14 kg, 

and 30.6 k& respectively. 

The pmnp-and-treat system for the 200-ZP-1 OU, located near the PFP, was implemented in 
accordance with.·theDeclaratlon o/lhe Interim Record of Decision/or the 200-ZP-1 Operable 
Unit (EPA et al. 1995). The interim remedial action objectives {RAOs) are as follows: 

• Prevent further movement of cm,taminants from the highest concentration area of the 
cmbon tetrachloride plume ·(i.e .• greater than 2,000 · µg/L contour). 

• Reduce cxmt.aminatinn in the area of highest carbon tetrachloride concentrations. 

• Provide information that will lead to the development of a final remedy that will be 
protective of lunnan health and the environment. 

The 200-ZP .. t OU pump-and-treat system was implemented in a 1hree-phase approach. Phase I 
operations consisted of the pilot-scale ueatability test between August 29, 1994, and July 19, 
1996, around the 216-Z-12 Cn"b. During this phase, eontamfoated groundwater was removed 
through a single extraction well (299-\\718-1) at a rate of approximately 151 Umin [40 gallons 
per minute (gpm)J, treated using granular activated carbon (OAC), and then returned to the 
aquifer through -an iltjection well (299~Wl 84). For more detailed.information about operations 
during the treatability test, refer to 200-ZP-l Operable Unit Treatability Test Report (DOB-RL 
1995a). 

Concurrent with Phase I operations, the interim ROD for the 200-ZP-1 OU (EPA et al. 199S) 
was issued inJune 1995. The selected remedy was to use groundwater pump-and-treat 
technology bl minimize :further migration of carbon tetrachloride, chloroform, and TCE in the 
groundwater and to remove mass. 
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Phase II operations commenced August 5, 1996, in accordance with the interim ROD (EPA et at. 
1995) and Tri-Party Agreement Milestone M-16-04A. The 1996 groundwater plume was the 
basis for the interim action ROD. The well field configuration during Phase Il operations 
consisted oftbree extraction wells (299-WlS-33, 299-WlS-34, and299-Wl5-35) pumping at 
a combined rate of approximately 567.8 Umin (1 SO gpm) and a single injection well 
(299-Wl 5-29). Groundwater was treated using an air stripper to release carbon tetrachloride into 
a vapor phase, and GAC was used to collect the vapor. For a detailed description of the 
treatment system setup and operation, refer to 200-ZP-1 Phase Interim Remedial Measure 
Quarterly Report. October-December 1996 (BHI 1997a). Phase II operations were terminated 
on August 8, 1997, to transition to Phase m operations. 

Phase m operations began on August 29, 1997, satisfying Tri-Party Agreement Milestone 
M-16-04B. The well field for Phase ill operations was expanded to include six ex1raction wells 
(existing three wells, plus wells 299-WlS-32, 299-WlS-36, and 299-WlS-37) and five injection 
wells (single existing, plus wells 299-WlS-36, 299-WlS-37, 299-Wl8-38, and 299-WlS-39). 
The total pumping rate was increased to more than 800 Umin (200 gpm.) versus a total treatment 

system capacity of 1,893 Umin (500 gpm). The treatment process for the Phase m system used 
the same air-stripping and GAC systems used in Phase Il. Extraction wells were installed to 
contain the higb-concen1rati.on portion of the carbon tetrachloride plume located near PFP, as 
required by the interim ROD (EPA et al. 1995). The southernmost extraction well (299-WlS-37) 

was converted to a monitoring well in January 2001 because of its limited impact on hydraulic 
capture of the high-concentration portion of the plume (DOE-RL 2003a). In 2004, extraction 
wells 299-Wl 5-45 and 299-WlS-47 were brought on-line to replace extraction wells 
299-Wl 5-32 and 299-WlS-33, which were no longer producing adequate flow. The reduction in 
flow from these two wells was predominately a result of dropping water levels. Because the 
screen in well 299-WlS-33 is only 6.1 m (20 ft) in length, dropping water levels bad a significant 
impact on production rates. Although well 299-WlS-32 bas a 12.2-m (40-ft)-long screen in it, 
the upper portion of the saturated zone showed higher production rates. As water levels dropped, 
the formation produced less water. Wells 299-WlS-45 and 299-WlS-47 have 15.2-m (50-ft) and 
18.3-m (60-ft) screens in them, respectively. 

Elevated cmbon tetrachloride concentrations detected in well 299-WlS-40 in the late 1990s were 
originally thought to be an isolated hot spot However, the most recent installation of monitoring 
wells 200-WlS-41, 299-WlS-44, and 299-WlS-765 indicated that the 2,000 µg/L carbon 
tetrachloride plume known to be present in the vicinity of PFP also extends well to the north, just 
beyond the northern end of the TX-TY Tank Farms. In July 200S, four additional extraction 
wells (299-Wl5-40, 299-WlS-43, 299-WlS-44, and 299-WlS-765) were brought on-line to 
capture this northern lobe of the 2,000 µg/L carbon tetrachloride plume. The results from the 
modeling of groundwater flow from these four additional exttaction wells shows the northern 
lobe of the carbon tetrachloride plume will be fully captured. The combined total pumping rate 
from all nine extractions of the wells is greater than 1,135.6 Umin (300 gpm). 
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Figure 1-1. Location of200 West Area and 200-ZP-1 Groundwater Operable Unit. 

200-ZP-1 
Operable Unit 
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Figure 1-2. Plate Map of 200 West Area. 
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DOFJRL.2006-24, Rev. 0 

Figure 1-3. Logic Chart for Group A Contaminants-Approach for Known Plumes.• 

BRA Baseline Risk AaNSSment 
FS fealblllty S1udy . 
PRO Pndlmlnary Remediation Goal 
ua. UpperConlldence Umlt 

>-------Yee 
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concentration 
lme 

Pelfonn atallaUcal 
analylla Ullng 

Include In BRA In 
FS 

Include analyte I 
BRAlnFS 

• The A-# in the fi.gme coaaponds to question numbers in the decision diamonds • 
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Figure 1-4. Logic Chart for Group B Contaminants-Approach for Analytes 
Not Part of Known Plmne.• 
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BRA BaalllW R11k ANNl111811l 
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• The "B-#" in the figure c:orresponds to question numbers in the decision diamond. 
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• Table 1-1. Final List of Cmttarninants of Concern 
in the 200-ZP-1 Groundwater Operable Unit (2 sheets) 

. . . 

Iodine 
Selenimn . .. ~'19 

Pa-231 

·u-234 
U-235 

• 

• 
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Table 1-1. Final List of Contaminants of Concern 
in the 200-ZP-1 Groundwater Operable Unit. (2 sheets) 

• Carbon tetrachloride ill being ranediated in acc::ordmwc with the 20IJ..ZP~l Record of Decision 
(EPA et al. 1995). 

11 Includes orthophosphate plus orpno-phosphala. 
COC = conlmninant of concern 

1-20 
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Table 1-2. Contaminants of Concern and Wells Evaluated for Risk in 200-ZP-1 Operable Unil (8 sheets) 

299-W6-02 C X X t:, 

299-W6-07 R X X X X X X X 

~ 299-W6--10 RandC w X X X X X X X X 

- 299-W6,,ll R SAIDS X X 

~ 299-W6-12 R SALOS X X g - 299-W7-0l R. ILWMA.-3 X X X X X X X X X ~ 299-W7-04 R.andC w LLWMA-3 X X X X X X X X X 

299-W7-05 R I.LWMA-3 and SAIDS X X X X X X X X X f 
lc»-W7-06 R X X :c:: 

0 

299-W7-fYT R LLWMA-3 X X X X X X X X X 

299-W7-08 R X X X X X X X X X .:.i·,; 

299-W,..()9 R X X 

299-W7-11 R X X 

299,.W,-12 RandC w U.WMA-3 and SALDS X X X X X X X X X 

299-WS-01 RandC w U.WMA-3 and SALDS X X X X X X X X X 

299-WlO-Ol RandC w WMA-T X X X X X X X X 

299-W10-04 RandC w WMA-T X X X X X X X X 

299-Wl0-05 RandC w X X X X X X X X 



Table 1-2. Contaminants of Concern and Wells Evaluated for Risk in 200-ZP-1 Operable Unit. (8 sheets) 

299-W10-08 R WMA-T X X X X X 0 
299-Wl0-13 RandC w X X X X X X X X X I 299-Wl0-17 R X X X X X X - N 

~ 299-Wl0-19 R ILWMA-3 X X X X X X X X X C 
Q 

N t 299-Wl0-20 RandC w ILWMA-3 X X X X X X X X X .. 
299-Wl0-21 RandC w LLWMA-3 X X X X X X X X X 

~ 299-Wl0-22 RandC w WMA-T X X X X X X X X X 
0 

299-Wl0-23 RandC w WMA-T X X X X X X X X X 

299-Wl0-24 R WMA-T X X X X X 

299-Wl0-26 R WMA-TXIIY X X X X X X 

299-Wl0-27 R WMA·TXIIY X X X X X 

299-Wl0-28 R WMA-T X X X X 

299-Wll..03 RandC w X X X X X X X X 

299-Wll-06 RandC w X X X X X X X X 

299-Wll..07 RandC w WMA•T X X X X X X X X X 

299-Wll-10 RandC w X X X X X X X 

• • • 
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Table 1-2. Contaminants of Concern and Wells Evaluated for Risk in 200-ZP-l Operable Unit (8 sheets) 

299-Wll..J2 R WMA.-T X X X X X t, 
299-Wll-13 RandC w X X X X X X X X ~ 299-Wll-14 RandC w X X X X X X X X X - t-,) 

~ 299-Wll-18 RandC w X X X X X X X X X I 
299-Wll-M R X X X X X 'N 

.f'-
299-WU-37 RandC w X X X X X X X X X J 299-WU-39 R WMA-T X X X X X 

0 

299-Wll-40 R WMA-T X X X X X 

299-Wll-41 R WMA-T X X X X X X ~~:::": 

299-Wll-42 R WMA-T X X X X X X X X 

299-Wll-43(11)' C w X X X 

299-Wll-01 RandC w X X X X X X X X X 

:z99.Wl3-0l (G'f C w X X X X X 

299-W14-05 R X X X X X X 

299-W14-06 R WMA-TX/IY X X X X X X X X 

299-W14-13 R WMA-TX/IY X X X X X X 



Table 1-2. Contaminants of Concern and Wells Evaluated for Risk in 200-ZP-l Operable Unit (8 sheets) 

299-Wl4-14 RandC w WMA-TX/lY X X X X X X X X X t::I 

299-W14-15 
0 

R WMA-TX/TY X X X X X X 

~ 299-W14-16 RandC w WMA-TX/TY X X X X X X X X - ~ 
~ 299-W14-17 R WMA-TX/lY X X X X X X 8 
.,::.. ; 299-W14-18 R WMA-TX/IY X X X X X X 

299-Wl4-19 R WMA-TX/IY X X X X X X 

~ 
299-WlS-Ol RandC w X X X X 

0 

299-WlS-02 RandC w X X X X X X X X 

299-WlS-07 RandC w X X X X X 

299-WlS-ll RandC w X X X X X X 

299-WlS-15 RandC w LLWMA-4 X X X X X X X X X 

299-WlS-16 R LLWMA-4 X X X X X X X X X 

299-WlS-17 RandC w ILWMA-4 X X X X X X 

299-WlS-30 RandC w X X X X X X 

299-W15-31A RandC w X X X X X 

299-WlS-32 R X X X X X X X X 

• • • 
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Table 1-2. Contamjnants of Concern and Wells Evaluated for Risk jn 200-ZP-1 Operable Unit. (8 sheets) 

299-WlS-33 R g X X X X X X X 0 

299-WIS-34 RandC w g X X X X X X X 

~ 299-WlS-35 RandC w I X X X X X X X X X -~ 299-WlS-36 RandC w 8 X X X X X X X 0 

VI ~ 299-WIS-38 RandC w 8 X X X X X 
"' 

299-WlS-39 RandC w g X X X X X X 

~ 299-WlS-40 RandC w .WMA-TX/'IY X X X X X X X X 
0 

299-WIS-41 RandC w WMA-TX/'IY X X X X X X X X 

299-WlS-42• Ran.de w 8 X X X X X X X 
'j~::;: 
-~~":{~ 

299-WIS-43 RandC w g X X X X X X X 

299-Wls-44 RandC w WMA-TXIIY X X X X X X X X 

299-WIS-45 RandC w g X X X X X 

299-WlS-46' R· 8 X X X X X X X X X 

299-WlS-47 RandC w g X X X X X 

299-WIS-49 (C)4 C w 8 X X X 

299-WlS-S0 (Et C w g X X X X X 



Table 1-2. Contaminants of Concern and Wells Evaluated for Risk in 200-ZP-l Operable Unit. (8 sheets) 

299-WlS-152 (F) C w g X X X X 0 
299-WIS-763 R WMA-TX/'IY X 

0 
X X X X 

~ 299-WIS-76S R WMA-TX/IY X X X X X X X X - 8 t!., 299-Wl7-0l (I,• RandC w g X X X X X X X X 

°' ~ 299-Wll-Ol RandC w g X X X X X .. 
299-Wll-04 R g X X X 

' 299-Wll-16 (D)° C w g X X X X 
0 

299-Wll-23 RandC w ILWMA-4 X X X X X X X X X 

299-Wll-24 R g X X X X X X X X X 

299-Wll-27 RandC w g X X X X X X 

699-19-88 R g X X X X X X X 

699-26-89 R g X X X 

699-34-88 R I X X X X X 

699-36-93 R g X X X 

699-39-79 R g X X X X X X X X 

699-43-89 RandC w g X X X X X X X X X 

• • • 
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Table l-2. Contaminants of Concern and Wells Evaluated for Risk in 200-ZP-1 Operable Unit (8 sheets) 

699-44-64 RandC w g X X X X X X i 699-45-69A RandC w g X X X X - ~ I 699-47-60 RandC w g X X X X X X X X X 
t,..) 
-...J 

699-48--71 RandC w SAWS X X X X X X X X J~ 
699-48--77 A RandC w SAIDS X X X X X X X X X 

w 699-48-77D R SAIDS X X X X X X X 
C 

699-49-79 R SAIDS X X X X X 

. 699-49-lOOC R I X X X X X X X X X ~:·~~. 

699-SO. 74 (rt C w g X X X X 

699-5()..85 R g X X X X X 

699-51-75 R SAWS X X X X X 

699-55-60A C w g X X X X X X X X X 

699-55-76 R g X X X 

699-55-89 R g X X X X X 

U.WMA--S RandC w g X X X X X 

ILWMA-8 RandC w g X X X X 



-N 
00 

Table 1-2. Contaminants of Concern and Wells Evaluated for Risk in 200-ZP-1 Operable Unit (8 sheets) 

NOTE: Reference in this table to tho 200-ZP-1 RI/PS work plan re&n to tho Retnallal lm1Utlgallon/F«J8ibihty Study Work Plan/or tl,a 200-ZP-l 
Gnnuulwater Operable Unit (DOE-RL 2004c). 

• LLWMA-3 • Low-Level Waste Management Area 3, LLWMA-4 = Low-Lcvcl Waste Management Area 4, LLWMA-5 = Low-Level Waste Managemmt 
Area S, SAIDS• State-Approved Land Dispoal Site, WMA-T-WaatoManaganmt.Arca T, WMA-TX/IY= Waste Management Area TXfl'Y. 

11 Primary human health and ecological risk driven. 
• Secondary human health and ocolopcal rilk dri'Ya'I. 
' Wells 299-Wl 1-43, 299-WIS-46, and 299-WlS-49 are key well• with depth-discrete groundwater and •oil •ample•• 
• Otha- welJa with dcplh,-discrete samples. 
r Wells not yet drilled at the m.d of calendar )'ell' 2005. 
I Oublide the perimeter of a WMA or SAIDS. 
C • Co,nprelJa.riw Envlro"1Mlttal Rapt,,_, Compen,ation. and IJabilUy A.ct of 1980 (CERCLA) 
COC = contaminant of cooecm 
R =- .R&rourar Conservation Olld RecoW117 .4t:t of 1976 (RCRA) 
RI/PS ... nmodial investiptionlfeall"bility study 
SAIDS • State-Approved Land Disposal Site 

• • • 
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- 299-W7-4' 
N U.WMA-1 \0 

(newMII) 
U.WMA-5'" 
(new well) 
299-w,.1:r 
299-WB-1 
299-WIO-I 
299-WI0-4' 
299-WI0-5 
299-WIO-t3• 
U.WMA-8 
(newMII) 
299-Wl0-20-
299-Wl0-21 
299-WI0-22 
299-WI0-231 

299-Wll-3 
299-Wll-6 
299-Wll-7 

• 
Table 1-3. Routine Sampling and Analysis Requirements for the 200-ZP-1 Operable Unit 

Groundwater Monitoring Well Network. (4 sheets} 

Quamdy X X X X X X 

Annual X X X X X X X 
Annual X X X 

Qundy X X X X X Antimony, iron 

Quarterly X X X X 

Biennial X X X 
Biemiial X X X 
Annual X X X x· X X X 

Semi~ X .x X X X X X X X Fluoride 
Annual X X X X X X X X voe 
Biennial X X X 

Quartmy X X X X 

Biennial X X X X 
Annual X X X X X X 
Semi-annual X X X X X X X X 
Annual X X X X X X X X X X X Fluoride 

Semi-annual X X X X X X 
Somi--.mual X X X X X 
Annual X X X X X X X X X X Fluoride 

• 

~ 
c'J;I!_ .. ;.· 

i 
N 
Q 
0 

°' N 
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~ 
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•·11~-

_.41t:~, 



299-Wll-10 

299-Wll-13 

299-Wl 1-141 

299-Wll-18 

299-Wll-37 

- 299-W12-l 
I 299-W14-14 w 

0 
299-W14-16 

299-WlS-1 

299-WlS-2 

299-WlS-7 

299-WlS-11 

299-WlS-1S 
299-WlS-17 

299-WlS-30 

299-W15-31A 
299-WlS-34 
299-WlS-351 

299-WlS-36 
299-WlS-38 
299-WlS-39 

299-WlS-40 
299-WlS-41 

299-WIS-42 

• 

Table 1-3. Routine Sampling and Analysis Requirements for the 200-ZP-l Operable Unit 
Groundwater Monitoring Well Network. ( 4 sheets) 

Semi-annual X X X 
Semi-annual X X X X X X X X X X 
Semi-annual X X X X X X X Fluoride 

Annual X X X X X X X X X X voe, fluoride 

Semi-annual X X X X X X 

Annual X X X X 

Annual X X X X X X X X X Fluoride 

Annual X X X X X X X 

Semi-annual X X X X 

Annual X X X X X 

Semi-annual X X X X X 

Semi-annual X X X X X X 

Annual X X X X 

Semi-annual X X X X X X X 

Semi-annual X X X X X X X 

Semi-annual X X X X X 

Annual X X X X X Methylene chloride 

Annual X X X X X X Methylene chloride 

Annual X X X X Methylene chloride 

Annual X X X X X 

Semi-annual X X X X 

Semi-annual X X X X X X X X 

Semi-annual X X X X X X X 

Semi-annual X X X X X X X Iron, methylene 
chloride 

• 

t:i 
0 

~ 
tG 

I 
w 
0 
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299-Wl~7 
299-Wll-1-- 299-Wll-23 I w - 299-WIB-21 
699-43~8~ 
699-,44.64• 
69M5-69A• 
699-41-W 
699-48-71• 
699--41-77A.,. 
699-5~A• 
Newwell 
(299-W1~9) 
Newwell-0 
(299-Wll-16) 
Newwell"B 
(299,,Wl5-50) 

Newwell 
New well "0" 
(299-W13r 
Newwell? 

. --·------·· ----·-----------

• 
Table 1-3. Routine Sampling and Analysis Requirements for the 200-ZP-1 Operable Unit 

Groundwater Monitoring Well Network. (4 sheets) 

Senu--=al ........ - ........ lllliliiEII 
Semi4Jl11Ual. X X x- X - ---------
()Ulrtaly X X X X X 
Qaarlirly~ X X X X X 
Semi•linilUill X x X X X 
Ammal X X X X X 
Anmia1 X X X X X 
Bien.nid X x X X X X X X X X X Strontium-90 
Bimnial X X X X X 
Biennial X X X 
Bienilial X X X X X X X X X 
Biamial X X X X X X 
Bicmmal X X X X Iron 
Bimnial X X X X X X X X X 

Quarterly X X X 

Quarterly X X X X 

Quarterly X X X X X 

Quarterly X X X X 

Quarterly X X X X X 

Quarterly X X 

-----·- ------

• 

t:, -~-
j 
N g 
~ 
~ 

"' 

J 
0 

--~ 
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Table 1-3. Routine Sampling and Analysis Requirements for the 200-ZP-1 Operable Unit 
OroW1dwater Monitoring Well Network. (4 sheets) 

New well "I'" 
(299-Wl7)• 

Newwcll 

Quarterly 

Quarterly 

X X 

X 

X X X X X X 

X X 

Qualily control regginments: duplicates = 5%; equipment rimate blanks "' one pa- 10 well trips; and field transfer blanks ... one per day when volatile organic 
ana1ytcs arc sampled. 

a Sam-annual aampling will be condumd evay other quarter (i.e., first and third or ICCODd and fourth quarters ofFYOS). 
b Annual samples wilt be taken in either the third or fourth quarter ofFYOS. 
" Tho voes aro 1,2-dichloroedlano, benzalo, tctrach1oroethm and methylene chloride. 
4 Biamial samples that DDQt scheduled for FYOS; 
• Biennial samples that m; achcduled for FYOS. 
r Sampling frequmcy is comistmt with that required by the Remedial Investigation/Feasibility Study Wont P'4nfor tAe 200-ZP-l Gf'OlllldwaJer Operable Unit 

(DOE-RL 2004c). 
1 Does not include supplemental analyses to support the mncdial invcstigati.oa/feut'bility study process. 
11 To be inatalled in FY06 or out-years. 
1 To be inatalled in FYOS. 
j To be installed in early FYOS. 

• 

FY • fiscal year 
LLWMA"" low-level waste management area 
voe = volatile organic compound 

• 

0 
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Remetlial hr,,otigation/ Feaiblltty 
Study Work Plan.for 1M 200-ZP•l 
GrmardwaterOperabk.Unit, 
00~2003-S5. bv. 0 
(DOE-RL 2005e) 

200 .4naa R.ouedial 
lnvatigation/FMfibility Study 
lmp/tJntetstotit>11 Plan -
~ Ratoratlon 
Program, DOEfRL.98--28, Rtw. o 
(OOE-RL 1999) 

200 Wat GrrnmdwatN Agg,'egate 
A.rea Ma,,aganent StJldy Report, 
DOB'IU.-92-16, Rew. 0 
(DOE-RL 1993) 

• • 
Table 1-4. 200-ZP-l. Operable Unit Exming References. (13 sheets) 

The wort plan directs the data collection that allows completion of the RI/PS. The work plan was generated accon1ing to CER.CLA 
requhcment& The won: plan evaluated historical COC data. gena:mm mgc,t action lewis. or prdiminary remediation goats, and provides the 

location and types of 111:1DPIC11 for groundwata- and ledirncnis. The wait plan also discuSlcd all the tasks rc1atcd to cbaracti=rization. The wodc 
plan appmdix includes die ampling and analysis plan 1bat details the wdls to sample and 1he cocks requiring analym. The work plan serves u 
tho bam for the RI and FS · • 
'the ltnplcmartation Pl.mi outlines the framework foi implementing asscssmart activities in 1ho 200 Arms to cinsm'e rmsistenc:y in 
documentation, level of ~on, and decision making. The Impleinentatitlo Plan also consolidates bacqround information aod odlcr 
typicu work plan mataiala.to m:w u a tingle refamce IOUl'CC for this type ofintarmaticn. Tbis.Implemmtation Plan doa not pmvidc 

detailed infonnatiOft about the aaalllllCDt of itidividual waste sites or groups. SitHpcicific data needs. DQOs. data collection programs, and 

anociated U!ICISmart tub and sdtedules will be defbm in subsc,qumt gtOUp-lpeCific (u., OU-specific) wotkplam. 

A common~ framework ia established that integ.ates the RCRA. CERCLA. Federal Facility Reg,,latlon.,, and Tri-Party Apemc,nt 
n,qahaneull into one atandanl approach fiJr 200 ANa cleanup activities. 

The Jmplanmtation Plan allo ttreamlinel ...mt pJans that 8l'C required for wh waste site group by consolidating background information to 

provide a liqlo .ref'tnnccablo source for 1his mibrmation. ·· 'Ibis allows the infutmation ·in 1bo group-specl:fic work plans to focus on waste group 
or wute sf1e.cpecific mformati.oo. The becl:ground Dmll'bltion iilcludal an overview of the 200 ANa facilities and pn,c:e!iSe1. their operational 

huuiry. w 111•rnin..mt: migration concz,pts, and a lilt ofCOC.. It a18o documents and evaluata existing infurmation to develop a site dcacription 
and conceptual model of expected site IXIDdi1ion and potmtia1 apo8\ft pathways. With this conceptual understanding, preliminary poterltial 
ARARs, prclimiilary RAO.. and remedial action a1tanativa 8l'C identified 1hc alternatives arc broadly defined but Ripl'rmlt potmtial 

altemative$ dllt may be implam!ll1:cd on at the site. 1bc jdmtification of poantial altrmative11 helps to cmme the dala needed to ~ cvaluatc 
the a11aDativet arc collectai during die RI. v· 

The specific type and quality of data arc to be defined through the rdte-spccific DQ0s and :fOl'm the basis fer the data collection programs. The 

200 .Areils IICndegf 'i?ICOpized tbeinta"-matiomhips betwem the wrioua ac:ti:Yi1ies in the .. and 1he need to intcgram with other 

F.nviromnental Ratmtion and Banhd Site projec:tslprogmns. The Implcmcntation Plan desm'bcs the approach for interfaclng wi1h other 
programa and agencies, the integlated achedule of activitica that addrewd bodl RCRA and CER.CLA program requimncnts, and the public 

• . ·cm 

Evaluates variOU8 sources and COPCs applicable to the OU. 

0 



200-ZP-1 Growulwater Sampling 
andA.nalym Plan/Quality 
bsurance Plan, BHI-00038, Rev. 1 
(SHI 1995) 

20~ZP-1 /RM Phase II and III 
Remedial Design Report, 
OOFJRL-96-07, Rev. 1 
(OOE-RL 2006a) 

Table 1-4. 200-ZP-1 Operable Unit Existing References. (13 sheets) 

This SAP provides the rationale for defflopment of three monitoring network designs (i.e., remedial adion, plume periphery, and detection• 
level assessment nctworp), the DQ0s associated with each design, the specifics for each network (i.e., wells, sampling schedules, and 
parameters), and supporting work that influences future network modifications. Requirements that address the treatability test groundwater 
monitoring phase of this investigation are detailed in Rev. 0 of this SAP. Treatability testing was 00mpletcd on Man:h 31, 1995. 

Each of these thn:c monitoring nctwom is designed to address general and specific DQOs. The well networlcs are nested in areas of high 
contamination (remedial action assessment wells), low contamination (plumes periphery assessment wells), and where no contamination has 
been detected (detection-level asseasment wells). Monitoring wells selected for each category may change over the coune of the IRM to reflect 
remedial action activities. The nc:twmk closest to the area of highest contamination will likely change the most as the IRM develops. 

The SAP also presents the 1995 perimeter of the carbon tetrachloride plume within the 200..ZP-l OU and identifies the wells to be sampled for 
remedial action usessment and to track the plume periphery. It identifies the sampling ftequency, the anaJyacs to be performed, and a list of 
wells from which groundwater-level measumnem will be collected. 
The 200-ZP-l n:mcdial design report presents the objectives and rationale developed for the design and implementation of the selected IRM for 
the 200-ZP• l OU. The IRM was choam in aa:ordanc,c with CERCLA. This fflD.edial design report addresses the design for .. Alternative 2, 
Groundwater Pump-and-Treat System." The goal is to reduce further migration of carbon tetrachloride, chloroform. and TCE in the 
groundwater of the 200 West Arca. The Phases n and m IRM 1reatlncDt system will be designed to hydraulically contain and reduce the 
contaminant mass in the high-concentration portim (i.e., the 2,000 to 3,000 ppm contour) of the carbon tetrachloride plume. 

The 200-zp.1 IRM consisted of three phues. The Phase I tn:atment system, which originated u a trcatability test, began operations in 
August 1994 south of the 234-SZ Plant. The Phase I treatment system provided a 227-llmin (60-gpm) treatment capacity using liquid-phase 
GAC to remove organic contamination ftom the extracted groundwater. Ono emaet well and one injection wc1l provided the groundwater inlet 
stream and treated effluent dispoaa1 fimctiona for the 8)'8tem. SllCXlClllfW. results ft-om the Phase I treatment system trmtability test resulted in 
continued operaticm until startup of the Phase Il treatment aystem. The objective of the Phase Il treatmmt system was to initiate hydraulic 
containment of the 2.000 to 3,000 ppb contour of the carbon tetracbloride plume. The Phase Il treatment was located north of the 234-5Z Plant 
and will use air stripping and vapor-phase GAC adsorption. The objective of the Phase Il treatment system is to further contain the high• 
concm1ration portion of the contaminant plume. The Phase m treatment systam wm upgrade the Phase Il treatment system to a proceu flow 
rate ofup to 1,893 Umin (500 ) • • eittracti.on and injection wells and associated • • g nms. 

A..uu.,ment of Carl,on Tetrachll,rlde 
Groundwater 7":uuport in Support 
of die Ho,ford Carbon 
Tetrachloride Innovotlve Includes a literature rmew of distn"bution coefficients and abiotic hydrolysis degradation rates for carbon tetmchloride. 
Tedinolagy Demonstration 
Program, PNNJ.r 13560 {TIUc:it 

etal. 2001) 

• • • 

0 
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Ccrr6oa Tell'tlclllorlde Fidd 
lnw.ttlw,tion Rqortjor Drllling In 
tk Ylclnuy o/PFP 11114 the 216-Z.9 
7ladl, BiD-016311 bv'. 0 
(Bm2002a) 

Co,npo.,itfl: A.naly:d.r for Low-Lewi 
Wmte Dupoaal In tit. 200 A.Na 
p,-- a/the Hanford SU., 
PNNL-11800 (Kincaid et al. 1998) 

• • 
-Table 1-4. 200-ZP-1 Operable Unit Existing References. (13 sheets) 

In 2001, two mstbig 'ftlll ilar the216-Z Trmdl wn deapened to_~ the distn'batiOil of carbon tmachloride at the walle site. 'tho 
c1eepened wells wen eomplded • IOil vapor atmctim "4!lla to lmia.Ce vadolle mne mnedilldon aclivitiea. Iii Femuary 2002. • groundwater 
flldndion/monitming well \VII inataUed in tho vicinity of PPP to mluate the dism"bationof cmbc:in 1drlchlorido at tho illte lDd to pc;lmtia1ly 
mlrmce groundwater remediation actividee. Thia nport provides• IOil wpor, and~ imnpling zaultl from deepening tff-18 
299-Wl5-84 and 299-Wls-95 at thc216-Z-91rcncib, and infmmatim raakld to the drilling of.....U. 299-WJS-42 and:299-WJS-764 inlidethe 
PFP p:ota:ted a Itllloprovidm ID cmdwdion of the thm camntrmceptaal models ofthe216-z.9 Trinc:b and mrmunding area 1Jlin& 
bydrologieil and cbmbJJpnchemical data from thcdeepenm -0. in addition to data from neilby wel1a to 8IWI IIWIIIJtfilce a1111tmni11Nt 
diitn"bution and rmna thti .. · · inoclel -~,e,i _ 

A compomte analylia WIii pnpnd f.brthe Bmdbrd Situomidering oaly ~ in the 200 ANaPlateaa. Bsmnating dolel to hypolhetical 
memben of the public tbr lhecampolite imaiyliis W1B anndti-mp proce111 involving the emmaiion cr llbnulationofinvmmriea; wast.enleue 
to the CIIMIOIIIDClld; migrition. tbrc,agh the. ftdmemae, gn,undwata-, and atmoapheric pithwi.yl; and apoaue and doee. Dolli wa. estim•l'd 
f"or b8llid OD the ~ ~ induluilJ, and -recnetkm1 Jaod.ulo ICCUriOIL Tho ndionDc1iclel mcluded in the vadose ZOIIII and 
an,undwab:lrpethway anal)'lell offubnffllw wa carbon-14, cblorme-36, Hlmiam-79, tecbnetium-99, iodino-129, and uranium illOklpel. 
In addi1ioa, tritium IDcl llrmltimn-90 Win included because they milt in poimdwata-plumea. Radionudides considered in the atmospheric 
pathway included tritium and cmbon-14. 

1be anaJyail indicated that molt of the l8dionuclide inventOly in palt-p'aCtice liquid diacharp and aolid Wlllto burial llita OD the 200 Area 
P1amm wa1 projcc:lal co bereleiuecl m the tint NWn1 hundred yem9 tbllowing Hiilfont Site closure. The radicnudide doses for all of the 
CIKpOIUN tcenarioe aaliidc of a dc:ftned baffao ae 1"l'O all lCIII than 3 IIINllllfyr, which ill wcD bolow the perfbrmance objectiws of 
100 mrr:m/yr er the At.ARA objecliw of30 mranlyr. ~ 

Sewn1 IOQl'Cl!III ofuncertunty _.,. notal in the &nt ir.ention ofd:IC c:ompoaite w1ym. with the largat unecrtainty wocialed with the 
inWllfories of key mobile l'ldiomJclide& 0th« IOlftell of 'IJllClllUlinty in the ana1ylia 8l'OIIO fi:am the conceptual wi nmnerical models of 
c:on1aminantmipdionand fide in thewdmezunoand anumption regard.ins ~term :nnue miKle1s and emd--

'Ibe composite ana1y1is dcmonstrlled a mgnificant sepmation m time between paat•practice discharga and disposals, and lldiw and planml 
6poaal of aolid waste, mviromnmt ratmltion·Wllte. and immobilized low-amvity wute. The higher-integrity dispola1 filcilides and mr&ce 
cown oftheae active and planned ctispollal delay Id--, and the reba do not •upe.impoN ext the plumes fiom the ncar--tenn pat--praclice -· -
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Data Quality Objtu:tive Summary 
Report for Establishing a 
RCRAICERCLY.A.EA. Integrated 
200 Wut and 200 East Area 
Groundwater Monitoring Networlc, 
CP-15329, Rev. 0 (FH 2003b) 

• 

Table 1-4. 200-ZP~l Operable Unit Existing References. (13 sheets) 

Toe purpose of this DQ0 process was to assess the current groundwater monitoring well netwom for the 200 West and 200 East Areas. This 
assessment was needed to address changing contaminant plume conditiODS (e.g., plume migration) and to ensure that monitoring activities meet 
the requirements for remediation paformance monitoring (i.e., CERCLA monitoring), sitewide surveillance monitoring to meet the 
n:quimnents of DOE orders. IIDd cletection/usessmcnt monitoring to meet the requirements of RCRA. This DQO summary report was 
prepared in support ofDOE's Cleanup. Constraints, Challenges Team (C31) process. 

Because of the changing shape of the groundwater contaminant pllDDe contours over time and changing programmatic needs, the 200 West and 
200 East groundwater monitoring network is required to be periodically re-evaluated. Toe objective of the groundwater CERCLA remediation 
performance monitoring program is to provide a routine assessment of the effectiveness of groundwater rmiccliati.on activities within the 
200-ZP-l and 200-UP-l OUs. Toe objectives of the sitewide surveillance monitoring program are u follows: 

• Determine baseline conditions of groundwater quality and quantity. 
• Characterize and define hydropologic, physical, and chemicsl tR:ods in the groundwater system. 
• Identify existing and potential groundwater contamination soim:cs. 
• AslCIII existing and emerging groundwater quality problems. 
• Evaluate existing and potentisl oftiitc impacts of groundwater contamination. 
• Provide data on which decisions can be made concerning land disposal practices and the management and protection of groundwater 

resources. 

Finally, the objective of tho RCRA detection program is to identify if TSO units are impacting groundwater quality. If impacts to groundwater 
are ddec:ted, 1he objective of the RCRA IIIICIISDlent program is to define the rate and ment of contaminant migration. 

This DQO process identified the optimum number of groundwata' welts to be monitored to meet these objectives and determined that a number 
of new groundwater wells needod to be installed. Toe idmtity of wells in the monitoring netwoik, sampling frequency, the analyses to be 
performed,. the cletecti011. limit n:quirancnts, and other analyticsl permrmance n:quiremcntl (e.g., precision and IKlCUIICy) were defined in this 
document The rasulting pounctwater monitoring network tblfilted the needs of the tine major Hanford Sit.c regwatmy monitoring activities 
i.e., CERCLA, RCRA. and AEA • 

• • 
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oo Hanford Site Groundwater 

Management Plan: A.ccelerated 
Cleanup and Protection, 
DOF/RL-2002-68, Rev. 0 
(DOE-RL 2003b) 

• 

Table 1-4. 200-ZP-1 Operable Unit Existing References. (13 sheets) 

This document lays out a plan developed by DOE, in conjunction with EPA and Ecology. to accelerate cleanup. The goal is to return 

groundwater to its highest beneficial use, where practicable, or which will at least prevent further degradation. The previous baseline shows 
remediation beginning in 2008 and extending to 2024. The new accelerated schedules illustrated in this document show that the baseline will 
begin in 2004 and will be completed by 2012. The document contains discussion of specific results that can be expected using the acc:elerated 
plan for cleanup. These results and expected dates of completion include the following: 

• R.cmediate high-risk wastes: 2011. 
• Shrink the contaminated areas: 2112. 
• Reduce recharge: 2012. 
• Remediate groundwater: 2012. 
• Evaluate groundwater monitoring needs: ongoing, 

Plans to deal with waste sites in close proximity to the tank farms rr.quire further work and will depmd greatly on the strategy employed to 
close the tanks. The tegions selected for completion by 2012 avoid those areas immediately adjacent to tank farms until and integrated 
approach to waste site remediation and tank closure can be developed. 

In addition to accelerated schedulea for cleanup and groundwater protection, the document contains definition and discussion of various 
proposed groundwater protection boundaries (e.g., core zone and outside the core zone). As part of1he integrated accelerated plan, an area 
closure strategy for the Central Plateau is discussed. Three major areas in the 200-ZP-1 Groundwater OU are identified: 

• T Plant area closure 
• T Tank Farm area closure 
• PFP area closure. 

When cleanup is implemented on an area-by-area basis, these coordinated efforts to control sources. implement remedial action, and assess and 
monitor impact are expc,cted to place major portions of the Central Plateau into a condition of long-tam stewardship monitoring starting in 

2006 . 

• • 
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Remedial lnve.rttgotion Data QIUllity 
Objectives Summazy Report for tl,e 
200-PW-l Operable Untt Plion I 
Rep~tlw Wtute Sites, 
BHI--01477, Rev. 0 (BHI 2001b) 

• 

Table 1-4. 200-ZP~l Operable Unit Existing References. (13 sheets) 

This Phase I DQ0 IUIDl!UIIY rq,ort supported the remedial action decision-making processes for the 200-PW-1 organi~ricb/plutonium-ricb 
waste group OU. The RI wu to be conducted under CER.CLA. The waste sites in the 200-PW-l OU received effluents &om the Z Plant 
complex, including PFP processes. which contained significant c:onccntratiom of chemicals and mdionuclides. Data collected during the RI 
wu to be used to detmnine if the waste lita wr:n IX'l'tarnimamcl lbovc levels that will n:quiffl nmedial action, to support evaluation of 
remedial alternatives and/or closun: lltndegies, and to verify or refine the preliminary conceptual contaminant distn'bution models. The data 
were generated mainly through soil sampling and analysis. Tho DQ0 process used the concept of analogous site contaminant data to reduce the 
amount of charact.crization n,quired to support RI/FS decisions. This approach involves the grouping of sites with similar process histories, 
structures, and contaminants and then choosing one or more repreaeotative sites for comprehensive field investigation. including sampling 
during the RI aetivitics. 

Findings &om the RI at npn,smtative sites are then used to make nmedial action decisions for all of the waste sites in the OU. 
Nonrqnaentative sites for which field data have not been collected are lll81JJDed to have contaminant c:haracteristics similar to the 
rq,rmentative sites that are characterized. A R.0D will be issued through the RI/PS process using the data collected during the RI. The 
analogous sites (i.e., thOIC not sampled during the RI} will be addressed during the confirmatory sampling phase to ensure that the nmedial 
action specified in the ROD is appropriate and to provide design data as needed. Following nmedial actions, verification samples will be 
collected to au site closeout. 

• • 
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Table 1-4. 200-ZP .. J Operable Unit Existing References. (13 sheets) 

1bii dnc,tme,nt not.eii 1hatin ·~ 1haD .... ill8tiltically lipificant DDHIIII in~ tecm.etiuo.-99, ind cobalt--60 in ml 299-Wl 1-21. 
which is locited on 1bcnorth siclo oM'SD unit T~ 1he plmnll diat adfected ml 299-WU-21 is now being dehmd in well 299-Wll-23, lociited 
to the Olltofwll 299-Wl 1-27. 

'lbcTX-TY TSDunit wu plaee,d in••-- an,uodwata IIICJlllkJring (40 CFR26S.93[d][4D after elevated walle coastituent and indicator 
pmameter DlllliunlnmtBfoblervatiou (!lpeCitic CIODductmty) occamd in clowJi8radimt moaitmin8 weUa. ElCYBfed l!Mli of diaomium, 
tritium, 1mmlllium-99~andoobilt-6(hwnobNned in amplesfiom well 299-W14-12, which is locatedoli. the east •ideofTSDunit1X-TY. 
In 1998, a tritium and iodino-129plamoWII detectad in ml 299-W14-2, 1ociad en lhe ea•t •ide ofTSD unit TX-1Y. 

DIANKFARM 
,if,;.. 

Bight TX Tank Farm tanb (l'X-105, TX-107, TX-110~ TX-113, TX-114, TX-115, Tic:-t 16, and TX-117) are '"suspecllld/c:onfiimectlcati:ng 
singlHhdl tmJb. • Al least 10 UPRs have been documented within die vicinity of1he TSD unit TX: 

"Summary ofCompnhmsmt • UPR-200-W-5 .occuned in 1950 and :resulted ftom leaky jumpcnlowdlow around tbe 251-TX-1S5 diwnion box. 
Groundwater Mani11orinJ Bwluation ~ un-200-w.;126 ocemnd in 1975 durin&npairof241-TX-l53. ne tlPR. was a liquid spill m the eut lido of the TX Tank Parm. 
Raport.TmclTX-TY'TlmkFanm." • UPR-200-W-129ocr;:mredinl97lduring1mtm1oljumpenatthe241•'1'X·1131ank. 'lbi• UPRocc:u.rredwhileanewjumperu•embly 
March l, 2001 (cmtained in the w being lalttc•lilld. App•nntly a ftlw was inadwrtalt1y clored, which CIIWICld c:cmmninamd liquid to spny dnough the pit COYa' 

Data Q,,olity Obj«tNa s,,,,,,,,a,y block•• 1he emnt of the contaminidimWlill not documentcxL .. 
Rllporlft,r&tabflaldnga_ • UPR-200-W-14'occmrodin i977tndcxmi• talofaapoctailmfmm241-TX-107tmkafta'highmoai1oringC011Dt1ingross-pmma 
RCJWCERCUI BA. bdeg,r,ted log ofdryvn,IJ wn detected. ArilpOded 2,500 pl of'ftlbt lemd fi'oal di.ii t11it. 
200 Wut and 200 Eat • UPR-200-W-17 ocx:am,d in 1952 and Clllisimd of upill c1ming tmm&rlpumping ftom the 241-TX-106 to 241-tx-114 tank. 1he 
G"1Untlwater Monitori,,g N«wori COl'ta,r,ituit,,ct iDlterial cownd m 8nia 9.5 m by 182.9 m (300 ft by 600 ft). 1bc cnntarnmated liquid contained conc:mtndiCJn\of 
[PH 2003bD -.ium-137, ~ Jathenium, ltftiatimn-90, mch.irconium. . , 

• UPR-200-W-29 occurred in 19S4 am.I c,nml•tecl of the &ihne ofan WllllCIINd line CODDOCting 241-T•l52 •nd 241-TX-153 diwnion 
boxe•.duringwhiebfint.cydesupemd8Dtbm241-T-10S tllllkwNINaed. 

• UPR-200-W-100 oacarred in 1954 wbcia WISleapilled ftom die lino rmneetiq the 241-TX-IOS and 241-TX-l 18 tank&. Co,at•minamd 
liquid ftom thele•tOCMftlllman,aapp1oxilutely 30.3m by38.13 m(lOOftby 125 ft). lbeconwoinetecl liquid contained 
appt'OXimatelylOQoft'iaionprodactl. 

• UPR-200-W-135 occmNd m 19541114 consisted of a leak (approxiniwly 1,000 pl of •upcmatant) north of die 241-TX-155 divmicn 
box. . 

• UPR-200-W-99 oocuned in 1968 • an•alt ofliimome cxmtaminath1 that ,mmated tom the 241-TY-153 divasioa box. Two plume• 
~ 11l'Ofttium--90 'Mn identi&ocl DOllhmlt •nd IIOl1lheut oflhe diversion box. 'Ibis UPR Hm just oot•idc the Clllt tx Tank Fann 
fence; 

• UPR~200-W-76occurred in 1997 and comi•ted of contmninated :rabbitfecal pellet• that covered an m:a.45.75 m by9l.5 m(lSO ftby 
300 ft) in thenorthwat comer oflhetankfann. Thefecal mater contained ce•ium-137, ceaium-134, curopium-152. europium-154, and 
atmntium-90. 



(continued] 
Five TY Tank Farm tanks (TY-101, TY-103, TY-104, TY-105, and TY-106) are "suspected/confirmed leaking single-shell tanks." At least 
four documented UPRs have occurred within the perimeter fence of the TY Tank Fann: 

"Summary of Comprehensive 
Groundwater Monitoring Evaluation • 
Report. T and TX-TY Tank Farms," 
March 1, 2001 (contained in the 

UPR-200-W-150 occurred in 1973 and wu associated with tankTY-103. Overflow ofthe241-TX diversion box flowed back into tank 
TY-103, depositing 3.3 cm (1.3 in.) of sludge waste. No significant activity~ were observed in the tank TY-103 mmritoring 
boreholes. This release has been referred to as a "flooding event''; however, there are no details documented that describe the cruent of the 
release. Data Quality Objectives Summary 

Report for Establishing a 
RC/U/CERCW AEA Integrated 
200 Wut and 200 East 
Groundwater Monitoring Network 
[FH2003b]) 

T and TX/1'Y Waste Management 
Areas Regulatory Dejicienciu, letter 
from B. Wilson (E.cology) to 
K. Klein (RL) and H. Boston (ORP), 
dated ' 18, 2002 (Wilson 2002) 

T Plant Source Aggregate Area 
Manage:ment Study Report, 
DOFJRL-91-61, Rev. 0 
(DOE-RL 1992b) 

• 

• 
• 

• 

UPR-200-W-151 occumd in 1974 and was associated with tank TY-104. Leakage of approximately 1,400 gal ofsupanatant from this 

tank was identified by a liquicS.level decrease of 0. 76 cm (0.3 in.). Remaining liquids in die tank were removed using salt well pumping. 

UPR-200-W-152 occurred in 1960 and was associated with tank TY-lOS. Tank TY-105 was designated a confirmed leaker as a result of 
this release. A salt well was installed to remove liquids from the tank via salt well pumping. 

UPR-200-W-153 occurred in 1959 and was associated with tankTY-106. Tank TY-106 was designated a confirmed leaker of unknown 
quantity of tributyl phosphate waste as a ImUlt of this release. The intensity of radiation in monitoring bordiole 52-06-05 increased and 
then stabiliz.ed. Diatmnaceous earth was added to die tank to stabilize the li · d waste. 

This letter reported that aquifer properties (i.e., flow direction, flow rates, etc.) are fundamental requirements for RCRA groundwater 
monitoring systems. Furthamore, the nature and extent of contamination at these TSO units have neither been empirically defined nor 
confinned by adequate groundwater monitoring data. Also, site-specific dispersivity has not been adequately factored into groundwater 
modeling to provide a IIOUlld basis for point-of-compliance well locatiooa and spacing. 

This report presents the Iml.llts of an aggregate area management study for the T Plant aggregate area in the 200 Areas of the Hanford Site. This 

scoping-level study provides the basis for initiating Rl/FS activities under CERCLA or RFI/CMS activities under RCRA. The report also 

integrates select RCRA TSO closure activities with CERCLA and RCRA past-practice investigations. 

The Hanford Site past-practice strategy focuses on reaching early decisions to initiate and complete cleanup projects, maximizing the use of 

existing data, coupled with fOCUlled short-timeframc investigations where necessary. The strategy includes three padJs for interim decision 
making and a final remedy selection process for the OU that inCIJIPOt'afeS the three paths and integrates sites not addressed in those padis. The 

three paths for interim decisions making include the ERA, IRM, and LFI paths. The strategy requires that AAMSRs be prepared to provide 

an evaluation of c:xisting site data to support initial path decisiona. This AAMSR is one of 10 reports that will be prq,ared for each of the 

1 O aggregate areas defined in the 200 Areas. 

The T Plant aggregate area contaim a variety of waste disposal and storage units in addition to its plutonium finishing and recovery facilities 
and support facilities. Historic::ally, high-level wastes were discharged to the soil colwnn through cribs, trenches, and other facilities. Low-level 

wastes (e.g., cooling and condensate water) wen, allowed to percolate into the ground through drains and open ditches. Based on construction, 

purpose, or origin, the T Plant aggregate area WMUs fall into one of the 10 aggregate area subgroups. 

As a result of the data evaluation process, no WMUs were recommended for ERAs, 33 WMUs were recommended for LFls (which could lead 

to IRMs), and 36 WMUs were recommended for final ra:ncdy selection. The doounent also provided insight into the various soun:es and 

COPCs licable to the OU . 

• • 
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Table 1--4. 200-ZP-l :Operable Unit Existing References. (13 sheets) 

In 11m lettlr. Ecology nqueeted thet ORP rmmckr cdlilcting the wdoae 20De boftbole of the wtan sideof'TX Tank Parm to die groundwater. 
The basil for this i'eq1ie1t included the remits mim thewdole boring at S-SX: Tank Parms that w completed• groundwaler IIIDIU1miag well 
299-W23-19 m cunadlt 1cp.wmti lhepoint of the hipelt lldmecium-99 groundwakrrmrmtnitioli :mwund Ill the Hanfiri Site. 

. . . •!'!'~---

The analogoua aitJo approadlcoacq,t,ns aby·dimiiit in the developmmt of1ho200A,-Soll ROl'iallatlo11 Strategy-~ 
1wtorotion ,.,,,,,..,, (DOJ!.RL I 996) ·1,ecaia ll'rmy of the 200 Ami. waste m. lhme limilaritim in polop:al c:onditiom. :fimc:tioDII, and types 
ofnste mma1.· Aa •~ .the need to eslabliah W111te site groupi for 200 Aftll. waste litm was idmtifitlll a an initial.., m the 
hnplenienmtion of the 200 Amis IOil nmediatlm 111na8Y (OOJ!.RL i996). 

The P1J1P010 ofdm doa1mmt wu to idcatify logical Wl&to Bite poup1 for.cl:ulradaimion bwd on criteria established in 200 An,as IOU 
tanectiati<m. mat.eg. ·. Speeiflc objecdwl of the docmnmt iacluded the following; 

• PinamJe--ilite ifflUPI beled m theapproadl mdpmliminlly poupinp.identified in the200 Atw 80ll remediation strategy. 
• . Prioritbie the....., site poups balled on~ dewioped m the 200 Areas IOil remediation atrategy. 
• Select~ .. that belt~ typical and wont-case i;:mditicm. tbteadi .waste group. 

• DcM::lop conceptual models &Jr Clldl Wlllte group. ""' . 

Wans site JIUlllt picmbadon and n,pnlllClldllti site lelection will ·n.pport a DKft cfficimt and cost-effectiw approach to chancllmina the 
200 Ania waste sila Qanclmation mfbrta will belimm:id to aqcaeubdi.w--, the data 1iom whim will beUIICd to remedial action 
decisions for an waste sic. wilbin·agroup (c:omistmt with the analogous sim appn,acb). Waste lim gn,up pupertiei will be U9ecl to est.abliab 
a sequmce m which 1IJe l'lp1INllllttiw lites are a:pec:ted to·be addreised. The conceptual models developed in 11m docummt pmvide an initial 

"dion of the naturo md emm of · COC and theacla:tion of ·w lites and 'oritu.atim of 
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Table 1-4. 200-ZP-1 Operable Unit Existing References. (13 sheets) 

This report presents the results of an aggregate area managemmt study for the Z Plant aggregate area in the 200 Areas of the Hanford Site. This 

scoping-level study provides the basis for initiating Rl/FS activities under CERCLA or RFI/CMS activities under RCRA. The report also 

integrates select RCRA TSD closunl activities with CERCLA and RCRA past-practice investigations. 

The Hanford Site past-practice strategy focuses on reaching early decisions to initiate and complete cleanup projects, maximizing the use of 

existing data, coupled with focused short-timeframe investigations where necessary. The strategy includes three paths for interim decision 

making and a final remedy selection process for the OU that inairporates the three paths and integrates sites not addressed in those paths. The 

three paths for interim decisions making include the ERA, IRM, and LFI paths. The strategy requires that AAMSRs be prepared to provide 

an evaluation of existing site data to mpport initial path decisions. This AAMSR is one of 10 reports that will be prepared for each of the 

l 0 aggregate areas defined in the 200 Areas 

The Z Plant aggregate area contains a variety of waste disposal and storage units in addition to its plutonium finishing and recovery facilities 

and support facilities. Historically, high-level wastes were discharged to the soil column through cribs, trenches, and other facilities. Low-level 

wastes (e.g., cooling and condmsate watel') were allowed to percolate into the ground through drains and open ditches. Based on ooostruction, 

purpose, or origin, the Z Plant aggregate area WMUs fall into one of the 10 aggregate area subgroups. 

>J a result of the data evaluation process. S WMU!! were n:commended for ERAs, no WMUs were recommended for IRMs, 32 WMUs were 

recommended for lPls (which could lead to IRMs), and 18 WMUs were recommended for final remedy selection. The document also provided 

insight into the various sources and COPCs licable to the OU. 

'Ibis database was wied to identify historical data and levels of COPCs measured in groundwater from particular wells. 

• • 
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Table 1-4. 200..ZP-1 Operable Unit Existing References. (13 sheets} 

AAMSR. · • anregate 1na n,magemeot ltUdy nport 
ABA - A.lalldc lin,rgy Act '1/ 19S4 
AI.All = • low• reuonably IChieYable 
ARAR. • ll(lpliclb1e arfflcvant and appropriate requblmmt 
CER.a.A • ~ ~ Jte,ptJII#, ~ on4 LlobUlty Act of 1980 
CPR • Code a/F«ltiwl Reg,datlo,u 
COC: • Mdainliut ftfconcem 
OOPC · - cnutmnil•Jt of)Delldtl conccm 
DOB • U.S. Dq,ertmm:t of P.niqy 
DQO - data quality objecliw 
Ecology • Wahingm StwteI>epartmmtofEcology 
EPA • U.S. Pmi,onntenlal '-olectionAFDCY 
ERA =- e:xpedited.Rlfl'ODIIO ldim 

- t, 

ffl 
FY .. :fiscal yew . • N 
GAC • grnal• activatm carbon 
gpm ... pllona per minute 
IRM • interim remedial meamre 
LFI .. llinited field imatigadon 
ORP • U.S. Departmad of Energy, Offlce of River Protection 
OU .. operable unit 

8 
0'\ 

~ .. 
~ 

PPP • Pmtnn.imn Pini1bina: Phm 0 

ppm - parts per millicm 
RAO • n:medW actioll objectiw ¼ .• ~ . 

R.C1tA • h.rou,c:,e ~ alllJ R«'JO'Nfl1 At:tof 1976 
RF'J/CMS • R.CRA field ~COffliClive meuures study 
RI/PS - remedial investiption/fealbility study 
RL • U.S. Departma,t of P.niqy, lUchlml Opcntiolll Oftice 
R.OD • R.ccord ofDeci&ion 
SAP ... 11mplili8 ml analysis pbm 
SARA • 9vp,,fio,d ~ad~ Act of 1986 
TCB ... tricbloroethylelie · 
Tri•Party Agn:ement ... · Haaji,rdF«kral Facllity ~ awl Coluent Order (Ecology et al. 2003) 
TSD - treatlnmt, storage, md dilposal 
UPR. • uuplmmcd release 
WMU • wastr-~unit 



Table 1-5. Preliminary Target Action Levels and Basisafor Groundwater Contaminants of Concern. (S sheets) 

CLARC > CRDL. CERCLA COC in 
Acetone 7200 20 7200 CLARC current groundwater well monitoring 

network., 
Bemene s 0.795 s s CRDL CLARC < MCL and CRDL > CLARC. 

CLARC > CRDL. CERCLA COC in 
Carbon disulfide 800 s 800 CLARC current groundwat.er well monitoring 

nctwodc.£ 0 
CRDL > CLARC. CERCLA C0C in j Carbon tetrac:bloride s 0.337 3 3 CRDL current groundwater well monitoring 
network.f 

CLARC < MCL and CLARC > CRDL. 
I - ~ ~ Cblorofonn 80 7.17 s 7.17 CLARC CERCLA COC in current groundwater 0 

0,, well monitoring network.1 °' t!.> 
Chlorobenzenc 100 160 s 100 Primary MCL0 MCL < CLARC, and MCL > CRDL ~ 
Ethyl benzene 700 800 s 700 PrimaryMCL• MCL < CLARC, and MCL > CRDL w 
Methylene chloride s 5.83 1 s Primary MCL0 MCL < CLARC, and MCL > CRDL. :< 
Methyl ethyl ketone 4,800 10 4,800 CLARC CLARC>CRDL. 0 

4-m.cthyl-2-pentanooe 640 10 640 CLARC CLARC>CRDL. 
(bc:K.one, MIBK) 

N- 1 benzene 320 s 320 CLARC CLARC>CRDL. 
Ci11,2- 70 80 10 70 Primary MCL0 MCL < CLARC, and MCL > CRDL. 
dichloroethylene 
Trans l,2- 100 160 10 100 Primary MCL0 MCL < CLARC, and MCL > CRDL. 
dichloroethylene 
1,2-dichloroetbanc s 0.481 s s CRDL CLARC < MCL and CRDL > CLARC. 

) 
Toluene 1,000 1,600 s 1,000 PrimaryMCL• MCL < CLARC, and MCL > CRDL. 

1,1, l-tricbloroetbane 200 7,200 s 200 Primary MCL0 MCL < CLARC, and MCL > CRDL. 
{TCA) 

Trichloroethylene 
CLARC < MCL and CLARC < CRDL. 

s 3.98 s s CRDL CERCLA COC in cum:nt groundwater 
{TCE) well monitoring network. 1 

• • • 
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Table 1-5. Preliminary Target Action Levels and Basis• for Groundwater Contaminants of Concern. (5 sheets) 

MQ.< CI.ARC, but CRDI:.> Ma.. I CI.ARC< MC4 CRDIJ- Hmi.ford 

Ancnic 10- O.OS83 10 10 10 CRDt b.dpOUbd > CI.ARC. CERCLA COC - in cumnt gr'OQlldwmr well monitoring N 

~ 
network.t I MCL < CI.ARC, and MCL• CRDL 

Cadmium 5 8 <10 5 5 PrimaryMQ! CERCLA coc in currmt groundwat,r 
well monitoring netwcrk.' 

~ MCL< Cl.ARC, and MCL> CRDL. 
Cmimium(total) 100- 24,000 <30 10 100 Primary MCL• CBRCLA COC in current groundwater 

well • • network.' 0 

CJnomium 41r 10 48 Cl.ARC 
CLARC > CRDL. There iuo drinking 

aava1cnt water MCL for heuvalmtdmxnium. 

Secondary 
MO..> CRDL Secoadmy DWS •. 

Iron 300 86 so 300 300 µg/L (www.c,pa,.gov/safewmr/ 
MCL mcl.html). Sec footnote m. 

MCL > CRDL .. Drinting watet 

Lead IS <S 10 IS Primary MCL• treatment lewh • 15 µg/1. 
gov/nfewaterJmcl.h 

U1himn - 320 25 320 CI.ARC CI.ARC 

Magnesium 16,480 750 TB No limita awi.1abte. 

Secondary 
Cl.ARC> CRDL Secondary DWS = 

Manganese so 2,240 24.S s so SO ,,.yJL (www.c,pa,.gov/safewater/ · 
MCL mcl.html). Sec footnote m. 

M 2 4.8 <0.1 o.s 2 Primary MCL• MCL.< CI.ARC, and MCL > CRDL 

Nickel 320 40 320 CI.ARC CL.ARC> CRDL 



Table 1-5. Preliminary Target Action Levels and Basis• for Groundwater Contaminants of Concern. (5 sheets) 

MCL < CLARC, and MCL > CRDL. 
100 CI.ARC> CRDL. 

MCL < CLARC, and MCL > CRDL 
Uranium (total) 30 48 3.43 0.1 30 Primary MCL' CERCLA C0C in current groundwater 

MU monitoring network. r 
Vanadium 112 1S so 112 Noncarcinogen CI.ARC> CRDL. 

rrW"~~u•:· if: -- - ·':'''_;~_r-:""·'•"· .: 

Ammonium No regulatory limits available. 
Cyanide 200 320 s 200 Primary MCL• MCL < Cl.ARC, and MCL > CRDL. t:I 

Primary MCL > bacqround and CRDL I Fluoride 4,000 2,000 960 775 500 960 CLARC Secondary DWS is unenforceable and 
other standards are available. I - Nitrate 44,285 7,086 12,400 75 12,400 Background Background> CI.ARC and CRDL. N 

~ Nitrate as nitrogen 10,000 25,600 2,800 17 10,000 CLARC MCL<CLARC, background< CI.ARC. 8 
00 ~ 

Nitrite 3,286 5,257 75 3,268 MCL0 MCL < CLARC, and MCL > CRDL. N 

1,000 1,600 17 Primary MCL0 MCL < CI.ARC, and MCL > CRDL. 
w~ 

Noregul 

' "" --,,~·--J!'M&'i:i' 0 
MCL > CRDL MCL based on 

C-14 2,ood 200 2,ood Primary MCV 4 mrem/yr. From /www.epa.gov/ 
llllfcwater/mcl.html (EPA et al. 1997). 
MCL > CRDL. MCL based on 

PrimaryMCLJ 
4 mrem/yr. CERCLA COC in current 

1-129 lj o.s tj,• groundwater well monitoring network. r 
From www.epa.gov/-.fewatcr/mcl.btml 

A et al. 1997). 
MCL > CRDL MCL based on 

Se-79 4rmem/yi' 30 4mrem/yi Primary MCL1 4 mrem/yr. From www.epa.gov/ 
safewater/mcl.btml A et al. 1997). 
MCL > CRDL. MCL based on 
4 mrem/yr. CERCLA COC in cum:nt 

Sr-90 gi 2 &i PrimaryMCV groundwater well monitoring network. f 
From www.epa.gov/safewater/mct.html 
(EPA et al. 1997) . 

• • • 
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Table 1-5. Preliminary Target Action Levels and Basis•ror Groundwater Contaminants of Concern. (S sheets) 

MCL> CRDL MCL bised on 

Tc-99 20 

H-3 20,oool 400 

PrimaryMcI} 

Primary MW 

4 mrem/yr. CBR.CLA COC in camnt 
groundwata' well monitming network.' 
From www.epa.p/akwatafmelhtml 
(EPAetal.1 

- CERCLA COC in c:urt'Cllf groundwmr 
~ well mouitcning netwodt.' 

• Primary Mets were used whae available and are aamned unlea noted; NCODdary MCI.a are not.cd in the c:olilmmlts column. 
• From.Hanford Sia <JrtnmdwalN Bat:kgra,,iltJ (OOB-RL 1992a). · 
" WAC 173-340-740(4) groundwatlir Mdhod B valucl fhm &ology's Clmnvp uvda ad Rbk CablatitRu Utuler d,e Model Tades Control A.ct Ckanvp hp1alian. CLAR.C databuo tables 

(BcolotY 2005) with additional ·IRlS risk hrlbnnatioa, August 2005. · . 
• The sclccted limit u tho lower of the MQ. or CLAR.C wues with tho following oxccption: if the backgnn:md or CRDL is higher, the higher of1heee is selected. If the Cl.ARC tables allowal 

a choice betwmi can:inogfmic and DODCli'cinogeai ya]ues tbt gioumwatcr, the lower WU c1mcn. In ll>lll8 cw:li, DO regulatoly limit is available. In c:aBelll when, tbo MCL is lower than the 
CRI>L. eftbrts will be made to lower tbo CRDL. Jf thil CllllllOt be achieved, risk assemn:ent pidance (EPA 1989) allows the Ule of the CR.DL u tbo selected limit. -· 

• Target actio.n.lewltcpe&adli }Ximmy MCL(on tho IJliaDet llt www.epa.ar,v/~)- . . ''re' 

r From Data QvalUy Obfectiyu Summary R,portfor Eltablullbtf. a RCJWCERCWAEA ~ 200 Wat Olfd 200 Etm Groundwatttr .Monltorbtg Network (PH 2003b). 
• It ill DOt known which of the cniols might be found, tliaefbrc, tqet action lwell wen bafed Ol1 p-cmol and are a factor of 10· lower 1lrm the other CRSOls. 
" Thao nonndiological COCa will be ampleclandamdyzedinFY04 and FY06 for welll idendfiedm SoctioaA3.2.1 of the 200-ZP-l RI/PS wodtplan (OOB-RL 2004e). lf1hese COCs are not 

found daring these IIIDlp)ins ewnm, they will mt be CODSidcRd apin in dda CBllCLA PJ'OCIIIIL If tbele COCI are detected It levd1 deemedlligniflcant (greater tmn the CRDLa in Table A2-l 
of tbe 200-ZP-l R.1/PS WOik pl111), then a tmpt· lldion level maybe atablisbecl with RL and EPA concumace. . 

1 This radiological CCX:: will be mnp1cd and~ in FY04 and FY06 for weDI idmtiftcd in Sa;:Cicm Al.2.1 of the ~l.P-1 1UfFS wort plan (DOB-RL 2004c). If these C0Cs are not found 
during 1hese lllllplini mm. they will not b1i comidend 11pin in1his CSR.Cl.A pn,cen. A.calcu1ation bu nat been paformed to establish a targ,et action level (pCi/L) ftom 1he drinking Wida' 
iegulltOt'y nqubement of 4 mn:mlyr for dlele C0Cs. Ifibele COC. are detected It levels deemed sipiftcant (armer than the CRDLs in Table Al-I of the ~ZP·l RJ/FS work plan), then 
a target action level may be estabHshed with RL and EPA concmrmce lo emure that tm hypothetical dote from these radioimclides is lail than 4 mrem/yr outside the core zone. 

J Tarpt action le\lel. bwd on 1he esti:inaml poundwater concentration that W'OUld result 4 mrem'yr (MCL) lo tho whole body or an orpn if the groundwater water were used as drinking water 
(DOE-RL 2002b, Table 2-3).. . 

k Tcchnctium-99 remedial taqet ac:tion lewis defined in R«onl of Deci11ionfor the 200-UP-1 Intmm RelMdial Mf!IUfln (EPA et al. 1997). 
• In mme imtanca. drilling dauup bmlt for the well may conuibute lo conlaarination of the well water with iron UMJ ~ 
'" Total cbromium. baaed on chromium. m and VI values. 
0 Labondoty cannot toutinely achieve O.S pCi/L, dim using 1.0 pCiJL, which is both CRDL and selected limit. 

0 
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Table 1-5. Preliminary Target Action Levels and Basis•for Groundwater Contaminants of Concern. (5 sheets) 

ARA - Atomic Energy Act of 1954 
CER.CLA = Comprelum.rive Environmental Ruponse. Compensation, and Liability Act of 1980 
CLAR.C = Cleanup LeNls and Risk Calculations Under tJie Model To.xicr Control Act Cleanup Regulation 

COC "' contaminant of concern 
CRDL ~ contract-required detection limit 
DWS • drinking water standard 
Ecology = Washington State Department of Ecology 
EPA • U.S. Bnviromnental Protection Agency 
FY = fiscal year 
MCL ... maximum contaminant level 
RCRA = Resource Coueniatkm and Recovery Act of 1976 
Rl/FS '"' remedial investigati.on/feasi'bility study 
RL .. U.S. Department of Energy, Richland Operations Office 
TBD to be dotamincd 
WAC = WaahingtonAdminiatmtive Code 

• • • 
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Table 1-6. Data Completeness. (2 sheets) 

n-...:..- groundwater 
~ TabloAJ..2 wells and coaf 

Monitoring for 
additional coc, 

Sample the following wells for all COCS in 
Table 1-S of1his Rirep()l'f. Wells will bcsainpled 
once in 2004 and once in 2006 for full COC list 
(Group A and Group B analytes). 

Wells listed in Table A3-3 of tho 200-ZP-l RJ/FS 
worlt plan are as follows: 299-W7-4, 299-Wl0-4, 
299-W11-14,299-W14-13,299-W1S-152. 
21)9..WlS-47, and 69948-77A. 

The 200-ZP-1 RI/FS work plan requires that the 
following wells be analyzed for all C0Cs (Group A 
and Group B) and for applicable pochcmical, 
hydrogeological. and physical parameters: 
299-Wl 1-43, 299-WlS-46, and 299-WlS-49. 

Table 1-2 of this RI report 
includes all of the wells listed in 
Table A3-2 of the 200-ZP-l IU/FS 
worlt plan, as well as additional 
wells. 

Table 1-7 of this RI report lists tho 

Exceeds n,quiremmts of the 200,.ZP-l RI/FS 
work plan. Many wells are analyzed for COCs 
not required by the 200,.ZP-l RJ/FS work plan. · 
All data :limn 1988 through October 2005·are 
included. Additional wells were added that were 
not in the 200--ZP-l RJ/FS wort plan. 

analytes (by well) that haw been Most analytcs were measured in the wells. 
analy.d in either FY04 or FY0S. 

Table 1-7 of this RI report lists the Select COCs were analyzed; additional am1ysis 

COCs analyzed. is forthcoming. 

Sections 2.0 and 4.0 of this RI 
report discuss tho results of the 
geochemical. hydrogcological. and 
physical parameters analysis. All 
data arc complete for these three 
wells. 

Additional data we.re collected during the drilling 
of wells not listed in the 200--ZP-1 RJ/FS wort 
plan. Additional gamma logs are presented for 
13 wells that were not discussed in the 200-ZP-1 
RI/F'S work plan. 
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Depth--discrete data 
forcmbon 
tetrachloride and 
technetium-99 in 
groundwater. 

Table 1-6. Data Completeness. (2 sheets) 

Section A3.2.4 ofthe200-ZP-1 RJ/FS work plan 
indicates that depth-discrete groundwater sampling is 
required for all of the new wells proposed to be 
installed. 

Depth-discrete data are presented 
in Section 4.4 and the plate maps 
in Appendix C. 

Exceeds requirements. The 37 wells are 
presented with depth-discrete data for carbon 
tetrachloride on the plate maps found in 
Appendix C. This is sipificantly more than that 
required by the 200-ZP-l RJ/FS work plan. 

Two wells have depth-discrete technetium-99 
data. In addition, select COCs other than carbon 
tetrachloride were analyzed at multiple depths 
from the 19 RI/PS wells. 

NOTE: Reference to the 200-ZP-l RVFS work plan in this table is tho Remedial lnwstigation/Feasibility Study Work Plan for 200-ZP-1 Groundwater Op«ablc Unit .2:J 
(DOE-RL 2004c). < 

• All Group A analytes and select Group B (chloroform, menic, cadmium. antimony, iron, fluoride, JDIIDIIIDelO, strontium-90, methylene chloride, benzene, 1,2-dichloroetbane, o 
and tetruchlorocthmo fur select wells). 

b Table 2-1 of the 200-ZP-1 RI/FS work plan contains the same COC list 1111 Table Al-7 of tho 200-ZP-1 RI/FS work plan (DOE-RL 2004c). 
COC = contaminant of concern 
FS = feasibility study 
FY = fiscal year 
RI = mnedial inwsti.gation 

• • • 
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Table 1-7. Golnpleteness Analysis for Wells Requiring 
Full Cootanii;umt of Concern List Analysis. (2 sheets) 

1.2-dichlorocthane (DCA) · x· X X X X X 

4-methyl-2-pcntanonc (hcxone, X X X X X X X MIBK). 

Acetone X X X X X X X 

Ammonium X X X X .X X 

Antimony X X X X X ·x X 

Aneoic X X X X X X 

Bem:c:nc X X X X X X X 

C-14 X X X X X 

Cadmium X X X X X X X 

Carbon disulfide. X X X X X X X 

Carbon.tetrachloride X X X X X X X 

Cb1orobcm.c:nc X X X X X X X 

Chloroform X· X X X X X X 

Cbromhun (hcxavalmt) X X X X X 

Cbromhun (total) X X X X X X X 

Cis 1,2-dichloroethylcnc X X X X X X X 

Crcsols X X X X X x X 

Ca-137 X X X X X X 

Cyanide X X X X X X 

Ethyl benzene X .x X X X X X 

Fluoride X ·x X X X X X 

HM3 X X X X X X 

IM129 X X ·X X X X 

Iron X X X X X X X 

·Kaoscne X X X X X 

Lead X X X X X X X 

Lithium X X X X X 

Magnesium X X X X X X X 

Manganese X X X X X X X 

Memuy X X X X X X X 

Methyl ethyl ketone X X X X X X X 
: 2-butanone 

1-53 
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Table 1-7. Completeness Analysis for Wells Requiring 
Full Contaminant of Concern List Analysis. (2 sheets) 

Mdhylcne chloride X X X X X X X 

N-butyl benmie X X X X X X 

Nickel X X X X X X X 

Nitrate X X X X X X X 

Nitrate as nitrogen X X X X X X 

Nitrite X X X X X X X 

Nitrite as nitrogen X X X X X X 

Np-237 X X X X X 

Pa·231 X X X X X 

Phenols (total) C C C C X C C 

Phosphate X X X X X X 

s~19 X X X X X 

Selenium X X X X X X 

Silver X X X X X X X 

Sr-90 X X X X 

Tc--99 X X X X X X 
Tetracbloroethylene (PCE) 

X X X X X X X 
( : tctrachloroethene) 

Toluene X X X X X X X 

Trans 1,2-dichloroethylene X X X X X X X 

Trichloroethylene (TCE) 
X X X X X X X 

( : trichloroethene 

Uranium (total) X X X X X X 

Vanadium X X X X X X X 

Xylene (total) X X X X X X X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

C 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

NOTE: Blank cells indicate cumntly missing data that will be collectal in subsequent sampling events. 

X 

X 

X 

X 

X 

X 

C 

X 

X 

X 

X 

X 

X 

X 

X 

X 

• Analyaes run on samples from this well are beyond the requirements specified in the 200-ZP-1 RI/FS work plan 
(DOE-RL 2004c). · 

1, Samples from 1hiB well wen: required to be run for the tull list of COCs identified in the &r-left column. 
e Semi-volatile compounds. including selected phenols, may be sampled in subsequent sampling evmts. 
CCX: = contaminant of con.can 
RI/FS = mnedial inwstigation/feasibility study 
X = data are present 
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Table 1-8. Remedial InvestigationlFeastbilityStudyWells from Which 
Depfh .. Di~ Groundwater Sampling Was Performed . 

... ,;, • -<; : ~ : -~ • 

295>.WI0-24 

299-Wll-25B (well 'Tl") 

299-'\Vl l-43 (well "H") 

299.Wll-45 (well "'1'2") 

299.W13~l (well -0") 

299-W14-II 

299-W14-l3 

299-Wl4-14 

299.Wl4-l9 

299-WlS-42 (well "A") 

1 .. 55 

299-WIS-43 

299.WlS-44 

299-WU-46 

299.WIS-49 (wcll "C") 

299-WlS-50 (well 11B") 

299-WU-152 (well "F") 

299-W17-01 (well "f') 

299-W18-16 (well "D"') 

699.50-74 (well "T") 
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Table 1-9. Potential Sources of Groundwater Contamination from Group A 
Contaminants of Concern at the 200-ZP-l Operable Unit (7 sheets) 

Chromiwn (total) kg 2.504E+o3 
Nitrate kg S.849E+o4 

216-T-2 
lodine-129 Ci 2.93SE-06 
Technetium-99 Ci 2.943&03 
Tritium Ci 7.138E-03 
Uranium (total) kg 2.990E-0 l 
Chromium (total) kg 2.646E+o3 
Nitrate kg 6.468E+oS 

216-T-3 
lodine-129 Ci 4.236E-07 
Teclmetium-99 Ci 9.S71E-04 
Tritium Ci 2.023:E-OS 
Uranium (total) kg 2.00SE+oo 
Carbon tenchloride kg 3.618E+o2 
Chromium (total) kg l.141E+o4 
Nitrate tg 3.701E+os 

216-T-4A Iodine-129 Ci 4.36:SE-04 
Tedmetium-99 Ci 6.681E-02 
Tritium Ci l.252E+o3 
Uranium (total) kg 6.071E+o2 
Chromium (total) kg l.208E+o3 
Nitrate kg 2.416E+oS 

216-T-S Technetiwn-99 Ci 1.498E-02 
Tritium Ci 8.768E-03 
Uranium (total) kg 2.422E+ol 
Chromium (total) kg 6.830E+o2 
Nitrate kg 2.303E+oS 

216-T-6 
lodine-129 Ci 3.48SE-06 
Technetium-99 Ci 7.872E-03 
Tritium Ci 2.127E-04 
Uranium (total) kg 2.082E+ol 

Chromimn (total) kg 2.80SE+o4 

Nitrate kg 6.SSOE+o6 

216-T-7 
Iodine-129 Ci l.494E-OS 

Tecbnetimn-99 Ci l.898E-01 

Tritium Ci 9.1S6E-02 
Uranium (total) kg 3.392E+o2 

Chromium (total) kg 2.lOlE+ol 

Nitrate kg 4.906E+o2 

216-T-8 
lodine-129 Ci 2.171E-07 

Technetium-99 Ci l.937E-04 

Tritiwn Ci 4.383E-04 

Uranium (total) kg 4.7S4E+ol 

• 

• 

• 
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Table· t-9. Potential Sources of Groundwater Contamination ftom Group A 
Co11tmninanvi of Concern at the 200-ZP~ I Operable Unit. (7 sheets) 

•,;,; ,•, 

', 2,MmiW 
• L If T 

••• • I Ut. I 

Ouomium (total) kg 2.33SE+oo 

Nitrate kg 7.706E-+04 

216-T-12 
lodino-129 Ci 8.8238-06 

Ted:metium•99 Ci 8.433&03 

Tritium Ci 7.922E+ol 

Unmium (total) kg 2.169E+o2 

Chromimn (total) kg 3.604E+o2 

N'dmte kg l.078E+OS 

216-T-14 
Iodin~129 Ci l.77SE-03 

Technetium-99 Ci 2.034&01 

Tritium . Ci 6.134E+oo 

Uranium (total) h 3.443E+ol 

Omxnium (total) kg 3~732E+o2 

N'ttratc kg 1.l16E+o5 

2l6-T-IS 
lodine-129 Ci 1.839&-03 

Tccbnetimn-99 Ci 2.107&01 

Tritium Ci 6.354E+oo 

Uranium (total) lr2 3.S67E+ol 

Ouomium (total) kg 3.6S3E+o2 

Nitrate kg U>93B+OS 

216-T-16 
lodino-129 Ci UOOE-03 

Technetium-99 Ci 2.062&-01 

Tritium Ci 6.220E+oo 

. Uranium (total) kg 3.49SE+ol 

Cluomium (total) kg 2.81 lB-+-02 

N'urate kg 8.409E+o4 

216.T-17 
lodino-129 Ci l.385E-03 

Tec:bnetium-99 Ci l.587&-0l 

Tritimn Ci 4.78SE+oo 

Uranium (total) q 2.687E+ol 

Chromium (total) leg 1.012E+o2 

Nitndl: kg 3.282E+o4 

216-T-18 
lodino-129 Ci 1.484&03 

· Technctium-99 Ci l.539E-01 

Tritium Ci 2.362&01 

Uranium (total) kg 5.523E+ol 

Camon tmachloride b l.663E+o3 

Ommlium (total) kg l.131E+o3 

216-T-19 
Nitrate kg 2.412E+o5 

Technetium-99 Ci 7.906E-03 

Tritium Ci 5.122B+o3 

Uranium (total) kg 1.284E+ol 
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Table 1-9. Potential Sources of Groundwater Conta.mjnation fiom Group A 
Contaminants of Concern at the 200-ZP-l Operable Unit. (7 sheets) 

-Cuomium(total) kg l.572E-02 

Nitrate kg l.96SE+ol 

216-T-20 
Iodine-129 Ci l.518E-07 

Tecbnetium-99 Ci 1.084E-04 

Tritium Ci 3.02SE-OI 
Uranimn (total) kg 1.067E-03 

Chromium (total) kg t.6S9E+o2 

Nitrate kg 4.960E+o4 

216-T-21 
lodine-129 Ci 8.168E-04 

Tecbnetium-99 Ci 9.363E-02 

Tritimn Ci 2.823E+oo 

Uranium (total) kg 1.S84E+ot 

Chromium (total) kg 5.51SE+o2 

Nitrate kg 1.6SOE+oS 

216-T-22 
lodine-129 Ci 2.717E-03 

Technetium-99 Ci 3.114&01 

Tritimn Ci 9.387E-+OO 

Uranium (total) kg S.270E+ol 

Chromium (total) kg S.321E+o2 

Nitrate kg 1.S92E+oS 

216-T-23 
lodine-129 Ci 2.622E-03 

Technetiwn--99 Ci 3.00SE-01 

Tritium Ci 9.0S9E+oo 

Uranium (total) kg 5.087E+Ol 

Chromium (total) kg S.Sl6E+o2 

Nitrate kg 1.6SOE+os 

2_16-T-24 
lodine-129 Ci 2717E-03 

Tecbnetium-99 Ci 3.114E-01 

Tritium Ci 9.390E+oo 

Uranimn (total) kg S.270E+ol 

Chromium (total) kg l.070E+o3 

Nitrate kg 3.2000+05 

216-T-25 
lodine-129 Ci 5.270E-03 

Tecbnetium-99 Ci 6.0408-01 

Tritium Ci 1.821E+ol 

Uranium (total) kg 1.023E+o2 

Ouomium (total) kg l.157E+o3 

Nitrate kg 3.7S3E+os 

216-T-26 
lodine-129 Ci 1.697E-02 

Tecbnetimn-99 Ci 1.760E+oo 

Tritiwn Ci 2.700E+OO 

Uranium (total) kg 6.330E+o2 
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Table 1-9. Potential Sources of Groundwater ContamiootiQn fi:om Oroup A 
Contaminants. of Concern at the 200-ZP-l Operable Unit. (7 sheets) 

J,;.-... . 

Oiromium (total)· kg 1.2451!+-03 

Nitrab:i kg 2.971£+-04 

216-T-27 TcdJnctimn.99 Ci 1.4308-03 

Tritium .Ci 8.347B-03 
Unnium (total) kg 3.071E+o1 

Chromium (total) kg 6.0l2E+o3 

Nitrate kg l.603E+oS 

216-T-28 Ttdmetimn-99 Ci 4.282E-02 

Tritium Ci 2.S02E-Ol 
Uranium (IOtal) kg 4.726E+o2 

Cbromium (total) kg l.030E+-04 
·•Nitrate .. kg 2.497E+o6 

216-T-32 
lodine-129 a 2279B-07 
Tedmed.um-99 Ci 1.334£-03 

Tritium Ci 2.183&04 

Unmium (total) kg 5.903£.01 

' Cmnnium (total) kg 2.157E+ol 

Ni1mtc leg l.267E+-03 

216-T-33 
lodino-129 a 2.926E-OS 

Tedmetium-99 Ci 4.135£-03 
.Tritium Ci 7.664£-01 

Unmimn (total) kg 6.019E-+Ol 
.<Juomium (10Cal) kg S.833E+o3 

Nitrate kg l.362E+os 

216-T-34 
lodino-129 Ci 8.208:B-03 

Tedmdium-99 Ci 7.371E-OS 

1ntiwn Ci • 3.676B-04 
Unmimn (IOtal) Im 6.366B+ol 
Cbrcmiuin (tolall Im 3.000E+oo 

216-T-35 Nilmte kg 3.000E+oo 

Umnium (total) 'kg 3.0l2E+o1 

Camon tlc:lndlloride ' kg 2.68E+os 

·Cbromiuoi (total) Im 9.321E+Ol 

216-Z-lA 
Nitrate kg l.320E+o6 

Tecbnetium-99 Ci 1.096E-4S 
TCE" lrg b 

Uranium (total) kg 9.340E-02 
Carbon 1ldlachloride lrg 3.804E+-04 

a.mnium (total) lrg 1.611E+Ol 
216-Z-l&l Nitrat.c kg 5.501E+o4 

Teclmdimn-99 Ci 4.77IE-06 

Uranimn (total) lrg 1.0COE-02 
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Table 1-9. Potential Sources of Groundwater Contamination from Group A 
Contaminants of Concern at the 200-ZP-1 Operable Unil (7 sheets) 

Carbon telrllcbloride kg 2.248E+o4 
Chromium (total) kg 1.563E+ol 

216-Z-3 Nitrate kg l.880E+oS 

Tecbnetium-99 a 8.386E-06 
Uranium (total) kg 1.639£.02 
Carbon tmachloride kg 3.617£-+02 

216-Z-8 Chromium kg 2.422E-03 
Uranium (total) kg 4.7SSE-06 

Carbon telrllcbloride 1 kg 3.0SE+os 
Nitrate kg 8.8S8E+o5 

216-Z-9 Tedmetium-99 a 3.498£.05 
TCEb kg 1, 

Uraniwn (total) kg 2.S19E-02 

Carbon tdracllloride kg l.350E+o5 
Chromium (total) kg S.183E+ol 

216-Z-12 
Nitrate kg 4.368E+o6 
lodine-129 Ci 8.823E-06 

Teclmetium-99 Ci 2.1098-04 

Unmium (total) kg 1.942&-01 
Carbon tetracldoride e kg 2.20E+o5 

Chromium (total) kg 7.112E+oo 

216-Z..18 
Nitrate kg 8.412E+oS 

Technetium-99 Ci 3.333E-OS 
TCEb kg " 
Uranium (tota1) kg 2.395£.02 

Nitrate kg d 

241-Z..361 Technetium-99 Ci d 
settling tank d 

Uranium (total) kg d 

Chromium (total) kg l.2S9E+ol 

Nitrate kg 2.1S2E+o3 

241-T-101 
Iodinc-129 Ci 4.677E-04 

Tedmetium-99 Ci 3.038E-01 

Tritium Ci 6.118E+oo 

Uranium (total) kg 9.5)8E-01 

Chromium (total) kg l.237E+ol 
Nitrate kg 7.2S6E+o2 

241-T-103 
Iodino-129 Ci 7.086E-04 

Technctium-99 Ci 9.379£.01 

Tritium Ci 3.923£.01 

Uranium (total) kg 2.973£..01 
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Table 1-9. Potential Sources of Groundwater Contamination from Group A 
Contaminants of Concern at the 20()..ZP-1 Operable Unit (7 sheets) 

. . . , 

Cnomium (total) kg 5.041E+02 

Nitmte kg 2.9SIE+o4 

241-T-106 
lodJne-129 Ci 2.4618-02 

Toclmetium-99 Ci 3.741E+ol 

Tritium Ci 1.538E+ol 

Utanium (total) kg l.188E+ol 

Ottomium (total) kg 1.656E-+OO 

Nitmte. kg 8.047E+o2 

. 241-T-108 
Jodino-129 Ci l.708&-05 

Technelimn-99 Ci 1.2348-02 

Tritium Ci l.835E-02 

.• Uranium (total) kg 1.176&-01 

Chromium (total) kg 4.237E-+OO 

Nrtnlte kg 3.669E+o2 

241-T-109 
lodino-129 · Ci 2.372E-04 

Teclmetium-99 Ci 3.062E-Ol 

Tritium Ci 7.856E-02 

Uranium (toml) kg 9.7698-02 

Cm:nnimn (total) kg 5.964&-0l 

Nttmte · kg 1.192E+o2 

241-T-lll 
. Iodino-129 Ci 1.232E-l0 

Tcdmetiwn-99 Ci 7.396E-06 

1'riti mn Ci 4.329&-06 

Uranium (wtan kg 1.207£..02 

Olromimn (total) kg 8.646E+ol 

Iodino-129 Ci 4.809&-03 

241-TX-107 Tcdmeti.um-99 Ci 4.377E+oo 

Tritium . Ci 1.l21E+oo 

Uranium (total) b: 9.314&-01 

Olrumimn (total) kg 9.490E+oo 

Nitrate · Jrg 7.2788-l-02 

241-'IY-101 
lodino-129 a S.OOSE-84 

Technetium-99 a 4.4S3E-01 

'Inti.um a 1.506B-01 

Umnium (total) kg l.128E-01 

Qromium (total) kg 3.24SE+ol 

Nitmte kg 2444E+o3 

241-TY-103 
lodino-129 Ci l.808E-03 

Tedmetium-99 Ci I.647E+oo 

Tritium Ci 4.211E-01 

Uranium (total) kg 3.516E-01 
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Table 1-9. Potential Sources of Groundwater Contamination from Group A 
Contaminants of Concern at the 200-ZP-1 Operable Unit (7 sheets) 

't;~:~w~,.~~~~fJ i\i-J®i;41~~ ;~~j!~i,:~ 
Oiromium {total) kg 8.794E-Ol 

Nitrate kg 9.640E+o2 

241-TY-104 
lodine-129 Ci 2.538E-05 

Technetium-99 Ci 1.979E-02 

Tritium Ci 3.246E-02 

Uranium {total) kg 1.644E-01 

Chromium (total) kg 2.199E+ol 

Nitrate kg 2.410E+04 

241-TY-105 
lodinc-129 Ci 6.343E-04 

Technetiwn-99 Ci 4.946E-Ol 

Tritium Ci 8.118E-Ol 

Uranium (total) kg 4.106E-t00 

Oiromium (total) kg l.256E+ol 

Nitrate kg 1.377E+04 

24I-TY-106 
Iodinc-129 Ci 3.625E-04 

Tecl:metium-99 Ci 2.826E-01 

Tritium Ci 4.639E-Ol 

Uranium (total) kg 2.348E+oo 

200-W-52" 
Technetium-99 Ci C 

Uranium 234/238 kg " 

a Hanford Soil Inventory Model, Rev. 1 (DOE-OR0-26744 [RPP-26744]) (CHG 2005). The quantity 
presented in this table is the mean reported in d1is reference. Appendix P presents a full print out of the 
pertinent analytes from SIMS database which includes mean, minimum, maximum, and standanl deviation. 

b TCE was idm.tified as a C0C for 216-Z-lA, 216-Z-9, 216-Z-18, and the T, 1X, and 1Y Tllllk Fanns in 

Sampling and Analysis Plan/or the 2(){)..ZP-1 Groundwater Monitoring Well Networt (OOE-RL 2002b), 
but TCE was not sepmately reported in SIM. TCE is a potential degradation product of PCE. 

" Technetium-99 and uranium-234/238 wa-e identified as C0Cs at 200-W-52 in T Area Technetium-99 Data 
Quality Objectives Summary Report (WMP-28389, Draft A) (FH 2006c), but 200-W-52 was not separately 
identified in SIM. It is assumed that 200-W-52 is included with 200-T-7 in SIM. 

d Nitrate, technetium-99, and total uranium identified as "Group A" COCs at 241-Z-361 settling tank in 
Table 3-3 of this RI report, but no quantities are listed in SIM. 

c Carbon tetrachloride quantity for 216-Z-18 obtained from 1994 Conceptual Model of the Carbon 
Tetracl,Joride Contamination in the 200 Wut Area at tire Hanford Site (WHC-S~EN-'11-248, Rev. 0) 
(WHC 1994). The SIM quantity for 216-Z-18 is 191,900 kg. 

f Cmbon tetrachloride quantity for 216-Z-lA obtained from Plutonium and Organic-Rich Prace.ss 
Condensate and Process Waste Group Operational Unit RJ/FS Wort Plan: Includes tire 200-PW-l, 
200-PW-3, and 200-PW-6 Operable Units (DOE-RL-2001-01, Rev. 0) (DOE-RL 2004b). The SIM 
quantity for 216-Z-lAis 306,SOO kg. 

• Cmbon tetrachloride quantity for 216-Z-9 nmged from 130,000 kg to 480,000 kg in Plulaniwn and 
Organic-Jficl, Process Condensate and Process Waste Group Operational Unit R1IFS Wart Plan: Includes 
the 200-PW-l, 200-PW-3, and 200-PW-6 Operable Units (DOE-RL-2001-01, Rev. 0) (OOE-RL 2004b). 
The SIM quantity for 216-Z-9 is 208,300 kg. 

COC ,.. contaminant of concern 
RI = remedial investigation 
SIM = Hanford Soil Inventory Model 
TCE = tricb.loroethylene or trichloroetbene 
PCE = perchloroethylene, perchloroethene, or tetrachloroethene 
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2.0 REMEDIAL INVESTIGATION APPROACH 

Section 2.0 provides an overview df the approach applied to the ~00-ZP-1 RI report. Section 2.1 
provides details on the groundwater monitoring that was performed within the 200-ZP-1 OU to 

support the CERCLA RI/FS process. Section 2.2 descn'bes the approach used to define the 
three-dimensional distn'bution of COCs. Sections 2.3 and 2.4 review the geotechnical, hydraulic, 
and geochemical parameters that were tested for in order to support modeling activities. 

2.1 GROUNDWATER MONITORING 

The contaminant plumes in the 200-ZP-l Groundwater OU are changing shape over time in 
response to multiple influences, which include (1) general groundwater flow, which is carrying 

cootamhumts downgradient; (2) pmnp-and-treat operations, which are containing the high
concentration portion of the carbon tetrachloride plume; (3) dropping groundwater elevations 
resulting from the termination. of effluent releases to surrounding cribs, ponds, and trenches; 

and (4) elimination of groundwater mounds associated with the discharges to the T andU Ponds. 
Table A3-2 of the 200-ZP-l RI/FS work plan (DOE-RL 2004c) identifies a total of 
66 groundwater monitoring and extraction wells for routine sampling to ensure that movement 
of the contaminant plumes is carefully tracked. The annual Sitewide groundwater monitoring 
report and the annual summary report for 200-ZP-1 pmnp-and-treat operations provide the 
sampling results fur the FY • 

2.1.1 Enhanced Groundwater Monitoring Well Network 

The 200-ZP-l groundwater monitoring network was recently expanded by drilling eight new 
monitoring wells, au described in the 200-ZP-l RI/FS work plan (DOE-RL 2004c). The eight 

new wells are included in the 66 wells mentioned in Section 2.1 (Tables 1-1 and 1-2) and are 
shown on the plate map in Appendix A. The new 200-ZP-l wells were initially designated by 

letter codes "C" through "P' and "T"; a complete well identification number was then assigned to 
each well after it was drilled. Contaminant concentration data from the new wells are intended 
to further define COC groundwater plume boundaries and track contaminant movement 
(FH 2003c, 2003d). Wells 299-WIS-42 (well "A") and 299-WIS-45 (well "B") were installed 
prior to issuance of the 200-ZP-l RI/FS work plan (DOE-RL 2004c) and are included in the 
66 wells that are routinely sampled. 

Wells 299-WlS-49 (well "C"), 299-WlS-16 (well "D"), 299-WlS-50 (well "Ej, and 
299-WlS-152 (well "F') were positioned to further define the carbon tetrachloride 2,000 µg/L 

isopleth. Well 299-Wl 3-1 (well "G") was installed with the intent of identifying the eastern 

boundary of the S. µg/L carbon tetrachloride isopleth. However, the detection of carbon 
tetrachloride during the drilling of well 299-W13-1 (well "G'') in concentrations above 
1,200 µg/L (just above the Ringold Lower Mud Unit) suggests that the eastern boundary of the 
S µg/L carbon tetrachloride contom is significantly farther to the east 

Well 299-Wl 1-43 (well "H'') was installed west ofT Plant to identify the vertical distribution of 
COCs in this area and to provide data that can help evaluate the variability of geotechnical and 
geochemical properties within the tmconfined aquifer. Well 299-Wl 7-1 (well "f') was installed 
as an upgradient monitoring well. Well 699-S0-74 (well 'T') was installed north ofT Plant to 

define the northern edge of the nitrate, carbon tetrachloride, and tritium plumes. 

2-1 
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Table A3-2 of the 200-ZP-l R.1/FS work plan (DOE-RL 2004c) includes eight of the nine • 
extraction wells that are connected to the 200-ZP-l pump-and-treat system. A ninth extraction 
well, 299-Wl 5-765, was not listed in Table A3-2 of the 200-ZP-1 R.1/FS work plan because it 
was formerly designated as a RCRA monitoring well. 

Four additional monitoring wells are planned (i.e., LLWMA-5, LLWMA-8, LLWMA-13, and 
LL WMA-17) for the 200-ZP-1 monitoring well network in calendar year 2006. The fow
planned wells are included in Table A3-2 of the 200-ZP-1 RI/FS work plan (DOE-RL 2004c). 

Depth-discrete groundwater samples were collected while drilling selected wells in the 200-ZP-1 
OU to evaluate the vertical distribution of COCs, as well as hydraulic and geochemical 
properties within the unconfined aquifer. The COC concentrations, geotechnical, hydraulic, and 
geochemical analyses were also performed on sediment samples from boreholes for the same 
wells. Section 2.2 describes the 200-ZP-1 monitoring wells where depth-discrete sampling was 
performed. 

2.1.2 Routine Monitoring Strategy 

As described in the 200-ZP-1 RI/FS work plan (DOE-RL 2004c), the groundwater sampling 
frequency for the 200-ZP-1 monitoring well network depends primarily on how recently the well 
was installed and the results of past sampling events. New wells drilled during FY03 and later 
years are sampled quarterly during the year following installation, semi-annually during the 
second year after installation, and annually thereafter. Wells located near a contaminant plwne 
perimeter are sampled biennially (i.e., every 2 years), if the co.ntaminant concentrations are • 
stable for several years. The sampling frequency may increase in wells where contaminant 
concentrations are irregular or increase. Table A3-2 in the 200-ZP-l RI/FS work plan (DOE-RL 
2004c) and Table 1-4 of this RI report identify the COCs that are monitored in each well and the 
sampling frequency. 

2.1.3 Monitoring for Additional Contaminants of Concern 

During preparation of the 200-ZP-l DQ0 summary report (FH 2003c), FH staff reviewed 
a nwnber of historical documents for the purpose of identifying a comprehensive list of 
contaminants of potential concern (COPCs) for consideration during the CERCLA RI/FS 
process. A number of the COPCs were eliminated after reviewing historical analytical data, 
radioactive half-life, soil adsorption, and toxicity. The elimination of the COPCs was 
documented in the 200-ZP-1 DQ0 summary report (FH 2003c). The list of COCs provided in 
the 200-ZP-1 RI/FS work plan (DOE-RL 2004c) were those used and evaluated in this RI report. 
The remaining COPCs became the COCs that are evaluated in Section 4.2 of this RI report. 

In FY04, a strategy was implemented for identifying whether or not additional COCs are present 
in the aquifer by sampling specific wells (299-W7-4, 299-Wl0-4, 299-Wl l-14, 299-W14-13, 
299-WlS-47 [extraction well #4], 299-W15-152 (well "F"), and 699-48-77A) in the 200-ZP-1 
groundwater monitoring well network. The selected wells are located either in highly 
contam;nated areas of known plumes or immediately downgradient of selected waste sites. 
Table A3-3 of the 200-ZP-1 RI/FS work plan (DOE-RL 2004c) lists the selected wells, COCs, 
and rationale. Two sampling events were planned for FY04 and FY06. Table 1-5 specifies 
target action levels. Potential COCs that are detected above these limits are added to the routine • 
sampling program discussed in Section 2.1.2. Potential COCs that are not detected above the 
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• action levels during the first two sampling events will not be-considered further in the RI/FS 
process. 

• 

2.2 THREE-DIMENSIONAL DISTRIBUTION OF CONTAMINANTS 
OFCONCERN 

The three-dimensi~ dis1noutlon of COOs within the unconfined aquifer was emmated by 
collecting depth-discrete groundwater samples·ftom selected wells drilled in the 200-ZP•l OU 
and adjacent areas (DQE-RL 2004c~ Depth-discrete groundwater samples were collected at 
approximately 9.1-m (3~ft) infenrals as the wells were drilled and analyzed for volatile organic 
compom.ds (VOCs) with "an onsite gas chromatograph. The VOOdatawere used to set the depth 
of the well screen and to define the distributionofcoritaminantS within the aquifer~ Section 4.4 
and Appendices Land M presentvertfoal plots of the depth-discrett,"iaialyticaldata. Plots of 
the depth-discrete data for carbon tetrachloride ancUts potential degradation compounds 
(i.e., cblorofonn, methylene chloride, and chforoinethane)ate ·a1so shown on the plate maps in 
Appendix C for the shallow (water table'to-1.8 m]60Jl] below water table), middle"(l8. m [60 ft] 
to 37 m {120 ft] below water table), _and deep (3'7, m [120 ft] below water table to base of aquifer) 
portions of the unconfined aquifer •. The ·carbon tetrachloride isopleths for the shallow p~on of 
the meonfined aquifer in Appendix C do not exactly com:spond to those shown on the plate map 

in Appendix A. As explained in Section 1.4.1, the Appendix A is<,pleths are based on annual 
averages ofCOC concentmtions and activity levels in the shallow unconfined aquifer. The 
Appendix C isopleths me derived ftom a three-dimensional analysis of depth-discrete 
groundwater samples. 

Depth-discreti:'dabl are eurrently available for the following 19 we~which are refened to as 
"RI/F'S wells",in this 200-ZP-1 RJ report: 299-Wt0-24, 299 .. Wll-2SB (well '71 j, 299-Wt 1-43 
(well "H")~ 299--\V11"4S (well "Tl"), 299-W13--0l(well "O"), 299;,V/14-1 t', 299-Wl4-13, 
299-Wl4-14, 299-Wl4-19~ 299-WlS-42(well "A''), 299-WlS-43, .29~-WlS-44, 299-WlS-46, 
299-W15-49(well "Cj, 299-WlS-SO(well"E"), 299~Wl54S2(well "F"), 299-W17--0l 
(well "P'), 299~Wl8-16 '(well "Dj, and 699~50-74 (well 'T'). Additional depth-discrete data 

are expected when wells "AA," "BB," "CC," "DD,'" and aim" are chilled in FY06 and FY07. 
The additional data willbe attached liS an appendix to the FS. 

Most of the RI/FS wells were drilled a minimum of~7 m (120 ft) below the water table. Several 
of the RI/FS ·wells were drilled deeper .. Well 299-W1549 (well "C") was drilled to the top of 
the Ringold Lower MudUnit, approxirnatel:y62111 (205 ft) below the water table. Well 
299-Wl 1-43 (well "Ir') was drilled to approximately ss ·m (180 ft)below the water table. The 
lower Mud Unit was not present at this location~ Well299-Wl5-46 was drilled approximately 
92 m (300f\:)-belowthe water table. This "Well.was drillednearthe216--Z-9Trencb,.tbrougb the 
Lower Mud Unit to the top of basalt at the base of the unconfined aquifer. All dq,th-discrete 
groundwater samples ft-om the 19 RVFS wells were ·analyzed for VOCs and, in•some cases, 
a variety ofother analytes. Depth-discrete groundwater samples from wells 299-WlS-49 
(well "C"), 299~W15-46, and 299-Wl 1-43 (well "H")were also analyzed for the parameters 

identified in Tables 1-1 and 2-1. The results are described in Sections 4.4, 4.5, 4.6, and 4.7. 

Depth-discrete groundwater.samples fi:om six of the 19 IU/FS wells were analyzed for four 
VOCs (i.e., carbon tetrachloride, TCE, chloroform, and tetrachloroethylene [PCB]). These four 
VOCs were used as indicator parameters to estimate the three-dimensiorud distnl>Ution. of 
dissolved Voe contaminants ~thin the unconfined aquifer. Five of the six wells were drilled to 
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approximately 36.6 m (120 ft) below the water table and four depth-discrete samples were • 

collected from each well: 299-WIS-16 (well "D'1, 299-WIS-50 (well "E"), 299-WIS-152 
(well "F"), 299-Wl7-1 (well ••1"), and 699-50-74 (well ••T"). The sixth well, 299-Wl3-1 

(well "0'1, was drilled to the top of basalt at a depth of 160.8 m (527.3 ft). Nine depth-discrete 

groundwater samples were collected during the drilling of this well (FH 2004). 

2.3 MODELING INPUT PARAMETERS FOR SEDIMENT 

The Data Quality Objectives Summary Report Supporting the 200-ZP-l Operable Unit Remedial 

Investigation/Feasibility Study Process (FH 2003c) and the 200-ZP-1 RI/FS work plan (DOE-RL 

2004c) identify a number of specific modeling input parameters that are required to evaluate 

contaminant migration. The 200-ZP-1 RI/FS work plan identified the geotechnical 
(i.e., physical), hydraulic, and geochemical parameters in Table 2-1 as required data for 

modeling potential contaminant migration within the saturated zone. Sediment samples for 

geotechnical, hydraulic, and geochemical analysis were collected during the drilling of three 

wells: 299-W15-49 (well "C"), 299-Wl l-43 (well "Ir'), and 299-W15-46. These three wells 

are positioned such that data from these locations should generally be representative of the OU 

as a whole. The approximate well locations are shown on the plate map in Appendix A. 

Wells 299-WlS-49 and 299-Wl 5-46 provide data for the carbon tetrachloride and other plwnes 
that might have originated from the 218-W-4B/218-W-2 Burial Grounds and Z Plant, 

respectively. Well 299-WlS-46 was drilled on the south side of the 216-Z-9 Trench to define the 

distribution of COCs at this source location and to determine ifDNAPL is present. Well • 

299-Wl 1-43 is positioned near the center of several of the COC groundwater plumes in the 

vicinity ofT Plant, including the uranium, iodine-129, tritimn, TCE, and nitrate plmnes. 

Because the 216-Z-9 Trench is suspected to be one of the primary sources for carbon 
tetrachloride contarnjnation, additional sediment samples were collected from well 299-WlS-46. 

As shown in data tables that are discussed in Section 4.6, a total of37 sediment samples were 

collected during the drilling of well 299-Wl5-46, ranging in depth from 1.4 m (4.5 ft) below 

ground surface (bgs) to 159.1 m (521.5 ft) bgs at the top of the Elephant Mountain Member of 

the Saddle Mountains Basalt. The samples are also listed in Table 2-9 of the borehole summary 

report for well 299-WIS-46 (FH 2005c). Section 4.6 also descnbes six sediment samples from 
well 299-Wl 5-49 and the single sediment sample from well 299-Wl 1-43. Groundwater was 
encountered at 67.9 m (222.7 ft) bgs. The sediment samples were analyzed for the COC 

concentration parameters identified in Table 1-5 and the geotechnical, hydraulic, and 
geochemical parameters in Table 2-1. Section 4.5 provides a summary of the geotechnical, 
hydraulic, and geochemical analytical results from wells 299-WlS-49, 299-Wl 1-43, and 

299-WlS-46. 

Similar sets of chemical, geotechnical, hydraulic, and geochemical data were obtained during the 

drilling of three 200-UP-1 wells, including the following: 699-30-66 (well "R''), 699-36-70B 

(well "Pj, and 299-W19-48 (well "K''). The 200-UP-l data were collected to further define the 

vertical and lateral extent of groundwater contmninant plumes and to provide data needed to 

support risk modeling and evaluation of remedial alternatives for that adjacent operable unit. 

The analytical results for sediment samples :from the 20()..UP-l OU are considered applicable to 

the adjacent 200-ZP-l OU and are contained in the Hanford Environmental Infonnation System • 

(HEIS) database. The results from sorption-desorption studies are published in Characterization 
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of 200-UP-1 Aquifer Sediments and Results of Sorption-Desorption Tesu Using Spiked 
Uncontaminated Groundwater ~m_ et al. 2005). , 

~ ~0 ~, 

PNNL analyzed 13 sediment core samples and 13 depth-discrete groundwater samples from 
three 200-UP-1 wells: 299-Wl9-48 (well "K"), 699-30-66 (well "Rj, and 699-36-70B 
(well "P''). Section 4.5 provides a summary of the 200-UP-1 data for the parameters listed in 
Table2-1. 

2.3.1 Geotedmlcal Parameten 

The 200-ZP• l RI/PS work plan (DOE-RL 2004c) identifies the six geotechnical (i.e., physical) 
parameters listed in Table 2-1: particle-size dis1n'bution, calcium carbonate content, geophysical 
borehole surveys, mineralogy, bulk density, and lithology .. · Sieve analyses were completed for 
particle-size distribution, calcium carbonate analyses, bulk density tests, lithology descriptions, 
and other geotechnicalanalyses forthree2~ZP-1 wells: 299-WlS-49 (well "Cj, 299-Wl 1-43 

(well "H''), and 299-WtS-46 {see plate map in Appendix A). 'Geophysical borehole surveys 
were performed in 13 ofthe 19 RI/FS wells identified in Section 2.2. Geophysical survey data 

for well 299.;.Wt 1-43 had not yet been processed at the time.tbatthis RI report was prepared. 
Laboratory mineralogy data also were not available when this RI report was prepared, except for 

that described in theborehole·tog. · The following geotedmical sediment samples were .anatyi:ed 
from the 200-ZP-1 boreholes: , 20 samples from well 299-WlS-46, 5 samples from well 
299-WlS-49, and one samplefroin well 299-Wll-43. While many attempts were made to 
collect additional sediment samples ftom we11•2~Wl 1-43· for geotechnical .analysis,· the 
presence ofgravel'and cementation prevented adequate sediment recovery. Section 4.5 describes 
the available. 2~ZP;. t .. data.. 

Geotecbnical data from sediment samples collected ftom the 200-UP-1 OU supplement the data 

collected from the 200-ZP-1 OU. The 200-UP-l sediment cores were analyzed for four of the 
geotecbnical parameters listed in Table 2-1: particle>-Size distribution, calcium cmbonate 
content,.triineralogy, and lithology. Particle-size distributions in the 200.UP-1 samples were 
measured ·using the dry sieve and hydrometer methods of the American Society for Testing and 

Materials (ASn.,) _Method ,D422-63 (ASTM 2002ai Th.e calcium carbonate content of the 
200-UP-1 intact sediment cores was measured by ASTM Method D4373 (ASTM 2002b). 

A geologist described the lithology of each sediment.core when the core liners were opened. 

The four geotechnical parameters that are listed in Table 2-1 (e.g., particle-size distribution, 
calcium carboll8te content, geophysical ·borehole surveys, and lithology) were collected clming 
other well .drilling activities in the 200 West Area. 1b.e geoteclmical data for specific 200 West 
Alea wells are available in various Hanford Site databases and are summarized in Revised 
Hydrogeologyfor the Suprabasalt Aquifer System, 2~Weat Area and Y-u:inity, Hanford Site. 
Washington (Williams et al. 2002) and Hanford Borehole Geologic Information System (HBGIS) 
(Last et al. 2005). 

2.3.2 Hydraubc and Transport Parameten 

As shown in Table 2-1, the 200-ZP-1 RI/PS wmk plan (DOE-RL 2004c) identified effective 
porosity, total porosity, and bulk density as "hydraulic and transport" parameters that need to be 

nm on sediment samples. Section 4.5 provides a summary of the measurements for these 
parameters. 
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2.3.3 Geochemical Parameten • 

The 200-ZP-1 RI/FS work plan (DOE-RL 2004c) identified six geochemical parameters as key 
to better understanding how CODtaminant interactions with soil particles will influence transport. 
Table 2-1 lists the following six parameters: major cations (ie., sodium and calcium), cation 
exchange capacity (CEC), Ket for carbon tetrachloride, total organic carbon (fOC), total 
inorganic camon (TIC), and pH. The major cations, CEC, TOC, TIC, pH, and other geochemical 
data were obtained from soil samples collected during the installation of the three 200-ZP-l 
wells (299-Wl 5-49 [ well "C"] 299-Wll-43 [well "H''], and 299-Wl 5-46 (see plate map in 
Appendix A). The Ket data for well 299-Wl S-46 are presented in Carbon Tetrachloride and 
Chloroform Partition Coefficients Derived from Aqueous Desorption of Contami'nated Hanford 
Sediments (Riley et al. 2005), as described in Section 3.1.4. While Ket analyses were also 
planned to be performed on sediment samples collected from wells 299-Wl 1-43 (well ''H'') and 
299-Wl 5-49 (well ''C''), inadequate sediment recovery prevented this. Additional sampling for 
Ket analysis is scheduled for later in FY06 from wells drilled between the Old Laundry Facility 
and T Plant. The following numbers of geochemical sediment samples were analyzed from the 
200-ZP-1 boreholes: 37 samples from well 299-WIS-46, 6 samples from well 299-WIS-49, and 
one sample from well 299-Wl l-43. As noted in Section 2.3.1, the presence of gravel and 
cementation in well 299-Wl 1-43 prevented adequate sediment recovery to support geochemical 
analyses. The available 200-ZP-1 data are swnmarized in Section 4.5. 

Geochemical analysis of sediment samples from the 200-UP-l OU supplement the data collected 
from the 200-ZP-1 OU. Table 2-1 identifies the six geochemical parameters that were analyzed 
for the 200-UP-1 sediment cores. PNNL measured the CEC of five 200-UP-1 sediment cores by • 
a radiotracer procedure (Routson et al. 1973). 

PNNL measured desorption and adsorption Kcts for the following eight COCs in 200-UP-1 
samples: technetium-99, manium (VI), strontiwn-90, cesium-137, neptunium, hexavalent 
chromium, selenimn, and iodine-129. The desorption Ket values for the contaminated sediments 
were generally greater than the adsorption values. Section 4.S summarizes the recommended Ket 
values for risk 1ransport modeling for three tested lithologic units: Ringold Unit E, Ringold 
gravel, and the Ringold Lower Mud Unit. 

The total and inorganic camon contents were measured in sediment cores :from 200-UP-1 
according to ASTM Method El 915-01 (ASTM 2005). The organic carbon content was 
calculated as the difference between the total and inorganic carbon content The pH was 
measured in 1: 1 sediment to water extracts from the same samples for the 13 sediment cores. 
Section 4.5 summarizes the 200-UP-1 results. 

2.4 MODELING INPUT PARAMETERS FOR GROUNDWATER 

The 200-ZP-1 RI/FS work plan (DOE-RL 2004c) identified saturated zone modeling input 

parameters required to be run on groundwater samples. Table 2-1 lists the hydraulic, transport, 
and geochemical parameters applicable to groundwater samples. Depth-discrete groundwater 
samples :from wells 299-WlS-49 (well ''C''), 299-Wl 1-43 (well "H''), and 299-WIS-46 were 
analyzed for these parameters. The results from these analyses are presented in Sections 4. 7.1 
and 4. 7.2. The plate map in Appendix A shows the approximate well locations. 
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Depth-discrete groundwater samples collected from 2~UP-t wells 699-30-66 (well "Rj, 
699-36-70B (well "P"), and 299-Wl9-48 (well "Kj were analyzed for hydraulic, transport, and 
geochemical analyses, which supplement the data collected ftoni'the 200-ZP-t OU. The results 
of these analyses are also presented in Sections 4. 7.1 and 4.7.2. 

2.4.1 Hydraulic and Transport Parameten 

The 200-ZP-1 RI/FS work plan (DOE-RL 2004c) identified the following six hydraulic 
parameters for groundwater modeling and/or evaluation of remedial alternatives: hydraulic 
gradient, hydraulic con.ducti.vity (Kia) measured dwing slug tests, groundwater production rates, 
water-level drawdown, groundwater pumping performance during well development, and 
longitudinal ·and transverse dispersivity. The hydraulic parameter results from wells 
299-WlS-49 (well"Cj; 299-Wl 1-43 (well "H"), and 299-WlS-46 are discussed in the . 
following sections of this RI report: 

• Hydraulic gradient(Section4.l.32) 
• Hydraulic conductivity.(KiJ (Section 4.6.1) 
• Groundwater production flow rate (Section 4.6.1) 
• W ater;,.(eveldrawdown (Section 4.6.t) 
• Groundwater pumping performance (Section 4.6.1) 
• Dispersivity(Sections 3.LS and 4.6.1). 

Section 4.1.3 .2 presents the results for hydraulic gradient, groundwater flow rates, and water 
table changes. Horizontal Kai was measured during a series of unconfined aquifer slug tests 
conducted in the following three 200-ZP-1 · wells during FY05: 299.;.Wl l-43 (well "If'), 
299-W15-50 (well "E"), and 299-Wl8•16 (weU"Dj. The methods used to perform the slug 
tests are presented in Slug Test Characterization Results for Multi-Test/Depth Intervals 
ConductedDuring the Drilling ofCERCLA. lJperable Unit OU 200-ZP .. J Wells 299-Wl 1-43. 
299--WJJ-50. and 299-WJB-16 (PNNL 200Sb). Section 4.6.1 summarizes the horizontal~ 
results from the slug tests. 

The Borehole Summary Report/or Six CERCLA. Wells Drilled in the 200-UP-l and 200-ZP-1 
Operable Units. and Six RC.RA. Wells Drilled in the A-AX B-BX. and U WMA.; CY 2004-2005 
(FH 2005b) presents well development information for well 299-WlS-49. Similar well 
development infonnation for well 299-WlS-46 is provided in the Borehole Summary Report for 
Well 299-WJJ-46 (C3426) Drilled at the 216-Z-9 Trench (FH 2005c). Well development data 
for well 299-Wll-43 were obtain.ed from a draft borehole summary report (FH 2006a [in 
publicatiott]). Section 4.6.1 provides a summary of.the groundwater production rates, 
drawdown, etc., for wells 299-Wl 549 and 299-,WlS-46. 

Dispersivity is discussed in a study of camon tetrachloride modeling parameters in Assessment of 
Carbon Tetrachloride Groundwater Transport in Support of Hanford Carbon Tetrachloride 
Innovative Technology Demonstration Program (Truex et al. 2001). Section 3.1.S summarized 
the conclusions from this study. The longitudinal and transverse dispcrsivity parameters that 
were developed in the study are summarized in Section 4.6.1 . 
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2.4.2 Geochemical Parameten 

The 200-ZP-l RI/FS work plan (DOE-RL 2004c) lists the following 10 geochemical parameters 
as those required for groundwater modeling and/or evaluation of remedial alternatives: major 
cations (i.e., sodium and calcium), CEC, specific conductance, TOC, TIC, pH, temperature, 
alkalinity, dissolved oxygen (DO), and tmbidity. Nine of the 10 specified geochemical 
parameters were measured in groundwater samples from 200-ZP-1 wells 299-WIS-49 
(well "C"), 299-Wl 1-43 (well "H''), and 299-WIS-46. The CEC was measured in sediment 
samples but not in groundwater samples because the analysis is not applicable to water samples. 
As shown in Table 2-1, TOC and TIC were measured with different methods than those specified 
in the 200-ZP-1 RI/FS work plan. The substituted methods are commonly accepted analyses for 
TOC and TIC. Section 4.6.2 provides a summary of the parameters, groundwater sampling 
intervals, and analytical results. 
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Table 2-1. Geotechnical, Hydraulic, and Geochemicai Analytical Methods 
for Sediment and Groundwater Samples. (2 sheets) 

Geotechnical Particle-me distribution 
(by dry sieve, wet sieve, AS1MD422 NIA N/A 
and hydrometer methods) 

Calcium. carbonate content ASTMD4373 

Borehole geophysics 
(neutron probc.·naturil 

b gamma, spectral gamma. NIA NIA 
and gamma-gamma 
density") . 

·Minaaloa XRD NIA NIA 

BuUc density AS'IMD2937 NIA N/A 

lithology Geologist dcscripticm NIA N/A 

Hydraulicand . Effective porosity 
Yield and laboratory 

tnmsport tneasuranmt 

Bulk density AS1MD2937 NIA NIA 

Total porosity b NIA NIA 

Geochemical Majorcationa(e.g.. IIOClium AS'IMD4327 NIA N/A 
and calcium) 

CBC° Routson et al. (1973) NIA NIA 

TOC AS1ME191S- N/A ±25% 

~ (carbon tetrachloride) AS1M3987 NIA NIA 

TIC AS1MB191s4 
25,000pg 

±25% 
Clkgsample 

pH 904S- 0.1 pH unit ±0.lpH 
unit 

H)'draulicand Hydraulic gradient Field mcasuremmt NIA NIA 

transport Slug test, slug intcrfermce 
test, constant rate discbargc Field test N/A NIA 
test, or tracer test 

Water production t1.ow rate Well development NIA NIA 

Watcr..tevel changes Well dewlopmmt NIA NIA 
(drawdown) 

Groundwater pumping Well devdopmcnt N/A N/A 
performance 

Field tracer 
Dispersivity mc:asurcment 

NIA NIA 

2-9 

N/A 

NIA 

NIA 

NIA 

NIA 

NIA 

NIA 

NIA 

NIA 

±25% 

N/A 

±25% 

±0.1 pH 
unit 

NIA 

NIA 

NIA 

NIA 

N/A 

NIA 
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Table 2-1. Geotechnical, Hydraulic, and Geochemical Analytical Methods 
for Sediment and Groundwater Samples. (2 sheets) 

Geochemical Major cations (e.g., sodium ASTMD4327 NIA N/A 
and calcium) 

CEC" Routson et al. (1973) NIA N/A 

I{..,_ (e.g .• carbon ASTM3987 NIA NIA 
tetrachloride) 

Specific conductivity Field screening NIA NIA 

roe ASTME19154 1,00011glL ±25% 

TIC ASTME19t5• 1,00011glL ±25% 

pH 904S- 0.1 pH unit ±0.1 pH 
unit 

Temperature Field scrccning N/A ±l°C 

Alkalinity 310.lr or 310.2r 10mg/Las 
±208/4 

~ 

Dissolved oxygen Fidd acreening NIA 0.1 mg/L 

Turbidity Fidd scn,ming <SNTU NIA1 

N/A 

N/A 

N/A 

NIA 

±25% 

±25% 

±0.lpH 
unit 

1°C 

±2S% 

±1% 

N/A1 

• If gamma-gamma density probe is not available at the time of logging, proceed nmning only natural and neutron-induced 
c:aptun: gamma-my spcctroscopy. 

11 Method will be defined by technical support prior to implementation. 
c The CEC was included in Table A2-2 of the 200-ZP-1 RI/FS wodc plan (OOE-RL 2004c) but it is not applicable to water 

samples. 
4 TOC and TIC were analyzed by the AS1M methods shown above tather than the methods (41S. l and 41S.IM) listed in 

Table A2-2 of the 200-ZP-l RI/FS work plan (DOE-RL 2004c). 
• Method fiom U.S. Enviromnallal Protection Agency's SW-846 (EPA 1999}. 
r Method from Standard Metlwdsfor &:amtnation of Water and Wtutewater (Eaton et al. 1995). 
• Requirements are "'yes/no., above or below S NIU; precision and accumcy do not apply. 
AS1M = American Society fur Testing and Materials 
CEC = cation exchange capacity 
CRDL = contract•n,quin:,d detection limit 
K.i = distnlmtion coefficim.t 
N/A = not applicable 
NIU = nephelometric tmbidity unit 
TIC = ta:1.tatively identified compound 
TOC = total organic cmbon 
XRD = x-ray diffiaction 
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3.0 OTHER SUPPORTING STUDIES PERFORMED OUTSIDE 
OF THE 200-ZP-1 REMEDIAL INVESTIGATIONIFEASlBn.ITY STUDY PROCESS 

3.1 SPECIAL CARBON TETRACHLORIDE STUDIES 

A variety of special studies were conducted on different aspects of the carbon tetrachloride 
contamination within the 200 West Area. The following sections present •nmrnaries of the study 
:findings that are pertinent to the 200-ZP-1 IU/FS process. A brief summary is included for the 
interim action soil vapor ex1raetion (SVE) system that is operating near the three primary catbon 
tetrachloride disposal facilities. 

3.1.1 Dense Nouaqueous Phase Liquid Investigations Within 
the 200-ZP-1 Operable Unit 

In FY03, EPA and RL agreed upon a comprehensive DNAPL carbon tetrachloride investigation 
strategy for the 200 West Area (DOB-RL 2004b). The DNAPL investigation strategy includes 
the elements listed below: 

• If the dispersed carbon tetrachloride vadose mne plume investigation identifies . 
a continuing source, aDNAPL investigation should be conducted at that location. 

• In addition to any DNAPL investigations at dispersed plume locations, a DNAPL 
investigation should be conducted at the 216-Z-9 Trench . 

• At the 216-Z-9 Trench, the DNAPL investigation should be conducted just above the 
water table 'and below the water table. 

• If no DNAPL is detected either just above or below the water table, the DNAPL 
investigation at the 216-Z-9 Trench would be considered complete. The planned 
investigation would not mle out the posst'bility that DNAPL might be present in the Cold 
Creekunit. 

• In addition, through the Alternatives for Carbon Tetrachloride Source Term Location 
(ACfSTL) Project, the DNAPL investigation will include (1) development of a viable 
conceptual model for the presence/absence ofDNAPL in the mconfined aquifer, 
(2) evaluation/proposal of characterization technologies to validate the model, and 
(3) performance of the selected characterization activities to confirm the conceptual 
modelthat will descn1>e the nature, extent, and 11WS of the assumed DNAPL 
(DOE-RL 2004e). 

• Any data obtained during the investigations of the dispersed carbon tetrachloride plume 
and the 216-Z-9 Trench site will be shared with the ACTSTL Project. 

The sampling design developed during the DQO process for the DNAPL investigation included 
collection and analysis of sediments during drilling of two wells at the 216-Z.9 Trench 
(FH 2003d). The representative waste site SAP provides requimnents for sampling during 
drilling of the slant well under the 216-Z.9 Trench as part of the 200-PW-l OU representative 
waste site RI report (DOB-RL 2004b, Appendix B). The DNAPL investigation SAP provides 
requimnents for sampling during drilling of the vertical well adjacent to the 216-Z-9 Trench as 
part of the 200-ZP-1 OU investigation (DOB-RL 2004b, Appendix B). 
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The Step II SAP addresses the potential for DNAPL investigations at locations of the Step IT • 
sampling for the dispersed carbon tetrachloride vadose zone plume (DOE-RL 2004b, 
Appendix D). The DNAPL investigations that were identified above will be implemented for the 
216-Z-9 Trench site and the potential Step II locations. The ACTSTL Project will conduct any 
additional DNAPL investigations that are required to support the RI/FS processes for carbon 
tetrachloride contamination in the vadose zone and aquifer. 

The ACTSTL Project was initially funded by DOE's Environmental Management Office of 
Cleanup and Acceleration. Phase I of the project, which included development of the conceptual 
model for the absence/presence of DNAPL in the aquifer and proposed technologies to validate 
the conceptual model, was initiated in FY03. Phase II of the project, which includes the use of 
the proposed technologies to describe the nature, extent, and mass of DNAPL in the subsurface, 
was initiated in FY04 and was scheduled to be completed in June 2006. 

Completion of the ACTSTL Project, in conjunction with the 216-Z-9 Trench investigation, 
satisfies the requirements of EPA (action item 2002) in the CERCLA 5-year review to 
investigate applicable DNAPL detection technologies (EPA 2001). Investigation ofDNAPL at 
the 216-Z-9 Trench satisfies the requirement in the 200-2P-l OU interim ROD (EPA et al. 1995) 
to investigate DNAPL in the area of the trench. 

Although the focus of the DNAPL investigation is primarily on the unconfined aquifer, the 
results also will benefit the vadose zone investigation. For example, identification of DNAPL in 
the aquifer may assist in the determination of cont.aminant sources or pathways for contaminant 
migration in the vadose zone. 

A vertical borehole (C3426) was drilled and sampled adjacent to the south side of the 216-Z-9 
Trench from October 2003 to January 2005 and was subsequently completed as monitoring well 
299-Wl 5-46. Sample results indicated high concentrations of carbon tetrachloride vapors in the 
vadose zone that were associated with a silt layer within the Hanford formation at the 20.1 to 
20.4 m (66 to 67 ft) depth and in the Cold Creek unit silt at the 33.4 to 34.1 m (109.5 to 112 ft) 
depth. Just above the upper silt layer, a very fine-to-fine sand sample at the 19.7 m (64.5 ft) 
depth showed positive results for a carbon tetrachloride DNAPL field screening test. This was 
the only sample interval in the borehole that showed positive results for the DNAPL field test 
(PH 2005c ). Prior to obtaining the sample results from this borehole, the presence of carbon 
tetrachloride DNAPL in the subsurface near the 216-Z-9 Trench was an element of the 
conceptual contamination model at this site, but this was the first hard evidence for DNAPL 

presence in the vadose zone. The results of the depth-discrete groundwater sampling collected 
during drilling of this well are presented in Section 4.3 .1. The slant well under the 216-Z-9 
Trench is scheduled to be drilled and sampled in early 2006. 

During FYOS, the CERCLA RI report for the 200-PW-1 OU focused on the dispersed carbon 
tetrachloride vadose zone plume. The investigation is being conducted in two steps. The study 
area for Step I (which is completed) was the portion of the shallow vadose zone overlying the 
observed highest concentrations in the carbon tetrachloride groundwater plume. The study area 
for the Step II investigation includes the vadose zone overlying the entire carbon tetrachloride 
groundwater plume. The Step II study extends deeper into the vadose zone than the 
Step I investigation. 
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The Step II field investigation activities conducted in FYOS in~uded soil vapor sampling using 
the Enhanced Access Penetration System to access the deep vaddse zone, soil vapor and 
groundwater sampling from existing wells, passive soil vapor sampling, and vapor sampling 
from burial ground vent risers. the next step in the RI/FS process for the 200..PW-1 OU is the 
preparation of a separate' RI report, which will document these field activities and will 
summarize and report the data collected .. This report will be prepared in FY06. 

Vista Engineering Technologies, LLC (VET), completed the Alternatives for Carbon 
Tetrachloride Source-Term Location (VET 2004) project (Phase I) and is currently working on 
the Phase II Integrated Approach for Carbon Tetrachloride Source.;.Term Location in the 
200 West Area of the Hanford Site (Bratton et al. 2004). The current project goal is to select and 
deploy innovative, reliable technologies for characterizing and quantifying carbon tetrachloride 
that exists as a DNAPL in the subsurface of the 200 West Area. 

Specific locations for the investigation were selected using the conceptual· model that was 
developed by a VET team, and these locations are presented in the Phase I report (Bratton et al. 

2004). The conceptual model postulates that the majority of the carbon tetrachforide rems.ins in 
the vadose mne as DNAPL in the fine-grained units of both the Cold Creek unit md the 
overlying Hanford formation. Some DNAPL might also exist within the unconfined aquifer on 
top of the Ringold Lower Mud Unit (Unit 8). The location of the DNAPL is governed by 
gravity-driven transport along the surface topography of the fine-grained layers. 
Characterization of the subsurface topography of the fine..grained layers is a key component to 

locating the DNAPL sources . 

The charactem.ationmethods developed in Phase I for the 216-Z-9.Trench region will be applied 
in an adaptive and graded approach to the remainder of the site, as described in the Phase II work 
plan (DOE-RL 2004e). Several key analyses are sunnnarizeclbelow: 

• Coarse application of a passive soil gas methodology to evaluate the broad surface 
expression of the subsurlace coritarninants in the vadose :zone across the likely source-
term area. .Subsequent, more detailed surveys will be conducted to focus on likely source 
areas. . 

• Further detailed geophysical characterization of the subsurface structure with particular 
focus on fine-grained units and likely retention features. 

• Geophysical analysis of the Ringold Lower Mud Unit to identify potential topological 
feattttes that could influence density..(iriven movement of the DNAPL beneath the 
disposal sites. 

• Focused intrusive sampling, using effective access technologies, to collect samples and 
quantify the source mass distnoution. 

• Collection of depth-discrete groundwater samples in existing wells to better define 
· growidwater sources. · 

• Continued groundwater flow analysis and modeling to evaluate source regions and 
confining layer topological effects in the unconfined aquifer. 

• Quantify the potential ftaction of carbon tetrachloride released to the atmosphere, with 
further analysis of carbon tetrachloride heating and evaporation due to decay heat :from 
co-disposed radionuclides. 
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The results of the Phase II investigation will be presented in a separate report in June 2006. • 

The VET team held a project technical workshop in October 2005 to review the available 
evidence on whether carbon tetrachloride as DNAPL is present within the unconfined aquifer. 
The interim findings from that workshop are summarized below: 

• Depth--discrete groundwater sampling from 24 existing wells centered around the high
concentration portion of the carbon tetrachloride groundwater plume showed that the 
highest detected concentration (4,152 µg/L) is significantly less than the carbon 
tetrachloride solubility limit (800,000 µg/L). 

• The total calculated mass of carlxm tetrachloride in the groundwater plume decreased 
from 1991 to the present. 

• Groundwater modeling indicates that if carbon tetrachloride DNAPL sources were 
present at mid-depth in the aquifer, they would produce concentrations in monitoring 
wells above those measured to date. A carbon tetrachloride DNAPL source at the bottom 
of the aquifer could produce concentrations in monitoring wells similar to those measured 
to date. This modeling study included assumptions about the mass of a pres\Dned 
DNAPL source in the aquifer that is greater than indicated so far from the results of the 
other groundwater activities conducted for the Source Term Project. The availabie 
evidence is inconclusive with regard to the presence of some quantity ofDNAPL that 
may be responsible for persistent decreasing dissolved carbon tetrachloride 
concentrations. The existing data do not support the emplacement of a deep source 
without leaving a residual detectable trace higher in the aquifer. A deep-well pumping • 

and sampling test is planned to investigate the presence of a carbon tetrachloride DNAPL 
source at the bottom of the aquifer beneath the 216-Z-9 Trench. 

• The available evidence indicates that there is not a significant carbon tetrachloride 
DNAPL source within the aquifer beneath the 216-Z-9 Trench. 

• High-concentration carbon tetrachloride vapors that were found in the deep vadose zone 
during a 1993 drilling program likely contaminated the shallow aquifer prior to startup of 
the.interim action SVE system around the 216-Z-9 Trench. 

Liquid waste disposal sites near the primary carbon tetrachloride waste disposal sites likely 
provided sufficient perched water above the Cold Creek unit to contact carbon tetrachloride in 
the vadose zone and subsequently transport dissolved phase carbon tetrachloride into the 
unconfined aquifer. There may have been some lateral movement of the contmninated perched 
water on the Cold Creek Unit, but the sampling results from the 200-PW-1 OU dispersed carbon 
tetrachloride vadose zone plume investigation (Remedial Investigation Report for the 
Plutonium/Organic-Rich Process Condensate/Process Waste Group Operable Unit: Includes 
the 200-PW-l, 200-PW-3, and 200-PW-6 Operable Units [DOE-RL2006b]) indicate that 
infiltration was within approximately 150 m ( 492 ft) of the primary carbon tetrachloride waste 
disposal sites. 

The carbon tetrachloride groundwater plume is found deeper in the aquifer as it migrates 
downgradient from the primary carbon tetrachloride waste disposal sites. This is likely the result 
of combined artificial and natural recharge that resulted in higher vertical gradients when liquid 
wastes were disposed. Another contn"buting factor may be changes in groundwater flow 
directions during waste disposal operations. 
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• In order to confirm the interim findings (i.e., that there is not , 9!gnificant carbon tetrachloride 
DNAPL source within the unconfined aquifer beneath the 216-Z..9 Trench), VET will be 

conducting a deep-well pumping and sampling test in FY06 to investigate carbon tetrachloride 
concentrations at the bottom of the aquifer beneath the trench. Groundwater will be pumped and 
sampled for 3 to 4 months from deep well 299-WlS-6, which is screened at the base of the 
unconfined aquifer. If the carbon tetrachloride concentrations obtained bi-weekly from the 
pumped grolllldwater during the test period remain below 1 % of the dissolution limit for carbon 
tetrachloride (8 parts per million [ppm]), this would COITOborate previous sampling and modeling 
results that there is not a DNAPL source beneath the 216-Z..9 Trench near the base of the 
unconfined aquifer. If the test results show increasing carbon tetrachloride concentrations at or 
above the 8 ppm limit, it would suggest a deep DNAPL source, and further sampling, pumping 
and testing may be t'CC0111ID.ended. The results of the pumping test are not yet available and may 

• 

be more difficult to interpret than suggested above. · 

3.1.2 Geostatistical Aulysis ofthe Penistence of Carbon Tetrachloride 
In the 200 West Area 

PNNL conducted a geostatistical analysis of the persistence of carbon tetrachloride groundwater 
concentration for eight areas of interest in the 200 West Area that were identified by FH (Murray 
and Chien 2005). The results ofthe report are summarized below. 

. . 

The available cmbon tetrachloride data for the period· 1994 ·to 2004 were reviewed to identify 
a set of wells that were sampled regularly through the 10-year period. Data sets were initially 
selected from 53 wells fur which cmbon tetrachloride data were consistently available from 

1996, 1998:o 2000, and 2002. Consistent well locations were selected for each time period so 
variations in concentration in a given area would not be due to changes in well configurations. 
A fifth data set was· added to represent conditions in 37 wells during 2004 and 11 wells during 

2003; 5 wells ftom the initial four data sets were excluded. Although the results fur 2004 
generally.agreed with results: for earlier time periods, the missing five well locations increased 
the degree ofuncertainty. No significant differences were seen in the overall distribution of 
carbon tetrachloride concentrations over the 10-year time period. A slight decrease in 
concentrations was observed dming the last two time periods. · 

The carbon tetrachloride concentration data were highly skewed, so concentration mapping was 
perfurmed on normal-score data transforms. Experimental variograms were fit with isotropic 
models that showed a slighfdecrease in range from l,200m (3,937 ft)in 1996 and 1998 to 
1,000 m (3,280.8 ft) in 2000 and 2002. The variogram range in 2004 was further reduced, but 
that may be an artifact of the missing well locations forlast time period. The decrease in range 
might also be due to a slight decrease in the size of the plume. 

Murray and Chien (2005) generated 1,000 simulations of carbon tetrachloride concentration for 
each time period and found that S00 simulations were sufficient to characterize the spatial 
variability. The modeling summarized cmbon tetrachloride spatial distn'bution in several ways, 
including calculation of median simulated ~ the probability of exceeding several cut-off 
values, and calculation of percentiles oflocal distn'butions. Maps were prepared from the 

statistics to identify areas of high and low concentration for each time period and to provide 
measures of the uncertainty in carbon tetrachloride concentrations. Figure 3-1 provides 
a summary map of the sub-areas that were identified by FH. The sub-areas are ranked in terms 

of the likelihood for containing persistent carbon tetrachloride sources. 
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The simulations of the individual sub-areas identified important differences. The differences • 
suggest that some of the sub-areas might contain ongoing carbon tetrachloride sources. The 
simulations include the following notable results: 

• Several of the northern sub-areas had relatively high median concentrations with low 
variability and little variation with time. The sub-areas with the highest median 
concentrations and lowest variability were sub-areas #3 and #4. Sub-areas #2 and #5 are 
also candidates for ongoing carbon tetrachloride sources, but they display greater 
variability over time. If the concentration reported for well 299-WI0-1 in 1998 is not 
representative, then the median concentrations for sub-areas #2 and #5 are higher and less 
variable. Concentrations for sub-areas #2 and #5 would then resemble sub-areas #3 and 
#4. 

• Sub-area #7 exhibited a significant decrease in median concentration during the last two 
time periods. The substantial concentration decrease could result from nearby pump-and
treat operations. 

• Sub-areas #1 and #6 exhibited significant decreases in median concentration and are 
unlikely to contain ongoing sources for carbon tetrachloride release. 

• Sub-area #8 showed an increasing median carbon tetrachloride concentration at a level 
that is significantly lower than all of the other sub-areas; it is unlikely to contain 
a significant continuing carbon tetrachloride source. 

The geostatistical analysis did not include factors such as changes in water table elevations, • 
groundwater flow over time, and the influence of the 200-ZP-l p~and-treat system. The 
uncertainties of these factors on the outcome of the study will be considered in the revised 
conceptual model that is presented in the FS. 

3.1.3 Particle-Trac.king Analysis Related to Carbon Tetrachloride 

Updated 200-ZP-I Particle Tracking A11alysis and Animations Depicting Movement of the 
Carbon Tetrachloride Plume Report (McMahon 2005) discusses a particle-tracking analysis 
depicting movement of the carbon tetrachloride plume in the 200-ZP-1 OU. The report is 
summarized below. The purpose of this analysis was to evaluate the hydraulic flow fields during 
and after the carbon tetrachloride disposal at known waste sites to determine whether the 
distribution of carbon tetrachloride in groundwater is reasonable based on hydraulics alone. It 
was not intended to model the three-dimensional flow field in the unconfined aquifer and was 
used as a screening-level analysis to evaluate the need to identify other potential source 
locations. 

The purpose of the hydraulic particle-tracking animation files is to illustrate potential pathways 
for carbon tetrachloride to migrate from known discharge facilities to groundwater and likely 
starting locations for carbon tetrachloride that is currently observed in the aquifer. These 
analyses support the 200-PW-1 efforts to identify potential sources for carbon tetrachloride 
groundwater contamination. The animation files showed travel paths for hypothetical carbon 
tetrachloride particles in groundwater. The travel paths represent carbon tetrachloride movement 
at the average groundwater-flow velocity. The particle simulation is an estimate of the carbon 
tetrachloride travel path and does not indicate or imply carbon tetrachloride groundwater • 
concentrations. 

3-6 



• 

• 

• 

DOE/RL-2006-24, Rev. 0 

Hydraulic gradients and velocity vectors were calculated using@mllJ81 computations of the water 
table elevation and Kti of the unconfined aquifer. The data obtahied were linearly interpolated 
onto a square grid with 75-m (246J-ft) spacing and extended across the entire 200 West Area. 
The hydraulic derivatives (dH/dx and dH/dy) and hydraulic velocities [K*(dH/dx)/n and 
K.*(dH/dy)/n] were calculated for every year at each point in the grid using an internal algorithm 
in the Tecplote software package. Travel paths for each year were then calculated using a 
numerical integration scheme, the hydraulic velocity field, and a retardation factor (R) that 
represents the ratio of groundwater velocity to contaminant velocity (e.g., a retardation factor of 
2 means the groundwater travels at twice the velocity of the contaminant, or that the contaminant 
travels at one-half the velocity of the groundwater). The end points of travel paths for a given 
year were input as starting points of travelpaths for the following year. 

The forward travel path simulations ~ initiated with hypotheticalcarbon tetrachloride particles 
in a circular distribution in•groundwater around the known,discbarge ·sites. The simulation starts 
approximately 7 to 8 years following the carbon tetrachloride discharge for each site. Discharge 
to 216-Z-9, 216-Z.lA, atnd 216-Z-18 began in 1955, 1964, and 1969, respectively; the carbon 
tetrachloride particles around tllefacilitics,start traveling in 1962, 1971, and 1977, respectively. 
The cirwmference of the circle of particles appromnates the perimeter of the &cility. The 
radius is 23.0 m (75.5 ft) at 216-Z-9, 72.2 m (236~9 ft) at 216-Z-IA, and 136 m (446.2 ft) at 
216-Z-18. The movement of the hypothetical carbon tetrachloride particles is calculated, 
tracked, and displayed each half year until 2002. The simulations add a new circle of particles 
around the facilities each year to represent how cmbon tetrachloride from a continuing source 
might move through the aquifer • 

The backward travel path ·simulation begins with hypothetical carbon tetrachloride particles 
positioned where the high-concentration portion of the groundwater plume existed in 2002. The 
reverse movement of the hypothetical cmbon tetrachloride particles is calculated, tracked, and 
displayed backward in time each year ftom 2002 to the year when the carbon tetrachloride may 
have entered the aquifer. 

The forward particle tracks provide estimations of the distance from the source sites that the 
advective front of the plume traveled since the carbon tetracbloride entered the aquifer. The 
reverse particle tracks provide an indication of where the carbon tetrachloride that was observed 
in 2002 might have origimtecl Both the forward and reverse particle track simulations indicate 
that most of the carbon tetrachloride is apparently marded in the groundwater. The reverse 
particle uack analyses resulted in very little movement from the mid-l 980s to 1996. The 
forward-tracking animations for non.:.tctarded carbon tetrachloride indicate much greater 
movement than observed in groundwater monitoring programs. Furthermore, the high
concentration area of the plume (e.g., greater than 2,000 Jlg/L) would not remain limit.eel in area 
and near the source sites. The reverse-tracking animations indicate that a "zero" retardation 
value for existing groundwater contamination results in carbon tetrachloride sources that are 
farther away than the known source locations. A retardation factor of 4 produced both forward 
and reverse particle tracks representative of the current carbon tetrachloride distn"bution in 
groundwater. Selected ·examples of the animations from McMahon (2005) are shown in 
Figures 3-2, 3-3, and 3-4 . 
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The particle tracks also indicate that there is not a continuing carbon tetrachloride source capable 
of sustaining the observed maximum concentrations where the plume centroid was found in 
1996. Before initiation of 200-ZP-1 Phase II pump-and-treat operations in 1996, the high
concentration area of the plume was centered near PFP and was offset t.o the north of known 
discharge sites. If a continuing source existed at the discharge sites, then the maximum carbon 
tetrachloride concentrations in groundwater would occm around the discharge sites and not t.o 
the north. Drilling and sampling of PFP well 299-WlS-42 did not reveal greatly elevated carbon 
tetrachloride concentrations in the vadose zone or groundwater. Therefore, it does not appear as 
though the elevated carbon tetrachloride concentration in groundwater beneath PFP results from 
contaminants entering the aquifer from the vadose zone in that area. A continuing source of 
carbon tetrachloride groundwater contamination is not likely. 

Well 299-W13-1 is located approximately 470 m (1,542 ft) east of the 200 West Powerhouse and 
beyond the extent of the particle-tracking figures. Carbon tetrachloride concentrations in well 
299-W13-l were greater than 1,200 µg/L at specific depths in the aquifer when sampled in 
December 2003. The well is located in the approximate path of carbon tetrachloride particles 
that originate from 216-Z-9 for simulation with a retardation factor less than 4. The agreement 
between the particle tracks and the well sampling results validates the flow paths and velocities 
calculated by the model. 

As illustrated in Figure 3-4, the reverse particle track simulations that start with particles 
distributed along the leading edge of the groundwater plume, where the carbon tetrachloride 
concentrations are 1,000 and 2,000 µg/L, indicate that the particles converge toward a common 
source area to the west of the 216-Z-lA, 216-Z-12 and 216-Z-18 Cribs. The cause of the offset 
is uncertain but could result from the model grid spacing and discharge inputs. The 216-U-14 
Ditch received approximately l.9xl09 L of discharge during a short period in 1991, resulting in 
a reversed hydraulic gradient. The 216-Z-l 9 and 216-Z-20 unlined ditches also received large 
volumes of discharged water. The 216-T-19 Crib received 4.Sxl 08 L of discharge during 
operation. 

The carbon tetrachloride source status (i.e., continuous or non-continuous) and mobility 
(i.e., retarded or non-retarded) may be considered in a simplified "truth table" format. The actual 
environment may contain elements of all four of the logical outcomes combining source and 
mobility options. The intent of the truth table is to address the carbon tetrachloride source and 
movement in a general sense. For the purpose of the truth table, "continuous source" refers to 
ongoing, nonattenuating cont.amimmts that enter groundwater and are capable of sustaining 
concentrations at the levels currently observed in the high-concentration area of the carbon 
tetrachloride plume. 

1. If the source of carbon tetrachloride remained continuous and the movement was 
non-retarded, the extent of the high-concentration area would be much larger than 
currently observed. The origin of the plume would remain fairly obvious and would 
include the known source areas. The carbon tetrachloride distnoution within the plume 
area would be more uniform than is cmrently observed. The fact that the high
concentration area appears to have remained fairly restricted in size and near the known 
discharge sites contradicts the hypothesis that there is a continuous source and 
a non-retarded contaminant. 
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2. If the source of carbon tetrachloride remained continuous and the movement was 
retarded, the high-concentration area would be restricted· in area and encompass the 
known source areas. Such a scenario would be consistent with current data if the location 
where the cmbon tetrachloride enters the groundwater is offset from the known discharge 
sites. The PFP well did not substantiate such a hypothesis. 

3. If the source of carbon tetrachloride was non--continuous and the movem.ent was 
non-retarded, the high-concentration area would be much larger, extend much farther 
than currently observed, and consist oflower.concentration values. The fact that the 
high-concentration area appears to have remained fairly restricted in size close to the 
known discharge sites seems to dispute this hypothesis. The effects of dispersion on the 
carbon tetrachloride in the aquifer would :reduce the ooncentrati~ and cause greater 
spreading ofa more uniform plume. · 

4. If the source of carbon tetrachloride was non-continuous and the movement was retarded, 
the high-concentration area would be restricted in area and remain at or near the source 
areas. Such a scenario is the best description of current observations, unless the carbon 
tetrachloride arrived at the water table much later than 8 years after disposal began. The 
animations including a retardation factor of 2 and 4 appear to best approximate th~ 
currently observed in groundwater conditions. 

3.1.4 Partitioning Coefficient Studies 

Carbon Tetrachloride and Chioroform Partition Coefficients Derived from Aqueous Desorption 
of Contaminated Hanford Sediments (Riley et al. 2005) calculated the carbon tetrachloride and 
chloroform groundwater/sediment partition coefficients QCd values) for COJ1taminated aquifer 
sediments that were collected from well 299-WlS-46, adjacent to the 216-Z...9 Trench. The Ket 
study is summarized below. 

Realistic Ktt values are critical to predict future movement of carbon tetrachloride in 
groundwater. It is best to obtain such values from contaminatr.d sediments because the values 
will reflect the long sediment/contaminant contact times that are difficulUo mimic in laboratory 
experiments. The ~ values for modeling carbon tetrachloride are crucial to a more accurate 

estimate of whether compliance.limits may be exceeded outside the Central Plateau waste 

management area (WMA). 

Carbon tetrachloride and chloroform ~s for groundwater pnd sediment were determined in 
COI1tmninated aquifer sediments of the Ringold Formation at depths in the range of70 to 131 m 
(230 to 430 ft) from the borehole for well 299-WlS-46. The contaminants were in contact with 

the sampled sediments for 30 years or less. Carbon tetrachloride and chloroform Keis measured 
in this study are summarized in Table 3-1. The~ for carbon tetrachloride ranged from 0.106 to 

0.367 Ukg; The Ket for chloroform ranged from 0.084 to 0.432 Ukg. The carbon tetrachloride 
and chloroform Ktt values are 3 to 8 times and 12 to 23 times larger, respectively, than the low 
organic carbon content of the sediments (0.017 to 0.0590/4) would indicate. 

The concentration of carbon tetrachloride in sediments was estimated for the calculated Keis and 
the carbon tetrachloride and. chloroform groundwater concentrations. In some cases, predicted 
values were significantly higher than the o~ed carbon tetrachloride sediment concentrations 
(e.g., 904 µg/kg calculated versus 31.8 µg/kg observed). A likety•rationale for the difference is 

degradation of carbon tetrachloride in the sediments. A significant fraction of chloroform 
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(i.e., 61 % to 70% of the total solute mass) was resistive to desorption from some of the • 
sediments. The apparent sequestering properties of the sediments suggest that a portion of the 
chloroform in aquifer sediments is migrating more slowly in groundwater than predicted by 
simple partitioning between groundwater and sediment. 

Previous carbon tetrachloride transport modeling in the Hanford groundwater aquifer was based 
on a conservative contaminant partitioning value of "zero" with no degradation. The resulting 
model predicted that carbon tetrachloride concentrations would exceed compliance limits on the 
200 Area Plateau and at the Columbia River within a 1,000-year timeframe. The Ket values 
determined by Riley et al. (2005) would result in slower predicted carbon tetrachloride and 
chloroform migration rates and reduced uncertainty. Significant concentrations of chloroform in 
the presence of lower-than-expected concentrations of carbon tetrachloride indicate a carbon 
tetrachloride degradation process in sediments that is not accurately represented in previous 
transport modeling. 

3.1.5 Basis for Abiotic Degradadon Rates 

Groundwater modeling was performed in support of the Hanford Carbon Tetrachloride 
Innovative Treatment Remediation Demonstration (ITRD) Program (Truex et al. 2001 ). The 
following information is swnmarized from that report. 

As a first step toward implementation of innovative technologies for remediation of the carbon 
tetrachloride groundwater plume, modeling was performed to provide an indication of the 
potential source impact on the compliance boundary at a distance of approximately 5,000 m • 
(16,404 ft). The primary objective of the carbon tetrachloride modeling was to bracket the 
source amount that would most likely result in noncompliance at the boundary. The relative 
influence of the various model input parameters was also evaluated. 

The modeling was based on the assumption that approximately 750,000 kg of carbon 
tetrachloride were discharged to the soil in the 200 West Area. Previous work indicated that the 
final disposition of approximately 65% of the 750:,000 kg is assumed as the vadose zone. The 
previous calculations included atmospheric losses of 21 %; an unsaturated zone inventory in soil 
gas, soil moistw-e, and adsorbed phases of 12%, as well as a dissolved phase portion of 2%. 
Model simulations were performed using 65%, 30%, 10%, and 1 % of the 750,000 kg as possible 
source amounts that could reach groundwater. Approximately 1 % to 2% of the original carbon 
tetrachloride inventory now exists in the distal plume. 

The model sensitivity to other input parameters was evaluated by Monte Carlo methods. The 
input parameters included groundwater Darcy velocity, inlet concentration (i.e., catbon 
tetrachloride concentration leaving the source area), porosity, soil/water equilibrimn Ket, abiotic 
degradation (KJ rate, dispersivity:, and stream tube cross-sectional area. Parameter limit ranges 
for K. and Ket were determined by methods detailed in Appendix C of Truex et al. (2001). The 
modeling produced 1,000 Monte Carlo simulations for estimating the portion of the source area 
where remediation is required. 

Porosity, Ket, and K. were the input parameters with the greatest impact on the model results. 
The K. and Ket modeling parameters are summarized in Appendix C of Truex et al. (2001). The 
modeling was based on carbon tetrachloride Ka values that ranged from 2.7 x 10·7 to 4.6 x 10·5 • 

day1, with a "most probable" value of 4.6 x 10·5 day·1• The carbon tetrachloride Ket modeling 
values ranged from 0.016 to 0.83 Ukg, with a "most probable" value of0.12 I/kg. At the end of 
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Appendix C in Truex et al. {2001),:, 4etermination ofsite-specigc K. and Kt! values was 
recommended. PNNL initiated a 6-year study ofK. values at lhel:lanford Site in 2006. The 

study is planned to estimate Ka for i temperature range of 70°C to 20°C (158°F to 68°F). The 
initial data results are expected in the fourth quarter of 2006; the available Ka data will be 
utilized in the FS, as needed. Appendix C in Truex et al. (2001) included a literature review of 
"Natural Attenuation Mechanisms and Rates for Chloromethane Subsurface Contamination at 

Hanford." 

3.1.6 Use of Abiotic Degradation and Partition Coefficients . 

The importance.and use of both K. and SOiption or.~ values in groundwater contaminant 
transport modeling in the 200 WestArea was discussed in Recent Site-W'uJe Transport Modeling 
Related to the Carbon Tetnichloride Plume at the Hanford Site (Bergeron and Cole 2005). The 
following summary is based on the report. . 

The Hanford ITRD Program completed an initial evaluation of the nature and extent of carbon 

tetrachloride contamination in the unconfined aquifer in the 200 West Area. Subsequent studies 

more closely examined the transport of carbon tetrachloride·in the unconfined aquifer system. 
Those studies were undertaken to support strategic planning and provide guidance for the more 
robust modeling to obtain a final ROD for the carbon tetrachloride plume. 

The ITRD. modeling study examined .carbon tetrachloride concentrations ·at an arbitrary boundary 

between the 200 East and 200 West Areas (Truex et al. 2001). After that work was completed, 
questions arose concerning the concentrations reaching the Columbia River and the impact of 
remediation options involving source removal or absence. · To ~s those questions, additional 
modeling studies were conducted using the.groundwater model with the modeling domain 
extended to the Columbia River. The modeling results are described below fur each case. 

A continuing carbori tetrachloride source with no sorption orK. was assumed for Case la: 

• A substantial carbon tetrachloride plume developed and migrated from source areas in the 
200 W~ Area to the Columbia River. Predicted concentrations reached approximately 
200 µg/L .at: the arbitrary boundary chosen for the analysis and approximately 34 µg/L 
along the Columbia River during a 1,000-year timeframe. Both of these values exceed 
the benchmark MCL of S µg/L. 

• The equilibrium carbon tetrachloride release estimate in the source area was 
approximately 73 kg,'yr. 

• Initial conditions yielded an initial mass of approximately 542 kg of carbon tetrachloride 
in the aquifer, which grew to 58,050 kg after 1,000 years (i.e., the year 3000). 

A continuing source with median value estimates of sorption and K. was assumed in Case lb: 

• A limited carbon tetrachloride plume developed and migrated from source areas within 
the general vicinity of the 200 West Area. Predicted concentrations reached 
approximately 4.5 µglL at the arbitrmy boundary. Concentrations at dischmge areas 
along the Cohnnbia River did not reach substantial levels during the 1,000-year analysis 
period . 
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• The combination of sorption and K. processes significantly limited carbon tetrachloride • 
source loading of the aquifer and reduced the aquifer area and volume that is affected by 
the carbon tetrachloride plume migration. The Ka rate was more important than the 
sorption rate. Retardation through sorption without K. did not reduce concentrations, 
except through dilution that results from hydrodynamic dispersivity. 

In Cases 2 and 3, it was assumed that there was not a continuing cmbon tetrachloride source and 
that no sorption or Ka occurred. The source area with the highest carbon tetrachloride 
concentrations in the plume (i.e., above 3,000 µglL) was assumed to be removed from the 
aquifer in Case 2. The existing plume was considered as an initial condition of aquifer 
contamination in Case 3. The model results were similar for both Cases 2 and 3 and are 
summarized below: 

• A limited carbon tetrachloride plume developed outside of the 200 West Area and 
migrated toward the Columbia River. The extent of the carbon tetrachloride plume 
migration was less than in Case la when a continuing carbon tetrachloride source was 

assumed. 

• The carbon tetrachloride concentration increased to approximately 6.5 µglL at the 
arbitrary boundary during a period of approximately 600 years, between 2100 and 2700. 
In Case la, the carbon tetrachloride concentrations rapidly increased to an asymptotic 
level that was lower than the maximum concentrations in Cases 2 and 3. 

• Carbon tetrachloride concentrations at discharge areas along the Columbia River were 
substantially below the benchmark MCL of 5 µglL during the l ,000-year period of • 
analysis. 

In summary, the results illustrate the importance of developing field-scale estimates of Ket and Ka 
for carbon tetrachloride. For Ket and Ka of "7.er0," the model projected that carbon tetrachloride 
concentrations would exceed the compliance limit of 5 µg/L outside of the 200 Area Plateau 
WMA. The model also predicted that aquifer source loading and the associated contaminated 
portion of the aquifer would continue expanding until equilibrium of approximately 73 kg/yr is 
reached for river arrival and source release rates. Modeling analyses demonstrate that natural 
attenuation parameters ~ and Ka are critical in predicting the future movement of carbon 

tetrachloride from the 200 West Area. As described in Section 3.1.4, Ket values were calculated 
for carbon tetrachloride in sediment samples from well 299-WlS-46, adjacent to the 216-Z-9 
Trench in the 200-ZP-l OU. The calculated Ket values for carbon tetrachloride ranged ftom 

0.016 to 0.367 I/kg. Additional Ket calculations are expected for sediment samples ftom five 
wells that are planned in the vicinity of the Old Laundry Facility. 

3.1.7 Soll Vapor Extraction 

The process of SVE is used to remove carbon tetrachloride from the vadose ·zone at the 
200-PW-1 OU (formerly designated as the 200-ZP-2 OU}. A general overview is provided in 
Performance Evaluation Report for Soil Vapor Extraction Operations at the 200-PW-1 Carbon 
Tetrachloride Site, Fiscal Year 2004 (Rohay 2005), which discusses system operation and 
effectiveness from February 25, 1992, through October 31, 2004. The following summary is 
derived from the report. 
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Carbon tetrachloride was found in~ unconfined aquifer beneath the 200 West Area in the 
mid-1980s. Groundwater monitormg>indicated that the carbon fetracbloride plume was 
widespread and that concentrations were increasing. Carbon tetrachloride removal ftom the 
vadose zone was initiated in 1992 usi!ig SVE amt vapor treatment with GAC. Three SVE 
systems with a total capacity of 85 m3/min were located near each of the three primary carbon 
tetrachloride disposal sites in March 1993. The three primary carbon tetrachloride disposal sites 
are the 216-Z..9, 216-Z-IA, and 216-Z..18 subsurface infiltration facilities that were used from 
1955 through 1973 for disposal of cm.ban tetrachloride aqueous and organic liquid wastes. The 
SVB and monitoring wells are shown in Figure 3-5. 

A 14.2-m3 /min SVE system was operated at the 216-Z.. JAIZ-l 8 weU field dming April, June, 
July, and September 2004, and i1Ube 216-Z-9 well field during October 2004. The SVE system 
was not operated during May 2004, when it was evaluated and repositioned to address a safety 
concern. The FY04 period of operation was ~ for one month through October 2004. 
Operation at the 216-Z-9 well field was delayed until October 2004 to avoid interfering with 
vadose zone sampling during the installation of dlaracter.mtion borehole C3426 for well 
299-WlS-46, which is 1~ on the south side of the 216-Z-9 Trench. 

Carbon tetrachloride concentrations in the extracted soil vapor decreased significantly at all three 
sites dming operation ofthe·SVB.~ Initial carbon tetrachloride concentrations in 
extracted soil vapor were approximately 30,000 parts per million by volume (ppmv) at the 
216-Z-9 wellfield and 1,SOOppmv aUhe 21~Z-1A/Z-18 well field In sharp contrast, carbon 
tetrachlorideconcentrations in extracted soil vapor were approximately 41 ppmv at the 216-Z-9 
well field in October 2004 and 14 ppmv aflh:e 216-Z-IAIZ--18 well field in September 2004. 

The primary source of the remaining carbon tetrachloride is apparcm.tly the relatively low
permeability Cold Creek unit (fonnerly the Pli~Pleistocene mrlt) that is approximately 38 to 
45 m (124.7 to 147.6 ft)bgs. Carbon telrachloride is removed by the SVE system as it migrates 
from the lowc,r permeability zone into the overlying and underlying higher permeability zones. 
The rate of removal is controlled by the carbon tetrachloride desorption and diflusion rates. At 
many monitoring locations, including locations within the higher permeability zones, the 
relatively low carbon tetrachloride~ concentrations indicate that the readily available 
mass is removed (i.e., carbon tetrachloride already in the vapor phase or volatizing directly from 
residual nODaqUeOus phase liquid [NAPL]). The availability of additional mass for mnoval is 
controlled by desorption and diffusion kinetics for carbon tetrachloride that is adsorbed·within 
soil particle lllicropores. · 

The operating strategy was modified in FY98 based on the results of the Rebound Study Report 
for the Carbon Tetrachloride Soil Vapor Extraction Site. Fucal Year 1997 (R.ohay 1997) and the 
dee~ mte of carbon tetrachloride removal during continuous ·ex.traction operations. The 
14.21113/min $VB system was the only SVE unit operated during FY98, FY99, FY0l, FY02, 
FY03, and.FY04. The system typically operated from April through September, and altemated 
between the216-Z-9 and the 216-Z-IA/Z-18 sites inapproximately3-monthperiods. The 
system WL' maintained in standby mode from October through March to allow time for carbon 
tetracbloride·vapor concentrations to rebound. System operation was temporarily suspended 
during the entire period of FYOO as a result of higher priority remediation activities that 
competed for limited funding. 1be 28.3-m3 /min and 42.S-m3 /min SVE systems were no longer 
maintained in standby mode begj;nning in FY03. 
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The SVE system was operated at an average 68% availability. Approximately 78,348 kg of • 

carbon tetrachloride were removed from the vadose zone between April 1991 and October 2004. 

The total includes 53,888 kg from the 216-Z..9 well field and 24,461 kg from the 216-Z.. lAfZ.. l 8 

well field. The extracted mass of carbon tetrachloride declined from 644 kg in FY02 to 294 kg 

in FY03, and then to 256 kg in FY04. The extracted mass decrease was partially due to 

a reduced extraction time for the high-production area around 216-Z-9 in FY04 and FY03 to 

avoid interfering with drilling activities. 

Passive SVE systems were installed on eight wells in FY99 and operated from FYOO through 

FY04 to remove carbon tetrachloride from the vadose zone. Passive SVE is a natural process 

driven by barometric pressme fluctuations and is often referred to as "barometric pumping." The 

eight wells are located in the 216-Z.. lA/Z-I 8 well field. Approximately IO kg of carbon 
tetrachloride were removed from the vadose zone by passive SVE in FY04; approximately 60 kg 

of carbon tetrachloride were removed between October 1999 and September 2004. 

An estimate was prepared in 1993 for the disposition of carbon tetrachloride that was discharged 

between 1955 and 1990 to the three primary disposal sites. It was estimated that 21 % of the 

original carbon tetrachloride inventory discharged to the three primary disposal sites was lost to 

the atmosphere; 12% was partitioned into the vadose zone as vapor, dissolv~ and adsorbed 
phases; 2% was dissolved in groundwater; and 1 % was biodegraded. The remaining 64% of the 

carbon tetrachloride inventory was assumed to be in residual saturation and non-equilibrium 

sorption sites within the vadose zone and aquifer, and possibly as DNAPL in groundwater. 

The total mass of removed carbon tetrachloride represents an estimated 10.4% of the original • 

cmbon tetrachloride inventory that was discharged to the soil column. Approximately 74,851 kg, 

or 10°/o of the inventory, was removed :from 1991 through 1997. Only 0.4% of the original 

carbon tetrachloride inventory was removed from FY98 through FY04. 

Recommendations for SVE operations include (1) continuing operation of active and passive 

extraction systems, and (2) continuing development of a final remedial action through the 

CERCLA RI/FS process that began in FY02. 

An additional SVE system was operated at the 218-W-4C Burial Ground from November 2003 

through April 2004. Elevated carbon tetrachloride concentrations were detected at the east end 

of Trench T-04 during the RI for the 200-PW-l OU. The SVE system was operated to remove 

the carbon tetra.chloride from the burial ground trench and minimize the release of carbon 

tetrachloride to the environment Approximately 11 kg of carbon tetrachloride were removed 

from Trench T-04 in the 218-W-4C Burial Ground during FY04. The system was dismantled 

pennanently to allow for removal of the soil overbw-den that covered the drums at the east end of 

Trench T-04. . 

3.1.8 STOMP Modeling of the 216-Z-9 Crib Releases 

FH contracted with PNNL to improve the conceptual model for carbon tetrachloride distribution 

in the 200 West Area subsurface through numerical flow and transport modeling. The following 

summary is derived :from the subsequent PNNL report, Three-Dimensior,al Modeling of DNAPL 

in the Subsurface of the 216-Z-9 Trench at the Hanford Site (Oostrom et al. 2004). 

Three-dimensional fate and transport modeling was conducted to enhance the conceptual model • 

of carbon tetrachloride vertical and lateral distribution beneath the 216-Z..9 Trench. Simulations 

targeted the migration of carbon tetrachloride and co-disposed DNAPL contaminants in the 
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subsurface beneath the 216-z.;9 Trench. The DNAPL migration .was simulated as a function of 
sediment stratigraphy and also the properties and distribution .of disposed waste. The geological 
aspects of the computer model were extracted from a larger Earthvisione geologic model of the 
200 West Area that was developed during FY02. PNNL simulated carbon tetrachloride 
migration using the STOMP multi-fluid flow and transport model. 

A total of 23 three--dimensional simulations were conducted to examine carbon tetrachloride 
subsurface infiltration and redistribution prior to implementation of SVE remediation activities 
in 1993. The simulations consisted of one base case simulation and 22 sensitivity analysis 
simulations. The sensitivity simulations investigated the effects of eight variables on the 
movement and redistribution ofDNAPL: (1) fluid composition; (2) disposal nte, area, and 
volume; (3) fluid retention; (4)permeability; (5) anisotropy; (6) sorption; (7) porosity; and 
(8) residµal saturation. Additional simulations were conducted to investigate the.effects of the 
SVEsystem .. 

. . 

The simulations indicated that substantial quantities of carbon tetrachloride accumulated in the 
Cold Creek unit and that the Cold Creek unit is the primary .determinant of DNAPL movement 
and distribution in the vadose zone. 'lbe Cold Creek unit is a relatively·~ laterally continuous 
unit comprised of a silt layer and a cemented catbonaceous layer that is located approximately 
40 m (131 ft) bgs and approximately SO m (164 ft) above the water table. The simulations also 
showed thatthe lateral extent of the vapor-phase plume in the vadose zone was much more 
extensive than the lateral extent of the DNJ\PL. Vapor-phase carbon tetrachloride moved 
downward until it contacted either relatively impermeable units (e.g.,1the Cold Creek unit) or the 
water table, and then moved laterally. The vapor plmne also partitioned into the groundwater 
and onto the solid phase. The carbon tettacbloride in the Cold Creek unit is expected to continue 
volatilizing and moving downward to relatively impermeable layers, w~ it could be removed 
through SYE or deeper to the water table. The simulations clearly demonstrate that "free-phase" 
carbon tetrachloride has not moved laterally from the footprint of the disposal facility. In most 
simulations, free-phase or dissolved carbon tetrachloride was predicted to enter the water table 
directly beneath the disposal area or through gaseous transport and subsequent partitioning into 
the. aqueous ·pha.,e over a widespread area. 

In summary, the modeling remuts led to the following conclusions for updating the conceptual 
carbon tetrachloride distribution model: 

• Where ts carbon tetrachloride· expected to accumulate? Free-phase carbon tetrachloride 
accumulates in the finer grained layers of the vadose zone but does not appear to pool on 
top of these layers. 

• Where are continuing liquid carbon tetrachloride sources of groundwater contamination 
suspected? Free-phase carbon tetrachloride migrates preferentially vertically downward 
below the disposal area. Lateral movement of free-phase carbon tetrachloride is·not 
likely; however, significant lateral migration of vapor-phase carbon tetrachloride is 
expected. 

. ' 

• 'Where would DNAPL contamination in groundwater be suspected? Sufficient carbon 
tetrachloride and other liquid wastes were disposed for free..phase cmbon tetrachloride to 

• migrate as a DNAPL through the Cold Creek unit and, in some sensitivity cases, across 

Earth.vision• is a registered trademark of Dynamic Graphics, Inc., Alameda, Califumia. 
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the water table. For the base case simulation, 43% of the original free-phase inventory • 
(i.e., 450,000 kg) was still present in the vadose zone as a DNAPL in 1993. Most of the 
DNAPL was located just above and within the Cold Creek unit. Approximately 
27,000 kg (i.e., 6% of the inventory) of DNAPL moved across the water table through the 
end of 1993. 

• What is the estimated distribution and state of carbon tetrachloride in the vadose zone? 
The amount of carbon tetrachloride that accumulated in the vadose zone as a DNAPL 
through 1993 ranges from 19% to 65% of the total disposed in the sensitivity simulations. 
The majority of the mass in 1993 was typically present in a free-phase DNAPL or sorbed 
phase. The center of mass for carbon tetrachloride in the vadose zone was typically 
directly beneath the disposal area and within the Cold Creek unit. 

• How does SVE affect the distribution of carbon tetrachloride in the vadose zone? SVE 
effectively removes carbon tetrachloride from the permeable layers of the vadose zone. 
The SVE that was previously applied to the 216-Z-9 Trench area likely removed a large 
portion of the carbon tetrachloride initially present in the permeable layers within the 
large radius of influence of the extraction wells. Finer grained layers with more moisture 
content are less affected by SVE and contain the remaining carbon tetrachloride in the 
vadose zone. 

3.1.9 Geostatistical Analysis of the Carbon Tetrachloride Inventory 
in the Unconrmed Aquifer 

Carbon Tetrachloride Atmospheric Losses a,ul Residual Inventory Beneath 200 West Area 
(Robay 1993) included an initial "order-of-magnitude" estimate of the carbon tetrachloride 
inventory within the unconfined aquifer in the 200 West Area. The initial estimate of 15,740 kg 

was based on summing the calculated area of groundwater plume concentration contour intervals 
(based on well data from January 1988 through May 1991 ), multiplied by the median cmbon 
tetrachloride concentration for each contour interval, a constant plume depth of 10 m (32.8 ft), 
and an aquifer porosity of 30%. 

In order to re-evaluate the inventory of carbon tetrachloride in the unconfined aquifer in the 
200 West Area, FH requested that PNNL perform a three-dimensional geostatistical study of the 
deep carbon tetrachloride groundwater concentration values. The results of that study, 
Geostatistical Analysis of the Inventory of Carbon Tetrachloride in the Unconfined Aquifer in 
the 200 West Area of the Hanford Site (Murray et al. 2006), are summarized in this section. 

The geostatistical analysis was based primarily on deep carbon tetrachloride and chloroform data 

from depth--discrete sampling at 141 intervals in 26 boreholes. Data were obtained fiom 1999 to 

2005; 134 of the 141 concentration values were measmed in the period from 2002 to 2005. Plots 
of the discrete carbon tetrachloride data in 10-m (32.8-ft)-depth intervals show that there is 
significant carbon tetrachloride from the water table to the base of the unconfined aquifer, an 
interval of approximately 60 m (197 ft). The carbon tetrachloride concentrations are especially 
high to the east of the known source areas, which supports the results previously reported in 
Characterization of the Vertical Distribution of Carbon Tetrachloride Contamination in Hanford 
Site Groundwater (Williams et al. 2005). 

The deep carbon tetrachloride data were insufficient for defining a reliable three-dimensional 
variogram model due to the relatively sparse distribution. A horimntal variogram. was calculated 
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and modeled using a normal-score transform of the most recent annual average (from FY03 to 
FY05). The selected concentration values were assumed to be rq>resentative of conditions in the 
upper portions of the aquifer, and these values were used as supplementary data for the 
geostatistical mapping. The more widely distn'buted FY03 to FY05 two-dimensional dat.a from 
the top of the aquifer were used to calculate isotropic two-dimensional experimental variograms 
for carbon tetrachloride and.chloroform. Isotropic two-dimensional variogram models were fit 
to the experimental variograms. Both variables have a relatively small ''nugget effect" and were 
fit using spherical models with a correlation range of 1,200 to 1,300 m (3,937 and 4,265 ft). In 
both cases, the variogram model for the nonnal scores was set to level off at a value of 1.0, as 
required by the sequential Gaussian simulation algorithm that was used. 

The range of the vertical variogram model was assumed to be 30 m (98.4 ft), based on analysis 
of the thickness of the carbon tetrachloride plume using borehole data. A sensitivity analysis 
could be conducted to. determine the effect of the uncertainty in the assumed variogram models 
(both horizontal and vertical) on the calculated carbon tetrachloride inventory, but this was not 
part of the study. 

Sequential Gaussian simulation (using sequential Gaussian simulation) was used to generate 
1,000 simulations of the carbon tetrachloride and chloroform concentrations for every node in 
the three-dimensional grid. Each simulation honors the available data, the variogram model, and 
the histogram of the concentration data. Tecplot• was used to create a series of tbree
dimensional visualizations of tb.e'median-simulated carbon tetrachloride and chloroform value at 

each node of the simulation grid. The three-dimensional visualizations are shown in Figures 3-6 
through 3-12. 

Figures 3-6 and 3-7 ~ cutaway three-dimensional visualizations of the median carbon 
tetrachloride and chloroform concentrations in the wconfined· aquifer. The cutaway is 
approximately through the main north-south and east-west centers of the carbon tetrachloride 
plume. Further visualization of the plume is provided by a series of horizontal and vertical slices 
through the median ca:rbon tetrachloride concentration grid. Figures 3-8 through 3-10 present six 
horimntal slices at 10-m (32.8-ft) increments through the grid, from depths of 5 to 55 m (16.4 to 
180.4 :ft) below the water table. Figures 3-11 and 3-12 present four east-west vertical cross
sections through the plume. The fom cmss-sections are spaced 1 km (0.62 nu') apart, along 
northing orientations of 134000 m, 135000 m, 136000 m, and 137,000 m. The plume 
visualizations in Figures 3-6 through 3-12 include a buffer zone iq,proximately 1,600 m 
(5,249 ft) wide around the entire 200 West·Area. As a result, the figures illustrate both the 
200-ZP-1 and 200-UP-1 OUs. . 

An analysis of the visualizations suggests that there is a southeast area of high uncertainty (as 
shown in Figures 3-8, 3-9, and 3-10) where data are sparse and the edge of the plume is not well 
defined. The lower boundary of the plmne is also marginally defined by high median carbon 
tetrachloride concentrations (i.e., greater than 100 µg/L)at the base of the simulation grid, 60 m 
(196.8 ft) below the top of the unconfined aquifer. 

The inventory of carbon tetrachloride and chloroform were estimated within the geostatistical 
simulation grid using a Monte Carlo approach. The inventory represents carbon tetrachloride 
and chloroform in groundwater and somed to sediments. The chloroform is assumed to result 
from degraded carbon tetrachloride. The inventory was based solely on aqueous concentration 
data, and no free-phase DNAPL is included in the inventory estimates. An attempt to account 
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for the uncertainty in carbon tetrachloride and chloroform porosity and Ket values was • 
implemented in the Monte Carlo approach by estimating those parameters from probability 
distributions. 

The results indicate that the mean carbon tetrachloride inventory in the study area is 
approximately 114,000 kg at a 95% confidence interval of 73,900 to 174,000 kg. The Monte 
Carlo carbon tetrachloride result is about 7.2 times larger than the initial 1 S, 740 kg inventory 
estimated by Rohay (1993), which was 2% of the approximately 750,000 kg of carbon 
tetrachloride that was disposed to the subsurface. An analysis of the individual simulation 
results indicates that an average of approximately 49% of the carbon tetrachloride inventory in 
the aquifer is dissolved in the groundwater, 39% is sorbed to the aquifer sediments, and 12% is 
now present as chloroform. The largest amount of the carbon tetrachloride inventory (39%) is 
associat~ with the 100 to 1,000 µg/L contour interval, with 23% in the 1,000 to 2,000 µg/L 
interval, and 28% associated with the 2,000 to 4,000 µg/L interval. 

The effect of hydrolysis on the carbon tetrachloride that entered the aquifer was also estimated. 
The calculations indicated that an average initial condition of approximately 149,000 kg of 
dissolved carbon tetrachloride was required to result in the estimated 114,000 kg of carbon 
tetrachloride that currently resides in the unconfined aquifer. The required initial condition 
would approximate 20% of the average estimated 750,000 kg of released carbon tetrachloride. 

In summary, this study used a geostatistical analysis approach to update the estimated mass of 
carbon tetrachloride in the unconfined aquifer. The study is based on depth-discrete groundwater 
sampling results from 26 boreholes that have been drilled between 1999 and 2005. These results • 
have also been used to refine the conceptual model of carbon tetrachloride contamination in the 
gro1n1dwater within the OU (summarized in Section 4.4) that shows there is significant carbon 
tetrachloride present from the water table to the base of the unconfined aquifer (and deeper into 
the confined aquifer unit where the Ringold Lower Mud Unit is not present). The study results 
show that there is an estimated 114,000 kg of carbon tetrachloride currently residing in the 
unconfined aquifer. This amount means that approximately 149,000 kg (20%) of the average 
estimated 750,000 kg of carbon tetrachloride that was initially disposed to the liquid waste 
disposal sites entered the gro1n1dwater and was subsequently degraded by hydrolysis. 

Additional drilling of five deep wells, depth-discrete groundwater sampling, and aquifer 
sediment characterization are planned to help confirm the conceptual model of the carbon 
tetrachloride concentrations within the aquifer (FH 2006b ). 

3.2 RESOURCE CONSERVATION AND RECOVERY ACT OF 1976 
GROUNDWATER MONITORING AND STATE WATER DISCHARGE 
PERMIT PROGRAM 

The 200-ZP-1 OU widerlies portions of the LIBG and SST system TSO units that are regulated 
according to the requirements of RCRA for haz.ardous waste constituents through Ecology's 
delegated program for dangerous constituents in WAC 173-303; locations above the OU also are 
regulated under the Atomic Energy Act of 1954 (AEA) for radionuclides (e.g., source, special 
nuclear, and byproduct material). Data collected for groundwater monitoring requirements to 
meet WAC 173-303-64S and AEA compliance are described in the following subsections for • 
five 200-ZP-1 OU facilities (PNNL 2005a). This RI report has used available data from sources 
including, but not limited to, CERCLA monitoring, RCRA monitoring, and AEA compliance 
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activities. However, the data presented in this report are not intended to replace or negate 
requirements for RCRA monitoring. 

3.2.1 Low-Level Waste Management Area 3 

Groundwater at LLWMA-3 is monitored in accordance with WAC 173-303, AEA, and 
CERCLA requirements. All wells in the monitoring network ate sampled semi-annually for 
RCRA indicators (i.e., pH, specific conductance, TOC, and total organic halides) and site
specific parameters (i.e., alkaJinity, anions, metals, phenols, and VOCs), as required by Interim 
Status Groundwater Monitoring Plan/or Low-Level Waste Management Areas 1 to 4, RCRA. 
Facilities, Ha,iford Washington (PNNL 2004a), 40 Code o/Federol Regulations 
(CFR) 265.93(b), end WAC 173;.303-400_ . The LLWMA.;3 monitoring well network currently 
consists of six wells that are sampled semi-annually: .29!1-W7-3, 299-W7""4, 299-W7-12, 
299-WS.;1, 299-Wl0-14, and 299-Wl0-20. The network previously included five other wells 
that are now dry due to a declining water table; wells 299-Wl0-19, 299-W7-1, and 299-W7-7 
went dry in FY04, and wells 299-W7-5 and 299--Wl0-21 went dry in FY05. New downgradient 
well locations were identified and prioritized as part of the Tri-Party Agreement Milestone M-24 
(Ecology et al. 2003). Wells 299-Wl0-2S, 299.;WJ0-29, and 299-Wl0-30 are scheduled for 
installation in the southern LLWMA-3 in early FY06. :Two additional wells are proposed on the 
Tri-Party Agreementpriority list for installation in upgradient locations. A changing 
groundwater flow direction resulted in no upgradient wells for LLWMA-3. The current 
groundwater·tlow direction is east-northeast (approximately 75 degrees) at a gradient of0.0012 
and an estimated flow rate of0.00008 to 0.12 m/day(0.00026 to 0.39 ft/day). 

The data evaluation process that was desc::n'bed .in Section 1.4 was applied.to.9 of the 11 wells in 
the original monitoring netwmk; wells 299-W7-3 and 299-WI0-14 were excluded. The nine 
evaluated LL WMA•3 wells are identified in Table 1-2. As descn"bed in Section 1.4, contaminant 
concentrations in groundwater samples that were collected beginning in 1988 were evaluated. 
Although not required by the 200-ZP-l RVFS work plan (DOB-RL 2004c), historical Oroup B 
data that were available from the wells were included in the evaluation. 

An application to Ecology was submitted in June 2002 to incorporate the LLBO into the Hanford 
Facility RCRA Pamit (Ecology 1994). If the application is approved, the groundwater 
monitoring requirements for the burial grounds would change ftom interim status monitoring to 
final status monitoring. New groundwater monitoring wells, constituents, and statistical 
evaluations were proposed in the application. 

Analytical data indicate that nitrate and cmbon tetrachloride routinely exceed the DWS in wells 
299-Wl0-19 amt'299•Wl0-20. The two wells are located upgradient ofthe eastern portion of 
LLWMA-3 1but are downgradient of the southwestern portion of the WMA. Groundwater flow 
and monitoring•cfata·since RCRA monitoring began in the 1980s indicate•that the nitrate and 
cmbon tetrachloride originate from sources to the south.· There are no monitoring wells on the 
west (upgradient) side ofLLWMA-3. Carbon tetrachloride concentrations on the west side of 
LLWMA-3 were less than 10 Jlg/L in well 299-W9-l until it went dry and was no longer 
sampled.· 

Peiformance assessment monitoring of radionuclides at LLWMA-3 was designed to complement 
RCRA detection monitoring and is aimed specifically at monitoring radionuclide materials that 
are not regulated by RCRA. The performance assessment monitoring goals were to gather data 
for evaluating concentration changes in downgradient wells with statistical tests and to provide 
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sufficient supporting information from upgradient wells for interpreting the observed changes. • 
Technetium-99, iodine-129, and uranium are monitored specifically for performance assessment 
under the current monitoring plan (DOE-RL 2000). 

Contaminant characteristics in the groundwater at LL WMA-3 include the following: 

• Technetium-99 concentrations are less than 100 pCi/L and are generally stable or 
declining. The highest technetium-99 concentration in FY05 was 44 pCi/L in well 
299-Wl0-21 on the southern edge of the WMA. Although well 299-Wl0-21 is currently 
downgradient of the burial ground, it was likely impacted by activities to the south that 
temporarily imposed a northward groundwater flow. Well 299-Wl0-21 went dry prior to 
the second FY05 sampling event Technetium-99 was also detected in wells 299-W7--4 
and 299-Wl 0-20 in FY05. 

• Uranium concentrations are less than 2 µg/L. 

• lodine-129 was not detected in any of the RCRA wells. The minimum detectable activity 
level is approximately 0.3 pCi/L. 

• Tritium was not detected inmost wells in LLWMA-3 and was less than the EPA's DWS. 
The maximum tritium concentration in FY05 was 522 pCi/L in well 299-Wl0-21. 

• Carbon tetrachloride, TCE, and chloroform concentrations in groundwater are consistent 
with regional plume values. The highest catbon tetrachloride concentration detected 
during routine monitoring was 140 µg/Lin well 299-W7-4. TheTCE and chloroform 
concentrations were below the EPA's DWS in FYOS. 

• Nitrate distribution in groundwater is consistent with regional plumes. The maximum 
nitrate concentration was 116 mg/Lin well 299-Wl0-21. 

3.2.2 Low-Level Waste Management Area 4 

The groundwater at LL WMA-4 is monitored in accordance with WAC 173-303, AEA, and 
CERCLA requirements. All wells in the monitoring well network are sampled semi-annually for 
RCRA indicators (i.e., pH, specific conductance, TOC, and total inorganic halides) and site
specific parameters (i.e., alkalinity, anions, metals, phenols, turbidity, and VOCs), as required by 
the Interim Status Groundwater Monitoring Plan for Low-Level Waste Management Areas 1 
to 4. RCRA. Facilities. Hanford Washington (PNNL 2004a); 40 CFR 265.93(b), and 
WAC 173-303-400. The LL WMA--4 monitoring well network consisted of the following six 
wells until FY04: 299-WlS-15, 299-W15-16, 299-W15-17, 299-W18-21, 299-Wl8-22, and 
299-WlS-23. 

• 

The water level in downgradient well 299-Wl5-16 was too low for sampling in June 2004 due to 
a declining water table, and it was replaced with well 299-Wl 5-30. Well 299-Wl5-l 6 was 
originally an upgradient well under previous groundwater flow conditions. The total organic 
halides in well 299-Wl5-16 consistently exceeded the "statistical comparison value" until its 
final sample event in January 2004. The anomalous analytical results were initially reported to 
EPA and Ecology in August 1999. The elevated total organic halide concentrations are 
consistent with carbon tetrachloride concentrations attnbuted to PFP operations. Carbon 
tetrachloride and other VOCs were detected in the LL WMA--4 trenches and vadose zone during • 
FY02. The LL WMA-4 vadose zone was investigated as part of the 200-PW-1 OU. 
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New downgradient welllocations _were identified and prioritized as part ofTri~Party Agreement 
Milestone M-24 (Ecology et al. 2003). Well installati.011S we& .cheduled to begin in calendar 
year 200S. As previOllSly noted, an application was submitted to Ecology in June 2002 to 
incorporate the LLBG into the Hanford Facility RCRA Permit {Ecology 1994). As previously 
descn"bed for'LLWMA-3, the application includes proposed new groundwater monitoring wells, 
constituents, and statistical evaluations. 

Groundwater flow is generally to the east (appro:xjmstely 90 degrees) with a calculated gradient 
of 0.002 and an estimated flow rate of 0.02 to O.S m/day (0.07 to 1.6 ft/day). The flow direction 
is affected to a large degree by the 200-ZP-1 pump-and-treat system. Extraction wells are 
located t.o the east, and injc:ction wells are located west of LLWMA-4. 

The data.evaluation process that was described in Section 1.4 was applied to fo1JI of the six wells 
in the monitoring network: 299-WlS•lS, 299-Wl5-l6, 299-WIS-17, and 299-W18-23. These 
four LL WMA-4 wells are identifiecHn Table l.;.2. As described in Section 1.4, CODtarninant 
concmtrations in groWldwater samples that were collected beginning m 1988 were evaluated. 
Although 110frequired by the 200..ZP;;.f RI/FS work plan (DOB-RL 2004c), historical Group B 
data that were available ftcmi the wells were included in-the evaluation. 

Performance-assessment monitoring ofradionuclides at LLWMA-4 isdesigned to complement 
RCRA detection monitoring by-gathering additional data to assess downgradient concentration 
changes using statistical tests and to provide sufficient supporting information from upgradient 
wells to :interpret.the changes. Technetium-99, iodine-129, and uranium are monitored 
specifically for performance assessment under the-current monitoring plan (DOE-RL 2000) . 

Contaminant characteristics.at LLWMA-4 include the following: 

• Technetium--99 concentrations are slightly elevated.in two wells (299-WIS-15 and 
299-W18-23) on the western, upgradient side ofLLWMA-4. 

• Uranium concen1rations are-elevated in upgradient well 299-Wl8-21 in the southwest 
comer. 

• Iodine--129 was not detected. The minimum detectable activity level is appro:mnately 
0.3 pCi/L. ' ' · 

• Tritium concentrations were less than the DWS. 

• Nitrate concentrations exceed.the DWS in many monitoring wells. The nitrate 
contJrmrnation ~uld partially result ftom treated water that is reinjected upgradient of the 
burial ·grounc1 because the 200-ZP-1 treatment system does not remove nitrate. Nitrate is 
slowlyincreasmg in monitoring well 299-WlS-21 in the upgradicnt, southwestern comer 
of LLWMA-4; the well is not associated with the large nitrate plumes in the 200 West 
Area. 

• Carbon tetrachloride, TCE, and chloroform concmtrations in groundwater are consistent 
with regional plume values. Investigation of carbon tetrachloride in the vadose zone at 
LLWMA-4 is continuing. 
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3.2.3 Single-Sheff Tank System Waste Management Area T 

WMA-T is located in the north-central portion of the 200 West Area and consists of the T Tank 
Farm, pipelines, diversion boxes, and other equipment. The tank farm contains 12 tanks with 
a capacity of2 million L (528,344 gal) each and 4 tanks with a capacity of 208,000 L 
(approximately 54,948 gal) each that were constructed between 1943 and 1944. Leaks are 
known or suspected at 7 of the 16 tanks. 

Groundwater is monitored in accordance with the requirements ofW AC 173-303, AEA, and 
CERCLA. The monitoring well network consisted of 13 wells through FY04; 11 wells are 
sampled quarterly (299-Wl0-1, 299-Wl0-4, 299-Wl0-8, 299-Wl0-23, 299-Wl0-24, 
299-Wl0-28, 299-Wll-12, 299-Wll-39, 299-Wll-40,299-Wll-41, and 299-Wll-42), and 
2 wells are sampled semi-annually(299-Wl0-22 and 299-Wl 1-7). The well locations are shown 
on the plate map in Appendix A. 

Two additional RCRA monitoring wells (299-Wl l-25B and 299-Wl 1-45 [well "T2'1) were 
planned for 2005. The borehole for well 299-Wl 1-25B was drilled during February and 
March 2005 to assess the vertical extent of contamination to a depth of 36 m (118.1 ft) below the 
water table near the northeastern comer ofWMA-T. However, this well was abandoned due to 
well installation problems. Well 299-Wl 1-46 is a replacement well that was installed 
immediately adjacent to abandoned well 299-Wl 1-2SB. Well 299-Wl l-45 was installed 
approximately 75 m (246 ft) downgradient ofWMA-T to assess the vertical and horimntal 
extent of contamination. Trend smface analyses indicate that groundwater flow is generally to 

• 

the east (Spane et al. 2001a, 2002). The calculated average groundwater flow velocity ranges • 
from 0.017 to 0.28 m/day (0.056 to 0.92 ft/day). 

The objective of RCRA groundwater monitoring is to assess the extent and migration rate of 
wastes that originated from WMA-T. The monitoring wells are sampled for RCRA indicators 
(i.e., pH and specific conductance) and site--specific parameters (i.e., alkalinity, anions, DO, 
metals, oxidation-reduction potential, and turbidity), as required by 40 CFR 265.93(d) and 
WAC 173-303-400. The current groundwater assessment plan is described in RCRA Assessment 
Plan for Single-Shell Tank Waste Management Area Tat the Hanford Site (Hodges and Chou 
2001a) and RCRA Assessment Plan for Single-Shell Tank Waste Management Area Tat the 
Hanford Site, Interim Change Notice 1 (Horton 2002a). 

The data evaluation process that was described in Section 1.4 was applied to 13 wells in the 
monitoring network. Wells 299-Wl 1-45 and 299-Wl 1-46 were excluded because analytical data 
from the two wells were not available when the evaluations were performed. The 13 evaluated 
WMA-T wells are identified in Table 1 -2. As described in Section 1.4, contaminant 
concentrations in groundwater samples that were collected beginning in 1988 were evaluated. 
Although not required by the 200-ZP-1 RI/FS work plan (DOE-RL 2004c), historical Group B 
data that were available from the wells were included in the evaluation. 

WMA-T was originally placed in RCRA assessment monitoring due to an elevated specific 
conductance measurement in downgradient well 299-Wl0-15 (PNNI.. 2004a). The RCRA 
assessment continued when contaminants were identified in downgradient well 299-Wl 1-27 
(Hodges 1998). Chromium and nitrate were identified as dangerous waste constituents in 
groundwater beneath WMA-T. Carbon tetrachloride, TCE, tritium, and technetium-99 were • 
detected as non-RCRA groundwater contaminants. The catbon tetrachloride and TCE 
groundwater plumes are attributed to PFP operations. The tritium phnne is believed to be part of 
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a large regional plume that is not associated with the WMA-1' •. ,.1he technetium-99 groundwater 
plume is located downgradient and east of WMA-T and is attnouted to the tank farm. A DQO 
process is underway to better define the lateral and vertical distribution of the technetium-99 
groundwater plume. 

Chromium concentrations in gromdwater exceed the DWS of 100 µg/L in several wells, 
including upgradient well 299-Wl0-28, well 299--Wl0-4 (located south ofWMA-T) and two 
downgradient wells (299-Wl 1-41 and 299-Wl 1-42). The chi'omium concentrations are 
increasing in wells that exceed the DWS. 

Average fluoride concentrations exceeded the primary DWS of 4 mglL in FY03 but decreased to 
less than 4 mg/L during 2004. The fluoride concentration in groundwater continues to exceed 
4 mg/Lin wells 299-W1~23 and 299-Wl~S. 

The nitrate concentration exceeds the DWS of 45 mg/Lin all WMA-T wells. The groundwater 
nitrate plume .is shown on the Figure .1-2 and the plate inap·in Appendix A. Nitrate 
concen1rations me increasing in well 299--Wl 0-4 and downgradient wells 299-Wl 1-41 and 
299-Wl 1-42. 

Tritium exceeds the interim DWS of 20,000 pCi/L in one well, 299-Wl 1-12,·which is _located in 
the southwestern comer ofWMA-T. Toe source of the tritium is assumed to be near the TX-TY 
Tank Farms. 

Technetium-99 exceeds the interim DWS of 900 pCi/L in seven downgradient wells: 
299-Wl0-24, 299.;WH.;39,.299-Wll-40, 299--Wl 1-41, 299 .. w11-42, 299-Wll-45, and 
299-Wl 1-46. Thefo11owing summary of the technetiuni;.gg•gro1D1dwatcr contamination is 
derived from RCRA. bsessment Plan/or Single-Snell Tank Waste Management Area T 
(Horton 2005). Technetium.;99 began to increase in well 299-Wll:..27 at the northeastern corner 
ofT Tank Farm in late 1995, coincident with the cessation of surmce water disposal in the 
200 West Area. Concentrations reached apeak level of21,700 pCi/L in February 1997; The 
technetium-99 concentrations in well 299-Wll-27 subsequently decreased to 6,000 pCi/L in 
March 19?9 when the well went dry. Hodges (1998)suggested that technetium-99 arrived at 
well 299-Wll -27 by the early 1990s but was diluted with water fiom a leaking water line located 
immediately adjacent to the well. 'I11e water line carried cooling and ventilation steam 
condensate, process cooling water; and evaporator condensate ftom the 207--T retention basin to 
the 216-T-4-2· Ditch until 1995. Elimination of water discharge to the 216-T-4-2 Ditch in 
June 1995 allowed contaminants to reach the well. The subsequent decrease in technetium-99 in 
well 299-Wl 1-27 since 1997 may be a result of changing groundwater flow direction. 
Tecbnetium-99 began to increase in well 299-Wll-23, which is east ofwell 299-Wll-27, dming 
November 1997 when groundwater flow duinged to a more eastward direction.· It increased to 
a high of 8,540 pCi/L in November 1998. Subsequent tecluietium-99 values fluctuated between 
7,110 and 84Q pCi/L. The last sample .ftom this well, in December 2000, resulted in 
a technetium-99 concen1ration of 4,470 pCi/L. Sampling of replacement well 299-Wl 1-39 in 
2001 detected technetium-99 concentrations between 4,160 arid 5,010 pCi/L, indicating 
contamination of the upper portion of the aquifer at this well. The technetium-99 ·concentration 
in this well rose to a high ·or 21,400 pCi/L in August 2004. In early 2002, the technetimn-99 
concentration began to increase in well 299-Wl 1-42, which is south ofwell 299-Wll-39, and in 
early 2003, t.echnetium-99 began to increase in well 299-11-41, which is south of299-Wl 1-42. 
These increases suggest that a second technetium-99 plume or a portion of the technetium-99 
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plume first detected in the northeastern comer ofT Tanlc Farm is being detected along the entire • 
eastern and downgradient side of the WMA. 

Sampling during drilling ofwell 299-Wto-24 in 1998 showed that the highest technetium-99 
concentrations were at or very near the water table, at the northeastern comer of the WMA, and 
concentrations decreased rapidly with increasing depth in the aquifer at the time the well was 
drilled. This suggested a nearby source for the tecbnetium-99 because the contaminant had not 
traveled far enough to disperse vertically in the aquifer (Hodges 1998). However, in February 
and March 2005, well 299-Wl 1-25B was drilled to the Ringold Lower Mud Unit and 
encountered extremely high concentrations of technetium-99, nitrate, and chromium at 10.7 m 
(35.1 ft) below the water table and deeper. (Well 299-Wl 1-25B was damaged during 
construction and was replaced by well 299-Wl 1-46.) Such high levels of contaminants at these 
depths below the water table is contrary to what had been observed at well 299-Wl 0-24 and at 
well 299-W14-13 at WMA-TXITY (PNNL 2004b), where the highest concentrations of 
technetium-99 were at or near the water table. The reason for the high concenttations at depth in 
well 299-Wl 1-25B is not fully understood. Part of the explanation may be the broken pipeline 
nearwell 299-Wll-27 and/orpenneabilitydifferences in WMA-Twells (i.e., 299-Wl0-24, 
299-Wl 1-39, and 299-Wl 1-47). 

Hodges (1998) applied tritium/technetium-99 and nitrate./tecbnetium-99 ratios to WMA-T 
groundwater samples in 1998 to distinguish contaminants from the cribs and trenches, evaporator 
condensate, and PFP. Tecbnetium-99/cbromium ratios were calculated in a similar 2004 study 
(Seme et al. 2004) to compare contaminant concentrations in groundwater, tank fluids that 
leaked from tanks T-106 and T-101, and effluent compositions disposed to cribs and trenches in • 
the T Tank Farm area. The estimated ratios for two tank leaks and past-practice disposal 
facilities near WMA-T were later updated in the FYOS annual groundwater report (PNNL 2006, 
Section 2.8.3 .3, p. 2.8-17). The revised interpretations of the technetium-99/cbromium ratios are 
described as follows: 

As was previously concluded (PNNL-15070. PNNL-14849). the figure shows that 
groundwater in the northeast part of the waste management area. and probably 
the more recent samples from the east part of the waste management area. have 
technetium-99/chromium concentration ratios similar to those in the fluids leaked 
from tank T-101 a,ul T-106. However. the groundwater in the southwest, west, 
and north parts of the waste management area now do not appear to have been 
influenced to any great extent by waste disposed to the nearby cribs a,ul trenches 
located upgradient of the waste management area as was previously concluded 
(PNNL 2006). 

When monitoring began in 1997, the technetium-99/chromium ratios in wells east ofWMA-T 
were the same as those from upgradient wells and the northeastern comer of WMA-T. Recent 
data indicate that the tank waste migrated from the northeastern comer to the eastern edge of 
WMA-T and mixed with cn"b waste that was initially found in the eastern WMA-T wells. The 
groundwater flow direction shifted from a northern direction before 1997 to an east-southeast 
direction after 1997. Further characterization of the technetium-99 contmnination at WMA-T to 
understand the lateral and vertical distribution of the plume is currently being developed through 
the DQO process. • 
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3.2.4 Single-Shell Tank System Wute Management Area TX-TY 

The WMA-TX/IY is located in the north-central portion of the 200 West Area and consists of 
the TX and 1Y Tank Farms and associated facilities. The tank farms contain 24 tanks (each 
2.9 million L [766,099 gal] in capacity) that were constructed between 1944 and 1952. Leaks 
are known or suspected at 12 of the 24 tanks. 

Groundwater is monitored in accordance with the requirements of WAC 173-303, AEA, and 
CERCLA. The monitoring well network through FY04 consisted of IS wells that are sampled 
quarterly: 299-Wl0-26, 299:-WI0-27, 299-W14-6, 299-W14-13, 299-W14-14, 299-W14-15, 
299-Wl4-16, 299-W14-17, 299-W14-18, 299-Wl4-19, 299-Wl5-40, 299-WlS-41, 
299-Wl S-44, 299-WlS-763, and 299-WlS-765. Well 299-WI4-5 (located southeast of 
WMA .. TXIIY) was removed from the monitoring network in May 2004 when it went dry. The 
monitoring network was expanded to 16 wells in May 2005 when well 299-Wl 4-11 was 
installed downgradient of WMA-TXffY to assess the vertical extent of C011tmnination to 36 m 
(118.1 ft) below the water table. Three monitoring wells in the WMA-TXfl'Y network 
(299-Wl S-40; 299-WlS--44, and 299-WlS-765) were converted to extraction wells and 
connected to the 200-ZP-1 pump-and-treat system in July 2005 (DOE-RL 2005d). Monitoring 
well 299-Wl 5-43 was also connected to the system in July 2005. The well locations are shown 
on the plate map in Appendix A. 

WMA-TX/fY was originally placed in RCRA assessment monitoring due to an elevated specific 
conductance measurement in downgradient wells 299-Wl 0-27 and 299-W14-l2 (PNNL 2004a). 
The objective ofRCRA groundwater monitoring at WMA-TX/l'Y is to assess the extent and 
migration rate of groundwater contaminants that originated in WMA-TXfIY. The monitoring 
wells are sampled for RCRA indicators (i.e., pH and specific conductance) and site-specific 
parameters (i.e., alkalinity, anions, DO, metals, oxidation-reduction potential, and turbidity), as 
required by 40 CFR 265.93(d) and WAC 173-303-400. The current groundwater assessment 
plan is descn'bed inRCR.4 Assessment Plan/or Single-Shell Tank Waste Management 
Area TX-TY at the Hanford Site (Hodges and Chou 2001b) and RCRA Assessment Plan/or 
Single-shell Tank Waste Management Area TX-TY at the Hanford Site, Interim Change Notice 1 
(Horton 2002b). 

The groundwater flow direction varies across WMA-TX/IY. In the northeast area near the 
TY Tank Farm, groundwater flows east-southeast (108 degrees) according to trend analysis 
(Spane et al. 2001a). • The flow direction varies from 108 to 133 degrees along the downgradien~ 
southern side of the TX Tanlc Farm (Spane et al. 2001a, 2002, 2003). Water-level measurements 
in wells south ofWMA-TXfl'Y indicate that groundwater is flowing south-southwest. 
Groundwater flow in the southern portion ofWMA-TXflY is influenced by the 200-ZP-l pump
and-treat system extraction wells. The northern WMA• TXflY groundwater flow direction of 
east-southeast represents original conditions. The groundwater flow velocity ranges from 
0.191 to 1.1 m/day as measured during aquifer tracer tests (Spane et al. 200la,, 2001b, 2002, 
2003). The calculated average linear flow velocity ranges from 0.0007 to 2.46 .m/day (0.0023 to 
8.1 ft/day). 

The data evaluation process that was described in Section 1.4 was applied to 15 wells in the 
monitoring network. Well 299-W14-11 was excluded because analytical data from the well were 
not available when the evaluations were performed. The 1S evaluated WMA-TX/fY wells are 
identified in Table 1-2. As described in Section 1.4, contaminant concentrations in groundwater 
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samples that were collected beginning in 1988 were evaluated. Although not required by the • 
200-ZP-l RI/FS work plan (DOE-RL 2004c), historical Group B data that were available from 
the wells were included in the evaluation. 

Chromium, nitrate, carbon tetrachloride, and TCE were identified as dangerous waste 
constituents in groundwater beneath WMA-TX/TY. Tritium, tecbnetimn-99, and iodine-129 
were detected as non-RCRA groundwater contaminants. The carbon tetrachloride and TCE are 
attnbuted to PFP operations. 

Nitrate concentrations exceed the DWS of 45 mg/Lin all WMA-TXffY monitoring network 
wells. The highest nitrate concentration is found in well 299-W14-13. The nitrate groundwater 
contamination is primarily the result of PFP operations and waste disposal in cribs and trenches. 
A smaller portion of the nitrate contamination may originate from WMA-TX/fY. Chromium 
was detected above the OWS of 100 µg/L in well 299-W14-13. The most likely chromium 
source is assumed to be WMA-TXffY because no other sources were identified. 

Tritium exceeds the interim OWS of 20,000 pCi/L in two wells: 299-Wl 4-13 and 299-Wl4-15. 
Both wells are located approximately 50 m (164 ft) south of well 299-Wl4-13. Potential sources 
for the tritium include one or more of the following: WMA-TXfl'Y, the 242-T evaporator, the 
216-T-19 Crib and tile field (which received evaporator condensate from the 242-T evaporator), 
and the 216-T-26 through 216-T-28 Cnl>s. Tecbnetimn-99 exceeds the interim OWS of 
900 pCi/L in one well (299-Wl4-13). The technetium-99 could originate from WMA-TX/IY. 

lodine-129 was detected in two wells at WMA-TX/IY: 299-Wl4-13 and 299-W14-15. 
Interpretation of the iodine-129 data is difficult due to changing laboratory sample preparation • 
methods and resulting high laboratory detection limits. The Groundwater Project is working to 
resolve the laboratory problems. 

3.2.5 State Waste Discharge Permit Groundwater Monitoring 

The Hanford Site's 200 Area Effluent Treatment Facility processes contaminated aqueous waste. 
The treated wastewater occasionally contains tritium that is not removed during the treatment 
process. The wastewater is discharged to the 200 Area SALOS in accordance with the 
requirements of the Washington State waste discharge permit (WAC 173-216). The discharge 
permit was approved in June 1995, and the site began operating in December 1995. 

Pennit requirements for groundwater monitoring are described in the Groundwater Monitoring 
and Tritium-Tracking Plan for the 200 Area State-Approved Land Disposal Site (Barnett 2000). 
The discharge permit establishes enforcement limits for maximum concentrations of nine 
contaminant.111; (i.e., acetone, benzene, cadmium, chloroform, copper, lead, mercury, sulfate, and 
tetrahydrofuran) and two other parameters (i.e., pH and total dissolved solids). Groundwater is 
also sampled for four AEA parameters: gross alpha, gross beta, strontium-90, and tritium. 
Numerical flow-and-transport modeling of the SALOS is conducted as required by the permit. 

The 15 total compliance parameters are monitored quarterly in three wells near the SALOS 
perimeter: 699-48-77 A, 699-48-77C, and 699-48-770. Three additional wells are sampled 
semi-annually (299-W7-3, 299-W7-5, and 699-51-75), and another eight wells are sampled 
annually (299-W6-6, 299-W6-l l, 299-W6-12, 299-W7-12, 299-W8-1, 699-48-71, 699-49-79, 
and 699-5 l-75P). Five wells formerly in the tritium-tracking network south of SALOS were dry • 
before or during FY04: 299-W7-l, 299-W7-6, 299-W7-7, 299-W7-9, and 299-W6-7. The 
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continuing wastewater discbarge(afSAWS result in a 1llOUl1d hi fhe water table wider the 
facility. Groundwater flows outward in alldirections away ftom the SALDS discharge points. 

. . : . . : 

The data evaluation process described in Section 1.4 was applied .to 15 ofthe 19 wc:lls in the 
tritium.tracking network. Wells 299-W6-6, 299-W7-3, 699-48--77C, amd 699-51-75P were 
excluded. The lS evaluated SAIDS wells are identified in Table 1-2. As'described in 
Section 1 .4, contaminanfconcentrations iJJ. groundwater samples. that were collected beginning in 
1988 were evaluated; Although not required by the 200--ZP.;l RI/PS work plan (DOE-RL 
2004c), historical Group B data that were available ftom the wells were included in the 
evaluation. . . ·· · .. . .. . · · .· 

The average lriti~ adivitylc,vel tsdecreuing in.aill·tbr=• SALOS perimeter wells. The 
maximum tritium activity levelutiitm.g FY04. werel 16,000 pCi/IAn well 699-48-77 A; . 
229,000 pCi/L in well 699-48-7JC, arid 9S,09() pCi/Lin\vell 699.48.;77D. The fluctuating 
tritium activity level inwell 699-4~77 A ·is presumably the result of varying amounts of tritium 
in the wastewater~~· . ,. . \ .. · . . . . .. . . ; . ·.. , .· · ... ·. · . ·. 
All monitored. · ammeters are within the permitted limits.· IteozeDe; tetrahydrofimm, · · er, and 
mercury ·wen,lefow fdDLs'in a11Ff04'.saniples. ·Ladd cadmium were detected :':n 
699-48.;77A durin PY04. M 'or cation and anion. undwater concentrations ~~ .. ;... FY04 ... · , , g , , a.t ·. , ·. , . . . . gro . . . . . . . . VIM&U6 . 

were below background C011centrations thafwen, observed prior to opemtion of the facility due 
to dilution by the discharged wastewater. . 

3.3 INTEIHM:ACTIONfilMP~~TREATPERFORMANCE . ·.,·. . ........... · . . .. ; ' .. . .. 

The 200-ZP~l.OU•~!.~d-~.~;.a.q irnplem~tedina:~~ed~ .• ·Pbase I 
operations consisted.qfa pilot..scide freatabilitytest between August 29, .1994,:and July 19, 1996, 

~t&m~~1:.sm=~~~ 
detailed information about··· crations _during the treatabi1i . test, refer to the 200-ZP-1 Operable ' ,' ' ' op ' ,, ' ' ,,' ,,'', ty ,' 
Unit Treatiibility Test Report (DOE•RL'l995a)~ 

C".on~f 'Mth'~-t opemtions,•the ill. ltOD for the. 2~ZP-1 OU (BPA·et al. 1995) 
was issued inJunet99S~ The selected terric:dY 1VBS tcn1se groundwater: pump,ai•tieat 
technology to minimize furlher migration of carbon tetrachloride,. dlloroform, and TCE in the 
groundwateT IU1d remove confumiriant mass. ,· ' ' ' 
Phase lloperations ccmuncnced Aupt S; 1996" in accQrdance with the iJJ.terim ROD (EPA et al. 
_1995) and Tri.;PartyAgreement MilestoneM--16-Q4A (Bcolagyctal. 2003) ·The'l996 . 

-~==:~~~::::!:~~;~:~~w'l;:n~ 
299--WlS.;3~),:pumping at a combinc,d rate of approximately 567~8 Umin (ISO gpm),•and 
a single injection well(299-WI5-2~). Oroundwater·was treated ushJ.g an air stripper to. release 
cmbon tetrachloride int.o a vapor phase,, and;GAC was·usedto collect die vapor. For a-detailed 
description of the treatmentsystem setup ancfoperation, refer to the 20~ZP-1 Phase Interim 
Remedial Measure Quarterly Report, October-December 1996 (BHI 1997a). Phase Il 
operations were terminated on August 8,1997, to transition to Phase m operations. 
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Phase m operations began on August 29, 1997, satisfying Tri-Party Agreement Milestone • 
M-16-04B (Ecology et al. 2003). The well field for Phase III operations was expanded to 
include six extraction wells (existing wells, plus new wells 299-Wl5-32, 299-Wl5-36, and 
299-W15-37) and five injection wells (existing wells, plus wells 299-WlS-36, 299-Wl8-37, 
299-Wl8-38, and 299-Wl8-39). The total pumping rate was increased to more than 800 Umin 
(>200 gpm), versus a total treatment system capacity of 1,893 Umin (500 gpm). The treatment 
process for the Phase m system uses the same air-stripping and GAC systems for remediating 
COJ1taroinated groundwater. Extraction wells were installed to contain the high-concentration 
portion of the carbon tetrachloride plume located near PFP, as required by the interim ROD 
(EPA et al. 1995). The southernmost extraction well, 299-Wl 5-3 7, was converted to 
a monitoring well in January 2001 because of its limited impact on hydraulic capture of the high
concentration portion of the plume (DOE-RL 2002b ). 

Two new extraction wells were drilled and brought on-line in FY04. Well 299-Wl5-45 replaced 
299-WlS-33, and well 299-W15-47 replaced 299-WlS-32. Both new wells have been drilled 
deeper into the aquifer and were constructed with 15.2-m (SO-ft) screens, starting 1.5 m (5 ft) 
below the water table in the upper, unconfined aquifer. The old wells have been reconfigured to 
monitor water levels. 

The key achievement for the 200-ZP-l pump-and-treat system in FY0S was the expansion of the 
five-well extraction system to a total of nine wells with the addition of four new extraction wells 
north of the existing baseline plume area. Extraction pumps were installed in existing 
monitoring wells 299-Wl5-40, 299-WI5-43, 299-Wl5-44, and 299-W15-765; connected to the 
200-ZP-1 treatment building; and formally started groundwater extraction on July 27, 2005. • 
Since startup, the extraction system pumping rates have increased to between 946 to 1,230 Umin 
(250 to 325 gpm). The 200-ZP-1 pump-and-treat system wells are shown in Figure 3-13. 

The FY0S hydraulic capture analysis shows that the pump-and-treat system continues to capture 
the high-concentration levels of carbon tetrachloride (greater than 2,000 to 3,000 µg/L) at the 
extraction wells. Groundwater monitoring results for FY05 also show that carbon tetrachloride 
concentrations continue to decline in the unconfined aquifer (DOE-RL 2005a). Cmbon 
tetrachloride cootam:ination in the groundwater was reduced in the area of highest concentrations 
through mass removal. Over 322.3 million L (85.1 million gal) of contaminated groundwater 
were treated in FY0S at an average flow rate of715 to 1,116 Umin (190 to 295 gpm). Treatment 
of the contaminated water resulted in the removal of 753.5 kg of carbon tetrachloride in FY0S. 
Between the initiation of pump-and-treat operations in March 1994 and the end of FY05, 
approximately 2.74 billion L (725 million gal) of water has been treated, resulting in the removal 
of 9,262 kg of catbon tetrachloride (DOE-RL 2005d). 

The reduction in carbon tetrachloride concentrations at the top of the unconfined aquifer 
underlying the primary carbon tetrachloride source cribs is shown by the changes in the carbon 
tetrachloride groundwater plwne from 1990 to 2004, as illustrated in Figure 3-14. The reduction 
likely resulted from the dual application of SVE remediation in the vadose zone (as discussed in 
Section 3.1. 7) and the pump-and-treat groundwater remediation in the source cribs vicinity . 
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3.4 SUMMARY OF V ADOSE ZONE RESULTS PERTINENT 
TO THE 200-ZP-1 OPERABLE UNIT 

Contaminants that may contribute significantly to site risk are teferred to as COCs. 
Identification of COCs is an import.ant process because it determines the list of contaminants for 
which further risk evaluations will be developed. Development of COCs in the data evaluation 
and risk assessment process·is discussed in Risk .Assessment Guidance for Superfund (RAGS), 
Volume L Human Health Evaluation Manual (Part A), Interim Final (BP A 1989). Those 
contaminants that are COCs are determined by comparing contaminant concentrations with 
background, developing a set of data for use in risk assessment, and (if appxopriate) limiting the 
number of contaminants to be carried through a risk assessment by risk-based screening or other 
methods. For the waste group OUs in the vadose zone above the 200.ZP-l Groundwater OU, the 
evaluation of COCs is presented in RI reports and work plans ( e.g., Remedial Investigation 
Report for the 200-TW-l imd 200-TW-2 Operable Units (Includes the 200-PW-5 Operable Unit) 
[DOE-RL 2003c]; Remediallnvestlgationfor the 200-PW-1 Uranium-Rich Process Waste 
Group arul 200-PW4 Genera/Process Condensate Group Operable Units {DOE-RL 2005e]; 
snd Plutonium/Organic-Rich Prot:ess Condensate/Process Waste Group Operable Units RIIFS 
Work Plan: .Includes the 200-PW-1, 200-PW-3, and 200-PW-6 Operable Units [DOE-RL 
2004b ]). The COCs identified with the potential to impact groundwater quality are of particular 
interest for this 200-ZP-1 Groundwater OURlreport. Maximum constitucntconcen1rations 
for nonradioactive constituents in the vadosezone were compared to soil saeening criteria 
calculated using the fixed-parameter, three-phase partitioning model descn'bed in 
WAC t 73-340-747. Use ofthis model for screening soil contamination for potential 
groundwater impacts was performed by using Method B soil cleanup levels as published on 
Ecology's Internet site· (https://fortress. wagov/ecy/clarc/Reporting/CLARCReport:inglaspx). 

3.4.1 Analogous Site Approach 

Analogous data are used in the Hanford Site's 200 Areas to reduce the amount of investigation 
needed at individual waste sites by performing characterization activities for groups of similar 
waste sites. It is a conservative approach because waste sites generally expected to contain the 
most contaminatibnare selected to represent all sites in a soils OU. This concept is advanced in 
Hanford Past-Practice Strategy (OOE-RL 1991). The basic approach is that the representative 
sites contain types, concentrations, and distn"butions of contaminants similar to those at the other 
sites in the OU because the sites are grouped on the basis of similar site histories, site 
construction, and processes. The sites, therefore, share similar risks and a similar need for 
remedial acti()Jl. The data collected for the representative sites are considered analogous to other 
sites designated in the· RI reports (DOE-RL 2003c, 2005e ). 

In the case of the 200-PW-2 and 200-PW-4 OUs, only one site in these waste group OUs 
(216-T-20 in the 200-PW-4 OU) is in the vadose zone'above the 200-ZP-l Groundwater OU; it 
was not sampled directly. In the RI report (DOE-RL 2005e), all·sites within both OUs were 
considered analogous to all sampled sites. This is a very conservative approach in that all COCs 
(determined by sampling conservatively selected representative sites) for both OUs are applied to 
all sites within both OUs . 
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In the case of the 200-TW-1, 200-TW-2, and 200-PW-5 OUs, the RI report draws a correlation • 
between each directly sampled site and its analogous site(s). One waste site above the 200-ZP-l 
Groundwater OU, the 216-T-26 Crib, is a representative site that was sampled directly. Other 
waste sites above the 200-ZP-1 Groundwater OU were not directly sampled Table 3-2 shows 
the 200-TW-l, 200..TW-2, 200..PW-l, 200-PW-2, 200-PW-4, 200-PW-5, and200-PW-6 OU 
waste sites in the vadose zone above the 200-ZP-1 Gromdwater OU and the representative sites 
that were directly sampled in support of their remediation. 

3.4.2 200-PW-2 and 200-PW-4 Operable Unit Sites 

The 200-PW-2 and 200-PW-4 OUs contain approximately 50 waste sites, 5 of which are RCRA 
TSD Wlits. Most of the waste discharged to the soil column in the 200-PW-2 and 200-PW-4 
OUs was generated at U Plant, Reduction-Oxidation (REDOX) Plant, Plutonium-Uranium 
Extraction (PUREX) Plant, B Plant, and C Plant (also know as the Hot Semi-Works Facility) 
between 1952 and 1988 (DOE-RL 2004d). Sampled representative sites were all located in the 
200 East Area, near PUREX and B Plant Contaminants that may present potential risks to 
groundwater were identified at all representative sites. Data for the only analogous site above 
the 200-ZP-l GroWldwater OU (216-T-20 Cnb) are based solely on 200 East Area samples and 
may not include contaminants that tend to be more strongly concentrated in the 200 West Area. 

3.4.2.1 Characterization. Borehole drilling and sampling, large-diameter push-hole (drive 
casing) installation, direct-push sampling, and sampling and analysis of soils were used to 
characterize the following representative sites: 216-A-10 Crib, 216-A-36B Crib, 216-A-37-1 
Crib, 216-B-12 Crib, 216-A-19 Trench, and 207-A south retention basin. Data from the sites • 
were collected during characterization efforts in FY03 and FY04. Borehole geophysical surveys 
were performed at the 216-A-10, 216-A-36B, 216-A-37-1, and 216-B-12 Cribs and the 216-A-19 
Trench. Because of its shallow depth and concrete lining, no geophysical surveys were 
performed at the 207-A south retention basin. 

3.4.2.2 Contaminant Distribution Models md Exposure Models. The conceptual 
contaminant distnbution models and the conceptual exposure model developed in the Uranium
Rich/General Process Condensate and Process Waste Group Operable Unit RIIFS Work Plan 
and RCRA. TSD Unit Sample Plan: Includes 200-PW-l and 200-PW-2 Operable Units 
(DOE-RL 2004d) were revised based on the data obtained during the RI report and other data
collection activities. The contaminant distribution models are generally desaibed as follows: 

• Contamination associated with less-mobile COCs (e.g., cesium, plutonium, and 
strontium) is detected in the highest concentrations near the bottom of waste sites. Less
mobile radiological COCs have not been identified to have potential impacts to 
groundwater. 

• Contaminant concentrations generally decrease with depth below the waste site bottom. 

• Most of the contamination remains high in the vadose zone above the water table. 

• Highly mobile COCs (e.g., technetium) have passed through the vadose zone and are 
detected sporadically across the vadose zone in low concentrations. 

The exposure pathway model for the OU is generally summarized as follows: 

• Potentially contaminated media are shallow-zone soils, deep-zone soils, biota, and 
groundwater. 
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• Potential recepton are mainly current and future workers (based on the current land-use 
assmnptions) and terrestrial biota. 

• Exposure pathways are ingestion, dermal contact, inliaiation, and exposure to external 
radiation. 

The contaminant distn"bution models were updated to better depict the nature and vertical extent 
of cootamination relative to the physical setting. The revised models identified specific 
contaminants present, co11taniinant concentrations, and the vertical extent of contamination 
relative to the water table. 

The conceptual model contained the following media types: surface soils or shallow-zone soils 
from 0 m to 4.6 m (0 to l S ft) bgs, subsurface soils or deep-zone soils from 0 m to groundwater, 
groundwater, and biota. Based on·cmrent land-use assumptions, potential receptors are current 
workers, future workers, and terrestrial biota. 

3.4.2.3 Fate and Transport Modeling and Evaluation. Table 3-3 identifies those COCs that 
were consistently identified and that are the most likely contaminants for future soil sampling 
efforts related to groundwater protection (i.e., confirmatory sampling, design sampling, and 
verification sampling). 

Nonradioactive constituents analyzed in the RI report were screened based on detection 
( constituents with no detections were f!Jiminatoo)~ comparison to background, and comparison to 
regulatory requirements. The initial .screening of the nonradioactive contamin&nt$. for 
groundwater risk was performed by comparing the analyticalresults to the groundwater risk
based concentration {RBC) based on WAC 173-340-747 (4). The RBCs were compared to 
analytical results found in deep-zone soils. · 

Radiological constituents were screened based on detection and background. Radiological dose 
and cancer risk to receptors were evaluated using RESidual.RA.Dioactivity (RESRAD} dose 
modeling (ANL 200l) and regulatory considerations. A qualitative evaluation was performed to 
assess whether additional m.odeling was required. This included evaluation of the ~, frequency 
of detection, and location of any single detects in the soil column, and whether the constituent 
already has reached groundwater. Based on this evaluation, sufficient data already existed to 
assess the fate and transport. 

The results of the fate and transport modeling and added evaluation indicate that most COCs 
are effectively attenuated in the vadose :r.one and do not pose a substantial threat to futme 
groundwater quality dming the 1,000-year simulation. Contaminants that affect groundwater 
in the futme in significant concentrations are nitrate, uranimn, tritimn, iodino-129, and 
technetium-99. Tritium is the only radioactive C0'1tamiuant.that is predicted to reach 
groundwater within the 1,000 years. Short-lived radionuclides ( e.g., cesium-13 7 and 
strontium-90) were shown to decay long before reaching groundwater. 

3.4.3 200-TW-1 and 200-TW-2 Operable Unit Sites 

The 20().. TW-1, 200-TW -2, and 200-PW-S OUs consist of approximately 80 RCRA past-practice 
and CERCLA past-practice waste sites. An evaluation of protection of groundwater indicated 
that contaminants currently in the vadose zone likely will impact groundwater in the future; 
however, the co11taminants are not expected to increase groundwater concentrations above 
current levels. 
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Table 3-2 shows the 200-TW-1, 200-TW-2, and 2~PW-5 OU waste sites in the vadose zone • 
above the 200-ZP-1 Groundwater OU and the representative sites that were directly sampled in 
support of their remediation. One sampled representative site, the 216-T-26 Crib, is in the 
vadose zone above the 200-ZP-1 Groundwater OU. The other sites that represent cribs and 
trenches abovethe200-ZP-1 OU (ie., 216-B-7A Crib, 216-B-38 Trench, and216-B-5 reverse 
well) are located near B Plant in the 200 East Area. Results for these sites are summarized 
below. 

The evaluation of the representative sites involved site characterization and a baseline human 
health risk evaluation, including identification of COCs potentially affecting groundwater 
quality. Contaminants that were identified as COCs for the waste sites will be carried forward 
into the FS for evaluation of remedial alternatives. The COCs and the contaminant distribution 
and exposure models are summarized below. 

3.4.3.1 Contaminants of Concern and Site Risks. Nonradioactive constituents analyzed in 
the RI report were screened based on detection ( constituents with no detections were eliminated), 
comparison to background, and comparison to regulatory requirements. Radiological 
constituents were screened based on detection and background. Radiological dose and cancer 
risk to receptors were evaluated using RESRAD modeling (ANL 2001 ). Contaminants with 
potential to impact groundwater were evaluated using the STOMP code (PNNL 2000). The 
COCs for each waste site are summarized in Table 3-3. Based on the results of the data 
evaluation, Table 3-3 identifies thoseCOCsin the 200-TW-l, 200-TW-2, 200-PW-l, 200-PW-5, 
and 200-PW-6 OUs that the FS will consider for remedial action with respect to groundwater 
risk and that are the most likely contaminants for future sampling efforts (i.e., confirmatory • 
sampling, design sampling, and verification sampling). · 

3.4.3.2 Contaminant Distribution Models and Exposure Models. The conceptual 
contaminant distribution models and the conceptual exposure model developed for the 
200-TW-1 and 200-TW-2 OUs in 200-TW-l Scavenged Waste Group Operable Unit and 
200-TW-2 Tank Waste Group Operable Unit RIIFS Work Plan (OOE-RL 2001) were refined 
based on the data obtained during the RI report and other data collection activities. The 
contaminant distribution models are generally described as follows: 

• Contaminati.on associated with less-mobile COCs (mainly cesimn-137) is confined near 
the waste site bottom. 

• Contamination associated with moderately mobile COCs (e.g., strontium-90) is found 
deeper in the vadose zone and, depending on the thickness of that zone, may be found 
throughout the vadose zone. 

• Highly mobile COCs ( e.g., nitrate, tritium, or technetium) have passed through the 
vadose zone and are concentrated in the saturated zone. 

The exposure pathway model for the 200-TW-1, 200-TW-2, and 200-PW-5 OUs is generally 
summarized as follows: 

• Potentially contaminated media include sediments, shallow-zone soils, deep-zone soils, 
biota, and groundwater. 

• Potential receptors are mainly current and future workers (based on the current land-use • 
assumptions) and terrestrial biota. 
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• Exposure pathways include ingestion, dermal contact, inhalation, and exposure to external 
radiation. 

• 

• 

3A.4 200.-PW-1 and 200-PW-6 Operable Unit Sites 

The 200-PW "'.1 and 200-PW -6 OUs contain approximately 17 waste sites. The 200-PW-l waste 
was generated at the Z Plant complex from 1949 to 1980. The 200-PW-6 waste, consisting of 

. neutral/basic process waste, was generated from the Plutonium Isolation Facility ftom 1945 to 
1949 and the head-end ofthe RECUPLBX process from 1955 to 1962. Sample representative 
sites were all locateclin the 200 Area core zone. Contaminants that maypresent potential risks to 
groundwater were identified at all representative sites, which were strongly concentrated in the 
200 West Area. · The 200-PW-3 OU waste sites are excluded from this discussion because they 
exclusively reside in the 200 East Area._ 

. . . 

3A.4.1 •Characterization. Borehole drilling, soil-and soil vapor sampling, and associated 
geophysical logging, as well as previous inve.,tigation results, are being used to characterize the 
216-Z..lA and 216-Z..9 representative sites. Field investigations are planned to be completed in 
FY06 so the RI report ean be prepared by the end ofFY06. The 216-Z-9 Trench characterization 
includes a vertical well ( completed in 2005} and a slant well (being drilled in 2006). The vadose 
zone results &om the vertical well (299.;.WlS-46) at the 216-b-9 Trench are summarized in 
Section 3. l. l. The results from the slantwell will be included as an appendix to the FS. 

The dispersecl carbon tetrachloride vadose zone plume was characterized in two phases. During 
the Step I investigation, direct-push technology was used to_ collect soil vapor samples from the 
shallow and intermediate vadose zone at potential release sites ( e.g., waste disposal sites, 
pipelines; arid burial ground trenches). Vapor samples were· also collected from vent risers in the 
218-W-4CBurial Ground. ·Retativelylow co:o.centtations of carbon tetrachloride (1 to 8 ppmv) 
were detected in several samples collected along some pipelines (typically from 7.6 m [25 ft] 
bgs) and in some samples collected at liquid waste discharge sites (the highest concentrations 
were typically fowid fiDni 9.1 to 18.3 m [30 to 60 ft] deep). The highest camon tetrachloride 
concentration {l,760 ppmv) was detected in the east end of Trench 4 in the 2l8-W-4CBmial 
Ground (FH 2003a). The Step II investigation included shallow and intermediate vadose zone 
soil vapor and soil sampling using direct-push technology at Step I locations that bad indicated 
potential n,leases of carl>on tetrachloride and et locations outside the Step I study area. Passive 
soil vapor samplers were· also 1JSed to investigate areas near the 216~Z-9 Trench, at T Plant, and 
at two trenches in the 218-W-3A Bmial Ground. In Step U, the deep vadose zone was also 
characterized by collecting soil vapor samples above the water table and shallow groundwater 
samples just below the water table in existing wells :in the vicinity of the highest carbon 
tetracbloride groundwater concentrations (> 1,000 pgfL). The field investigations are planned to 
be completed in FY06 so the RI report can be prepared by the end of FY06. 

3.4.4.2 Contaminant DJstrlhutlon Models and Exposure Models. The conceptual 
contaminant distribution models and the conceptual exposure model developed in the 
Plutonium/Organic-_Rich Process Condensate/Process .Waste Group Operable Unit RIIFS Work 
Plan: Includes the 200-PW-I,. 200-PW-3. and 200-PW-6 Operable Units (DOE-RL 2004b) were 
revised based on the current understanding of physical ·conditions of 216-Z.. lA and 216-Z-9 . 
The contamimwt distribution models are generally described as follows: 
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• Contamination associated with less-mobile COCs ( e.g., plutonium) is in the highest 
concentrations near the bottom of waste sites. None of the less-mobile radiological 
COCs have been identified to have potential impacts to groundwater. 

• Contaminant concentrations generally decrease with depth below the waste site bottom. 

• Most of the contamination remains in the vadose zone above the water table. 

• Mobile COCs (e.g., carbon tetrachloride) have passed through the vadose zone and are 
detected within groundwater. 

The exposme pathway model for the OU is generally summarized as follows: 

• Potentially contaminated media are shallow-zone soils, deep-zone soils, biota, and 
groundwater. 

• Potential receptors are mainly current and future workers (based on the current land-use 
asswnptions) and terrestrial biota. 

• Exposure pathways are ingestion, dermal contact, inhalation, and exposure to external 
radiation. 

3.4.4.3 Fate and Transport Modeling and Evaluation. The RI report for the 200-PW-1, 
200-PW-3, and 200-W-6 OUs will be prepared by the end ofFY06, but the risk assessment for 
these OUs will be deferred to the FS. The COCs identified in the Table 3-3 for the 216-Z-9 and 
216-Z-lA representative sites are the COCs and contaminants of interest identified in the 

• 

representative SAPs for those sites (DOE-RL 2004b). • 

• 
3-34 



-E 
CJ) 

.!: 

..s:: 
t:: 
0 z 

DOE/RL-2006-24, Rev. 0 

Figure 3-1. Summary Map of Classification of Sub-Areas Based on Their 
Likelihood of Containing Persistent Carbon Tetrachloride Sources.a 
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a Color scale ranges from red for high probability to blue for the lowest probability (from Murray and Chien 2005). 
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Figure 3-5. Map of Soil Vapor Extraction Well Locations. 
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Figure 3-6. Cutaway Three-Dimensional Visualization Illustrating Median 
Carbon Tetrachloride Concentrations Through Main Area of the Carbon Tetrachloride Plume.a 
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• Cutaway at easting from 566500 to 570500 m and northing from 132500 to 136000 m. Note large vertical 
exaggeration of approximately 50: l) (from Murray et al. 2006). 
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Figure 3-7. Cutaway Three-Dimensional Visualization Illustrating Median 
Chloroform Concentrations Through Main Area of the Carbon Tetrachloride Plume.a 
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a Cutaway at easting from 566500 to 570500 m and northing from 132500 to 136000 m. Note large vertical 
exaggeration of approximately 50:1) (from Murray et al. 2006). 
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Figure 3-8. Horizontal Slices of Simulated Median Concentrations 
of Carbon Tetrachloride at Depths of 5 m and 15 m.a 
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• From Murray et al. 2006. 
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Figure 3-9. Horizontal Slices of Simulated Median Concentrations 
of Carbon Tetrachloride at Depth of 25 m and 35 m.3 
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Figure 3-10. Horizontal Slices of Simulated Median Concentrations 
of Carbon Tetrachloride at Depths of 45 m and 55 m. 
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Figure 3-11. Vertical Slices of Simulated Median Concentrations 
of Carbon Tetrachloride at Northing of 134000 m and 135000 m.a 
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Figure 3-12. Vertical Slices of Simulated Median Concentrations 
of Carbon Tetrachloride at Northing of 134000 m and 135000 m.3 
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Figure 3-14. Comparison of the Carbon Tetrachloride Plume Beneath the 200 West Area 
at the Top of the Unconfined Aquifer.a 

a.o 
0 
0 
<"II 

...I 
a, 
::, 

~~ 
...I ..,. ::, 

<n•o 
~gg 
II q..,; 
VIN I\ ~-· 

I 

0 
0) 
0) .... 

~ 
OI 
::, 

g ...I 

0 -
...J ..; gi 
d,•o 
:::, 0 0 

11'1 g o _ 

II N X 
U'I ~-· 

• From PNNL 2006. 

J 

3-49 

E 

8 
"' ~ 

0 0 

-z-



DOE/RL-2006-24, Rev. 0 

Table 3-1. Partition Coefficients from Well 299-WlS-46 Samples.a 

Chemical Partition Coefficl~iit (L/kg) 
Carbon tetrachloride 0.106 to 0.367 

Chloroform 0.084 to 0.432 

a From Riley et al. 2005. 

Table 3-2. Waste Sites in the Vadose Zone Above the 200-ZP-1 Groundwater 
Operable Unit and Representative Sites That Were Directly Sampled. 

216-T-18 Crib 

216-T-3 injection/reverse well, 216-T-5 
Trench, 216-T-6 Crib, 216-T-7 Crib, 
216-T-32 Crib, and 241-T-361 settling 
tank 

216-T-14, 216-T-15, 216-T-17, 216-T-21, 

-~ -~~P.r,sentatiY.~-. waste sites· · 

216-T-26 Crib 

216-B-7A and 216-B-7B Cribs 

216-T-22, 216-T-23, 216-T-24, and 216-B-38 Trench 
216-T-25 Trenches 

216-A-10 Crib, 216-A-19 Trench, 

'_ ': - OIJs in Remedi-f 
--• __ ~v_estigatio:ai R~port 
200-TW-l, 200-TW-2, 
and 200-PW-5 OUs 

200-TW-1, 200-TW-2, 
and 200-PW-5 OUs 

200-TW-l, 200-TW-2, 
and 200-PW-5 OUs 

216-T-20 Crib 
216-A-36B Crib, 216-A-37-1 Crib, 200-PW-2 and 200-PW-4 
216-B-12 Crib, and 207-A south OUs 

216-T-19, 216-Z-1&2, 216-Z-3, 216-Z-12, 
216-Z-18, UPR-200-W-103, 216-Z-10 
injection/reverse well, 216-Z-4 Trench, 
216-Z-5 Crib, 216-Z-6 Crib, 216-Z-8 
french drain, UPR-200-W-130, 241-Z-8 
settling tank, and 231-W-151 receiving 
vaultb 

retention basin 

216-Z-lA Tile Field, 216-Z-9 
Trench and 241-Z-361 settling 
tankb 

a As reported in DOE-RL (2003c, 2005e). 
b As reported in DOE-RL (2004b), Tables 2-1 and 2-3. 
OU = operable unit 
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Table 3-3. ··eo,,tmr,inants o.fConcem with Potential to Impact Groundwater 
for Wa.,te Sites Above ti.le 200.ZP-1 Operable Unit 

To--99 r 
J...129 
U.2331234 ~ r 
U.238 r 
Pu-239 r 
Aluminum r 
Arac:nic r 
Ouomium r 

"de .r 
Fluoride r 
Iron -
Manganese r 
N'rtratc r .r 
N'rtritc r .r 

r r r 
X"'' 
r• 
r,1 

X"'' 

r 
carbon 
. tetrachloride 

• Breakthrouah COllQC:Dtration to groundwater above 9C1'CCDing critma (EPA-based MC11) within 1,000 yar1 u modeled 

by RBSRAD and reporkd. in DOB-RL.(20050). 
It Source: .Appendix B aC PlutonJum/Organi P1'0CGf ~ Wtllte Group Operable Unit Repruentathie 

Sita Samplb,g and balym Plan (OOE-RL 2004b). . 
e .Bn:aklhrough cooccnti'aticm to groundwater above ICr'IICDing criteria (EPA•based MCLs) wi1bin 1,000 yara • modeled 

by STOMP and n:porkd in OOB-lU, (2003c). . . . 

• ~ concentrations to groundwater at total dose of above to-' mranfyr • modeled by RESllAD md rq,orted in 
DOE-RL(2003c). . . . 

' Exocede4.WAC 173-340-747(4)accning mtcria. as rq,om:d inDOE-RL(2005e). 
' &rmled WAC 173-340-747(4) rming criteria,• reported in DOE-RL (2003c). 
• The ranedial ilmstigation rq,ort (DOE-RL 200Se) indicates that this compound il not a Jih,Jy groundwater contaminant 

because it is a probable IDll1ytical iRtifact or a lingle detection of the substance. 
COC • contaminant ofconcem 
EPA • U.S. F.nviroomental Protection Agency 
MCL • maximum contmrinant 1cvd 
RESRAD •. R&idual RAI>ioactivity (dole model) 
STOMP • Subsurface Tiansport Over Multiple Phases 
WAC • Wlllhington .4dnrlltlstratiw Code 
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4.0 REMEDIAL INVESTIGATION RESULTS 

HYDROGEOLOGIC FRAMEWORK 

4.1.1 Topography 

The 200-ZP-l OU is located on the 200 Area Plateau in the Pasco Basin of the Columbia 
Plat.eau. The term "200 Area Plateau" is commonly used to describe the Cold Creek bar that was 
fmmed during the lasfcataclysmic tlood ftom glacial Lake Missoula about 13,000 years ago, as 
shown in Figure 44. 'lb.e cataclysmic floodwaters, that deposited sediments of the Hanford 
fonnation also locally reshaped the topography of the Pasco Basin. The floodwaters deposited 
the thick sand and gravel deposits of the Cold Creek bar arut,"in the waning stages, the · 
floodwaters eroded a channel between the 200 Areas and Gable Mountain. Most of the 
200 West Area is situated on the Cold Creek bar on the southern edge of this flood channel. 
Figure 4,;1 also shows a secondary flood chmmel that runs south ft-om the mmn channel and 
bisects the 200 We.,t Area. . . 

The 200 Area Plateau trends .generally east-west, with elevations ranging between 198 and 
230 m (650 to 155 ft) above mean sea level. The _plateau chops off rather steeply to the north and 
northwest and decreases more gently in elevation to die south into the Cold Creek Valley and to 
the east toward the Columbia River. 'Plateau esci.tpments have elevation changes of between 
15 to 30 m (50 to 100 ft). The 200 ~as RI/FSimplementation Plan (OOE-RL 1999, 

• Appendix F) provides more detail on the physical setting·of the 200 Areas and vicinity. 

• 

4.1.2 . Geology 

The 200-ZP-1 · OU is located in the Pasco Basin, one of several muctural and topographic basins 
of the Cohmibia Platemi Basalts of the Columbia River Basalt Group and a sequence of 
suprabasalt.~ediments underlie the 200-ZP-l OU. From oldest to youngest, the major geologic 
units of interest are the Elephant Mountain Member of the Columbia River Basalt Group, the 
Ringold Formation, the Cold .. Cn:ck. unit, the Hanfimt formation, and surlicial deposits. 
Figure 4-2 provides ·a generalized stratipphic column fbt the 2~ West Area. The lithology 
encountered during drilling fbr wells 299-WlS-46 and 299-WlS-49 is smnmarized in Tables 4-1 
and 4-2 and in Section 4.6.l.l.2. Table 4-3 lists references for lithologic descriptions &om other 
200-ZP-l· wells. The following 'subsections provide summary descriptions of the major geologic 
units that com.prise the water table aquifer and vadose sediments in this area. 
4.1.2.1 Elephant Mo1U1taln Member .. . The ElepbantMountain Member is the uppc:1most 
basalt unit (i.e., bedrocz) in the OU. Except for the Gable Gap arca,(between Gable Butte and 
Gable Mountain) where it has been.eroded away, the Elephant Mountain Member is laterally 
continuous throughout the area around the OU and is approximately 18 to .36 m (59 to 118 ft) 
thick. The basalt is overlain by the Ringold Formation, except in the Gable Gap area, where the 
basalt is directly overlain by the Hanford formation (Williams et al. 2000). 

4.1.2.2 Ringold Formadon. The Ringold Formation consists of an interstratified tluvial
lacustrine sequence of unconsolidated to semi-consolidated clay, silt, sand, and granule-to
cobble-size pvel deposited by the ancestral Columbia River. These sediments consist of the 
following four major hydrostratigraphic units (from oldest to youngest, as shown in Figure 4-2): 
the fluvial gravel and sand of Unit 9 (basal coarse); the bmied soil horizons, overbank, and lake 
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deposits of Unit 8 (Lower Mud Unit); the tluvial sand and gravel of Unit S (upper coarse); and • 
the lacustrine mud of Unit 4 (upper fines). Units 9 and S consist of silty-sandy gravel with 
secondary lenses and interbeds of gravelly sand, sand, and muddy sand to silt and clay. Unit 8 
(Lower Mud Unit) consists mainly of sih and clay. Unit 4 (upper fines) consists of silty over-
bank deposits and fluvial sand. Units 6 and 7 are not present within the 200 West and 200 East 
Areas (Williams et al. 2000, 2002). The Ringold Formation is overlain by the Cold Creek unit in 
the 200 West Area. 

4.1.2.3 Cold Creek Unit. The Cold Creek unit includes several post-Ringold Formation and 
pre-Hanford formation units present within the central Pasco Basin (DOE-RL 2002c). The Cold 
Creek unit includes the units fonnerly referred to as the Plio-Pleistocene unit, calicbe, early 
Palouse soil, pre-Missoula gravels, and side-stream alluvial facies desaibed in previous reports. 
The Cold Creek unit bas been divided into five lithofacies: tine-grained, laminated to massive 
(fluvial-overbank and/or eolian deposits, fonnerly the early Palouse soil); fine- to coarse-grained, 
calcium-carbonate cemented (calcic paleosol, formerly the caliche); coarse-grained, multilitbic 
(mainstream alluviwn, fonnerly the pre-Missoula gravels); coarse-grained, angular, basaltic 
(colluvium); and coarse-grained, rounded, basaltic (side-stream alluvium, formerly side-stream 
alluvial facies) (DOE-RL 2002c). The Cold Creek unit beneath the 200 West Area includes the 
overbank/eolian, calcic paleosol, and side-stream alluvial facies (DOE-RL 2002c). 

4.1.2A Hanford Formation. The Hanford formation is the informal stratigraphic name used 
to describe the Pleistocene cataclysmic flood deposits within the Pasco Basin. The Hanford 
formation consists predominantly of unconsolidated sediments that range from boulder-size 
gravel to sand, silty sand, and silt. Sediment sorting ranges from poorly sorted (for gravel facies) • 
to well sorted (for fine sand and silt facies). The Hanford formation is divided into three main 
lithofacies: interbedded sand- to silt-dominated (formerly Touchet beds or slackwater facies), 
sand-dominated (formerly sand-dominated flood facies), and gravel-dominated (formerly Pasco 
gravels) that have been further subdivided into 11 textural-structmal lithofacies (DOE-RL 
2002c). The gravel--dominated facies are cross-stratified, comse-grained sands and granule- to 
boulder-sized gravel. The gravel is uncemented and matrix-poor. The sand-dominated mcies are 
well-stratified, fine- to coarse-grained sand and granule gravel. Silt in these facies is variable 
and may be interbedded with the sand. Where the silt content is low, an open-framework texture 
is common. Clastic dikes are common in the Hanford formation but rare in the Ringold 
Formation (DOE-RL 2002c). They appear as vertical to subvertical sediment-filled structures, 
especially within sand- and silt-dominated units. The Hanford formation is locally overlain by 
veneers of surficial deposits. 

4.1.2.5 Surficial Deposits. Surficial deposits include Holocene eolian sheets of sand that form 
a thin veneer over the Hanford formation across the site, except in localized areas where the 
deposits are absent Surficial deposits consist of very fine- to medium-grained sand to 
occasionally silty sand. Fill material was placed in and over various waste sites as cover and for 
contamination control. The fill consists of reworked Hanford formation sediments and/or 
surficial sand and silt 

4.1.3 Hydrogeology 

The hydrogeology of the 200-ZP-1 OU is presented in the hydrogeologic location map and cross
sections in Figures 4-3, 4-4, and 4-5 and is summarized in the following subsections. 
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4.13.1 Vadose Zone. In the 200 West Area, the vadose zone thickness ranges from about 
48 m (157 ft) in the Cold Creek Valley area to about 100 m (328 ft) in the northwest comer. 
Sediments in the vadose zone include the Ringold Fonnation, the Cold Creek unit, and the 
Hanford formation. Erosion during cataclysmic flooding removed some of the Ringold 
Formation and the Cold Creek unit north of the 200 West Area. Perched water bas historically 
been documented above the Cold Creek unit at locations in the 200 West Area. Because liquid 
waste discharges to the surface ceased in the late 1980s, most of this perched water has drained 
away and is now infrequently encountered during drilling. 

Recharge to the unconfined aquifer is from artificial and possibly natural sources. Any natural 
recharge originates from precipitation. Bstirnak:s of m:barge ftom precipitation range from O to 
10 cm/yr (0 to 4 in/yr) and are largely dependent on soil texture and the type and density of 
vegetation. Artificial recharge occurred when effluent such as cooling water and liquid wastes 
from Hanford process operations were disposed to the ground. Non-permitted soun:es of 
artificial recharge have been•hatted. Drainage from past artificial recharge that remains within 
the vadose zone is a primary driving.force for c:ontaminant migration to.groundwater. As the 
vadose zone moisture conditions return to the pre-disposal conditions, the potential for recharge 
ftom precipitation will become the primary driving force for any contaminant movement in the 
vadose mne~. · 

4.1.3.2 Groundwater. The unconfined aquifer in the 200-ZP-l OU occurs primarily within 
the Unit S gnavels of the Ringold Formation. The depth to the water table varies from about 
SO m (164 ft)bgsjust south of the OU near 216--U--10 Pond to greater than lOOm (328 ft) bgs in 
the north. Groundwater in the unconfined aquifer flows ftom areas where the water table is 
higher (i.e., west of the Hanford Site) tolower areas near the Colmnbia River (Figure 4-6). In 
general, groundwater flow through the 200 Area Plateau occurs in a predominantly eaterly 
direction, ftom the 200 West Area to the 200 East Area; ftom there it flows east to southeast to 
discharge into.the Columbia River. Groundwater in the northern 200 West Area flows 
predominantly to the east-northeast but islocally influenced by the 200-ZP-1 groundwater pump
and-treat system in the southern portion of the OU and effluent discharges to the SALOS in the 
northern portion of the OU. 

Flow in the central portion of the 200 West Area (i.e., southern portion of the 200-ZP-l OU) is 
influenced by the operation of the 200-ZP~l pump-and-treat system. This system extracts water 
fiom. the vicinity of the 216-Z Cribs and Trenches and west of the TX-TY Tank Farms, treats the 
water to remove carbon tetrachloride (and other VOCs), and then reinjects the water into the 
aquifer to the·west of the area.; A small groundwater mound is associated with the injection wells 
and a region of drawdown is associated with the extraction wells~ ca:mring flow to converge on 
the extraction zone from all directions. These flow conditions are expected to continue until the 
end of the pump-and-treat program, at which time the flow direction will resume a west-to-east 
pattern. 

Historical wutcwater discharges.greatly altered the groundwater flow regime, especially around 
216-U-10 (i.e., U Pond) and the 216-T Pond system in the 200 West Area and 216-B-3 
(i.e., B Pond) in the 200 East Area. Discharges to 216--U-10 Pond resulted in a groundwater 
mound developing in excess of 26 m (85 ft) • 

Pre-Hanford Site (circa 1942) groundwater flow direction was toward the east (Kipp and Mudd 
1974). Groundwater flow had changed toward the south in the area by the early 1950s as a result 
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of the disposal of large volumes of liquid to the 216-T Pond system (Horton 2005). In 1956, • 
groundwater flow direction changed again and started flowing towards the northeast due to the 
increasing influence of the groundwater mound under 216-U Pond and a decreasing influence of 
the mound under 216-T Pond. Discharges to 216-T Pond ended in 1976 but continued at 
216-U Pond until 1984. AB discharges to the 216-U Pond declined in the early 1980s, 
groundwater flow shifted to a more northward direction as the groundwater mound began to 
decrease and discharges to the 216-U-14 Ditch continued. All non-permitted discharges to the 
ground ceased and the influence of the 216-U Pond mound on the groundwater beneath the 
200 West Area diminished until 1995. Since the elimination of artificial recharge to 
groundwater at the Hanford Site in 1995, the water table elevation has been steadily declining. 
From March 2003 to March 2004, the water table elevation in the 200 West Area declined by an 
average of 0.21 m (0.69 ft) (PNNL 200Sa). The flow direction changed again in about 1996 and 
began to return toward an eastward direction where it is expected to stabilize (Horton 2005). 

Discharges to B Pond in the 200 East Area created a hydraulic banier to groundwater flow 
coming from the 200 West Area, deflecting it either northward through the northem 200 Areas 
and through Gable Gap, between Gable Mountain and Gable Butte, or to the south of B Pond. 
As the hydraulic effects of these discharge sites diminish, groundwater flow is expected to 
acquire a more easterly course through the 200 Areas, with some flow possibly continuing 
through Gable Gap (BHI 1997b). 

Average linear groundwater flow velocities are calculated and reported annually for RCRA 
facilities within the 200-ZP-l OU area (PNNL 2005a). Calculated hydraulic gradients between 
monitoring wells are generally in the range of 0.001 to 0.002. These low gradients produce • 
estimated low groundwater flow rates that range from 0.0001 to 0.2 m/day (0.00033 to 
0.656 ft/day) at LLWMA-3 in the northern portion of the OU; 0.017 to 0.28 m/day (0.0558 to 
0.919 ft/day) at WMA-T, also in the northern portion of the OU; generally less than 0.1 and up to 
2.46 m/day (0.1831 to 8.07 ft/day) at WMA-TXITY in the central portion of the OU; and from 
0.02 to 0.5 m/day (0.0656 to 1.64 ft/day) at LLWMA-4 in the southem portion of the OU. 

The unconfined aquifer is separated from the lower oonfined Ringold Formation aquifer (Unit 9) 
by the Ringold Lower Mud Unit (Unit 8). The Ringold Lower Mud Unit is present throughout 
most of the 200 West Area, except along the northern edge where it pinches out or has been 
eroded. Limited information is available for the confined Ringold aquifer and deeper confined 
zones within the basalts. Although regionally flow is from west to east, there are few wells 
completed in the confined Ringold aquifer to support analysis of flow directions in that unit 
beneath the 200 West Area (Williams et al. 2002). 

4.2 CONTAMINANTS OF CONCERN EVALUATION 

Section 1.4.1 descnbes the logic for evaluation of the eight major plumes for the Group A 
analytes (i.e., chromiwn, cmbon tetrachloride, iodine-129, nittate, technetium-99, TCE, 1ritiwn, 
and radioactive/total uranium) and the Group B analytes identified in Table 1-5. The purpose of 
the evaluation is to assess the COCs needing risk assessment in the FS. No groundwater plumes 
are currently mapped for Group B COCs because they have either not been detected in the past 
or were detected only in low concentrations. The following subsections discuss the data • 
preparation and the results of the evaluation. 
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• 4.2.l Data: Consolidation 

• 

• 

.:. :· /· ... =;t 
Oro1D1dwater monitoring of wdls that are now in the 200-ZP-l OU was conducted at least as far 
back: as the year 1955. The analytical data for these samples and their associated field quality 
control (QC) samples are maintained in the HEIS.database. Data were initially consolidated 
from the wells listed in Table l-2, which includes the wens listed in Table A3-2 of the 200-ZP-1 
RJ/FS work plan (DOE-RL 2004c) and data from wells that were documented as being part of 
the plumes. 

Methods used to analyze mwr ftom very early groundwater monitoring :results (1955 through 
1987) were not well.documented and-detection/reporting limits were also not well documented. 
Since 1988,· the groundwater program has consolidated data in annual groundwater reports. 
From 1988 through 1995, two reports were generated each year to summarize the data. From 
1996 to the present, ·one report per year summarizes the groundwater data and the QC evaluation. 
The most recent ofthese reports is Hanford Site GroundwaterMonitoringfor Fi8cal Year 2005 
(PNNL 2006). These reports are referred toas "annual groundwater reports." Based on 
improved documentation of the analytical methods and QC since 1988, data from 1988 to the 
present were used to-support the assessment of the ~ZP-1-OU groundwater plumes: 

• Data listed below were not included in the logic used for selection of the COCs ·that drive 
risk. These were not included because there were concerns related to the quantitation and 
reporting limits. 

• Data rejected by either the validator/reviewer or the laboratory • 

• Data from samples collected prior to January 1, 1988. 

• Data reported with a "null" were removed ·because they contained no results. 

• Nonradioactive constituent data reported as "7.ero" are without reporting limit or 
detection limit. 

Laboratory results·were used in the COC evaluation. Field screening data were not used in the 
risk evaluation. The.depth-discrete data augment the COC risk evaluation with respect to the 
location in the aquifer; however, the depth-discrete data were not used in the risk evaluation. 
Note that cmbontetrachloride and technctimn-99 remained as COCs fur future risk even without 
the use of the depth-discrete data. 

Nondetect data for nomadioactive constituents me required to be reported with the reporting 
limits; therefore, analytical iesults reported as "'rao., were reported incorrectly. There were 
227 nonradioactive analyses with a value reported of "i=o." This conesponds to a rate of 
0.11%. These a.zero" results were excluded from the calculations until such time as data may be 
obtained that reflect the real detection limits. Results &om tadiochemical analyses reported as 
"zero" were not excluded because there is a real potential for radilldiemical analyses to be 
"zero" baseclon the counting error. A list of these results is on file with the project. 

Data for many analytes were reported under various names or synonyms. Queries were initiated 
to produce a single set of nomenclature based on the Chemical Abstract Services (CAS) 
numbers. Units were made consistent for a given analyte and nitrate-containing arudyses were 
normaliz.ed to "as nitrogen" results . 
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Appendix E includes an electronic copy of all of the data. Appendix F includes the data set used • 
after the data screening was completed (as descn"bed in the previous paragraphs). There are 
thousands of data points; thus, printing the files is not feasible. All data for each analyte and 
each well from 195S to the present are included as electronic copies of trend plots in 
Appendix 0. Trend plots show the date on the X-axis and the concentration on the Y-axis. Note 
that the trend plots include data from 195S to the present. When reviewing the trend plots, it is 
important to note that only data :fi:om 1988 to the present were evaluated using the COC logic. 

Before the data were evaluated, original samples were tied to duplicates or splits. In many cases, 
the HEIS data already connected samples; however, in other cases, samples were matched by 
comparing the sampling dates and requested analyses. An HfD" was placed in the database to 
signify "field duplicate" and to ensure a connection between the real sample and the duplicate. 
Appendix H presents the data quality assessment (DQA). The DQA focused on the field QC 
samples, and the annual groundwater reports consider both the laboratory and field QC. The 
DQA evaluated field duplicates, equipment blanks, trip blanks, and field transfer blanks. The 
DQA summarizes the data that are useable for the intended purpose, as well as limitations on the 
data. Additional detailed laboratory QC reviews are presented in the appendices of the annual 
groundwater reports and include assessment of method blanks, matrix spikes, and other batch
specific laboratory QC. 

The original PRO in the 200-ZP-1 RI/FS work plan (DOE-RL 2004c) for total uranium was not 
based on the radioactive uranium. Data for uranium were mixed, some reported in "µg/L" and 
some in "pCi/L." In order to assess both radioactive and total results, the following approach 
was used to compare results agg/Lainst the PRO: for the radioactive uranium, EPA has promulgated . • 
a drinking water MCL of 30 J1 for total uranium (40 CFR 141.66). Based on the isotopic 
distribution of uranium on the Hanford Site, the 30 µg/L corresponds to 21.2 pCi/L. The value 
was rounded down for the PRO. Mass concentration to activity calculations are documented in 
Calculation o/Total Uranium Activity Co"esponding to a Maximum Concentration Level/or 
Uranium of 30 Micrograms per liter in Groundwater (BHI 2001a). 

Appendix I presents summmy data from each query used in the COC evaluation logic, and 
Appendix J presents electronic copies of the detailed sample data from each query for the COC 
evaluation. Appendix K presents a summary of minimum and maximum detections and 
nondetects. 

4.2.2 Results of Evaluation of Group A Analytes 

The wells under the Group A heading in Table 1-2 are those assessed using the logic in 
Figure 1-3. For each oftbe eight major analytes, at least one sample result exceeded two times 
the PRO; therefore, no further analyses were required for the COCs. In other words, since the 
answer to question A-1 in Figure 1-3 is ~es" for all eight analytes, no subsequent questions 
apply. All of these COCs are recommended for evaluation in the baseline risk_ assessment For 
informational purposes, Table 4-4 presents a list for each of the eight analytes, the number of 
wells and number of samples greater than two times the PRO, and the PRO from Table 1-5. The 
selected limit in Table 1-S is the PRO or action limit The source column in Table 1-S provides 
the basis of the PRO, as previously detailed in the 200-ZP-1 RI/FS work plan (DOE-RL 2004c). 
The detailed tables supporting Table 4-4 are provided in Appendices I and J. Appendices I and J • 
do not contain data from "A-1, no" because all analytes are recommended for baseline risk 
assessment in the FS. 
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• 4.2.3 Results of Evaluadon of Group B An.alytes 

• 

• 

The Group B COCs incl"tidetbose ~ in Section S.1.3 of the 200-ZP-1 RI/FS work plan 
(DOE-RL 2004c) and listed in Table 1-S that were also detected m the wells listed in Table 1-2. 
All of the wells listed in Table 1-2 were used for this evaluation. The steps used in the 
evaluation are discussed in Section 1.4.1.2, and the outcome of the evaluation is presented here 
step-by-step. The question nunibezs from Figure 1-4 are shown below in brackets: 

1. The following-analytes were not detected. These analytes are removed :from further 
consideration in the risk assessment (B-0, yes]: 

• Chlorobenzene 
• n-butylbenzene · 
• Nitrogenm ammonia 
• Protactinium-231 
• Seleniuzn;;79 
• Total petroleum hydrocarbons- kerosene range 
• T9tal phenols. -

The analytes that were detected [B-0, no] were carried to the next question for evaluation. 

2. The following analytes are detected, but no n:sult exceeds the PRO. These analytes are 
remoyed 1tom :further consideration [B-1, yes]: 

• 2-butanone 
• Acetone 
• Carbon disulfide 
• Carbon-14 .. 
• Cesium-137 
• Bthylbenzene 
• Lithium 
• Magnesium 
• Mercury 

... . 

• ·Neptunimn-237 
• Nitrogen in ammonium 
• Nitrogen in nitrite ·anc1 nitrate (Note that one laboratory analytical method is used to 

analym nitrite and ni1rate together; thus, these results cannot be separated. However, 
the combined total result in DO case exceeded the PRO fur nitrogen in nitrite 
[1,000 f,IL], which is thelower of the two.) 

• Phosphate 
• Strontium--90 
• Toluene 
• Total cresols 
• Xylenes (total) . 

The analytes that were detected [B-1, no] were carried to the next question fur evaluation. 
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3. The remaining list was evaluated for common laboratory contaminants [B-2, yes]. The • 
only common laboratory contaminant detected is methylene chloride. Of the 
1,643 methylene chloride measurements, 30% were detects. The field, trip, equipment, 
and transfer blanks for methylene chloride were evaluated in the DQA (Appendix H). 
One of the four detects in the field blanks was below the PRG and the other three were at 
or above the PRG. Given the large number of detects that are well above the PRG, the 
analyte is carried forward. Other analytes discussed in the field blank evaluations were 
either from Group A or were all nondetects or were not common laboratory 
contaminants. 

The only way to evaluate the method blanks for this extensive list of measurements is to 
obtain the raw data packages, which is not feasible for this many results. Thus, the 
analysis logic as applied to method blanks could not be used. Several observations are 
presented: 

• A significant number of detections oCCUlTed. 

• Results ranged from nondetects to 4,100 µg/L. 

• Under aerobic conditions, methylene chloride is a degradation product of carbon 
tetrachloride, which is a Group A analyte that will be evaluated in the baseline risk 
assessment. 

Based on the above, it is recommended that the FS include additional evaluation of 
laboratory contaminants and degradation byproducts. The initial recommendation is to • 
map the carbon tetrachloride degradation products in wells with high carbon tetrachloride 
levels. These degradation products include chloroform, chloromethane, and t'Pethylene 
chloride. Further evaluation will allow a determination as to whether the methylene 
chloride is a degradation product or laboratory artifact and whether it will be included in 
the baseline risk assessment. 

Analytes that are not common laboratory contaminants and have any detect above the 
PRO were carried forward for additional evaluation [B~2, no]. 

4. The analytes that are not common laboratory solvents, but were detected above the PRGs 
at a frequency ofless than I 00/o, were evaluated statistically, as discussed in 
Section 1.4.1.2 [B-3, no]. Data from wells sampled from 1988 to 2005 for analytes 
falling into the "question B-3, no" logic category were analyzed and are summarized 
below. Table 4-5 presents summary statistics for the 18 analytes. Sample sizes and 
number of detects are presented first, followed by the detection frequency, minimum 
nondetect, maximum nondetect, minimum detect, median, mean, maximum ~ and 
standard deviation. 

Table 4-6 presents other statistics, including the Shapiro Wilk p-,value, "bootstrapped" UCL, 
PRG, and a comparison between the bootstrapped UCL and the PRO. The Shapiro Wille p-value 
is used to evaluate the distributional form of the data. Because all of the Shapiro Wilk p-values 
are small, the normality assumption is rejected for all analytes. The nonparametric bootstrapped 
UCL is calculated and compared to the PRO (Davidson and Hinkley 1997, EPA 2002a). 

Bootstrapping is a resampling technique that provides a nonparametric approach t.o calculating • 
UCLs when strong distributional assumptions cannot be made about the data set of interest In 
these instances, bootstrapping allows for UCLs on the mean t.o be calculated by using the data 
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itself to find the UCL. The 95% bootstrapped UCL for the ni~ is calculated by resampling the 
data 1,000 times and computing the mean for each of those 1,000 resamples. A resample 
consists of a random sample of the same size and taken with replacement from the ori.gina1 data 
set. The value of the UCL is then the 95111 percentile of the distribution of the resampled means 
(Davidson and Hinkley 1997, EPA 2002a). 

For statistical calculations, including the median, mean, standard deviation, Shapiro Wille 
p-value, and bootstrapped UCL, the detection limit is used for values reported as nondetects. 
This approach produces conservative values for each of the statistical calculations performed and 
is consistent with that discussed iµ Section 1.4.1.2, step Sd. 

Comparisons between the bootstrapped UCL and PRO show three (antimony, 
1,2-dichloroethane, and tetrachloroethylene) of the 95% UCLs are larger than their respective 
PRGs. &,ed on this information, these three analytes will be recommended for :further 
evaluation in the baseline risk assessment for human health. 

Table 4-7 lists the analytes that are not common laboratory solvents and are detected above the 
PRGs at a frequency of more than 100/4, along \Vith the sample sizes, number of detects, the 
detection frequency) minimum nondetect, maximmn nondetect, minimum detect, median, mean, 
maximmn detect, and standard deviation [B-3, yes]. The following concerns must be noted: 

• Under aerobic conditions, chloroform is also a degradation product of camon 
tetrachloride, which is a Group A analyte that will be evaluated in the baseline risk 
assessment. 

• Based on the above, it is recommended that additional eval-qation be performed in the FS. 
The initial recommendation is to map the carbon tetrachloride degradation products in 
wells with high carbon tetrachloride levels. These degradation products include 
chloroform, chlommethane, and methylene chloride. 

• The use ofhexavalent chromium is well documented at Hanford, and PRGs for 
hexavalent chromium are much lower than the PRO for total chromium (i.e., see Cl.ARC 
numbers used as PRGs in Table 1-S). 

Additional statistical assessments were conducted on the Group B analytes, excluding the 
common laboratory cmmm:,inants, to better assess the distribution. This additional evaluation is 
beyond that agreed upon by RL and EPA, and is documented in an attachment to the 
October 2005 200 Area Unit Managers' Meeting minutes (FH 200Sa); thus, it is not in 
Figure 1-4 for the Group B contaminants. 

The same statistical approach that was used f'?l' the "B-3, no" analytes was also used on those 
that exceeded the PRO more than 100/4 of the time .. Table 4-8 presents other statistics, including 
the Shapiro Wille p-value, bootsb.apped UCL, PRO, and a comparison between the bootstrapped 
UCL and the PRO. Because all of the Shapiro Wille p-values are small, the normality 
assumption is rejected for all analytes. Therefore, the nonparametric bootstrapped UCL is 
calculated and compared to the PRO. For statistical calculations, including the median, mean, 
standard deviation, Shapiro Will:: p-value, and bootstrapped UCL, the detection limit is used for 
values reported as nondetects. This approach produces conservative values for each of the 
statistical calculations performed. Comparisons between the bootstrapped UCL and PRO show 
three of the 95% UCLs (hexavalent chromium, iron, and chloroform) are larger than their 
respective PRGs. 
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4.3 OPERABLE UNIT CONTAMINATION 

The groundwater COCs descnbed below and listed in Table 1-5 are defined in the 200-ZP-1 
RI/FS worlc. plan (DOE-RL 2004c). The COCs consist of the eight Group A analytes discussed 
in Sections 1.4.1 and 4.2 (i.e., chromium, carbon tetrachloride, iodine-129, nitrate, 
technetium-99, TCE, tritium, and total and radioactive uranium), and the Group B analytes 
discussed in Sections 1.4.1 and 4.2 that exceed PRGs and are not common laboratory 
contaminants. Potential waste source locations and quantities for the Group A COCs are 
summarized in Table 1-9. Appendix O includes time-series trend plots of the Group A and 
Group B COCs that are evaluated in groundwater samples ftom 200-ZP-1 wells. Trend plots are 
included in Figures 4-7 through 4-35 for specific COCs and are referenced in Sections 4.3.1 to 
4.3.10. The initial year in the trend plots varies for each COC, depending on when specific wells 
were sampled for specific constituents. Furthermore, data ftom earlier than 1988 is not shown 
on the trend plots because it is not evaluated, as explained in Section 4.2. The well locations are 
shown on the plate map in Appendix A and on the 200 West Area map in Figure 4-36. 

4.3.1 Carbon Tetrachloride 

Carbon tetrachloride co11tamioation is found in the groundwater under most of the 200 West 
Area at concentrations greater than the DWS (5 µg/L). The main sources for carbon 
tetrachloride are the 216-Z Cribs and Trenches that received waste from PFP. Table 1-9 and 
Figure 3-1 highlight other posstl>le carbon tetrachloride sources. As explained in Section 1.4.1, 
the plate map in Appendix A illustrates an estimated lateral extent of carbon tetrachloride at 

• 

concentrations of S µg/L and 2,000 µg/L in the shallow portion of the unconfined aquifer. The • 
isopleths in Appendix A represent carbon tetrachloride concentrations in the upper portion of the 
aquifer and are based on average annual concentrations. The bulleted items below include 
ongoing efforts to more completely define the lateral and vertical extent of the carbon 
tetrachloride plume, especially in the eastern portion of the plume near the Old Laundry Facility. 

The three carbon tetrachloride plate maps presented in Appendix C are based on depth-discrete 
analytical data for the shallow (water table to 18.3 m [60 ft] below the water table), middle 
(18.3 m [60 ft] to 36.6 m [120 ft] below the water table), and deep (36.6 m [120 ft] below the 
water table to the aquifer base) portions of the unconfined aquifer underlying the 200-ZP-1 OU. 
The isopleths shown in Appendix C represent the estimated plume boundaries for the maximum 
carbon tetrachloride concentrations that were detected in depth-discrete data for each of the three 
selected depth intervals. The specific wells and maximum concentrations that were used to plot 
the isopleths are shown on each map. The maximum carbon tetrachloride concentration from the 
specified depth interval is noted next to each well Toe inset vertical illustrations on the plate 
maps in Appendix C are also based on depth-discrete cmbon tetrachloride analytical data. 

Investigations of carbon tetrachloride in the vadose zone in LL WMA-4 are ongoing to evaluate 
its potential impact on groundwater. The highest carbon tetrachloride concentrations in 
groundwater are found near PFP and ranged up to 5,300 µg/L in individual FYOS samples. The 
highest FY05 average carbon tetrachloride concentrations of approximately 4,200 µg/L were 
found in extraction well 299-W15-34 (Figure 4-7) and monitoring well 299-WlS-l (Figure 4-8) . 

• 
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The carbon tetrachloride plmne at th~ top of the unconfined aquifer includes the following 
significant features: 

• Remediation is reducing the area where carbon tetrachloride concentrations exceed 
4,000 µg/L near the 216-Z Cnbs and Trenches. 

• Camon tetrachloride concentrations greater than 1,000 µg/L occur in the northern region 
ofthe200-ZP-l OU. Well 299-Wll-10 (Figure4-9), near the eastern boundary of the 
200 West Area, consistently contains high carbon tetrachloride concentrations. The 
extent of the elevated cmbon tetrachloride concentration is unknown because there are no 
wells for approximately 2 km (1.2 mi) in a downgradient direction. Well 299-Wl3-l 
(Figure 4-10) is also near the eastern boundary of the 200 West Area (near the Old 
Laundry Facility) and shows carbon tetrachloride concentrations exceeding 2,000 µg/L. 
The extent of the carbon tetrachloride isopleth for the EPA's DWS (S µg/L) is now 
known to be significantly east of the Old Laundry Facility. Field activities are in 
progress to better define the carlxm tetrachloride plume near the Old Laundry Facility 
and T tank farm. The data acquisition plans are described in the Sampling and Analysis 
Planfor Characterizing Groundwater in 200 West Area In· Vicinity of Old Laundry 
Facility and T Plant (DOE-RL 2006c), which was approved by the BP A 

• Carbon tetrachloride concentrations increased during the past several years in wells near 
., the tank farms in WMA-8/SX, a n:gulated mcility in the 200-UP-1 OU. Concentrations 
appear to have leveled-off or declined in this area, but additional time is needed to 
confirm the trends. Camon tetrachloride concentrations continue to increase in wells on 
the east side ofWMA-8/SX, indicating that the plume is moving downgradient 

• Carbon tetrachloride concentrationsin some locations are higher at depth than at the top 
of the unconfined aquifer. Carbon tetrachloride may have moved deeper in the aquifer as 
DNAPL or under hydrodynamic gradients when dissolved. These issues are part of 
several of the ongoing investigations discussed in Section 3.1.1 and are further descn'bed 
in Section 4.4. 

Information on the vertical distribution of carbon tetrachloride in wells with long-screened 
intervals has been n:ported in various .documents (e.g., PNNL 1998, 1999, 2002; Bill 1996, 
1997c, 1999b). These reports document areas where the maximum carbon tetrachloride 
concentration is lower at the water table than found at depth. Depth-discrete data are included on 
the three plate maps in Appendix C for carbon tetrachloride and its degradation compounds 
(i.e., chloroform, methylene chloride, and chloromethane) from the six referenced docmnents. 

C8Ibon tetrachloride remediation was the subject of the 200.ZP-l interim ROD (BP A et al. 
1995). 1he ROD targeted remediation efforts on the portion of the cmbon tetrachloride 
groundwater plume near the 216-Z Cnl>s and Trenches at PPP where carbon tetrachloride 
concentrations exceed 2,000 µg!L. The 200-ZP-l pump-and-treat system was installed to 
remediate the carbon tetrachloride groundwater "hot spot." A portion of the high-concentration 
carbon tetrachloride plume extended north to WMA-TXII'Y; however, it was beyond the capture 
7.0D.e of the 200-ZP-I .Phase m pump-and-treat system. The previously unaffected area of the 
plume is remediated by converting four monitoring wells to extraction wells: 299-Wl 5-40, 
299-WIS-43, 299-WIS-44, and 299-WIS-765 (Figures 4-11 through4-14). The four new 
extraction wells started pumping operations on July 27, 2005, as described in Section 3.3. 
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4.3.2 Trichloroethylene • 

TCE is detected in the 200-ZP-1 OU at levels above EPA's 5 µg/L DWS. The TCE 

concentrations are significantly lower and the TCE lateral extent is generally less than for carbon 

tetrachloride. The main TCE plume extends north and northeast from the 216-Z Cribs and 

Trenches. The maximum TCE concentration detected during FY05 routine monitoring was 

36 µg/L in new well 299-WlS-50 (Figure 4-15 and plate map in Appendix A), north of the 

216-Z-9 Trench, at a screened depth interval of approximately 7.6 to 18.3 m (24.9 to 60 ft) below 

the water table. The maximum TCE concentration during FY04 was 15 µg/L in well 
299-W15-44, south ofWMA-TXffY. The TCE concentration in well 299-WlS-44 (Figure 4-16 

and Appendix A plate map) increased to 16 µg/L in August 2005. As stated in the discussion of 

carbon tetrachloride contamination, TCE in well 299-Wl 3-1 (Figure 4-17 and Appendix A plate 

map) reached a maximum concentration near the typical depth for the top of the Ringold Lower 

Mud Unit (bottom of the unconfined aquifer). Depth-discrete TCE concentrations for the RYFS 

wells are included in the tables and vertical plots in Appendix L. Appendix M provides depth.-

discrete TCE data for other 200-ZP-l wells. Well locations are shown on the 200 West Area 

map in Figure 4-36. 

4.3.3 Nitrate 

The nitrate contamination in groundwater is more widespread than tritium, iodine-129, or 

technetium-99. Nitrate continued to be present in groundwater beneath much of the 200-ZP-1 

OU at concentrations in excess of the DWS ( 45 mg/L). The maximwn concentration in this 

vicinity during FYOS was 3,540 mg/L in well 299-Wl 0-4 (Figure 4-18 and Appendix A plate • 

map), near the 216-T-36 Crib, south ofWMA-T. The nitrate concentration increased rapidly in 
well 299-Wl 0-4 during FY04 but was stabilizing in FY05. Well locations are shown on the 

200 West Area map in Figure 4-36. There are likely multiple sources of nitrate in this area, 

including the 216-Z Crib and various trench disposal facilities. 

Well 299-W18-16, which is an RI/FS well, was drilled east of the 216-Z-lA Crib during the first 

quarter of FY05. The average nitrate concentration was 819 mg/Lin well 299-Wl 8-16 in 

groundwater samples that were collected after well completion. Sharply increasing nitrate 

concentration in well 699-48-71 (Figure 4-19 and Appendix A plate map) indicates that the 

nitrate plume is migrating northeast from the 200 West Area. The average nitrate concentration 

in well 699-48-71 was 210 mg/Lin FY05. 

Elevated nitrate concentrations in the western portion of the Hanford Site are considered the 

result of offsite agricultural activities, primarily because the concentrations are persistent and 

present far upgradient of the waste disposal areas. Furthermore, the nitrate in the western portion 

of the Hanford Site is not associated with significant concentrations of other typical Hanford 

contaminants ( e.g., tritium). The nitrate concentration was 49 mg/L during FY03 in well 

699-36-93, located in the western portion of the Hanford Site. Most upgradient wells in the 

western portion of the Hanford Site were not scheduled for sampling during FYOS. 

4.3.4 Chromium 

Chromium contamination is found in filtered samples in the immediate vicinity of WMA-T and 

WMA-TX/fY at levels above EPA's DWS (100 µg/L). The plume in the vicinity ofWMA-T • 

has changed little in size over the past decade, although the downgradient extent of the 
chromium plume is uncertain due to the lower density of monitoring wells. The highest levels of 
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chromium are found in well 299-Wl0-4 (Figure 4-20 and Appendix A plate map), located west 
(i.e., upgradient) and south ofWMA-T. 'Ihe maximmn and average cbromimn concentrations in 
well 299-W104 were 722 µg/L and 666 µg/L, respectively, during FY0S. The chromium 
concentration in well 299-WI 0-4 continued to decline after peaking in October 2004. 

Chromimn concentrations are also elevated east of WMA-TXITY in well 299-W14-13 
(Figure 4-21 and Appendix A plate map). The concentrations detected in filtered samples ftom 
this well in FYOS rose from 653 µg/L in October to 769 µg/L in August. The chromium 
contarniuatinn is associated with elevated nitrate, tritium, technetimn-99, and iodine-129. Well 
locations are shown on the 200 West Area map in Figure 4-36. 

4.3.5 Technetlum.-99 

Technethun-99 within the 200-ZP-1 OU is found at levels above EPA's DWS of900 pCi/L only 
on the east (i.e., downgradient) side ofWMA-T and the east and south (i.e., downgradient) sides 
ofWMA-TXIIY. Evidence points to multiple sources of tecbnetimn-99 within those areas. 

The technetium-99 activity levels continued to increase during FY0S in wells on the eastern side 
(i.e., downgradient) of the tan1c·fmm near WMA-T. Well 299-Wll-39 (Figure 4-22 and 
Appendix A plate map), near the northeastern comet of the WMA, had the highest activity level 
at the water table in the area with values ranging tiom 12,000 to 27,400 pCi/L. Tecbnetium-99 
activity levels in FY0S reached 182,000 pCi/L in well 299-Wl 1-25B, which was drilled to 51 m 
(167.3 ft) below the water table . 

Technetium-99 coneentrations eastofWMA-TXIIY in well 299-W14-13 (Figure 4-23 and 
Appendix A plate map) decreased slightly during the first three quarters ofFY05 but increased 
during the last quarter. The average concentration in well 299-Wl 4-13 decreased from 
8,520 pCi/L in FY04.to 7,090.pCi/L in FYOS. This contaminatiou is associated with elevated 
levels of chromium, nitrate, tritium, and iodino-129 •. Well locations are shown on the plate map 
in Appendix A and on the 200 West Area map in Figure 4-36. 

Section 4.4.2 .of this RI report presents detailed discussion of the presence of maximum 
concentrations oftechnetium•99 at depths of 10 m (approximately 30 ft) below the water table. 
The DQO process is being used to establish a sampling design to assess the vertical and lateral 
extent of the t.ecbnetium-99 containination in the aquifer. Klein (2005) indicated that the DQO 
process should be used to establish a SAP to assess t1te·technetium-99. The sampling and 
analysis design is currently under review. Data are not likely to be available until the FS is 
underway. Any data that are available dming the wting of the FS will be attached as an 
appendix. 

4.3.6 UranlllDl 

Few analyses were performed for uranium on groundwater samples from the 200-ZP-1 OU 
during FYOS because most wells showed insignificant levels in previous monitoring. Some 
wells monitored near the SST farms and the LIBG are sampled for gross alpha measurements, 
which would show an increase if uranium contmnirumon appeared. Uranium was detected above 
the EP A's DWS of 30 Jlg/L in well 299-Wl 1--14 (Figure 4-24 and Appendix A plate map) until it 
went dry after the FY04 sampling event The uranium concentration in well 299-WI 1-37 
(Figure 4-25 and Appendix A plate map), located approximately 200 m (656 ft) northeast of well 
299-Wll-14 in the northeastemportion of the 200 West Area, was 183 µg/L in FY05. 
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Uranium declined below the EPA's DWS in well 299-Wl8-21 (Figure 4-26 and Appendix A • 
plate map), near the southwestern oomer (i.e., upgradient) ofLLWMA-4. The concentration in 
well 299-W18-21 ranged from 25.7 to 27.3 µg/L in FY0S. Well locations are shown on the 
200 West Area map in Figure 4-36. 

4.3. 7 Iodine-119 

An iodine-129 plume is found in the 200-ZP-1 OU, emanating from the vicinity of 
WMA-TXffY and extending to the northeast. The EPA's DWS for iodine-129 is 1 pCi/L. The 
highest iodine-129 activity level detected in FY0S during routine groundwater monitoring was 
26.1 pCi/L in well 299-W14-13 (Figure 4-27 and Appendix A plate map), where the FY05 
average activity level was 18 pCi/L. lodine-129 was also detected in well 299-W14-15 
(Figure 4-28 and Appendix A plate map) at an activity level of 2.04 pCi/L in May 2005. 

Well 299-Wl4-11 was drilled to 36 m (118 ft) below the water table in April 2005, 
approximately 4 m (13 ft) from well 299-W3-13, along the downgradient side ofWMA-TX/rY. 
Groundwater samples were collected at 1.5-m (4.9-ft) intervals during drilling and analyzed for 
iodine-129, technetium-99, hexavalent chromium, tritium, and anions. The highest iodine-129 
activity level measmed on the Hanford Site during FY0S was 72 pCi/L in a depth-discrete 
groundwater sample that was collected in well 299-W14-l 1 at a depth of 0.7 m (2.3 ft) below the 
water table. lodine-129 was undetectable in depth-discrete groundwater samples deeper than 
25 m (82 ft) below the water table. No iodine-129 was detected in the August 2005 quarterly 
sample from well 299-W14-11. 

Figure 4-36 shows well locations on the 200 West Area map. The extent of the iodine-129 • 
groundwater plume is difficult to determine because the laboratory detection limits are 
sometimes equal to or higher than the EPA's DWS. The iodine-129 plume is approaching the 
northeast boundary of the 200 West Area and might extend beyond it (PNNL 2006). 

4.3.8 Tritium 

Tritium contamination at levels greater than the EPA's DWS of 20,000 pCi/L is re.micted in the 
200-2P-1 OU to a plume extending northeast from waste disposal facilities in the-vicinity of 
WMA-T and WMA-TX/fY. There are multiple potential sources of tritium in this vicinity. In 
addition, tritium from the permitted discharge at the SALDS is found in groundwater. 

The highest tritium activity levels in wells screened at the water table are found in well 
299-W14-13 (Figure 4-29 and Appendix A plate map), east ofWMA-TXlrY, where the 
FY0S activity level.ranged from 1.17 million pCi/L to 1.98 million pCi/L and averaged 
1.54 million pCi/L. Tritium reached a maximum of 2.94 million pCi/L in well 299-Wl 4-13 
dming FYOO. Well 299-W14-13 replaced well 299-Wl 4-12. The trend plots for the two wells 
(Figures 4-29 and 4-30) indicate that the high cont.amination levels at this location arrived in 
approximately 1999. High levels of chromium, nitrate, tecbnetium-99, and iodine-129 are 
associated with the tritium contamination. 

Tritium activity levels exceeded the EPA's DWS in three other wells during FY0S. The average 
FY0S tritium activity level was 33,000 pCi/L in well 299-W14-15 (Figure 4-31 and Appendix A 
plate map), 49,000 pCi/L in well 299-Wl 1-12 (Figure 4-32), and 55,000 pCi/L in well • 
299-Wl 1-14 (Figure 4-33). Well 299-Wl 1-12 is located southeast ofWMA-T. Although 
WMA-T is not considered as a major source for tritium in well 299-Wl 1-12, the tritium might be 
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the result of changing groundwater tlow directions. Well locatim.u; are shown on the plate map 
in Appendix A and the 200 West Area map in Figure 4-36. ' .. :..·· 

4.3.9 Chloroform 

Groundwater samples that were collected in FY05 during routine sampling of200-ZP--l wells 
contain chloroform concentrations that are below the EPA's DWS of 80 µg/L (the standard is 
defined for total trihatomethane). Numerous depth.discrete samples colte.cted during drilling 
operations contained chloroform. concentrations above the DWS. The highest chloroform 
concentration of l,100 µg/L was detected in a depth-discrete sample from well 299-WlS-46, 
located near the 216--Z.9 Trench. A depth-discrete sample from well 299-W13--1 in FY04 also 
was above the chloroform. DWS. Chloroform. in well 299--W13--l reached a maximum of 
83 µg/L near the. typical depth ~f the top of the Ringold.Lower Mud Unit (i.e., bottom of the 
unconfined aquifer). Well locations are shown on the plate map in Appmdix A and the 
200 West Area map in Figure 4-36. 

The 200..ZP4 RI/FS workplan (DOB--Ri 2004c) designates a preliminary target action level of 
7.17 µg/L based on c;leanup levels and risk calculations under the Model Taxies" Control Act 
(MTCA) (WAC 173•340) cleanup regulations. Possible chloroform sources include 
biodegradation of-carbon tetrachloride. 

4.3.10 Fluoride 

Fluoride contamination is seen in a restricted area around WMA-T at levels greater than the 
EPA's primaryDWS (4 rng/L). The average fluoride concentrations in two wells north of 
WMA--T (299-Wl0-8 and 299.;WJ 0-23 [Figures 4-34 and 4-35, respectively]) exceed the EPA 
limit Individual results also were above the EPA's DWS well 2~W10-4, where the fluoride 
concentration reached 10.1 mg.IL in FY0S. Well locations are shown on the plate map in 
Appendix .A and the ·200 West Area map in Figure 4-36. 

4.4 THREE-DIMENSIONAL DISTRIBUTION OF CONTAMINANTS 
OF.CONCERN IN GROUNDWATER 

Data are being acquired to enhance the evaluation of the vm1ical extent of COCs in the saturated 
zone of the 200.ZP-l OU. The 200-ZP-1 RI/PS wodr: plan (DOE-RL 2004c) identified eight 
monitoring~ in Table A3-2 that were recently drilled to obtain depth-discrete data for COC 
concentrations and aquifer properties~ Eight:ofthe 200-ZP-1 RI/PS work plan wells and 11 other 
wells comprise the RI/FS wells. Depth-discrete groundwater data ftom the 19 RJ/FS wells were 
collect.eel while the wells were drilled.· Other depth-discrete groundwater data were obtained 
:&om existing wells by VET. Section 4.4.1 descn1Jes the field screening and laboratory data for 
carbon tetrachloride and three ofits degradation compounds (i.e., dllomform, methylene 
chloride, and chlorometbane). ' Section 4.4.2 describes the depth-discrete groundwater data for 
tecbnetilDJl-99. Additional depth-discrete groundwater data and evaluations of the data are 
expected in catendar year 2006; 

4.4.1 Carbon Tetraclalorfde and Associated Degradation Compounds 

The three-dimensional distribution of COCs in groundwater within the·1mconfined aquifer is 
based on the analysis of depth-discrete groundwater samples collected dwing the drilling of new 
wells in the 200-ZP-1 and 200-UP-1 OUs (see Section 2.2). To illustrate the three-dimensional 
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distribution of carbon tetrachloride in groundwater, the three plate maps in Appendix C show • 
vertical plots of the depth-discrete results for carbon tetrachloride and its potential degradation 
compounds (i.e., chloroform, methylene chloride, and chloromethane), as well as selected 
concentration contours for the carbon tetrachloride plmne. 

The data shown on the three plate maps in Appendix C include both field screening and 
laboratory analyses of depth-discrete groundwater samples collected during the drilling of wells 
from 1998 to 2005. The isopleths on the three plate maps are based on depth-discrete samples 
collected from 2002 through 2005. The data also include depth-discrete groundwater sampling 
results collected from 20 existing wells between November 2004 and January 2006 by VET as 
part of their carbon tetrachloride DNAPL investigation project (see Section 3.1.I). A straddle
packer system was used in the existing wells to isolate the well screen or perforated casing 
intervals.(0.6-m [2-ft] intervals in 1.21-m [4-in.] and 1.83-m [6-in.] wells, and 0.91-m [3-ft] 
intervals in 2.44-m (8-in.] wells). Low-flow purging and sampling methods with a bladder 
pump were used to obtain each sample. Purge rates typically ranged from 160 to 400 mIJmin 
until the field parameters of pH, specific conductivity, temperature, DO, and tumidity stabilized. 
Purge times ranged from 40 to 116 minutes per sample. The VET groundwater samples were 
analyzed for voes by EPA Method 8260 at an analytical laboratory. 

The depth-discrete groundwater COC concentration data on the three plate maps in Appendix C 
were obtained from multiple sources. Consequently, analytical data may vary for individual 
samples from the same depth in a given well. Differences between two sample analyses are 
sometimes due to field screening analysis of one sample and laboratory analysis of another 
sample from the same depth (e.g., well 299-W15-42). Analytical differences also result when • 
samples are not collected at the same time. For example, analytical data from the more recent 
VET sampling events may vary from older data due to natural groundwater plume movement 
and the influence oftbe 200-ZP-1 OU pwnp-and-treat system. Despite these issues, the data 
represent the most complete depth-discrete groundwater results for defining the three-
dimensional distn"bution of the carbon tetrachloride plume and co-contaminants. 

The vertical plot results for carbon tetrachloride are shown on two bydrogeologic cross-sections 
on the three plate maps in Appendix C and in Figures 4-37 and 4-38. A conceptual model of the 
carbon tetrachloride groundwater plume, summarized on these cross-sections and discussed in 
more detail below, is that the plume extends vertically from the top of the unconfined aquifer 
near the disposal source areas by PFP to the base of the unconfined aquifer at the top of the 
Ringold Lower Mud Unit (Unit 8). The plume extends through the Ringold Formation to the 
top of basalt where the Unit 8 confining layer is absent, as at well 299-W13-1. The cross
sections also show that, as the distance from the source area increases in a downgradient 
direction, the highest carbon tetrachloride concentrations OCCW" deeper in the unconfined aquifer. 
Along the downgradient plume extent, recharge :from natural infiltration and less-co11tamioated 
former wastewater discharges contribute to reduced carbon telraehloride concentrations in the 
upper portion of the unconfined aquifer. 

The observed increases in carbon tetrachloride concentration at depth in the unconfined aquifer, 
downgradient from the source area, may be associated with a vertical component to the 
groundwater gradient. Vertical gradient estimates will be developed from measurements in at 
least three sets of well pairs in the 200-ZP-1 OU: wells 299-Wl l-86 (deeper screen) and • 
299-Wl 1-10 (shallow screen); wells 299-WlS-17 (deeper screen) and 299-WlS-30 (shallow-
screened well that replaced well 299-Wl5-16); and wells 299-W18-21 (shallow screen) and 
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299 .. WtS-22 (deep screen). WeIJ 299.:wtt«; was recently drilled to estimate vertical gradient 
and collect depth-discrete groundwater samples. The vertical ~ent data will be evaluated and 
incorporated as needed in the FS. ' ,:: ·· , - · 

The FS will consider a primary conceptual model and an alternative conceptual model for carbon 
tetrachloride.· The_primary model·(i.e., the assumed amentcondition·for which a remedy will be 
developed) will tecognize that NAPL concentrations of carbon tetrachloride currently exist in the 
vadose mne but do not present a significant continuing source tcmi to the groundwater. In the 
groundwater, the amount and spatial ·dist.rimJtion of anyNAPL sources are small telative to the 
magnitude of the dissolved phase present in the aquifer. In other words, the primary focus of the 
remedy in the PS ·will be to address the dinolved phase carbon tetrachloride in groundwater. 
The alternative .model is t1iat S01Jl'CCS ofNAPL•carbon tetrachloride exist in the groundwater of 
sufficient mass and/or spatial distribution to tequire a supplementary .and/or alternative remedial 
action and that these sources .would be cliscovered either during implementation of the remedy or 
as part of performance JJJ,omtoring resulting in t1ie need for'an adaptive.ce>mingency response for 
the groundwater.· ·Such a resp<>llSe will be anticipated as ,part.of the remedial strategy developed 
in the FS for the '200-ZP--f OU. A key component of the remedy ~gn will be to collect data 
aimed at testing the likelihood that the conditi.ons presumed for the alternative conceptual model 
m~ -
Although not shown in the vertical depth plots on-the thrc:e plate maps in .t\ppendix C, the 
approximate depth 'to,groundwater in the wells shown nmge.1 from about 61 to 16 m (220 to 
250 ft) bgs, and the approximate depth to the Ringold Lower Mud Unit ranges from about 113 to 
134 m bgs (370 to,440 ft)bgs. In general; the elevation ·of the water table decn:ases from west to 
east, and the elevation of the Lower Mud Unit increases from southwest to northeast. 

The following discussion summarizes the general trends in-the fhree..dimensional depth and 
concentration·mstnbution ofthe carbon tetrachloride plume and~ on-the three 
plate maps in Appendix C. The actual sample depths, concenttations, and smnple dates for the 
wells are included in Appendix M. 

Seven wells bi the high.;concentration portion of the carl>on tetrachloride plume (listed from 
north to south, 299-WlS-76S, 299-WJS-43, 299-WlS-40, 2~\Vls-44. 299 .. WlS-11;. 
299-WlS-1, and 299--\\'lS-7). showed the highest concentrations of carbon tetrachloride at depths 
of 6 to 21 m (20 to 70 ft) below the water table (Figme 4-15 ml Appendix C plate maps). The 
highest carbon ·tetrachloride concentrations in these wells ranged fi:om about 2,700 to 
4,152 µ.g!L. Well 299.;WIS-43 showed the highest' carbon tetrachloride conc:entration 
(3,300 µg/L) ·at 21 m (70 ft) below the water table and then lower. concentrations below that 
depth when the well was drilled in 2002, dearly defining the vertical concentration profile of the 
plmne in this area. The data ftonrthe other six wells in this area all show increasing carbon 
tetrachloride :~ons with depth, indicating that the full thickness of the plume was not 
penetrated by these wells. The data from well 299-WIS..;7 clearly indicate the effects of the 
nearby pump-and-treat extraction wells. When the well was initially drilled and sampled in 
1996, the highest carbon tetrachloride concentrations ranged from 600 to SOO·µg/L. The depth
discrete groundwater·sampling conducted in 2005· showed that the highest cmbon tetrachloride 
concentrations had increased to between 2,400 and 2,700 pg/L. A similar impact is seen in the 
data from well 299-Wl 5-42, identified on the plate maps in Appendix C. 
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Three wells near the 216-Z-9 Trench (which is one of the primary carbon tetrachloride waste • 
disposal sites near PFP) showed the highest concentration of carbon tetrachloride (2,000 to 
3,700 µg/L) at depths of 18 to 33 m (60 to 110 ft) below the water table. Well 299-Wl5-46, 
which is located adjacent to the south side of the trench, showed two distinct carbon tetrachloride 
maxima with depth. The highest concentration of 3,700 µg/L was at 18 m (60 ft) below the 
water table, and a second but lower peak of about 1,200 µg/L was at 46 m (150 ft) below the 
water table. Depth-discrete groundwater sampling conducted in January 2006 in well 
299-Wl 5-46 showed that the highest carbon tetrachloride concentrations had increased to 
5,000 µg/L at about 18 m (60 ft) below the water table. 

Data from wells located downgradient ( east) of the high-concentration portion of the carbon 
tetrachloride plume show how the depth of the plume maxim\Ull increases with downgradient 
distance. Wells 299-Wl4-l l and 299-Wl4-14 on the east side of the TX-TY Tank Farms 
penetrated the phnne maxim\Ull (950 to 1)00 µg/L) at 33 to 40 m (110 to 130 ft) below the 
water table. Approximately 1,200 m (3,900 ft) further east, well 299-W13-1 penetrated the 
plume maximum (1)50 µg/L) at the base of the unconfined aquifer (about 46 m [150 ft] below 
the water table [Figure 4-15 and Appendix C plate maps]). As previously noted, because the 
Ringold Lower Mud Unit is not present at this well, the carbon tetrachloride pl\lllle extends into 
the lower aquifer, and the carbon tetrachloride concentration at the top of the b~t in this area is 
about 150 µg/L. Well 299-W14-9, located less than 300 m (980 ft) east of the 216-Z-9 Trench 
area, showed about 270 µg/L of carbon tetrachloride at the base of the unconfined aquifer just 
above the Lower Mud Unit 

Three wells near the 216-Z-lA, 216-Z-12, and 216-Z-18 waste sites (the other primary carbon • 
tetrachloride waste disposal sites near PFP) show significantly lower carbon tetrachloride 
maxima than those seen near the 216-Z-9 Trench (as discussed above). The highest 
concentrations of carbon tetrachloride (250 to 850 µg/L) in wells 299-Wl 5-152, 299-Wl 8-1, and 
299-W18-16 were found at depths 9 to 40 m (30 to 130 ft) below the water table. These wells 
are located about midway between the injection wells to the west and the extraction wells to the 
east of the p\llllp-and-treat system, and are likely showing the impacts of that system 
(Figure 4-15 and Appendix C plate maps). 

Four wells within the 200-UP-1 OU portion of the carbon tetrachloride plume illustrate the 
vertical distnbution of carbon tetrachloride in the llllconfined aquifer in this plume lobe. Wells 
299-W15-37, 299-W19-49, and 299-W19-50 showed plume maxim\llll concentrations (120 to 
140 µg/L) at 6 to 30 m (20 to 100 ft) below the water table. To the east (i.e., downgradient) of 
these wells, well 699-38-70B penetrated the highest carbon tetrachloride concentration 
(480 µg/L) at the base of the wiconfined aquifer (approximately 38 m [125 ft] below the water 
table). 

Two wells near the T Tank Fann and one well near T Plant illustrate the vertical distribution of 
carbon tetrachloride in the unconfined aquifer in the northern plume area. Wells 299-Wl 0-24 
and 299-Wl l-25B showed plume maximum values (1,500 to 1,600 µg/L) at 21 to 24 m (70 to 
80 ft) below the water table. About 450 m (1,500 ft) downgradient, well 299-Wl 1-43 penetrated 
a high cmbon tetrachloride concentration (1,000 µg/L) at about 20 m ( 65 ft) below the water 
table and then lower concentrations deeper in the aquifer. However, the last depth-discrete 
groundwater sample from this well at a depth of about 56 m (185 ft) below the water table near • 
the base of the unconfined aquifer had a carbon tetrachloride concentration of 1,100 µg/L. 
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1he vertical plots· of the RJ/FS wells iri Appendix L include carbon tetrachloride and its potential 
degradation products (chloroform, methylene chloride, and cblOJ'Olllethane). A vertical plot is 
also included in Appendix ·L for the inolar concentrations of carbon tetrachloride and chloroform 
in well 299-Wl S-46, based on laboratory analytical data (i.e., excluding field and VET data). 
The molar concentrations are calculated by converting units of "pg/L" to "FIL" and dividing the 
standard concentration of each COC by the molecular weight of that COC. The resulting vertical 
plot represents a comparison of the equivalent. eoncentrations of carbon tetrachloride and 
chloroform. The vertical plot illustrates three peaks for catbon tetrachloride at depths of 
approximately 71 m, 81 m, and 112 m (234 ft, 267 ft, and 368 ft) and two peaks for chloroform 
at depths of approximately 97 m and 128 m (318 ft and ·420 ft). The generally inverse 
relationship of the carbon tetrachloride·and cbloroform concentration trends between depths of 
approximately 76 m and 122 m (250 ft and 400 ft) suggests that the carbon tetrachloride in well 
299-WlS-46 :is partially degrading to chloroform within a depth of approximately 15 m (SO ft) 
below the peak carbon tetracbloride concentrations. · ·· 

Several wells (e.g., 299-Wl 1.;2SB, 299.;;WJS-l, 299-WlS-7; 299-Wl5-3lA, 299-WlS-42, and 
299-WlS-46) show low levels of methylene chloride present within the aquifer, but only a few 
wells (e.g., 299-WJS.;;U, 299-WlS-46, and 299-WIS-76S) have detectable concentrations of 
chloromethane. The chloroform (trichlorometbane), methylene chloride'(dichlorometbane), and 
chlorometharie contaminants may t,e the result of carbon tetrachloride degradation. The 
association ofcatbon tetrachloride andits potentialdegradati01i products in the 200-ZP-1 
\Ulconfined aquifer.will be examined· in the FS as needed, especially for a monitored natural 
attenuation remedial alternative. Well locations and depth-discrete data are shown on the three 
plate maps in Appendix C. 

4.4.2 Tedmetium-99 

A technetium~99 plume has been identified northeast ofWMA-T, which contains the T Tank 
Farm. A new well (299-Wl 1-25B) was drilled and sampled in the northeast comer ofWMA-T 
to assess the vertical extent ofthetecbnetium-99. Recent data ftom well299-W11-25B indicate 
technetium-99 concentrations at 180,000 pCi/L at a depth of 10 m (30 ft) below the water table. 
The following information is from the FY05 ann~ groundwater report (PNNL 2006). 

As noted in the FYOS annual groundwater rqxnt(PNNL 2006), depth-discrete data were 
collected by both air~li:fted sluny and.by pumping. The.air-lifted sluay samples were collected 
from well 299-Wl 1--258 every 1.5m (4.9 ft) through the drilled portion of the aquifer. These 
samples were collected, the particulate was allowed to settle, and samples were then pumped 
through a tilter and analyzed in the laboratory. 

Pumped samples were collected every 6.1 m (20 ft) throughout the drilled portion of the aquifer. 
A pump was lowered into the borehole, and the borehole was purged for at·teast I hour before 
sampling. 

The depth-discrete technetium-99, chromium, manganese, and nitrate data obtained during 
drilling ofwell 299 .. Wl 1-25B are presented in Figures 4-39 through 4-41. Figure 4-40 includes 
chromium and manganese data from both air-lifted and pumped groundwater samples. As 
explained in the FYOS annual groundwater report (PNNL 2006 [Section 2.8.3.3, p. 2.8-16]), the 
air-lifted iamples are generally considered invalid due to temporary reducing conditions caused 
by the drilling methods. The air-lifted samples shown in Figure 4-41 for technetium-99 are also 
considered invalid due to temporary reducing conditions caused by the drilling methods 
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(PNNL 2006 (Section 2.8.3.3, p. 2.8-16]). It should be noted that the maximum nitrate • 
concentrations are at the same depth (10 m (30 ft]) below the water table as the maximum 
technetium-99 concentrations. Maximum chromium and manganese concentrations were at 
a depth slightly closer to the water table than the maximum technetium-99 and nitrate 
concentrations. 

In order to assess the lateral extent of the technetium-99 phnne in the deeper unconfined aquifer, 
well 299-Wl 1-45 was drilled approximately 80 m (262.5 ft) downgradient (ie., east) of well 
299-Wl 1-25B (Figure 4-15 and Appendix C plate maps). Well 299-Wll-45 was sampled every 
1.5 m (4.9 ft) throughout the top 56 m (183.7 ft) of the aquifer. The nitrate and technetium-99 
concentrations are shown in Figure 4-42. Again, the depth distributions of both contaminants are 
similar to that of well 299-Wl 1-25B; however, the maximum concentrations are lower. 
Additional wells are planned in the area during FY06 to assess the lateral and vertical extent of 
the technetium-99 plume. 

Depth-discrete data for technetium-99 were collected for additional wells. Vertical 
technetium-99 data plots for the RI/FS wells and other 200-ZP-l wells are shown in 
Appendices Land M, respectively. Wells 299-Wl0-24 and 299-WI 1-43 show increased 
technetium-99 concentrations at similar depths but significantly lower concentrations than well 
299-Wl 1-25B; both wells are located northeast ofWMA-T (Figure 4-15 and Appendix C plate 
maps). 

Wells east of the TX-TY Tank Farms area show mixed information with depths. Well 
299-Wl 5-43 shows generally low concentrations below 35 pCi/L, with the highest concentration • 
18.3 m (60 ft) below the water table. Well 299-W14-14 shows concentrations of 556 pCi/L at 
the water table and drops to 30 pCi/L at 11 m {36 ft) below the water table. Well 299-W14-19 
shows a maximum of399 pCi/L at 10.7 m (35 ft) below the water table. Well 299-Wl5-44, 
located southwest of the TX-TY Tank Farms, shows a maximum concentration of 89 pCi/L at 
a depth of 6.1 m (20 ft) below the water table (Figure 4-15 and Appendix C plate maps). 

Well 299-Wl5-46, south of the 216-Z-9 Crib, has a maximum concentration of 850 pCi/L in 
an unfiltered sample at a depth of about 12 m ( 40 ft) below the water table. The same well 
showed maximum technetium-99 concentrations of 580 pCi/L from filtered samples collected at 
approximately 19.5 m (64 ft) below the water table. Three other wells near PFP (299-W15-50 
(extraction well], 299-WlS-16, and 299-Wl5-42) show tecbnetium-99 concentrations well 
below 100 pCi/L at all sampling depths (Figure 4-15 and Appendix C plate maps). 

Well 299-WIS-49, on the northeast side of the 200-ZP-1 OU, shows a maximum technetium-99 
concentration of 55 pCi/L at the water table. Generally, the higher technetium-99 concentrations 
found below the water table are to the northeast of WMA-T. 

4.5 THREE-DIMENSIONAL DISTRIBUTION OF CONTAMINANTS 
OF CONCERN IN SEDIMENT 

Sediment and soil gas data for selected COCs in the RYFS wells are shown in the tables and 
vertical profiles provided in Appendix. N. The 18 selected COCs include those that pose 
a significant human health or ecological risk, as discussed in Section 7 .0 of this RI report. The 
human health risk drivers include the following: Group A COCs (i.e., carbon tetrachloride, total • 
chromi~ iodine-129, nitrate, tecbnetium-99, TCE, triti~ and total and radioactive uranium), 
antimony, 1,2-0ichloroethane, tetracbloroethylene, hexavalent chromium, iron, and chloroform. 
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The only ecological risk driver that is not also identified as a human health risk: is cyanide. Other 
selected COCs are two additional. degradation products of cmbon tetrachloride (i.e., methylene 
chloride and chloromethane) and l1uoride. · ' · ; 

Appendix N includes vertical profiles and tables for the following five 200-ZP-l wells where 
Group A COCs were detected in sediment samples: 299-Wll-45, 299-W13-1, 299-WlS-46, 
299-Wl 5-49, and 299-Wl 7-1. Five of the eight Group A COCs (i.e., carbon tetrachloride, 
chromium, nitrau; technetium-99, and uranium) were detected in sediment samples from the five 
wells. lodine--129, TCE, and tritium were not reported in available sediment or soil gas samples 
from the five wells. Appendix N also includes analytical results for sediment samples that are 
below the applicable laboratory detectionlimit 

Carbon tetrachloride was. detected in sediment samples from one of the five wells (299-Wl 5-46). 
The following carbon tetrachloride concentrations were reported for two sediment samples from 
well 299-WlS-46: · 380,000 µg/L from a depth of approximately 20 m (65 ft) bgs, and 4 µg/L at 
a depth of approximately 115.3 (378.25 ft) bgs. 

Chromium was detected in six sediment samples from fom of the five wells. The lowest 
(i.e., 4,180 µg/kg at a depth of approximately 90.1 m (295.S ft] bgs) and highest 
(i.e., 162,000 µg/kg at a depth of approximately 36.9 m (121 ft] bgs) chromium concentrations 
were both detected in well 299-W15-46. 

Nitrate was detected in five sediment samples ftom three of the five wells. The lowest detected 
nitrate concentration of 1,3Sl µglkg occurred at a depth of 57.9 m (190 ft) bgs in well 
299-W17-1. The highest detected mtrateconcentration was fotmd in well 299-Wl5-46 at 
a depth of 33 .9 m (111.25 ft)bgs. 

Technetium-99 was detected in three sediment samples in only one of the five wells 
(299-WlS-46). The highest tecbnetium-99 activity level of 18 pCi/g was obtained from 
a sediment sample ata depth of 1 S.S m (50. 75 ft) bgs in well299-W15-46. Tecbnetium-99 
activity levels of 1 pCi/g were reported for sediment samples :from depths of 15.5 and 90.1 m 
(50. 75 and 295.5 ft) bgs in the same borehole. 

Uranium was detected in four sediment samples from two of the five wells. The lowest detected 
uranimn conc.entration of 210 µg/kg occmred in a sediment sample from a depth of79.6 m 
(261. ft) bgs in well 299-Wls-49. Uranium was reported in a second sediment sample from well 
299-WlS-49 at a concentration of 1,808 µglkg from a depth of 133.4 m (437.5 ft) bgs. The 
highest uranium concentration of 2,040 µglkg was found in a sediment sample from a depth of 
19.8 m (65 ft) bgs in well 299-WlS-46. Uranium was also detected at a concentration of 
232 µglkg in a sediment sample ftom a depth of 90.9 m (298.25 ft) bgs in well 299-Wl5-46. 

Appendix N also includes vertical profiles and tables for carbon tetrachloride that was detected 
in soil gas measurements from three 200-ZP-1 wells: 299-W15-46, 299-WlS-49, and 
299~ WI 8-16. The highest detected carbon tetrachloride concentration in soil gas 
(i.e., 9,700 ppmv) was found at a depth of 33.8 m (111 ft) bgs in well 299-Wl5-46. A carbon 
tetrachloride concentration. of 1 ppmv was reported in soil gas from a depth of 43.3 m {142 ft) 
bgs in well 299-Wl 5-46. Carbon tetrachloride was detected in the following soil gas samples: 
5 ppmv at a depth of51.2 m (167.9 ft)bgs and 1 ppmv atadepthof39.6 m(130 ft) bgs in well 
299-WIS-49; and 87 ppmv at a depth of 37.2 m (122 ft) bgs and 3 ppmv at a depth of 43.9 m 
(144 ft) bgs in well 299-W18-16. 
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4.6 MODELING INPUT PARAMETERS FOR SEDIMENT 

Data were collected for the modeling parameters identified in Table 2-1 during drilling, 
development, and aquifer testing of three recently installed wells in the 200-ZP-l OU: 
299-WIS-49 (well "Cj, 299-Wll-43 (well "H"), and 299-WlS-46 (seeAppendixAplatemap). 
The three wells were selected for multiple data needs because they are located near 
contamination sources and within several contaminant plumes. The plate map in Appendix A 
shows the approximate well locations. 

Sediment samples were collected while drilling each of the three wells and were analyzed for the 
geotechnical, hydraulic, and geochemical parameters shown in Table 2-1. The analytical results 
are summarized in Tables 4-9, 4-10, and 4-11. As shown in Table 4-11, a total of37 sediment 
samples were collected from well 299-WIS-46 at intervals of approximately 0.6 to 8.2 m (2 to 
27 ft) from the water table to the top of the Ringold Lower Mud Unit. The water table and 
Ringold Lower Mud Unit were found at depths of approximately 67.9 m (222.7 ft) and 127 .2 m 
(417 ft) bgs, respectively. Additional sampling information for well 299-WlS-46 is available in 
a borehole lilumrnary report (FH 2005c, Table 2-9). 

As shown in Table 4-11, six sediment samples were obtained from well 299-WIS-49 at depth 
intervals of approximately 9.4 m (30 ft). Only one sediment sample from well 299-Wl 1-43 was 
submitted for analysis due to insufficient split-spoon sample recovery. Numerous attempts failed 
to retrieve adequate sediment for analysis in well 299-Wl 1-43 when gravel repeatedly blocked 
the sampling tools. Sections 4.6.1.1, 4.6.2, and 4.6.3.1 provide detailed discussion of the results 
from this sampling. 

Similar sets of geotechnical and geochemical data were obtained from three wells drilled in the 
200-UP-1 OU during 2004: 299-Wl9-48 (well "K"), 699-30-66 (well "R."), and 699-36-70B 
(well "Pj (see Appendix A plate map). PNNL analyzed 13 unconsolidated sediment core 
samples and 13 depth-discrete groundwater samples from the three 200-UP-1 wells. The 
13 sediment cores were 10 cm (4 in.) in diameter and 15 cm (6 in.) long and were collected from 
the water table to approximately 55 m (180 ft) below the water table. Wells 699-30-66 and 
699-36-70B were located near the mapped perimeter of an identified uranium groundwater 
plume. Well 299-Wl9-48 was located near the center of the mapped uranium groundwater 
plume. The analytical results for these sediment samples are considered applicable to the 
adjacent 200-ZP-1 OU. 

The sediment cores from well 299-W19-48 were originally planned for detailed desorption 
studies of targeted COCs (e.g., uranium [VI], technetium-99, hexavalent chromium, iodine-129, 
selenium-79, neptunium-237, s1rontium-85, and cesium-137), but the COC content was too low. 
Therefore, alternative adsorption-desorption tests were performed. The depth, geologic 
formation, and condition of each sediment core are summarized in Table 4-12. The 200-UP-l 
OU data are shown in Tables 4-12, 4-13, 4-14, 4-15, and4-16 for parameters listed in Table 2-L 
Sections 4.6.1.2, 4.6.2, and 4.6.3.2 provide a more detailed discussion of these results. 

4.6.1 Geotechnical Parameten for Sediment Samples 

The geotechnical parameters used as input for the sediment model are descn"bed in the following 

• 

• 

subsections for sediment samples from the installation of three 200-ZP-1 wells: 299-WlS-49 • 
(well "C''), 299-Wl 1-43 (well "Ir'), and 299-WlS-46. Similar data are also described from 
three 200-UP-l wells: 299-Wl9-48, 699-36-70B, and 699-30-66. 
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4.6.1.1 Geotechnfcal Analyses of 200-ZP-1 Sediment samples. Sediment samples from 
20()..ZP-1 OU wells 299-WlS-49 (well "C"'), 299~W11-43 (well '611''), and 299-W15-46 were 
analyzed for five of the six geotecbnical (i.e., physical) pararriders identified in Table 2-1: 
particle size, calcium carbonate, borehole geophysics, bulk density, and lithology. The number 
of geotechnical sediment samples ftom the 200-ZP-1 boreholes varied as follows: 20 samples 
from well 299-W1546, S samples from well 299-WlS-49, and one sample from well 
299-Wl 1-43. Mineralogy (i.e., x-ray diffraction) data are not yet available for the three 
200-ZP-1 wells. Section 4.6.12 presents analogous data for the nearby 200-UP-1 OU wells. 

The available particle-size data indicate that the 2~ZP-1 sediment samples are primmily sand 
and gravel.with some silt. ·Sediment samples from depths of 1272 t.o 132.7m (417t.o 435 ft) in 
wells 299-Wts-46 and 299-WlS-49 were primarily silt arid/or clay. Calcium carbonate was 
identified in 8 of 17 analyzed sediment samples from wells 299-WlS-46 and 299-WlS-49. The 
highest measured calcium carbonate content was 12% in a sediment sample from ad~ of 
84.4 m (277 ft) in well299-WIS-46. DrybuJk density ranged from 1,290 t.o 2,416 Jqvm3 in 
sediment cores from the three sampled 200-ZP-tOUwells. · The lowest bulk density was 
measured in samples from depths of127 !J and 132.6 m (419S and 43S ft) in wells 299-WlS-46 
and 299-Wls-49, respectively. The bulk density, particl~size distnlnrtion, and calcium 
carbonate results are included in Tables 4-9 and 4-11. The analytical methods are summarized in 
Section 2.3. 

4.6.1.1.1 Borehole Geophysical Suneys of 200-ZP-1 Sediment Samples. Geophysical 
surveys are generally conducted in boreholes drilled at Hanford after t.otal depth is reached . 
Oeophysical borehole survey data are currently available in borehole summary reports, CBRCLA 
groundwater momtoring well summary ·icports, and various reports from the S. M. St.oiler 
Corporation for 11 of the 19 RJ/FS wells: 2~Wl l-2SB, 299-Wl 1-43, 299-Wl 1-4S, 
299-W14-11, 299-Wl4-19, 299-WlS-43, 299-WlS-44, 299-WlS-46, 299-WlS-49, 
299-WIS-S0, 299-W18-16, and 699-50-74. As shown in Table 4-3, six of the RI/FS wells were 
not logged. .]be geophysical borehole survey for well 299--WIS-152 was not completed when 
this 20().ZP-1 RI report was prepared. Appendix O includes the available geophysical borehole 
survey logs for 12 of the RI/FS wells. The well locations are shown on the plate map in 
Appendix A. 

The 200-ZP-1 RI/FS work plan (DOE-RI. 2004c) required geophysical borehole surveys for 
wells 299-Wl 1-43 (well "H"), 299-Wl S-46 (located on the south side of the 216-Z-9 Trench), 
and 299-W15-49 (well "C"). The spectraJ-gamm& survey results are summarized below for 
wells 299--Wl 1-43 (well ''H"), 299-WlS-46, and 299-Wls-49 (well "C''). 

Well 299-Wl 1-43 (well "H") was logged using total gamma. The spectra were generated but, 
due to the thickness of the Becker dual-walled pipe joints, accurate casing eottection factors 
could not be calculated; thus, only total gamma is presented. The influence of the thick joints is 
apparent on the total gamma where reduced count rates are exlu"bi.ted at approximately 3-m 
(10-ft)-deptb. intervals. A plot of the repeated log demonstrates reasonable repeatability of the 
t.otal gamma log. The report indicates, "No anomalous activity was observed. This observation 
suggests no significant concentrations of man-made radionuclides ..• " (Stoller 2005). 

The log for 299-Wl5-49 (well ''Cj is a standard log presenting gross gamma and to quantify 
cesium-137, as well as the natural gamma emitters ofpotassium.-40, uranium-238, and 
thorium-232. The natural anitters are sometimes coupled with soil lithology and are not 
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indicative of contamination. One man-made radionuclide, cesium-137, was detected in well • 
299-W15-49 (well "C'') at activity levels close to the MDL of approximately 0.2 pCi/g. The 
low-activity levels were observed at various depths, and were interpreted as " ... probably the 
result of statistical fluctuations and are not considered valid ... " (FH 2005b, p. 2-43). The 
geophysical survey logs are not included in the borehole summary report (FH 2005b). 

The spectral-gamma logging system for well 299-Wl 5-46 is an approach using extremely low
yield gamma rays from americium-241 and plutonium-239 to measure those nuclides, as well as 
using protactinium-233 to measure neptunium-237. The usefulness ofthis data is being further 
assessed for the following reasons: 

• The americium-241 gamma used is at 662.4keV, almost exactly the same as cesium-137 
{661.6 keV). Therefore, it is difficult to distinguish between americium-241 and 
cesitnn-137 because the energies are so close. In addition, because of the respective 
gamma yield per decay, 1 pCi/g of cesium-37 appears as approximately 238,000 pCi/g of 
americium-241, so the potential for false positives needs to be further investigated. 

• The 375 keV region used for plutonium-239 is a crowded area of the spectra with other 
nuclides (natural or process) emitting at the energies in the same spectral region. It may 
be difficult to resolve the low-yield plutonium-239 gamma ftom other higher yield 
gamma emitters in the waste, and the potential for false positives needs to be further 
investigated. 

The geophysical survey report and other information are presented in FH (2005c). 

4.6.1.1.2 Lithology of 200-ZP-1 Sediment Samples. The lithology for wells 299-WlS-46 and • 
299-Wl 5-49 was described in borehole summary reports (FH 2005c, 2005b, respectively). The 
lithologic desaiptions for these two wells are summarized in Tables 4-1 and 4-2. The borehole 
sunnnary report for well 299-Wl 1-43 had not been issued at the time that this RI report was 
prepared. Table 4-3 lists references for lithologic descriptions of other 200-ZP-1 RI/FS wells. 

4.6.1.2 Geoteclmi.cal Analyses of 201J..UP-1 Sediment Samples. Because some of the 
200-ZP-1 geotechnical sampling was not successful due to poor sample recovery, the following 
200-UP-1 data have been provided to supplement 200-ZP-1 results. 

A total of 13 sediment core samples were collected during the installation at 200-UP-1 wells 
299-W19-48, 699-36-70B, and 699-30-66. Only 4 of the 13 sediment core samples from 
200-UP-1 were considered intact; the other 9 sediment samples were reported as slough material. 
One of the 13 sediment samples was collected from the Ringold Lower Mud Unit (sample 
B19377 from well 299-W19-48) and was reported as intact fine-grained silt and clay. The other 
12 sediment samples were described as pebbles and sand with some larger cobbles, retrieved 
from Ringold Unit E. The 200-UP-l sediment cores are listed in Table 4-12. 

Particle-size distributions in the 200-UP-1 samples were also measmed using the dry sieve and 
hydrometer methods of ASTM Method D422-63 (ASTM 2002a). The Ringold Unit E sediment 
samples ranged from approximately 26% to 55% gravel, 27% to 68% sand, 4% to 13% silt, and 
less than 1% to 5% clay. The single Ringold Lower Mud sample was approximately 21% ~ 
691'/o silt, and 10% clay. Table 4-13 includes the 200-UP-1 particle-size data. 

The calcium carbonate content of the 200-UP-l sediment cores was measured by ASTM • 
Method D4373 (ASTM 2002b) and ranged from 0% to 1.8600/o in the four intact sediment cores. 
The results are listed in Table 4-14. 
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PNNL characterized the minetalogical composition of the 200-UP-1 sediment samples by x-ray 
diffraction (Um et al 2005). Sediment samples from both the Ringold Unit E and the Lower 
Mud Unit were predominately quartz with plagioclase and pot8$sium feldspars, as well as minor 
inclusions of hornblende and clay minerals. The silt and sand-size grains were primarily quartz 
and feldspar wi.th hornblende and biotite and muscovite flakes. The clay sediments were mostly 
composed of smectite, chlorite, and illite. Bwk density was not measured in the 200-UP-1 
samples. 

4.6.2 Hydraulic aud Tnnsport Parameten for Sediment Samples 
Porosity is not reported in the available 200-ZP-1 sediment data. . Bulle density is descn"bed along 
with the geotechnical data in Section 4.6. 1. 1. The Kia was reported as 2.SE-05 cm/s at a depth of 
approximatelyll 1 m (364 ft) from well 299-Wl 1-43. A total of 17 hydraulic conductivity 
values were reported for sediment samples from various depths in well 299-WlS-46. The 
reported values ranged from 2.7E-08 cm/sat a depth interval of approximately 127.2 to 127.9 m 
(417 to 419.5 ft), to LOB-04 cm/s atadq,th interval of approximately 89.8 to 90.6 m (294.S to 
297 ft). Three hydraulic conductivity values were reported for well 299-Wt 5-49 for sediment 
samples from two depth intervals. · Hydraulic conductivity values of 1.2E-04 and 5.9E-05 were 
reported for two samples from the depth interval of approximately 79.3 to 79.9 m (260 to 262 ft). 
A hydraulic conductivity of3.6E-07 was reported for the depth interval of 122.3 to 123.8 m 
(401 to 406 ft). The:Kia data forthe200-ZP-1 sediment samples are shown in Table4-10. 
Porosity and bulk density were not measured in the 200-UP-l sediment samples. 

4.6.3 Geochemical Parameten for Sediment Samples 

The following subsections descnbe the geochemical parameters for sediment samples that were 
collected from three 200-ZP-1 wells while they were drilled: 299-WlS-49 (well "Cj, 
299-Wl l-43(well "H''), and 299-WIS-46. Similar data are also descnl>ed for sampl~ from 
three 200-UP-1 wells: 299-Wl9-48 (well "K"), 699-36-70B (well "Pj, and 699-30-66 
(well "R.j. 

4.6.3.1 Geochemical Analyses of 200-ZP-1 Sediment Samples. The nmnber of sediment 
samples from each of the 20().;.ZP-l boreholes that were analyzed for geochemical parameters 
varied as follows: 37 samples &om well 299-WlS-46, 6 samples from we11299.:.w1s-49, and 
one sample fi:om well 299-Wl 1-43. The six geocheinical parameters identified in Table 2-1 
were obtained from the 200-ZP-1 sediment samples (i.e., major cations, CBC, TOC, TIC, pH, 
and ~- The analytical methods are summarized in Section 2.4. Table 4-11 provides the 
analytical results for the major cations (i.e., sodium and calcium), .CBC, TOC, TIC, and pH, 
and other geochemical parameters that were not :required in the 200-ZP-l RI/FS work plan 
(DOE-RL 2004c). 

. . 

As shown in Table 4-11, sodium and calcium cation data are available for 30 of the 3 7 sediment 
samples &om well 299-WlS-46, all 6 of the sediment samples from well 299-WlS-49, and the 
single sediment sample from well 299-Wl 1-43. The lowest and highest sodium and calcium 
cation concentrations were identified in sediment samples from approximately the same depths 
in the 299-WlS-46 borehole. Sodium cation concentrations in well 299-WlS-46 ranged from 
2.97E+o4 µ.g/kg at a depth of approximately 90.6 m (297 ft) to 2.66E+06 µg/kg at a depth of 
approximately 37.2 m (122 ft). Calcium cation concentrations in well 299-WlS-46 ranged from 
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1.16E+06 µg/kg at a depth of approximately 91.3 m (299.5 ft) to 3.29E+o7 µg/kg at a depth of • 
approximately 36.4 m (119.5 ft). 

The CEC data are available from 27 of the 37 sediment samples from well 299-Wl5-46, all 6 of 
the sediment samples from well 299-W15-49, and the single sediment sample from well 
299-Wl 1-43. The lowest and highest CEC values were identified in sediment samples from the 
299-W15-46 borehole. The CEC values in well 299-WlS-46 ranged from 2.8 mEQ/100 g at 
a depth of approximately28.2 m (92.5 ft) to 97.7 mEQ/100 g at a depth of approximately79.l m 
(259.S ft). 

The TOC and TIC data are available from 29 of the 37 sediment samples from well 299-WlS-46, 
all 6 of the sediment samples from we11299-Wl5-49, and the single sediment sample from well 
299-Wl 1-43. The lowest and highest TOC and TIC concentrations were identified in sediment 
samples from the 299-WlS-46 borehole. The TOC concentrations in well 299-WlS-46 ranged 
from 3.64E+o4 µg/kg at a depth of approximately 90.6 m (297 ft) to 2.60E+o6 µg/k.g at a depth 
of approximately 37.2 m (122 ft). The TIC concentrations in well 299-Wl S-46 ranged from 
4.70E+o3 µg/kg at depths of approximately 69.1 m (226.S ft) and 73 m (239.S ft) to 
S.44E+06 µg/kg at a depth of approximately 37.2 m (122 ft). 

Table 4-11 shows that pH data are available from 31 of the 37 sediment samples from well 
299-WlS-46, each of the 6 of the sediment samples from well 299-WlS-49, and the single 
sediment sample from well 299-Wl 1-43. The lowest and highest pH values were identified in 
sediment samples from the 299-WlS-46 borehole. The pH values in well 299-W15-46 ranged 
from a pH of3.86 ata depth ofapproximately20.1 m (66 ft)to a pH of9.7 at a depth of • 
approximately 147 m (482 ft). 

Table 4-11 also includes available data for manganese, nitrate, iron, and sulfate concentrations in 
sediment samples from the same three wells. The Ket data forwell 299-WlS-46 were developed 
in Riley et al. (2005), as descnoed in Section 3.1.4. The Ket for carbon tetrachloride ranged from 
0.106 to 0.367 Ukg. The Ket for chloroform ranged from 0.084 to 0.432 Ukg. While attempts 
were made to collect soil samples from wells 200-WlS-49 and 299-Wl 1-43 for Kcs analysis, poor 
sample recovery did not allow these analyses to be performed. Additional samples for Ket 
analysis are planned for FY06 from 200-ZP-1 wells to be installed between the Old Lmmdry 
Facility and T Plant. 

4.6.3.2 Geochemical Analyses of 200-UP-1 Sediment Samples. Because some of the 
200-ZP-1 geochemical sampling was unsuccessful due to poor sample recovery, the following 
200-UP-1 data are provided as a supplement A total of 13 sediment core samples were collected 
dming the installation of200-UP-1 wells 299-W19-48, 699-36-70B, and 699-30-66. PNNL 
measured properties in the 200-UP-1 sediment cores that were specified in Table A2-2 of the 
200-ZP-1 RI/FS work plan for 200-ZP-1 sediment samples (Um et al. 200S): TOC, TIC, pH, ~ 
and CEC. The TOC and TIC were measured according to ASTM Method El915-01 (ASTM 
2005). The total carbon in the four 200-UP-1 intact sediment cores ranged from 0.015% to 
0.239%; TIC ranged from 0% to 0.223%. The corresponding pH values ranged from 7.48 to 
7.59. The 200-UP-1 TOC, TIC, and pH data are included in Table 4-14. 

Three sediment properties were measured that were not specified in Table A2-2 of the 200-ZP-1 
RI/FS work plan (DOE-RL 2004c): moisture content, alkalinity, and electrical conductivity. • 
Analyses of the four intact 200-UP-1 sediment cores showed the following results: moisture 
content ranged from 5.88% to 32.5%; alkalinity ranged from 170.2 to 743.4 mg/L; electrical 
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conductivity ranged :fi:mn 0.4() fo 1.812 mS/an. The additional data are shown in Table 4-14. 
The calcium cmbonate values·in Table 4-14 were previously discussed in Section 4.6.1.2. 

·. <.i; /~- . .. .. _·. ·.-.,- .··'.~~ ~ .. 
PNNL measured the CBC of five 2QO..UP-1 sediment cores by·a iadiotracer procedure (Routson 
et al. 1973). ·As shown in Table 4-15, the CBC.ranged :&:om t.66 to 44.91 meq/lOOg and 
increased as the proportion of clay minerals and hydrous iron oxides increased. The clay 
minerals.of the Ringold Lower Mud.Unit :resulted in a high CEC. · 1he higher-than.;expected 
CBC for the bulk: sample with gravel (i.e., combination of REIS samples B19136 and Bl9137 
from well 699-36-70B) ·was described as the result of silt and clay coatings on gravel surfaces 
(Um et al. 2005). · 

PNNL estimated Ket values in sbort~tcrm, adsorption tests on 200-UP-1 sediment cores that 
represented three lithologic 111li~: ltiilgold Unit E, Ringold gravel, and ·Ringold Lower Mud 
Unit.· The Ket values \\'ete emrnated for the following eight c:cmtamiriants: tecbnetium-99, 
uranium (VI), strontium-90,cesium-137,, neptunium (V), hcxavalent c.hromium, selenium (VI), 
and iodine-129 (Um 'et al. 2005). ·· PNNL noted that the 'short-temi ·adsorption tests might under
estimate actualdesorption.~·va1uesfor sediments thatarecontao1inatoo for.decades, and that 
the adsorption--basc:d Ket values could then over-estimate eontamiuant qumitities that are released 
to water through soil flushing flI' pump-and~treat remediation technologies (Um et al. 2005 
[Section s.o, pp. s~3 through 5-4D. : 
The recommended Kct.'YBlues for us~ in risk transport modeling me shown in.Table 4-16 for each 
of the three testedUthologic um.ts. For remediation modei;ng, PNNL recommended applying the 

• higher uranium.desorption K.t values at the bottom of Table ~16 to QOmpensate for the 
difference .in:desorpti011 and adsorption 1'i value., that are noted above. PNNL; did notperform 
detailed desorption studies'on:the seven evaluated ~inmits other thmi uranium. As 
a precaution, PNNL recommended usil1g ·Ket values twice as high as those shown in Table 4-16 
for technetium.-99, strmitium.-90; neptunium, hexavalcnt dmmium, selenium, and iodine-129. 

4.7 MODELING INPUT PARAMETERS FOR GROUNDWATER 

Groundwater·~ for the hydraulic and geochemical modeling parametm in Jable 2-1 were 
collected during drilling,·developmellt;and aquifer testing of three recently installed wells in the 
20()..ZP-l OU: 299-Wl 1-43 (well.~ 299~Wls..46, and 299-Wis.49 (well "C''). The three 
wells were selected :tbr multiple data needs because they are located near cmitmnination sources 
and within several lY'Ufamiuant plumes. The~ measurements were also obtained during 
drilling of wells 299-Wll-4l(well "H''), 299-WtS.;SO (well "E"), and 299-W18-16 (well "Dj. 
Additional hydraulic data are presentecl'that were obtained during the development of the RI/FS 
wells. The approximate well locations are shown Oil the plate map in Appendix A. 

Groundwater .samples·were collected fbr·g:eochemical .analyses ·from various depths while 
drilling three 200..ZP-l wells and were reported a follows: s depth intervi1s in well 
299-Wl 1'-43 nmging ftom approximately 90.9 to 136.9 m (298 to 449 ft); 31 depth intervals in 
well 299~WIS-46 ranging ftom approximately 69.S to 161.5 m (228 to 529.S ft); and 9 depth 
intervals in well 299,;WIS-49 ranging ftom approximately 82.4 to 134.2m (270 to 440 ft). 
These samples were analyzed for ·the parameters identified in Table 2 .. 1. The hydraulic and 

• geochemical analytical results are swnmarized in Tables 4-17, 4-18, and 4-19. 
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4. 7.1 Hydraulic and Transport Parameten for Groundwater Samples • 

The 200-ZP-1 RI/FS work plan (DOE-RL 2004c) and Table 2-1 identify six hydraulic and 
transport parameters as required modeling inputs: hydraulic gradient, aquifer slug test data 
(e.g., Kb.), groundwater production rates, water-level drawdown, groundwater pumping 
performance, and dispersivity. The 200-ZP-1 area hydraulic gradient is discussed in 
Section 4.1.3.2; the other five hydraulic parameters are discussed in the following subsections. 

4.7.1.1 Slug Test and Hydraulic Conductivity. PNNL reported the results of unconfined 
aquifer tests in the 200-ZP-1 OU (PNNL 2005b). A series of seven slug tests were conducted in 
FYOS during the drilling of wells 299-Wl 1-43 (well "H"), 299-WIS-50 (well "E''), and 
299-WlS-16 (well "D'') to estimate horizontal Ki. at three depth intervals in the Ringold 
Formation (Unit 5): the upper mne, 71 to 98 m (232.9 to 321.5 ft) bgs; the middle zone, 83 to 
137 m (272.3 to 449.5 ft) bgs; and the lower mne, 99 to 137 m (324.8 to 449.S ft) bg.,. 
Table 4-17 provides a summary of the slug test results, including the intervals tested and 
methods used. The calculated~ values ranged from 2.58 to 3.07 m/day (8.46 to 10.07 ft/day) 
for the upper zone, 2.93 to 25.5 m/day (9.61 to 83.66 ft/day) for the middle zone, and 8.06 to 
17.7 m/day (26.44 to 58.07 ft/day) for the lower zone. The highest~ values were obtained from 
well 299-Wl 1-43, which is the northernmost of the three tested boreholes. Limited data were 
collected from the borehole for well 299-W18-16 due to borehole instability and deadline 
requirements. PNNL reported that the limited Kb. vertical data did not indicate a consistent 
depth-related pattern, but that testing of well 299-Wl 1-25 in the WMA-T area ( east to northeast 
of the three tested 200-ZP-1 wells) exhibited "slightly increasing permeability with depth • 
pattern" (PNNL 2005b, p. 18). 

Slug tests have been conducted within the upper 10 m (32.8 ft) of the Ringold Formation on 
30 other wells in the 200 West Area since FY99 (Spane et al. 2001a, 2001b, 2002, 2003; Spane 
and Newcomer 2004). The calculated Kia for the 30 wells ranged from 0.07 to 28.1 m/day (0.23 
to 92.19 ft/day), with a geometric mean of 3.08 m/day (I 0.1 ft/day). The only comparable slug 
test for the three wells tested in FYOS was conducted on the upper zone in well 299-W15-50, and 
the resulting Kia value was 3.07 m/day (10.07 ft/day). 

4.7.1.2 Well Development Data. Groundwater production rates, water-level drawdown, and 
groundwater pumping performance are included in Table 4-18 for 10 of the RI/FS wells with 
available well development data. The borehole summary reports for six RI/FS wells were either 
unavailable or did not include well development data. The borehole summary report for wells 
299-Wl 1-43, 299-WI5-152, and 699-50-74 (FH 2006a [in publication]) had not yet been issued 
when this 200-zp-1 RI report was prepared. The available borehole summary reports for the 
RI/FS wells are listed in Table 4-3. Well development data for other 200-ZP-1 wells may be 
obtained from the applicable borehole summary reports. Similar data for well 299-Wl 1-43 were 
not available when this RI report was prepared. The data were obtained during development of 
multiple intervals in each well. Well development pumping data are provided in borehole 
summary reports. Drawdown, turbidity, electrical conductivity, temperature, pH, and other data 
for each developed depth interval are shown in Table 4-18. 

4.7.1.3 Dispenivity. Dispersivity is a coefficient used in groundwater fate and transport 
modeling to describe the movement of a solute (i.e., dissolved contaminant) relative to average • 
groundwater velocity. On a small scale, dispersivity describes solute movement due to 
differential velocities caused by pore space geometry. On a larger scale, dispersivity may 
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descnoe solute movement due to differential ·velocities caused by heterogeneities in the aquifer. 
The solute dispersion due to a dispersivity_coefficicnt results in spreading of the contaminant 
plume with gradual concen1ration profiles at the plume edges."i: <-· 

PNNL evaluated dispersivity as one of five stochastic modeling parameters by Monte Carlo 
methods in lieu of field tracer measurements that were shown in Table 2-1. The study was 
reported in Assessment of Carbon Tetrachloride ·Groundwater 'l'ransport in Support of the 
Hanford Carbon Tetrackloride Innovative Technology Demonstration Program (Tmex et al. 
2001). The other .four parameters were the carbon tetrachloride Kc., Ke, porosity, and the 
"stream-tube" cross--sectional area. The study is summarized in Section 3.1.S. A triangular 
probability distn1JUtion was used for longitudinal dispersivity, with 11. minimum value of 10 m 
(32.8 ft), a maximum value of 100 m (328.1 · ft), and a most probable value of 30 m (98.4 ft). 

4.7.2 Geochemical Parameten for Groundwater Samples 

Depth-discrete groundwater samples wm, collected from three 200-ZP-1 wells 
(i.e., 299-Wll-43, 299-WlS-46; and 299-WlS-49) and analyzed for geochemica! properties 
and COC concentrations. The following nine geochemical parameters identified in Table 2-1 
were analyzed in groundwater samples ftoni the three 200-ZP-1 wells: major cations 
(i.e., sodium and calcium)~specific cooductan.ce, TQC, TIC, pH, temperature, aJkalirrity, DO, 
and tmbidity.·· The.~th geochemical parameter identified in Table 2-1, CEC, was measured in 
soil samples fi'om the boreholes for t,he three: wells,but because there is no appropriate analytical 
method for this parmneter in ·water, it was 11ot measumlin 'the groundwater samples. 1he 
following geochemical parameten ate notrequired in die 200-ZP-1 RI/FS wotk plan (DOB-RL 
2004c) but are included in Table 4-19: .. sulfate, nitrate,; manganese, and iron. The depth--discrete 
groundwater data are summarized in Table 4-19. -

As shown in Table 419, sodium and/or calcium cation data are available for 10 of the 
37 groundwater samples from well299-WIS-46, 9 of the 12 groundwater samples ftom well 
299-WIS-49, and all 6 of the groundwater samples &om well 299-Wl 1-43. The lowest sodium 
and calcium ,cation concentrations (200 and '33~s-p~, respectively) were identified in well 
299-Wt S-49. 111e·highest sodimn IID.d ca!cium cation concentrations (50,900 and 209,000 µg/L, 
respectively) were found in well 299-WlS-46 at depths of appn1Xima1:ely70.3 m (230.5 ft) for 
sodium and at approximately 90.6 m (297 ft) for calcium. 
Specific conductancedata are available for 16 of the 37 groundwater samples :from well 
299-WIS-46, 8 of the 12 groundwater samples ftom well 299-WIS-49, and S of the 
6 groundwater samples from well 299-\1111-43. The lowest specific conductance value of 
312 µSiem was identified in well 299-WlS-49 at a depth of approximately 93 m (305 ft). The 
highest specific conductance value of 1,283 µSiem was-identified in well 299-WlS-46 at a depth 
of approximately 89.4 m (293 ft). 

Data for TOC and/or TIC are available ftom 14 of the 37 groundwater aamples ftom well 
299-WtS-46, 7 ofthe 12 groundwater samples from well 299-WlS-49, ·and S-ofthe 
6 groundwater samples ftom well 299-Wl l-43. 'lhe lowest TOC-,and TIC concentrations were 
identified m.·well 299-WlS-49. The TOC in well 299-WlS-49 ranged m.,m 500 µg/1 in two 
groundwater samples at depths of approximately 82.4 m and 134.2 m(270 ft and 440 ft) to 
17,000 µg/L at a depth of approximately 93 m (305 ft). The TIC in well 299-WlS-49 ranged 
from 3,600 pg/Lat an·unspecified depth to 32,600 µg/L at a depth of approximately 93 m 
(305 ft). The TOC concentration of 17,000 µg/L in well 299-WlS-49 was also the highest TOC 
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of the three 200-ZP-1 wells. The highest TIC concentration of 51,500 µg/L was found in well • 
299-Wl 1-43 at a depth of approximately 136.9 m (449 ft). 

Table 4-19 shows that pH and/or temperature data are available from 19 of the 37 groundwater 
samples from well 299-WlS-46, 11 of the 12 groundwater samples from well 299-WlS-49, and 
all 6 of the groundwater samples from well 299-Wl 1-43. The lowest and highest pH values 
were measmed in well 299-Wl5-46. The pH in well 299-WlS-46 ranged from 4.654 at a depth 
of approximately 90.7 m (297.5 ft) to 8.791 at a depth of approximately 122 m (400 ft). The 
lowest temperature of 13. 7°C (56.7°F) was measured in well 299-Wl 5-46 a depth of 
approximately 122 m (400 ft) in the same groundwater sample with the highest pH value. The 
highest temperature of24.2°C (75.6°F) was measured in well 299-Wl 1-43 at a depth of 
approximately 111.1 m (364 ft). 

Alkalinity data are available for none of the 37 groundwater samples from well 299-WI 5-46, 
7 of the 12 groundwater samples from well 299-WlS-49, and 5 of the 6 groundwater samples 
from well 299-Wl l-43. The lowest alkalinity value of2,000 µg/L was measured in well 
299-WlS-49 at an unspecified depth. The highest alkalinity value of 129,000 µg/L was 
measured in well 299-Wl l-43 at a depth of approximately 136.9 m (449 ft). 

The DO data are available from 11 of the 37 groundwater samples from well 299-WlS-46, 4 of 
the 12 groundwater samples from well 299-WlS-49, and 5 of the 6 groundwater samples from 
well 299-Wl 1-43. The lowest DO concentration of 160 µg/L was meawred in well 299-WlS-46 
at a depth of approximately 147 m (482 ft). The highest DO concentration of8,800 µg/L was 
measured in well 299-Wl 1-43 at a depth of approximately 100 m (328 ft). 

Turbidity data are available from 15 of the 37 groundwater samples from well 299-WlS-46, 7 of 
the 12 groundwater samples from well 299-WlS-49, and 5 of the 6 groundwater samples from 
well 299-Wl 1-43. The lowest tmbidityvalue of0.21 nephelometric turbidity units (NTU) was 
measured in well 299-WlS-46 at a depth of approximately 72.3 m (237 ft). The highest turbidity 
value of 1,000 NTU was measured in wells 299-WlS-46 and 299-WIS-49 at various depths . 
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Figure 4-1 . Topographic Map of the Hanford Site. 
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Figure 4-2. Generalized Stratigraphic Column for the 200-ZP-l Operable Unit. 
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Figure 4-3. Hydrogeologic Cross-Section Locations in the 200 West Study Area 
(from Williams et al. 2002). 
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Figure 4-4. Schematic Hydrogeologic Cross Section of Line 2-2' (from Williams et al. 2002). 
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Figure 4-5. Schematic Hydrogeologic Cross Section of Line 4-4' (from Williams et al. 2002). 
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Figure 4-6. Hanford Site Water Table Map, March 2004 (from PNNL 2005a). 
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Well:299-W15-34 

Class: VOA 

DOE/RL-2006-24, Rev. 0 

Figure 4-7. 299-Wl 5-34 Carbon Tetrachloride Trend Plot. 

Category: ORGANIC Constituent: Carbon tetrachloride 

Preliminary Target Action Limit 3 ug/L 

Concentration vs Time For C.arbo:n t-!trac.hlOiide 
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Well:299-W15-1 

Class: VOA 

Figure 4-8. 299-Wl 5-1 Carbon Tetrachloride Trend Plot. 

Category: ORGANIC Constituent: Carbon tetrachloride 

Preliminary Target Action Limit: 3 ug/L 

Concentration vs Time For C~ubon 1-e-tr3chloride 
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Figure 4-9. 299-Wl 1-10 Carbon Tetrachloride Trend Plot. 

Well:299-W11-10 

Class: VOA 

Category: ORGANIC Constituent: Carbon tetrachloride 

Preliminary Target Action Limit: 3 ug/L 

Concentration vs Time For Carbon ieirachlonde 

o..,- i$ NO,~~ .. -Fifta..,_ Black;. Unfdlan!!d 
j14.00.-----------------'----------------::,""":-----------, 
~ t2QO 

! tDOD 1-----------,/4·-__:,,,c---~-----,,,L-:__ ____________ _,_,_-----:7""''--',-----j 

s """1-Sc--------::-=:=,._ ___ _J~~-~-<- ~-------------=---+ ,I 
~ .... 1---..,...::,.___,=-----------~.,C.....--------------------\----t 
! .... 1--------------- ----------------------------j 
t 200 .. 
i 0 

t'# .,,.$"' 
q ,~· 

4-36 

• 

• 

• 



• 

• 

• 

Well:299-W13--1 
Class: VOA 

DOE/RL-2006-24, Rev. 0 

Figure 4-10. 299-W13-1 Carbon Tetrachloride Trend Plot. 

Category: ORGANIC Constituent Carbon tetrachloride 
Preliminary Target Action Limit: 3 ug/L 

Concentration vs Time For Ci;:irton tetrachloride 

- --- -----

Figure 4-11. 299-Wl 5-40 Carbon Tetrachloride Trend Plot. 

Well:299-W15-40 Category: ORGANIC Constituent: Carbon tetrachloride 
Claas: VOA Preliminary Target Action Limit: 3 ug/L 

Concentration w Time For Carbon tei,achlori~e 
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Figure 4-12. 299-W15-43 Carbon Tetrachloride Trend Plot. 

Well:299-W15-43 
Ciass:VOA 

Category: ORGANIC Constituent: Carbon tetrachloride 
Preliminary Target Action Umit 3 ug/L 
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/ 

Concentration vs Time For Carbon letcaollloride 
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Figure 4-13. 299-W15-44 Carbon Tetrachloride Trend Plot. 

Well:299-W15-44 

Class:VOA 

Category: ORGANIC Constituent: Carbon tetrachloride 

Preliminary Target Action Limit: 3 ug/L 

Concentration vs Time 
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Figure 4-14. 299-Wl 5-765 Carbon Tetrachloride Trend Plot. 

Well:299--W15-765 

Class:VOA 

Category: ORGANIC Constituent: Carbon tetrachloride 

Preliminary Target Action Limit: 3 ug/L 

Concentration vs Time For Carbon 1-etr.achlond,e 
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• Figure 4-15. 299-WlS-50 Trichloroethylene Trend Plot. 

• 

• 

Well:299-W15-50 category: ORGANIC Constituent: Trichloroethylene 
Class: VOA Preliminary Target Action Limit: 5 ug/L 

Concentration vs Time For Trichloroolhyleoe 
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Well:299-W15-44 
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/ 

Figure 4-16. 299-Wl 5-44 Trichloroethylene Trend Plot. 

Category: ORGANIC Constituent: Trichloroethylene 
Preliminary Target Action Limit 5 ug/L 

Concentration vs Time For Tru:hloroemylene 

I II 

! 14 

f 12 

10 • i • 

i • • 2 

I • 

Well:299-W13-1 

Class:'IOA 

...,.11.ND.Nlatilfllllfflllll,,BIHlf.laU ........ 
···----··· ---- ---

----- .. ·~--··-----· 

~' ,t'✓ ._(),/ / 

Figure 4-17. 299-W13-1 Trichloroethylene Trend Plot. 

Category: ORGANIC Constituent Trichloroethylene 

Preliminary Target Action Limit: 5 ug/l 

Concentration vs Time F01 Tncllloroethyleoe 
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Figure 4-18. 299-Wl 0-4 Nitrate Trend Plot. • Well:299-W10-4 Category: INORGANIC Constituent: Nitrogen in Nitrate 

Class: WETCHEM Preliminary Target Action Limit: 10,000 ug/L 

Concentration vs Time 

GRY.is. ND, MM is. FIIU:red. B!Klil is Unfilllantd J1&0al( ......-----------------=-----...:--_ __.c_ _________________ -=,--~ 
!'- r---·-· ··- ·-----······. f'f.--
~- I 
l.12011< 1--------------------------------------+-+l--1 
~1000K 1----------------------------------------+-1 --11--1 i ..... ···-----· ----········-···-·--- ... ) ~- ,. 
I'* 1------------------------------~------...---~---v.=-i 1;:1---------------__ -------------------~¾-~ .. -.--~ __ r_<:!!!:=.._..d!!:,_:._ ____ --I 

I OKS"§',,,,<f'"t-<f':#".;.~.-.,,~"'~"'".l'..,/'.,,,'..-".l .. ~"-i".~-"'"' .,I',# ,,f__,#'#','#~',#~~.l'_"/,,l> .# ~#/_/ ,# AY,.f,t~### 4,1• ~~ "I).,. .... ~ ... ~ ~ ,t- .... ~ ....... ~ ~ ~ .... +' ... ~~ ,p ~ ...... ,{9-a;/. #~ ,,.,,~,,,-.;,;: ,:~-. ~~ ~--- ,;:- ....... \ 4ir .,.,. "1'.._Y.,;i ,p' ;"~:~ ~ .. -~ 

Well:699-48-71 Category: INORGANIC Constituent: Nitrogen in Nitrate 

Class: WETCHEM Preliminary Target Action Limit: 10,000 ug/L 

Concentration vs Time For Ni11oge-nin NHfate 
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Figure 4-19. 699-48-71 Nitrate Trend Plot. 
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Well:299-W10-4 

Class: METALS 

DOE/RL-2006-24, Rev. 0 

Figure 4-20. 299-Wl0-4 Chromium Trend Plot. 

Category: INORGANIC Constituent; Chromium 
Preliminary Target'Action Limit 100 ug/L 

Concentration vs Time 

Well:299-W14-13 

ClaN: METALS 

Figure 4-21. 299-W14-13 Chromium Trend Plot. 

Catagory: INORGANIC Constituent Chromium 
Preliminary Target Action Limit: 100 ug/L 

Concentration vs Time 

For Chromi.um 

F=or Chromium 
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Well:299-

Class: 

W11-39 

RAD 

DOE/RL-2006-24, Rev. 0 

Figure 4-22. 299-Wl 1-39 Technetium-99 Trend Plot. 

Category: RAD Constituent: Technetium-99 

Preliminary Target Action Limit 900 pCi/L 

Concentration vs Time For Tec.hne1i:.JFn,99 
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Figure 4-23. 299-W14-13 Technetium-99 Trend Plot. 

Category: RAD Constituent: Technetium-99 
Preliminary Target Action Limit: 900 pCi/L 

Concentration vs Time Fo! T ectmelium-9Si 
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Well:2~W11-14 

Class: METALS 

DOE/RL-2006-24, Rev. 0 

Figure 4-24. 299-Wl 1-14 Uranium Trend Plot. 

Category: INORGANIC Constituent: Total Uranium 
Preliminary Target Action Limit: 30 ug/L 

Concentration vs Time For Total Uranium 
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Well:299-W11-37 

Class: METALS 

Figure 4-25. 299-Wl 1-37 Uranium Trend Plot. 

Category: INORGANIC Constituent: Total Uranium 
Preliminary Target Action Limit: 30 ug/L 

Concentration vs Time 
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Figure 4-26. 299-WlS-21 Uranium Trend Plot. 

category: INORGANIC Constituent: Total Uranium 

Preliminary Target Action Limit: 30 ug/L 

Concentration vs Time 
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Well:299-W14-13 
Class: RAD 

DOE/RL-2006-24, Rev. 0 

Figure 4-27. 299-W14-13 Iodine-129 Trend Plot. 

Category: RAD Constituent: lodine-129 
Preliminary Target Action Limit: 1 pCi/L 

Concentration vs Time For ID<hne-129' 
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Well:299-W14-15 

Class: RAD 

Figure 4-28. 299-W14-15 Iodine-129 Trend Plot. 

Category: RAD Cornatituent lodine-129 

Preliminary Target Action Limit: 1 pCi/L 

Concentration vs Time For lodine--129-
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Well:299-W14-13 

Class: RAD 

DOE/RL-2006-24, Rev. 0 

Figure 4-29. 299-Wl4-13 Tritium Trend Plot. 

Category: RAD Constituent: Tritium 
Preliminary Target Action Limit: 20,000 pCi/L 

Concentration vs Time 

Well:299-W14-12 

Class: RAD 

Figure 4-30. 299-W14-12 Tritium Trend Plot. 

Category: RAO Constituent Tritium 
Preliminary Target Action Limit 20,000 pCi/L 

Concentration vs Time 

For Tritium 
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Well:299-W14-15 
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Figure 4-31. 299-Wl4-15 Tritium Trend Plot. 

Category: RAD Constituent: Tritium 
Preliminary Target Action Limit: 20,000 pCi/t 

Concentration vs Time Fer Trilium 
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Well:299-W11-12 

Class: RAD 

DOE/RL-2006-24, Rev. 0 

Figure 4-32. 299-Wl 1-12 Tritium Trend Plot. 

Category: RAD Constituent: Tritium 

Preliminary Target Action Limit: 20,000 pCilL 

Concentration vs Time 
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Class: RAD 

Figure 4-33. 299-Wl 1-14 Tritium Trend Plot. 

Category: RAD Constituent Tritium 

Preliminary Target Action Limit: 20,000 pCi/L 

Concentration vs Time 
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• Figure 4-34. 299-Wl0-8 Fluoride Trend Plot. 

• 

• 

Well:299-W10-8 Category: INORGANIC Constituent: Fluoride 
Class: WETCHEM Preliminary Target Action Limit: 960 ug/L 

Concentration vs Tlme 
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Figure 4-35. 299-WI0-23 Fluoride Trend Plot. 

Well:299-W10-23 Category: INORGANIC Constituent Fluoride 
Cius: WETCHEM Preliminary Target Action Limit: 960 ug/L 

Concentration vs Time Fo, Fluoride 
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Figure 4-36. 200 West Area. 

•-• ... I• Opt...,._ UNI lloundldn 
'v l~ICllon Woll 
I', EldllclOII -I 
• Moni!DdngWOII I ... ... ... -• - -· 

....... 

... ,. 
.. ,,,, /-"" 

-· 
SAUlS 

1114h\Cdbl 

... 

4-48 

·-

-...... 

• 
• 

_I 
·-

•wn-• 

• 
..... --

....... 

•• ·-
_,._......._.,, ....... rlll.JDCIIL-1"11'M 



~ 
I 
~ 
\0 

• 

Ll 
NW 

/ ,,-,~ -,. --- --- -Q._-

I~ -----
I: -,. ·-,. 

• 

• 
Figure 4-37. Hydrogeologic Cross-Section for Wells with Depth-Discrete 

Carbon Tetrachloride Concentration Data, Northwest to Southeast. 
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Figure 4-38. Hydrogeologic Cross-Section for Wells with Depth-Discrete 
Carbon Tetrachloride Concentration Data, Northeast to Southwest. 
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Figure 4-39. Technetium•99 Concentrations at Well 299--Wl l·l?B· 
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Figure 4-40. Depth Distribution of Chromium and Manganese in Well 299-Wl 1-2SB, Waste Management Area T. 

Concentration, ug/L 
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Figure 4-41. Depth Distn"bution ofTechnetium-99 and Nitrate at Well 299-Wll-2SB. 
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Figure 4-42. Technetium-99 and Nitrate Concentrations Encountered During Drilling of Well 299-Wl 1-45. 
Technetium-99, pCI/L 
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Table 4-1. Well 299-WlS-46 litbology. 

4to65ft Haoibrd 1brmation 

65to67 ft Han1brd formation 

61 to 108.5 ft Hanford bmation 

108.5 to 116.S ft Cold Creek unit 

116.5 to 118 ft. Cold Creek unit 

118to 128 ft Upper Ringold Unit 

128 to 131 ft Ringold Unit B . 

131 to 147 ft Ringold Unit E 

147 to 290.S ft Ringold Unit B 

290.5 to 303 ft Ringold Unit B · 

303 to 360 ft ·· Ringold Unit E · 

360 to 380 ft Ringold Unit E 

380 to 417 ft Jlingold Unit B . 

417 to 473 ft Ringold lmYCt Mud Unit 

473 to 512 ft IUngold Unit A 

512 to 52L5 ft Riagold Unit A 

bp - below ,round surface 

Dense,~ lilt 

Thin intemeddechilty sand and and 

Silty, Btrong1y cememm calichc (ca1cic paleosol) 

Sandy gm,el amharying silt · 

. Sandy gravel and latge, rounded basalt cobbles 

.Sandy gravel BDdlocal thin inteibeddcd aand; basalt 
cobbles and IDCt8mOlpbic volcaoic c1asts; alteration to 
clay, carbonate itiingem, gypsum, and iron oxides 

· Sandy gmw1 with clay alteration as abow 

.Sandy gravel with clay altcmtion as &bow 

Well-a,mpadcd, dense lilt and silty clay with interbcdded 
~fineaand 

Gravdly aand with varying silt 

Sandy gravel 

Vesicular basalt 

. . 

Table4-2. Wel1299-WlS49 Lithology. 

ltol28ft .. 

128 to 130.5 ft ColdCMckunit Siltymmd 

130.5 to 132.5 ft Cold Creek unit . 

132.5 to 437.S ft · R.ingold Formation Grawly lilty sand to lilty ll8Ddy graw:1 

bgs • below ground surface 
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Table 4-3. Remedial Investigation/Feasibility Study Wells 
in the 200-ZP-1 Operable Unit. 

299-Wl0-24 d NA Not logged 

299-Wll-2S(B) Tl Fll200Sd OOE-BM/GJ837-200S 

299-Wll-43 H Fll2006ab DOE-EM/GJ936-200S 

299-Wll-45 T2 NA DOE-BM/GJl129-2006 

299-W13-0l G Fll2004 Not logged 

299-W14-11 d Fll200Sd OOE-EM/G1904-200S 

299-Wl4-l3 d NA Notlogged 

299-Wl4-14 d NA Not logged 

299-Wl4-19 d FH2003e Log exists on Stoller web site11 

299-WlS-152 F Fll2006a• Log not completed 

299-WlS-42 A Blll2002b Not logged 

299-WlS-43 d' FH2003e Log exists on Stoller web site11 

299-WlS-44 d FH2003e Log exists on Stoller web sitc11 

299-WlS-46 Z-9 FH2005c DOE-EM/GJ832-200S 

299-WlS-49 C FH200Sb DOB-BM/GJ773-2004 

299-WlS-50 E FH200Sb DOE-EM/GJ847-2005 

299-Wl7-0l I FH2004 Not logged 

299-WlS-16 D Fll200Sb OOE-EM/GJ860-200S 

699-50-74 T FH2006ab DOE-EM/GJ968-2005 

• Spectral-gamma log references provided by S. M. Stoller Corporation. Hanford Office, Richland, 
Washington. 

11 Not issued as of April 4, 2006. 
c The S. M. Stoller web site can be found on the Internet at www.gj.an.doe.gov/banf/. 
4 No other well designation applies. 
NA = not available 
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Table 4-4. Summary Results of Group A Analytes that Exceed 
Two Times the Preliminary Remediation Goal. 

Carbon letrachloride 56 2,326 3pg/L 

Chromium (total') 12 254 100 µg/L 

1-129 7 219 1 pCi/L 

Nitrate11 61 2,963 12,400 µglL 

Tc-99 7 347 900pCi/L 

Triehloroethylenc 11 255 s pglL 

Tritium 12 657 20,000 pCi/L 

Uranium (total) 2 103 30 µg.(L 

Uranium (radioactive) 1 8 20pCi/L 

• Table 1-3 mcludes hmawlent chromium (48 pglL). 
11 Table 1-3 also includes nitrate as nitrogm (10,000 p(VL), NO,z {3,268 pg/I,), and N(\ as nitrogen (1,000 µg/L). 
PRO ., pn,liminary remediation goal 
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.J::,,. 
I 

VI 
oc 

methyl-2-pentanone 

e 

· s-1,2-dichloroethylene 

ND• nondetect 

• 

Table 4-5. Summary Statistics for the Question B-3, No (Analytes with <10% of the Detects 
Greater Than the Preliminary Remediation Goal). 

414 0.489 0.4 73 0.6 S.275 

81 0.037 0.078 14.5 0.0424 2.6 3.465 

1,314 260 0.198 0.01 37 0.0486 1.S 3.659 

2,210 1,528 0.691 0.072 10 0.193 4.5 19.81 

2,195 665 0.303 0.1 74 1 14.2 24.55 

851 215 0.253 0.3 163 0.312 5 7.203 

83 0.038 0.1 0.91 6.12 

1,457 10 0.018 500 0.089 0.2 4.186 

1,236 3 0.1 20,00 0.35 0.9 24.7S 

1,515 26 0.017 0.013 500 0.062 0.23 3.927 

993 12 0.012 0.025 100 0.06 0.127 1.212 

354 0.031 500 0.57 6.466 

1,763 89 0.050 1 304.5 7.4 7.4 53.24 

• 

101 8.629 

328 1.785 

340 11.67 

2,320 92.S 

I 1,400 4S.94 

22.2 17.75 

171 6.854 

~ 
I 

t,..)· 

~ 

' 100 0 

8.8 117.1 

7 20.19 

1.38 7.101 

11,000 458.3 

• 
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Table 4-6. Comparisons of 9S% Bootstrapped Upper, Contamination Level to 

the Preliminary Renitdiation Goal for Question ta .. 3, No (Analytes 

with <100./4 <>fthe Detects Greater than Preliminary Remediation Goal). 

,7.44B-50 

l.34E-49 

3.398-71 

4.60B-60 · 

1.34E-71 

8.SSB-68 

· 3.24:B--50 

PRO . • preliminary remediation aoa1 
UCL • upper confidence limit . 

6.13B-S8 · 

2.90B-62 

2.36B-S8 

2.S2B-63 

6;13B-S5 

1.34E-63 

2.038-68 

4-S9 

3.756 

4.273 

23.25 

26.24 

8.187 

6.96 

30.49 

4.849 

1.614 

72.78 

10 No 

5 No 

15 No 

so No 

320 No 

so No 

80 No 

s Yes 

640 . No 

5 No 

70 No 

5 Yes 

1,000 No 



ND = nondetect 

• 

Table 4-7. Summary Statistics for the Question B-3, Yes (Analytes with Greater Than 10% 
of the Detects Greater Than Preliminary Remediation Goal). 

• 

0 

• 
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Table 4-8. Comp~ ~f 95% ~~tsbapped U~fontamination Level 
to the Prelunmary Remediation Goal for Qudtion B-3, Yes 

(Analytes with Oreater Than 109/4 of the Detects Greater 
Than Pfe,!iminary Remediation Goal). 

PRO • preliminary remediation goal 
ua.. - upper ccmftdmce limit 
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Table 4-9. Geotecbnical Depth-Discrete Sediment Data for 200-ZP-1 OU Wells 299-Wl 1-43, 299-WlS-46, and 299-WlS-49. (2 sheets) 

e, 

90 92.5 1676 l 759 4.4 4.2 100 100 100 100 100 99.5 91.7 69.8 49.4 36 28.1 18.9 I 119 121.5 1430 1608 6.2 5.8 100 100 100 91.1 82.9 68.3 S6.5 51.1 48.5 46.2 44.9 42.4 

f" 119.5 122 1898 2015 . 5.5 S.2 100 100 94 87.4 79.6 69.7 57.9 49.5 43.9 39 36 32.7 
t!, 
g 

~ 184 186.5 102 2.9 2.8 100 100 81.8 50.8 36.8 30.7 27.4 25.2 23.4 20.7 16.6 12 0\ 

224 226.5 100 100 85.7 65 44.9 38.4 33.6 29 22.4 17.3 15 13.1 ~ ,. 
237 239.5 100 84.1 70.6 53.6 43.6 35.6 30.2 25.5 21.8 16.1 13.7 12 ~ 
247 249.5 9.3 100 100 96.8 94,6 87.S 64.3 51.9 46.4 37.8 20 13.6 9.8 :< 
257 259.S 13.5 11.9 100 100 83.6 57.5 47.7 39 34.S 31 25.6 20.6 17.9 15.2 0 

277 279.S 12 10.7 100 93 84.7 66.2 58.7 so 44.9 39.3 31 24.9 21.9 19.4 

294.5 297 21.8 17.9 100 100 85.5 82.6 79.1 15.6 73.2 64 26.4 14.4 10.2 6.9 

297 299.5 2071 23.7 19.2 100 100 83.8 78.4 74.7 72.9 72.2 66.1 19 8.4 6.5 5.1 

317 319.5 1882 2150 12.3 10.9 100 94.7 86.7 72.8 65.7 S9.6 S6.1 41.S 12.7 7.3 5.9 4.9 

337 339.5 3 24S9 17.1 14.6 100 77.7 68.6 53.7 46.2 41.5 36.8 33.5 29.8 23.1 18.8 15.4 

367 369.5 1965 18.2 15.4 100 100 77.4 64.2 61.4 59.7 57.3 33 18.8 13.3 11.3 9.7 

377 379.S 070 8.3 7.7 100 100 81.8 61.2 49.7 42.3 39.3 36.2 25.6 17.7 14.9 12.7 

398 400.S 502 12.6 11.2 100 100 83 S5.3 44.3 40.5 37.6 29.8 16 12 10.5 9 

417 419.S 1490 1935 30.3 23.3 100 100 9S.5 84.5 80.2 78.8 78.6 78.3 77.4 77.1 77 76.8 

419.S 421 1 90 1 751 27.7 21.7 100 100 93.7 81.5 78.8 · 77.6 77.3 75.9 73.3 71.6 70.6 69.1 

• • • 
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Table 4-9. Geotecbnical Depth-Discrete Sediment Data for 200-ZP-1 OU Wells 299-Wl 1-43, 299-WlS-46, and 299-W15-49. (2 sheets) 

260 262 74.4 60.1 29 17.4 6.4 s.s 
330 335 100 72.7 SS.2 46 39.9 33.8 28.9 14.7 13 11.4 

401 406 100 100 79 59.S S0.9 43.3 36.8 29.3 20 14.7 12.7 10.8 

435 440 100 100 100 100 100 100 98.7 94.2 87.9 84.3 83.4 . 82 

NA • not available when dUll mnalial inwstlption report wu piepared . ff£:·, 

Shaded cells indicate data that were not needed at all depth intcrwls. The contracuJt detennined which dq,di in1erwll to eollec:t the data basis on sampling RqUiranarts. the volume of 
material recovered, md modeling needl. 

i 
N 

J 
~ 
0 



90 
119 

119.5 
184 
224 
237 
247 
247 
257 
257 
277 

294.5 
297 
317 
317 
337 
337 
367 
367 
377 
377 
398 
398 
417 
417 

419.S 
419.S 
482 

DOF/RL-2006-24, Rev. 0 

Table 4-10. Hydraulic Depth-Discrete Sediment Data for 200-ZP-1 
Wells 299-Wl 1-43, 299-WlS-46, and 299-WlS-49. 

92.S NA. 2.7201 D854 
121.S NA. 2.7705 D854 
122 NA. 2.8383 D8S4 

186.5 8.IE-07 2.7326 D854 
226.5 2.9E-OS 2.7576 0854 
239.5 3.2E-05 2.6652 D8S4 
249.5 

l.3E-05 2.6161 Cl27 
249.S 2.7025 0854 
259.5 

5.lE-06 2.5806 Cl27 
259.S 2.7045 D854 
279.5 2.6E-07 2.719 0854 
297 l.OB.()4 2.6877 D8S4 

299.S 1.4E-04 2.6794 D854 
319.S 

4.2E-05 
2.5774 Cl27 

319.S 2.7061 D854 
339.S 

3.3E-OS 
2.5797 C127 

339.5 2.7735 D8S4 
369.S 1.6£-06 2.5133 C127 
369.S 2.7399 D854 
379.5 

4.SE-05 
2.4912 C127 

379.S 2.7308 0854 
400.S 

4.3£-06 
2.5623 Cl27 

400.S 2.7323 D854 
419.S 

2.7E-08 
2.6312 Cl27 

419.S 2.7168 D854 
421 

6.5E-06 
2.6145 C127 

421 2.7636 D854 
484.5 2.lE-OS 2.6836 D8S4 
522.S 

2.SE-07 
2.2928 C127 

522.5 2.9094 D854 

262 S.9E-05 2.7171 D854 
262 l.lE-04 2.721 D854 
335 1.6E-06 2.7334 D854 
406 3.6E-07 

2.5399 C127 
406 2.7248 D854 
440 3.9E-07 2.7638 D8S4 

9S.8 
94.2 
94.8 
97.2 
NA 
92 

91.5 

88.1 

89.3 
82.1 
80.8 

89.1 

85.4 

84.6 

92.3 

88.8 

76.7 

78.3 

79.7 

70.7 

NA 

NA 

NA 

NA 

NOTE: Cells that do not contain dala and where "NA,. is indicated in bok1/italic indicate data that were not needed at all 
depth intervals. The contractor determined which depth int.erw1s to collect lhe databues on sampling n:quiranents. the 
volume of material recovered, and modeling needs. 

NA = not available when this n:mediaJ inwstigation report was prepared. 
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Table 4-11. Geochemical Depth-Discrete Sediment.Data for 2()()..ZP-1 Wells 299-Wl 1-43, 299-WlS-46, and 299-WlS-49. (2 sheets) 

49.5 51.S 1.57E+os 3.88B-t05 
63.S 66 1.90E+o5 . 1.63E-t-06 
90 92.5 3.S3E+os 1.Ss&+-06 8.4 I 110 112;.5 3.10:B+oS 2.62B+07 5.97 

117 119.S 4.08B+o5 1.53B-+05 7.41 

-,:.. 119 121.S N/S N/S N/S ~ 
b,, 119.5 122 4.105+05 2.28E+06 3.41E+o7 3.97B+04 2.60£406 S.44E+06 3.06B-f-07. ~ v- 119.S 122 3.7311+05 1A3B+-OS .. 3.70E+o7 3.42E+o4 NA NA 2.90E+07 

174 176;5 2.07B+-OS 8.37B+04• l.26B4-07 . l.75B-l-04 7.65B+o4 6.03Ei:04 2.57B+-06 · ~ 
184 186.S 2.24E-l-06· 9.S6E+-04 . l.39E+o7 l.02E+-04 .39SE+o4 1.75E+os. •. 2.31.E+-06 9.379 

' 224 226.5 3.18B+o5 · 2.89B+04 .. 1.6SE+o7 1.12E-+04 9.79E+o4 4,70E+-03 3.28B+-06 13.2 8.454 

226.5 229 5.15E+-05 · S.44E+o4 1.70E+07 S,OOB+-03 2.80B+oS · 2.29E+-04 · .. 3.21E+06 · . 1.45E-HJS 25.6 8.059 0 

228 230.S l.66E+-05 4.lOE+-04 l.20E+o7 .9.93B+03 2.27E+o$ S.95E+o4 2.49E+06 1.97E+oS 20 8.2 

228 230.S 2.69E-+05 4.11£-+04 1.48E+o7 S.OOB+-03 . 9.03E+()4 · 4.60E-+04 3.04B+o6 . 2.00B-f-05 24.4 8.128 

230.S 232 2.09B+o6 ·3.30E+o4 1.63E+07 S.OOE+o3 N/S N/S . 3.13E+o6 2.38E+o5 N/S 8.332 

232 234.5 N/S N/S N/S N/S. 1.00B-f-05 2.tSE+os N/S N/S N/S . 9.8 N/S 

237 239.5 2.63E-tOS 2,43E+04 1.74E+o7 5.70E+o3 4.16B-+04 4.70E+o3 3.75E+o6· 2.30B+os 0 10.9 7.999 

247 249.5 8.82Et0S 1A8E+o4 1.06E+o7 1.01E+o4 . 7.74:&HM 7.12B+84 1.6SE-+-06·· 1.27E+o5 0 25.7 8.S46 

257 159.S 2.51E+o5 7.61E+o3 1.84E-l-07 ,.6SE+o3 1.21B+os 1.24E+oS 3.30B+06 2.39E+o5 0 26.9 · 8.888 

257 259.S. 9.16B+o5 1.24E+o4 1.SOE+-07 5.22E+-03 .. 2.s3E+Os·. 4.75E+o4. 3.13E+06 3.44E+o5 97.7 a;m 
2n 279.S 6.16B+o5 8:72E+o4 1.60£-l-07 1.18E+o4 7.98E+o5 6.2SE+o5 l.32B+o7 1.86:B+os 19 8.195 

294.5 297 1.64E40S 2.t6E+o5 1.26E+o7. 1.24B+o4 3.64B+o4 l.27Ef05 2.6SE+o6 6.52B+o4 6.4 7.69 

294.S 297 1.12E+oS l.96E+os 8.9SB-+06 4.90E+o3 2.49E+o5 3.43E+o5 ·l,30B+o6 2.97E.f-04 16.4 8.2 

297 299.S 1.06E+05 l.33E+oS 8.83E+o6 S.OOE+o3 5.16B+o4 2.S2E+o5 l.16B+o6 3.38E.f-04 0 27.4 7.08 

317 319.5 2.37E+-OS 3.67E+o4 2.32B+o7 S.37E+o3 1.68E+oS 1.18EfOS 3.22E+o6 1.16E+os 0 19.3 8.046 



Table 4-11. Geochemical Depth-Discrete Sediment Data for 200-ZP-1 Wells 299-Wl 143, 299-W1S46, and 299-W1549. (2 sheets) 

369.S l.7SE+o7 7.78 
367 369.S 1.20E+oS l.98E+o4 l.SOE+o7 S.OOE+o3 S.38B+oS S.79E+0S 21.9 8.2 
377 379.S 3.0SE+oS 2.49£+04 2.89E+o7 4.90E+o3 4.90E+o4 2.S8E+06 7.94E+06 7.18E+o5 3 18.4 8.27 
398 400.S 2.14E+oS 6.SSE+o3 1.96E+o7 4.90E+o3 1.02E+oS 2.07E+06 1.12E+o7 2.71E+oS 0 31.3 8.61 
417 419.S 1.63E+OS 8.46E+o3 1.76E+o7 S.OOE+OJ 1.02E+o6 1.39E+o6 3.97E+o6 7.98E+o4 0 3S.4 7.72 0 

419.S 421 3.40E+OS 9.96E+o3 1.66E+o7 6.93E+o3 S.56E+o5 9.62E+oS 3.37E+o6 8.23E+o4 0 28 7.92 0 
482 484.S 1.00E-+-05 2.88E+03 8.19E+o6 S.OOE-+-03 S.16E+o4 1.62E+oS 1.46E+o6 7.12E+o4 0 9.3 9.7 ~ 520 522 S.31E+OS 

-1:1- 520 522.S N/S N/S N/S N/S t,J 
I 8 °' °' °' ~ 

~ 
260 262 S.lOE+oS 1.02E+o4 2.01E+07 9.02E+o3 7.20E+04 3.13E+04 3.39E+o6 1.39E+oS 0 7 8.26 

' 260 262 1.38E+oS 9.21E+o3 9.37E+o6 6.42E+o3 9.S9E+o4 5.406+04 1.62E+o6 1.38E+05 0 10.2 8.64 
330 335 7.91E+OS 7.61E+o3 l.S4E+o7 1.27E+oS 4.23E+04 1.21E+oS 3.4SE+o6 1.93E+oS 0 12.1 8.49 0 

401 406 l.78E+oS 1.01E+o4 1.62E+o7 l.06E+o4 3.88E+o4 6.00E+04 2.81E+o6 2.31E+OS 0 13.7 8.71 

435 440 l.14E+OS 9.69E+03 2.32E+o7 S.OOE+o3 1.99E+o5 6.29E+04 4.71E+o6 6.81E+o4 0 14 7.99 
435 440 1.34E+oS 7,84E+o3 2.04E+o7 7.87E+o3 4.44E+oS 6.81£+04 4.S3E+o6 8.8SE+o4 31.6 8.6 

NOTE: Shaded cells where data are not included indicate data that W1R not needed at all depth intervals. Tho contractor determined which dc:pth intcnals to collect the databases 
on sampling requirements. the volwno of material :recovered. and modeling noeds. 

CBC = cation exchange capacity 
TIC = total inorganic carbon 
TOC = total organic carbon 
NA = not available when this ranedial investigation report was prepared 
N/S • not sampled 

• • • 
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Table 4-12. Description of Core Liners for 200-UP-1 Sediments. 
• _f p .. I' ·t-

C4298 B192Kl I 279-279.5 ,RingoldUnitB · No-Blough 2,013.30 

C4298 B192IC2 1 314-314.5 Ringold Unit B No-Blough 1,544.35 

C4298 B192K3 1 347-347.5 Rmgold Unit B No-slough 1,646.60 

C4298 B192K4 I 316.5-387 Ringold Unit B No-slough 1,329.21 

C4299 B19136 1 ; 271.5-272 Rmgold Unit B Yes 2,032.09 

C4299 B19137 2 30&.S-309 Ringold Unit B Yes 2,024.12 

C4299 B19138 I 344-344.5 JUnaold Unit B No-slough 1,777.87 

C4299 B19139 2 373.5-374 No-slough 1,683.90 

C4299 B19140 ·. l 419-419.S Yes 1,674.00 

C4300 B19373 1 289-289.5 Ringold tJDit B No-slough 1,532.17 

C4300 B19374 I 341-341.S liugold Unit B No-Blough 1,322.90 

C4300 B19375 l ·406-406.S ltiagold Unit B No-slough 1,688.87 

C4300 819317 2 427.5-428 Rin&old Lower Mud Yes 1,263.07 

• IJncr # indicates tbc aplit-.,on umpling. which comi&tcd of founleeves, each 6 in. long in each push; #1 is closest 
10 the shoe (deepest), md #4 ls the lhallowest. Usually liilers #1 and #2 represent 'wgin" sediment not impacb:d by 
slough falling back in die hole. 

bgs .. below ,round surface 
BE1S • Hanford Eo.wmunental Jnfmmation S)'lltem 

Table 4-13. Summary of Particle-Size Dis1n"butions for Bulk Samples 
as Determined by Dry Sieve/Hydrometer Method for 200-UP-1 Sediments. 

B 192Kl, widJ. gravel 25.9 68.S 4.90 0.60 

819136 ad 819137, with pawl 42.0 52.2 4.34 1.46 

B19140, with gravel ss.o 26.7 13.2 5.10 

B19377, with gravel o.o 20.8 69.3 9.83 
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Table 4-14. Moisture and Carbon Content of Sediments and pH, Alkalinity, 
and Electrical Conductivity of 1: 1 Water Extracts• from 200-UP-1 Sediments. 

699-30-66 9.74 0.026 0.001 0.010 
445.5 7.64 

(127.4) (7.69) 

699-30-66 17.7 0.049 0.000 0.000 
261.3 7.47 
(90.0) (7.39) 

699-30-66 9.64 0.017 0.000 0.000 
404.3 7.17 
(86.4) (7.56) 

699-30-66 25.4 0.025 0.000 0.000 
215.9 7.60 
(90.0) (7.52) 

699-36-70B S.88 0.026 0.000 0.000 
743.4 7.59 

(108.3) (7.81) 

699-36-70B 11.7 0.239 0.223 1.860 
577.9 7.58 
(60.0) (7.45) 

699-36-70B 23.6 0.015 0.000 0.000 
201.4 7.57 

(112.7) (7.54 

699-36-70B 26.0 0.021 0.000 0.000 
IBO.I 7.61 
(91.S) (7.42) 

699-36-70B 18.4 0.039 0.000 0.000 
170.2 7.48 
(ND) (ND) 

299-W1948 18.5 0.019 0.000 0.000 
253.2 7.63 

(130.3) (7.62) 

299-W19-48 15.l 0.033 0.003 0.026 
286.6 7.20 
(96.6) (7.65) 

299-Wl948 13.4 0.056 0.009 0.071 
378.9 7.44 

(125.6) (7.50) 

299-Wl948 32.5 O.Ql5 0.000 0.000 
178.7 7.59 
(99.6) (7.67) 

0.867 
(0.2S5) 

0.578 
(0.215) 

0.771 
(0.184) 

0.534 
(0.229) 

1.812 
(0.318) 

0.961 
(0.214) 

0.453 
(0.268) 
0.443 

(0.222) 

0.573 
(ND) 

0.686 
0.391) 
0.777 
0.264) 

0.840 
0.29 

0.400 
(0.237) 

• The moisture content and total carbon (inorganic carbon) were measured using core sediments. The aJkalini.ty, pH. and 

electrical conductivity measured in 1: I water t:lltracls are shown in italics. The alkalinity and EC were already dilution-

corm:tr.d. The measured values in the extracted porewater are shown in parentheses. 

EC = dec:trical conductivity 
HEIS = Hanford Environmental Information System 
ND = nondetect 

Table 4-15. Cation Exchange Capacity for 200-UP-1 Sediments. 

Cation 
exchange 
capacity 
{meq/100 g) 

1.66 (±0.34) 3.28 (±3.29) 3.39 {±0.21) 17.12 (±2.45) 
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Table 4-16. Recommended Kcs:Values to Use in 200-UP-l Risk Transport Predictions. 

Tc(VI() 0(:1:0.l) 0 (±0.1) 0.08 (:i0.03) 

U(Vl) 0.5 (¼0,2) 5.0(±1.3) 1.8 (:!:0.1) 

Sr-90 8 (:1:3) 15 (±10) 25 (:1:5) 

Cs-137 500 (:1:100) 500(:1:100) 1,000 (:l:200) 

Np(V) 2.5 (:l:0.5) 9.0(:2.0) 3.6 (±0.2) 

Cr(VI) 0(:l:0.05) 0 (:l:0.05) 0.1 {:l:0.1) 

Sc(VI) 0 (:l:0.5) 0.05 (:l:0.02) 0.05 (:l:0.02) 

1-129 0 (:1:0.05) 0{¼0.82) 0(¼0.05) 

K.t • partition (or ctistn'lmtion) coefficient 

• 

• 
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Table 4-17. Slug Test Characteristics for Selected Test/Depth Intervals 
and Slug Test Analysis Results at 200-2P-l Operable Unit 
Test Wells 299-Wl 1-43, 299-WlS-S0, and 299-Wl8-16. 

Ringold 87.78to 
I Fonnation 90.83 81.56 4 N/A NIA 

(UnitS) (3.05) 

Ringold 106.28 to 24.1-25.5 
2 Formation 109.33 81.53 3 NIA (24.8) 

(UnitS) (3.05) 

Ringold 133.SOto 14.3 to 17.7 
3 Formation 136.55 81.53 4 NIA (16.0) 

(UnitS) (3.05) 

Ringold 71.02to 
I Formation 74.04 67.02 s 2.58 3.00 

(UDitS) (3.02) 

Ringold 83.45to 
2 Fonnation 86.S0 66.67 6 2.93 3.20 

(UnitS) (3.05) 

Ringold 99.97to 8.07-9.63 8.06 to 9.SO 
3 Fonnation 102.93 66.30 6 (8.77) (8.66) 

(Unit5) (2.96) 

Ringold 95.70to 
1 Formation 97.99 -71.69 2 NIA N/A 

(UnitS) (2.29) 

NIA 

N/A 

NIA 

1.0E-S 

5.0&-S 

l.0E-6 

NIA 

NOI'E: For all test wells, re= 0.051 m; r,,. ranged between 0.11 I and 0.149 m. The"~"' symbol used in combination with 
deptJi.to-watu measumnents indieata that the value i• not consideRd to reflect static conditions at the time of teltiog. 

• Unit number in parmthesis indicates the rdevant pmdwater-flow model layer. 
b Numba- in parmthesis ii the a\lCl'lfge value for all tats. 
c Assumed to be unifunn within the well--scn,en test section. For tats exlumting a heterogeneous fonnation response, only 

outa" mne IID8lysi• n:su.lts are CODllidered repn:smtative of in situ formation conditions. 
bgs = below ground •urface 
Ki, = hydraulic conductivity 
NIA = method either not applicable or not applied 

4-70 

• 

• 

• 



. -------- - ------

• • • 
Table 4-18. Well Development Data for Remedial Jnvestigation/FCU1"bility Study Wells. (3 sheets) 

. ... . -·- .· . . 

299-Wl0-24 234.78 10/23198 -2.100 

299-Wll-258" 11 241.9 02/02/05to 
Not applicable. ieplaced by 299-Wll-46 (fll'JNOS 

299-WU-43 269.24 (fl/21/05 68 4.5 1.111 23.0 30 20.74 1~800 

! 299-wt 1-4,C 253.7 0:3/08/06aad 
429 4.33 1.582 15.8 17.6 23.89 

6.366 03/09/06 6.6 7.59 
t-

U87 U43 U15.2 -..I 299-W114 243.S 08/05/05 3.18 1.288 23.3 2.400 - LUO L41 L 15.2 °' ~ 
299-Wl3-14 02/09/04 U64 2.07 532 16.8 19 4.SS 1,216 .. 

289.09 
02/10/04 LIO 4.13 533 18.0 19 4.436 1,558 i 

299-Wl4-11° 227.17 OS/10/05 uuo U4.71 U787 U20.2 U33 U 10.25 6,000 0 
Ll7 L6.0 L795 L20.8 L33 L 10.25 

299-W14-13 216.6 09/l7/98to L90 L4;07 L823 L23.4 LB L7.S -860 09121/98 U20 Ul.08 U92S U21.0 U7 U7;25 

217.42 11/13/98 USS US.69 U467 U19.8 6 Not 1,700 299-W14-14 
L115 L4.SS L440 L20.1 measured 

U226.8 U9.83 U- U- UIS U- U3,40S 
299-W14-15' 223.SS 11/08/02 U73.2 U0.97 U648 U16.9 U7 U4.907 U511 

Lil Ll.41 L663 L17.S L6 Ll.542 L 190 

U3S U3.17 US46 U21.5 U30 U3.280 Ul,600 
299-WlS-152 237.3 09/26/05 us L4.97 L537 L21.7 U30 L3.618 L 1,800 

L52 L32 



Table 4--18. Well Development Data for Remedial Investigation/Feasibility Study Wells. (3 sheets) 

299-WlS-42' 226.6 
01/28/02to U98 U3.82 0712 Ul8.7 UIS u-• 1,470 

02/06/02 L80 L4.83 L703 L 18.8 L14 L2.S 1,120 

USS.8 01.62 US23 U16.9 U23 03.76 01,288 t, 
11/13/02 0 299-WlS-43• 227.42 11/18/02 031.8 02.28 US19 017.9 U6 00.38 0192 

~ L99 L0.63 L521 L 16.8 L 15 L2.106 Ll,485 

.a:.. 299-WlS-44• 220.24 
11/22/02 093.6 04.81 U542 018.9 07 02.609 0658 N 

I 
11/25/02 L66.6 L3.81 LS47 L18.4 L8.S L2.679 LS70 Q 

;::I ~ 
04/28/05 103 4.18 869 20.7 23.7 2.lSS 2,441 --~ 

299-WlS-4611. 222.69 04/29/05 S1 4.58 816 18.8 25.0 2.313 1,425 ~ 
Not ~ 

04/29/0S 30 4.08 832 20.7 23.3 measured 699 Q 

299-W1S-4ci 234.5 12/27/04 032 04.76 0443 017.9 020 08.16 2,420 
L89 L4.49 L441 L 17.4 L20 L8.S 

02/24/0Sto 
0110 U 1.81 0508 021.7 011 06.36 

299-Wts-sd 218.S MS4 M3.86 MS12 M19.2 MIS M 16.72 6,700 
02/25/05 L 183 L4.4S LS22 L 15.0 L26 L29.44 

U92 4.45 389 17.1 18 13.8S 1,656 

299-Wl7-14 19S.95 12/1S/03 to L6S 63.3 526 17.1 30 17.02 1,950 
12/16/03 L97 10.2 391 16.6 26 16.18 2,S22 

LllO 4.69 391 17.1 30 1S.71 3,300 

• • • 
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699-50-74 

• 
Table +-18. Well Development Data for Remedial Investigation/Feast"bility Study Wells. (3 sheets) 

233.6 

220.8 

12f28/04to 
12129/04 

08/23/05 to . · 
08/24/05 

U212 
L297 

U30 
M75 
L21S 

U4.38 
L5.l4 

U2.82 
M4.77 
L4.80 

U1806 
L18S4 

U284 
M287 
L291 

U18.3 
Ll8.9 

U20.0 
M19.0 
L18.4 

U13 
L 13.5 

L3S 
M35 
U27 

U3.02 
L3 

Ul0.8 
M13.8 
L12.S 

• 

7,000 

11,500 

• Source: Bordtole ~ Repo,tfor t1,e DrUlbtg ont1 Ctmstnu:tion of Four New Well., 299-W22-41, (0#661); 299-WU-25B, (0#669); 299-Wl.,_11, (C4668), and 299-WJJ-46 
(C4950) DrtlW In tJ. 2()(J W&lt Ana (PH 2005d). 

~ During well-completion ac:tivities at wd1 C4669 (299-Wll-25B), 1he 4-in. stainlCSHtecl ~ cuing was constricted over a 3-ft section. preventing access 1D 1he ICRCllC:d 
interval at the bottom ofdlc wdl. A dedsion was made to decommission this well and drill a lllhmtutewell, 299--Wll-16 (C49SO) (FH 200Sd). 

0 Data llOt shown in relevmrt boftbolo mmmary nports bat wa:eprovided by Flua: Hanfbnl, Inc. in o-mail ~ 
4 Sourc:c:: Table 2-8, Fucal Year 2004 CERCU GrmatdwatN Monllorlng Well~ Report for 1M 100.HR.-3, 200.ZP-l, 200-UP-J Operable Unlt3 (PH 2004). 
• Sourec: Table 5, Callwlar Year 2002 RCIU 01ld CER.CU GrorindwatN Monitoring Well Svmmaty Report (FIi 2003e). 
r Source: page 11, Bordrok 3,an,nary Report for Well 299-Wl5-42 (C3803} a,,d BoN1rok 299-Wl5-76# (C3494), 200.ZP-J Operable Unit (BID 2002b). 
1 Infbrmation fur upper drawdown not provided in Bore/role Sia,una,y Report/or Well 299-WJ 5-#2 (C3803) a,,d Borehole 299-Wl 5-764 (C3494}, 200.ZP-l Operable Unit 

(BH12002b). -
11 Source: Table 2-4, Bordlok Summary Report for Well 299-Wl 5-#6 (C3426) Drl1Jed at tM 216-Z-91mlch (PH 200Sc). ... ~ 
1 Source: Table2-15,Bordrok&anmaryRepo,tjorSizCERCU Well.rDrill«lin tlse200-UP-J and200-ZP-l Opm,ble Units. andSizRCJU. WelbDrilledintMA-.4.Y; B-BX. 

and U WMA; CY 2fXU-2005 (FIi 2005b). 

bgs - below ground surfacci 
pn - gallons pet' minute 
L = lower 
M = middle 
N1U ,,. nephdomdric turbidity unit 
u = upper 



Table 4-19. Geochemical Depth-Discrete Groundwater Data for Wells 299-Wl 1-43, 299-WlS-46, and 299-WlS-49! (3 sheets) 

N/A 328 

N/A 364 
N/A 418 

N/A 251 
N/A 257 

N/A 267 

N/A 268 
N/A 278 
N/A 293 

294.5 297 

N/A 297.5 
297 299.5 

• • • 
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Table 4-19. Geochemical Depth-Discrete Groundwater Data for Wells 299-Wl 1-43, 299-WlS-46, and 299-Wl S-49. a (3 sheets) 

317 
NIA 
337 
NIA 357 

365 

i 367 369.S 

NIA 379 
-,::i,. 377 379.S 
I 

NIA 397 8 -.,l 

""' ~ NIA 397.S 
NIA 400 !6 
419.S 421 J NIA 482 
482 484.5 0 

NIA 

NIA 
NIA NIA 
NIA NIA 
NIA NIA· 
N/A NIA 
NIA 270 



Table 4-19. Geochemical Depth-Discrete Groundwater Data for Wells 299-Wl 1-43, 299--WlS-46, and 299-WIS-49! (3 sheets) 

N/A 330 
N/A 401 

N/A 440 

NOTE: Blank shaded cells indicate data that were not needed at all depd,. inklrvals. The contractor detmnined which depth intervals t.o collect the data based on sampling 
reqummcnta, the volume of material rccowrcd, and modeling needs. 

• Data provided in emails from Fluor Hanford. Inc. 
b No field readings taken. 
DO • dissolved oxygen 
N/ A • not available 
NTU = nephclomctric tmbidity unit 
TOC = total organic carbon 
nc ... total inorganic carbon 

• • • 
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5.0 HUMAN AND ECOLOGICAL RISl<~V ALUATION 
. j'. ,· '·'·' 

!.1 HUMANHEALTHRISKEVALUATION 

The discussion of human health risk in this RI report will limited to the following two risk areas: 

• Discussion of estimates of existing risks based on current interpretations of contaminant 
plumes that originate within the 200-ZP-l OU and exceed DWSs. The plume 
interpretations are developed in the annual groundwater monitoring report for FYOS 
(PNNL 2006). This discussion only focuses on a few indicator COCs that include carbon 
tetrachloride, tecbnctium-99, iodine-129, and uranium. 

• Discussion of pre]iminary risks associated with the carbon tetrachloride plume based on 
information developed in a previous modeling study of carbon tetrachloride (Bergeron 
and Cole 2005). · 

Because the groundwater model that will eventually be used to perfo1m the baseline risk 
usessment and FS analysisis an updated version of the older groundwater model (Bergeron and 
Cole 2005),specific information of the groundwater contaminant fate and transport is limited to 
what has been included in. Section 6.1.2. The reader is referred to the report by Bergeron and 
Cole (2005) for more detailed descriptions of groundwater flow and transport resulting from this 
past modeling effort. 

5.2 ECOLOGICAL RISK EVALUATION 

This section includes the ecological risk screening of contmninant.s in the 20()..ZP-1 OU versus 
the aquatic screening concentrations for nonradionuclides ftom various sources, as documented 
in 100-BIC Pilot Project Riak Assessment (DOE-RL 2005a) and Data Quality Objectives 
Summary Report for the JOO Amt and 300 Area Component of the River Corridor Baseline Risk 
Assessment (BHI 2005). ·Radionuclid.es in water were screened against values in A. Graded 
Approach for Evaluating Radiation Doses to Aquatic and Ten-estrlal Biota (DOE 2002)~ which 
was prepared for DOE by the Biota Dose Assessment Committee (BDAC) and presents 
screening levels (i.e., biota concentration guides [BCGsD for nidionuclides, as well as 
a methodology foramducting ecologicul risk assessments for radionuclides. DOE-RL (2005a) 
contains additional details on the BDAC document 

. 5.2.1 EcologlcalRlsk Screening 

Steps 1 and 2 of the ecological risk assessment guidelines process (BP A 1997) consist of risk 
screening that compares concentrations of contaminants of potential environmental concern 
(COPECs) in water at the site to .ecotoxicity-based water concentrations. The water 

concentrations considered include the following: 

• Maximum analyte-specific levels in groundwater from the 200-ZP-1 OU 

• Maximum analyte-specific levels in groundwater from the 200-ZP-l OU diluted by SO% 
(0.5 dilution factor) to represent the Columbia River hyporheic mixing zone 

• Maximum analyte-specific levels in groundwater from the 200-ZP-l OU diluted 100-fold 
(0.01 dilution factor) to represent OU groundwater mixed with Colmnbia River water. 
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For risk screening of the exposure scenarios at the 200-ZP-l OU, pre-established screening • 
levels for water were used for comparison to concentrations of nonradionuclides from multiple 
sources. Concentrations of radionuclides in water were compared to the dose-based screening 
levels developed in the DOE's BCGs for protection of aquatic systems (DOE 2002). The basis 
of these screening levels and the underlying assumptions are discussed in the following 
subsections. 

5.2.2 Aquatic Recepton Exposure 

Methods for screening nonradionuclides in water are based on exposure pathways to aquatic 
organisms. The screening approach assumes that aquatic organisms are generally exposed to the 
greatest fraction of contamination by means of direct media contact (i.e., continuous bodily 
contact with water). Ecological screening for waterborne COPCs pertains to receptors associated 
with benthic surfaces and the free water column. These screening values are broadly protective 
of aquatic plant and animal species. For example, EPA has developed methods intended to 
protect a large fraction (roughly 95%, unless otherwise stated) of species found in aquatic 
environs (EPA 1995). By using the EPA 's national ambient water quality criteria (EPA 2002b ), 
it is assumed that any particular species selected to be representative of feeding guilds in the 
aquatic realms of the Hanford Reach will be protected. 

General guidance from the International Council for Radiological Protection (ICRP 1991 ), the 
International Atomic Energy Agency (IAEA 1992), and the United Nations Scientific Committee 
on the Effects of Atomic Radiation (UNSCEAR 1996) concludes that radiological doses to 
aquatic animals (vertebrates and invertebrates) and terrestrial plants and terrestrial animals • 
(invertebrates and vertebrates) should not exceed land 0.1 rad/day, respectively. Provided that 
radiation exposure does not exceed these levels, the consensus opinion of the international 
radiological organizations is that ecological populations will be protected. The DOE has adopted 
these thresholds and integrated them into DOE (2002). The BCGs presented in DOE (2002) 
represent radionuclide concentrations in soil, water, or sediment that would produce a dose equal 
to the 1 or 0.1 rad/day threshold ( depending on the type of biota). 

5.2.3 Ecological Screening Values 

In the effects characterization, potential adverse effects associated with varying levels of 
exposure to contaminants are docw:nented. Effects data may consist of literature-derived, single
chemical toxicity data and of results from site-specific biological field surveys and toxicity tests 
of ambient media. For this screening assessment, only literature-derived, single-chemical 
toxicity data were used to evaluate risks to ecological receptors exposed to groundwater from the 
200-ZP-1 OU. Screening benchmarks based on no-effect concentrations in media were 
assembled from multiple sources. Applicable or relevant and appropriate requirements (ARARs) 
from the State of Washington and the Federal regulatory agencies were used whenever available. 
If there are two or more ARARs available for an analyte-receptor combination, the lowest of the 
values was used in conducting this screening assessment Avail_able ARARs are as follows: 

• "Water Quality Standards for Surface Waters of the State of Washington" 
(WAC l 73-201A) 

• National Recommended Water Quality Criteria: 2002 (EPA 2002b). 
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When.an ARAR for an analyte was not available, the lowest \'$1"Qe among other somces was 
used, including the following: · · .· ' 

• Oak Ridge National Laboratory's toxicity benchmark values for plants, soil invertebrates, 
and aquatic biota (Suter and Tsao 1996) 

• Los Alamos National Laboratory's risk-reduction toxicity reference values (LANL 2005). 

Radionuclides were evaluated using an adaptation of the graded approach outlined in 
DOE (2002). The graded approach is a step-wise process for evaluating exposure and risks from 
radionuclides to ecological receptors. 1be process starts using a series of conservative exposure 
assumptions to determine if ndionuclide exposure for the most highly exposed individuals may 
exceed internationally accepted dose limits. If the conservative exposme estimate exceeds those 
dose limits, the evaluation proceeds to the next level·and incorporates more site-specific data and 
biologically more realistic exposure assumptions to better clarify likely exposure levels. 

At this initial screening level, maximmn measured radionuclide concentrations are compared 
to radionuclide-specific BCGs. The BCGs represent the limiting radionuclide concentration that 
would result in accepted dose limits not being exceed~ More radionuclides were measured 
in water ftom 200-ZP-1 OU than were represented by BCOs presented in DOB (2002). 
An additional BCO, carbon-14, was derived using the same approach employed in Table ·s-16 
ofDOE-RL (200Sa). . 

5.2.4 Screening-Level Risk Calculations 

Using the representative water concentrations descnbed abQVe, the HQ approach was used to 

compare to the screening-level effects, where: 

HQ = exposure concentration/effects concentration. 

If the HQ is <1, it can reasonably be concluded that adverse effects are unlikely. For a given 
exposure scenario, the coimuninanbJ for which HQ <1 · were obtained were considered not to 

present a significant ecological risk and were not retained for further evaluation in this risk 
assessment. 

Similarly, for radionuclides, the ratios of maximmn measured concentrations versus the BCG are 
summed over .all radionuclides. If the sum is <l, then the site passes the screen and additional 
evaluation of radionuclide exposure and risk is unwarranted. If the sum is >1, however, the 
evaluation moves to the next stage of the graded approach in which more detailed information is 
incorporated to develop more realistic and .site-specific exposure ommates. 

The 200-ZP-1 OU groundwater data used in this screening assessment were obtained from the 
HEIS database, with the following exclusion criteria applied: field method results, rejected data, 
depth-discme data, and data collected prior to January 1, 1988. 'Ibis data set was prepared in the 

same manner as descn'bed in Section 4.2. There were 227 nonradiological analyses with a value 
reported of "zero." This corresponds to a rate of 0.18%. These "mm" results were excluded 
ftom the calculations until such time as data that reflects the real detection limits can be 
obtained. The radiological analyses were not excluded because there is ·a real potential for 

radiological analyses to be "mo" (including counting error). A list of these n:sults is on file 
with the project. There are also variable sample sizes on an analyte-specific basis due to the 

different sampling designs for the various plumes and areas since 1988. The 200-ZP-l RI/FS 
work plan (DOE-RL 2004c) consolidated information, focused the sampling, and established 
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specified analytes and frequencies of analyses by well. Based on the 200-ZP-1 RI/FS work plan, • 
from the point of 2004 forward, more consistent numbers of results per analyte and per well will 
be obtained. The 200-ZP-1 DQO summary report (FH 2003c) provided logic for not analyzing 

for select analytes. In addition, past work bas focused on the eight major human health risk 
drivers discussed in Section 1.4. 

The results of this data query are presented in Table 5-1. Note that a description of the statistical 
term "bootstrapping" is presented in Section 4.2. In addition, numerous analytes were detected 
infrequently. The EPA's Ecological Risk .Assessment Guidance for Superfund: Process for 
Designing and Conducting Ecological Risk .&sessments, Interim Final (EPA 1997) indicates that 
contaminants detected at a frequency of 5% or less are unlikely to be risk drivers; consequently, 
infrequently detected analytes can be removed from further consideration. Table 5-2 lists the 
summary statistics for groundwater COCs with detection frequencies ofless than or equal to 5%. 

There are also contaminants for which ecological screening values are unavailable, including 
lithium, uranium (listed as pCi/L in HEIS), neptunium-237, nitrogen in ammoni~ nitrogen in 
nitrate, and nitrogen in nitrite/nitrate, as listed in Table 5-3. These analytes are considered 
further in the uncertainty assessment. 

The screening assessment is segregated into three exposure scenarios of 1U1diluted groundwater 
(worst--case), application of a 0.5 dilution factor (byporheic water), and a 0.01 dilution factor 

(200-ZP-l OU groundwater in Columbia River surface water) in the subsections that follow. 

5.2.4.1 Scenario for No Dilution. Table 5-4 lists the eoological screening results for 
groundwater COPCs. Rows that are shown in bold/italic print indicate HQs (radionuclide sum of • 
:fractions) > 1, which qualify as COPECs. Arsenic, acetone, and PCE are not COPBCs (HQ <l) 
wider worst--case conditions and are not considered further. In addition, no individual 
radionuclide exceeds its screening threshold and the radionuclide smn of :fraction under worst-
case conditions is less than one. Consequently, radionuclides are not risk drivers in groundwater 
of the 200-ZP-l OU. 

In summary, the COPECs for the worst-case scenario of maximum contaminant concentrations 
and no dilution are as follows: 

• Chromiwn 
• Hexavalent chromium 
• Iron 
• Lead 
• Magnesiwn 
• Manganese 
• Nickel 
• Selenium 
• Total uranium 
• Vanadium 
• Carbon tetrachloride 
• Chloroform 
• Methylene chloride 
• TCE 
• Cyanide 
• Fluoride. 
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5.2.4.2 Scenario for 0.5 Dllutlon Factor. Table S-S lists the ~logical screening results for 
groundwater COPCs for the 0.S dii.ution scenario that is representative of groundwater mixing 
with Columbia River water in the hyporheic zone. Rows shown in bold/italic print indicate HQs 
> 1, which qualify as COPECs. The COPECs for the O.S dilution factor of maximum 
contaminant concentrations are as follows: 

• Chromium 
• Hexavalent chromium 
• Iron 
• Lead 
• Manganese 
• Nickel 
• Selenium 
• Total uranium 
• Vanadium 
• Carbon tetrachloride 
• Chloroform 
• Cyanide 
• Fluoride. 

5.2.4.3 Scenario for 0.01 Dilution Ji'actor. Table S-6 lists the ecological screening results for 
groundwater COPCs for the 0.01 dilution factor scenario that is representative of groundwater 
exiting the riverbed into Columbia River water •. R.ows shown in bold/italic print indicate HQs 
>1, which qualify as COPECs. The COPECs for the 0.01 dilution filctor of :maximum. 
contaminant concentrations are as follows: · 

• Iron 
• Lead 
• Total uranilDD. 
• Carbon tetrachloride. 

5.2.5 Uncertalttty Assessment 

Two major uncertainties exist with regard to this assessment, which primarily involve the use of 
representative groundwater concentrations in the dilution scenarios. Another, less significant, 
concern is contaminants without screening thresholds. These issues are considered tbrtb.er in the 
following subsections .. 

5.2.S.l Results ·ror Repnsentatlve Groundwater Concentrations. Bven after 99% dilution 
in the Columbia lUver, tour QOJltanrirumts (iron, lead, total uranium, and· cmbon tetrachloride) 
qualify as COPECs from _the 200-ZP-l OU. The dilution scenarios are based on maximum 
concentraticms mmded'in groundwater. As contmnirumts move from the 200-ZP-1 OU through 
the subsurface to the .Columbia River,·it is "8listic to assume that isolated contaminant maxima 
at 200-ZP-1 become mixed with the plume. This.mixing within the contaminant plume 
represents an averaging of concentrations. As such, cbaracteristics: of the average concentration 
best represent contmnination from the OU over the course of the plume traveling to the river. 

Table 5-7 shows how HQs compare to the average; specifically, the UCL on the mean calculated 
by "bootstrapping." Bootstrapping is a resampling technique that provides a nonparametric 
approach to calculating UCLs when strong distributional assumptions cannot be made about the 
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data set of interest. In these instances, bootstrapping allows for UCLs on the mean to be • 
calculated by using the data itself to find the UCL. Specifically, the 95% bootstrapped UCL for 
the mean is calculated by resampling the data 1,000 times and computing the mean for each of 
those 1,000 resamples. A resample consists of a random sample of the same size and taken 
with replacement from the original data set. The value of the UCL is then the 95th percentile 
of the distnbution of the resampled means. Table 5-7 includes HQ calculations for all three 
of the exposure scenarios relative to the 95% UCL of mean concentrations (i.e., no dilution, 
0.5 dilution factor, and 0.01 dilution factor scenarios). 

5.2.5.1.1 Scenario for No Dilution and Average Concentrations. As shown in Table 5-7, 
HQs based on the 95% UCL of the mean are often orders of magnitude lower than HQs based on 
maximum concentrations. The COPECs (HQ >l) based on average (UCL) concentrations in the 
scenario of no dilution are as follows: 

• Hexavalent chromium 
• Lead 
• Selenium 
• Total uranium 
• Vanadium 
• Carbontetrachloride 
• Cyanide. 

5.2.S.l.2 Scenario for 0.S Dilution Factor and 95% UCL Concentrations. The COPECs 
based on 95% UCL of the mean concentrations in the 0.5 dilution factor scenario are as follows • 
(Table 5-7): 

• Hexavalent chromium 
• Total uranium 
• Carbon tetrachloride 
• Cyanide. 

5.2.S.l.3 Scenario for 0.01 Dilution Factor and 95% UCL Concentrations. There are no 
COPECs based on 95% UCL of the mean concentrations in the 0.01 dilution factor scenario 
(Table 5-7). 

5.2.S.2 Constituents with No Screening Benchmarks. There are contmninan~ for which 
ecological screening values are unavailable (i.e., lithimn, uranium [listed as pCi/L in HEIS], 
neptunium-237, nitrogen in ammonia, nitrogen in nitrate, and nitrogen in nitrite/nitrate, as listed 
in Table 5-3). These analytes are considered further in the uncertainty assessment: 

• Lithium: This analyte was detected in 6 of 121 samples for a detection frequency of 5%. 
While there is no ecological screening value for this constitu~ it would be eliminated 
from further consideration based on infrequency of detection. 

• Uranium (in pCi/L): Data in the HEIS database were recorded as uranium in pCi/L. 
There is no screening threshold for non-isotopic uranium in terms of pCi/L. However, 
both total uranium (for metal toxicity) and isotopic uranium are accounted in the 
assessment, and total uranium in pCi/L would be covered by consideration of these 
constituents. 

S--6 

• 



• 

• 

I. 

DOP/RL-2006-24, Rev. 0 

• NeptuDJ.um-237: Neptunium-237, with a half-life of ovc=r 2 million yems, has a low 
activity. Although nepturiium-237 was sampled relative1y infrequently, it was only 
detected once.· It would not appear that this radionuclide represents a significant risk to 
ecological receptors associated with Columbia River. 

• Nitrogen In ammonium, nitrate, and nltrlte: Ammonium, nitrate, and nitrite were 
detected. frequently, but no ecological screening thresholds exist for these constituents. 
These nitrogenous compounds·are·common in the aquatic environment and are not 
typically considered .as having the potential for exerting adverse effects in open bodies of 
water such as·the Columbia River. 

5.2.6 Data Gaps a.n.d:Potentlal Lines of Investigation 
.· . ·. .: ·. 

Using groundwater concentrations representative ·of the average, there is no evidence for 
potential ecological riskfor 2~ZP-1 .• 0U contaminanhl in the Columbia River. There is 
an indication of the ,potential for adverse ·ecological etfccts in the hyporheic zone using 
representative groundwater concentrations, specifically ftom hexavalent chromium, total 
uranium, catbon'tetrachlori&; and cyanide. 11ierefore, a more detailed ecological risk 
assessm.entis needed. There are a munberof data gaps that will neecft.o be addtessed in the 
next step of the ecological evaluation. Screening levels are missmg for a nmnber of chemicals 
and radionuclides detected at these sites, and toxicity threshold values for these chemicals and 
radionuclides should be developed. :lbis more detailed ecological risk assessment, performed 
in the FS; will provide in:formation fur decision making regarding the remaining COPECs for 
the 200-ZP-l 'OU and will determine whether additional investigation or remediation is 
necessary. 
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Table 5-2. Summary Statistics for Groundwater Contaminants of Concern 
with Detection Frequencies of Less than or Equal to 5%. (2 sheets) 
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Table 5-3. Summary Statistics for Groundwater Contaminants of Concern without Benchmark Values. 
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Table 5-4. Ecological Screcriing Results for Groundwater Contandnan.t.s of Concern 
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Table S-5. Ecological Screening Results for Groundwater 
Contaminants of Concern (0.5 Dilution Factor). 
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Table 5-6. Ecological Screening Re.,ults for Groundwater 
Contaminants of Concern (0.01 Dilution Factor). 
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Table 5-7. Hazard Quotients for Maximum and Upper Confidence Limits of Mean 
Groundwater Contaminants of Concern Under Worst-Case Conditions (No Dilution), 

0.5 Dilution Factor Scenario, and the 0.01 Dilution Factor Scenario. 
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• ,.o; RISKEVALUATION 

I. 

• 

6.1 OVERVIEW OF BUMAN BEAL fl EVALUATION 

As descn'bed in Section 1 .4. 1, an approach bas been-agreed upon to group the COCs into two 
groups (Group A and Group B). .Group A includes the major risk drivers that are cmrently in 
plumes and for which a.n abbreviated human health risk screening was performat as discussed in 
Section 6.1.2. _ Group B includes the other COCs from Table 1-S that are not Group A analytes, 
which is based on Table Al-7 of the 200-ZP-1 RJ/FS work plan (DOE-RL 2004c). 

. . .. 

Section 4.2 descnl>ed the screening ofl,oth Oroup A and Group B analytes based on the PROs, 
which are based on any one of the following: 

• Primary Mets from drinking water regulations 
' ' 

• Secondary MCLs from drinking water regulations 

• Cleanup lev~ls 811d risk calculations under WAC 173.;340-720 (screening for potential 
groundwater impacts was performed using cleanup lMls as published on Ecology's 
Internet site (https://fortres& wa.gov/ecy/clam'Reproting/CLARCReporting/aspx]). 

The above PRGs are based on drinking water•level risk screening or residentialscrecning levels 
ftom Ecology·(2005); as such, these rmults are extremJy ~ve. The PRGs were agreed 
upon in thcr200-ZP-t RI/FS wmk plan (DOE-RL 2004c) and were updated when new 
information was obtained fi:om- Ecology (2005). · 

Section 6.-1 ;l summarizes the results of the COC screening to determine which analytes require 
additional risk assesslllent in the F'S. Section 6.1.2 presents a preliminary risk screening based 
on existing phune maps ·and calculations of risk. Additional detailed risk modeling will be 
performed in ·the FS. --

6.1.1 Existing Groundwater Data Compared to PreUmlnary Remediation Goals 

The results ofboth the Group_ A and GroupB screenhlg evaluation ped'mmed in Section 4.2 are 
summarized in this section. The Group A or potential major risk drivers each have as least one 
result greater than two times the PRO. Note·that total uranium and radioactive uranium are 
consolidated. Table 6-t ·lists the potential major risk drivers. 

The Group B, or other, analytes were screened and thetwo subgroups are piesented in Table 6-1. 
As shown in Table 6-1, three analytes have fewer than 10% of detects above the PRO and the 
9S% UCL, as calculated by bootstrapping above the PRO. Section 4.2 describes the 
bootstrapping technique, which is an acceptable approach by EPA. 'Ibe second subgroup 
contains those analytes with greater than 100/4 of detects above the PRO and with 9S% UCL also 
above the PR.G. · 

Fluoride is the only analyte that has mmethan I 00/4 of detects greater than the PRO, but the 
9S% UCL is below the PRO. Thus, fluoride is not recommended for fmther human health 
evaluation. 
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6.1.2 Evaluation of Major Risk Driven • 

This section provides the results of the human health risk assessment based on existing 
conditions for some key indicator COCs. The evaluation consists of(l) a discussion of the 
general background on the scope and approach for the risk calculations, (2) the methods and 
approach used to develop unit risk and dose factors for scaling concentration levels to impact 
metrics, (3) the results of the estimated human health risk impacts for selected hazardous 
chemicals (i.e., carbon tetrachloride and uranium), and (4) dose and risk analysis for selected 
radionuclides (i.e., technetium-99, iodine-129, and uranium-238). A summary of the risk 
evaluation characterizes maximum site risks from existing conditions to determine if remedial 
actions are wammted and to support evaluation of remedial alternatives in an upcoming FS. 

6.1.2.1 Background. A baseline risk assessment was described in the 200-ZP-l RI/FS work 
plan (DOE-RL 2004c) that was focused on the fate, transport, and human health risk of key 
COCs. The selected key hazardous and radiological COCs that exceed DWSs within the 
200-ZP-1 OU area were as follows: 

• Chemical contaminants: carbon tetrachloride, chromium, nitrate, TCE, chloroform, 
and fluoride 

• Radiological contaminants: tecbnetium.-99, uranium, iodine-129, and tritimn. 

The technical analysis in Section 6.1.1 that evaluates monitoring data with risk factors calculated 
using default WAC 173-340-720, Method B factors may identify other COCs for further analysis 
in the baseline risk assessment that will be performed as part of the PS. 

This analysis, as outlined in the 200-ZP-1 RI/FS work plan (DOE-RL 2004c), will evaluate the 
migration of current plumes as they might be affected by discontinuing the pump-and-treat 
system. The assessment was not expected to explicitly model the development of existing 
plumes following cessation of pumping and reinjection, but rather to approximate the rebound of 
existing pltunes using a combination of current plume interpretations supplemented by historical 
information of contaminant concentrations observed in vicinity of pumping areas prior to 
initiation of pumping in the late 1980s and early 1990s. 

Selection of some of the existing inte1p1etations of plumes may not be appropriate for initial 
conditions in this analysis because they reflect current pumping conditions that may rebound to 
higher levels after cessation of pumping. Current plume distributions from the early 1990s, 
modified with information on concentration levels prior to pumping, will be used as conservative 
swrogate plumes for future equilibrated plumes after pumping stops. 

In the planned baseline risk analysis, the development of plume data will involve (1) digitizing 
current plume maps modified with historical concentration observed prior to pumpin& 
(2) interpolating the digitized plumes into gridded concentration files, and (3) processing the 
gridded files to develop initial condition files for use in the model. Assumptions on the depth of 
contamination for each COC plume based on field observations will need to be developed as a 
part of the analysis. 

• 

Given the uncertainties about the current understanding of past and continuing sources from the 
vadose zone to groundwater for the key COCs (i.e., carbon tetrachloride, tecbnetium-99, 
iodine-129, and uranium) and ongoing drilling and field characterization that will update current • 
understanding of existing plumes, an agreement was reached between RL and EPA, as 
docmnented in an attachment to the October 2005 200 Area Unit Managers' Meeting minutes 
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(FH 2005a), to defer detailed modeling and analysis of the baseline risk until the current 
characterization efforts and re-interpretation of plume behavior~ updated. Information from 

characterization efforts that are expected to be completed in the coming months will be included 
to the extent possible in a baseline risk assessment developed as part of the planned FS of 
selected remedial alternatives later in FY06. In accordance with an agreement between RL and 
EPA, discussion of risk in this RI report is limited to the following two risk areas: 

• Discussion of estimates of existing risks based on current interpretations of contaminant 
plumes that originate within the 200-ZP-1 OU and that exceed drinking standards. The 

plume interpretations are developed in the annual groundwater monitoring report for 

FYOS (PNNL 2006). This discussion only focuses on a few indicator COCs that include 
carbon tetrachloride, technetium-99, iodine-129, and uranium. 

• Discussion of preliminary risks associated with the carbon tetrachloride plwne based on 
information developed in a previous modeling study of carbon tetrachloride in Recent 
Site-W'ule Transport Modeling Related to Carbon Tetrachloride Plume at the Hanford 
Site (Bergeron and Cole 2005). 

6.1.2.2 Development of Unit Risk and Dose Facton. A set of calculations were perf0tmed 

with risk modules to develop unit risk and dose factors for groundwater use. Preliminary risk 
information presented are developed from existing plume concentration levels that exceed DWSs 
and from past-predicted concentration levels of carbon tetrachloride estimated by Bergeron and 
Cole (2005) and measured concentrations of the selected indicator COCs (i.e., technetium-99, 
iodine-129, and uraniwn). Risk estimates will be based on standard exposure scenarios similar 
to those defined in the HSRAM (DOE-RL 1995b) scenarios. During the period of institutional 
control (through 21S0), land use in the Central Plateau (in accordance with the Final Hanford 
Comprehensive Land-Use Plan Environmental Impact Statement [DOE 1999]) is assumed to be 
an exclusive industrial use that will preclude any impacts :from the use of groundwater. The 
industrial scenario considered for this RI report is approximately the same as that in the __ 
Columbia River comprehensive impact assessment version of the scenario (DOE-RL 1998), 
which was adapted with slight modification from the HSRAM (DOE-RL 1995b). This version 
does not include groundwater use in the near term, thus, no actual risks were calculated for the 
industrial scenario .. For purposes of the risk discussion presented in this RI, estimated risks 

consider a drinking water only and a residential farmer scenario. A broader set of exposure 
scenarios may be considered over a longer term in the baseline risk assessment that will be 

evaluated in the upcoming FS. 

Risk and dose factors were developed using the drinking water only and residential farmer 
scenarios and steady-state assumptions for groundwater use where the groundwater has a unit 

concentration of each contaminant. These results can be scaled and applied to water use at 
different concentration levels. The specific mctors desired are the following: 

• Carbon tetrachloride: cancer risk and HQ using the RfD (see Table 6-2 for reference 
sources) 

• Total uranium: HQ using the RfD · 

• Technetium-99: dose (in mrem) and risk oflatent cancer fatality 

• Iodlne-129: dose (in mrem) and risk of latent cancer fatality 
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• Uranium: dose (in mrem) and risk oflatent cancer fatality largely from uranium-234, • 
uranium-235, and uranium-238. 

6.1.2.3 Description of Evaluated Scenarios. The following three scenarios were considered: 

• Exclusive indus1rial 
• Groundwater only 
• Residential farmer. 

The exclusive industrial scenario represents exposures that may occur to a person whose job 
onsite is primarily indoors but would also include some outdoor activities ( e.g., building and 
grounds maintenance). The industrial scenario considered for this RI report is approximately the 
same as that in the Columbia River comprehensive impact assessment version of the scenario 
(DOE·RL 1998), which was adapted with slight modification ftom the HSRAM (DOE-RL 
1995b). · The worker is assumed to spend 8 hr/day in activities in the 200-ZP-1 OU, to consume 
drinking water from the Columbia River, to ingest incidental quantities of soil, and to breathe 
materials suspended ftom the soils. 

For application to sites on the plateau, the water source is assumed to be surface water 
(Columbia River water) for the period from present through the year 2150; thereafter it may be 
assumed to include local groundwater. As noted in the previous section, because groundwater 
will not be used for some time in the future, there is no pathway of exposure for a worker at 
present; thus, no dose or risk was calculated. During the FS, this scenario may be evaluated 
under conditions of futme groundwater use. 

While groundwater under the 200-ZP-1 OU will not be a primary source of drinking water for 
Hanford Site workers during the period of institutional control, comparison to DWSs provides 
an important perspective for exposure to current contaminant levels in groundwater. The 
drinking water scenario used to calculate risks and doses in this RI report assumes a person 
weighing 70 kg and consuming 2 L of groW1dwater every day for a period of 30 years (DOE-RL 
1995b). 

Because the Columbia Basin area is extensively farmed, a scenario to account for potentially 
increased exposures as a result of living on a farm affected by Hanford contaminants provides 
another perspective for exposme to current cnntaminant levels in groundwater. The residential 
farmer scenario in this RI report, which is consistent with the agricultural resident scenario 
established in the HSRAM (DOE-RL 1995b), involves consumption of locally produced food 
and animal products in addition to the external exposure, inhalation, and soil ingestion pathways. 
It is assumed that the food products are grown in the same soil to which the residential farmer 
is exposed for external and inhalation exposures. The Washington State Department of Health 
(WDOH) has defined a set of input parameters for the residential farmer scenario (WOOH 
1997), and many of these parameters were deemed appropriate for this RI report because they 
were determined to be applicable to local conditions. These included breathing rates of 
20 m3 /day, milk intake, meat and fowl intake, and soil ingestion rate. The ingestion rates of 
locally grown farm products are the also WDOH values, and they have been apportioned into 
specific categories as suggested by Exposure Scenarios and Unit Dose Factors/or the Hanford 
Tank Waste Performance Assessment (Rittmann 2003). The values of these input parameters are 
listed in Table 6·3. 
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The parameters in the Columbia River comprehensive impact ~sment version of the 
residential farmer scenario (DOE-RL1998) were adapted from tlie HSRAM (DOE-RL 1995b) 

tables. The Columbia River comprehensive impact assessment and HSRAM intake rates of soil 
(200 mg/day) are twice those of the WDOH recommendations (100 mg/day) because they 
assume intake of both surface soil and riparian sediments. Because the riparian sediments are 
many miles from most of the Hanford upland areas, the WDOH values were considered more 

applicable. 

Overall, the WDOH values are reasonable and, because they have been determined to be 
applicable to local conditions, the values are used in these risk calculations. A different value 
was used for the a1mospheric mass loading, for which an annual average value of SO µg/m3 is 
recommended. A key parameter for the mhalation pathway is the amount of material in the air 

from local somces on the ground. A value for this that has been commonly used is 100 µg/m3• 

This value has been used at Hanford for many years based on bistorica1 measurements indicating 
that the total dust loading in the Hanford vicinity averaged approximately 85 µgfm3• More 
recent measurements of a specific size fraction (PM10) indicate that the particles less than 10 µm 

in aerodynamic median activity diameter (respirable size) account for only a :fraction of the total 

dust loading. The manual for a commonly used DOE risk model (RESRAD) (Yu et al. 2000) 
presents a distribution taken from the EP A's Aerometric Information Retrieval System. The 
RBSRAD distribution, verified by download from EPA's web site (www.epa.gov/airs/airs.h1Inl), 
indicates that the United States' average concentration of PM1o is only about 23 µg/m3• Recent 
data from a particulate sampler located in the Hanford 200 Areas for the period of February 2001 
through June 2002 is available (Napier and Snyder 2002, Appendix C). The mean air 
concentration of PM10 particulate in the 200 Areas, in an outdoor area influenced by the 
Hanford 24 command wildfire in 2000, is only 21 µg/m3• The 95th percentile daily value is only 
36.S µg/m3; thus, a default of 100 µg/m3 is probably excessive. The RESRAD manual states that 

· " ... use of a high, short-term loading will result in an overestimate of the annual dose. A time 
average mass loading factor should be used in RESRAD for a more realistic dose estimate ... " 
(Yu et al. 2000, pp. +1 S) .. Because the dust in frequented areas ( e.g., dirt roads) might be 

enhanced due to mechanical disturbances, an annual average value of SO µg/m3 was deemed 
apptopxiate. 

The input parameters of significance are presented in Table 6-3, and it should be noted that these 

were also consistent with the recommendations for the Hanford Reach National· Monument 
agricultural residential scenario (Napier and Snyder 2002). The selected parameters differ 
slightly from, but are consistent with, those of HSRAM (DOE-RL 1995b) and WDOH (1997), as 
well as scenarios applied to tank waste (Rittmann 2003) and low-level radioactive waste disposal 

sites (Thatcher 2003). The parameters are also of the same magnitude as those recommended for 
an agricultural screening scenario developed by the National Council on Radiation Protection 
and Measurements (NCRP 1999). 

6.1.2.3.1 Other Data and Assumptions. The concentrations of constituents in soil are based 

on a time-dependent model (Eslinger et al. 2004) of soil accumulation. The model uses 
an irrigation amount of 76 cm of water applied over a 6-month growing period. A net fraction of 
20% of the irrigation water is assumed to infiltrate deeper than the root mne. The soil 
concentrations are representative of the concentrations after SO years of crop irrigation. They are 
representative of steady-state conditions because steady-state conditions are achieved by S years 
of irrigation for the sorption values of the four constituents in this study. 
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Concentrations of constituents in food products were calculated using the Ecological • 
Contaminant Exposure Model (Eslinger et al. 2004). This model uses a food-chain approach to 
model the in growth of constituents into foods consumed by humans. 

Data for RfDs [ units of mg (intake)/(kg (bodyweight) day)] were obtained from the references 
listed in Table 6-2. Data for slope factors for carcinogenic materials [ units of risk per mg 
(intake)/(kg (bodyweight)/day)] were obtained from the references in Table 6-4. 

6.1.2.3.2 Results of Unit Dose and Risk Facton. The dose and risk factors resulting from 
a unit concentration of a constituent in the groundwater are provided in Table 6-5. A dose to risk 
conversion factor of 6.0E-7 (risk/mrem) for radionuclides was used in preparing these results. 
These factors are taken from DOE (2002). 

6.1.2.4 Human Health Risk Evaluation Results for Hazardous Contaminants. As 
discussed earlier, this limited risk analysis focuses the fate, transport, and risk of a few key 
indicator chemical and radiological COCs that cmrently exceed DWSs within the 200-ZP-l OU 
area. The key chemical contaminant evaluated is carbon tetracbloride. The key indicator 
radiological constituents evaluated include tecbnetium-99, uranium, and iodine--129. The 
noncarcinogenic risk associated with uranium as a chemical constituent is also evaluated. The 
hazardous chemical impacts estimated fur carbon tetrachloride are discussed below. 

6.1.2.4.1 Current Conditions. According to the groundwater quality conditions for FY05 
summarized in PNNL (2006), carbon tetrachloride contamination is found at levels greater than 
the DWS (5 µg/L) in groundwater under most of the 200 West Area (Figure 6-1 ). The main 
sources are believed to be the 216-Z Cribs and Trenches, which received waste from PFP. Other 
possible carbon tetrachloride sources exist in the northern portion of the OU. Carbon 
tetrachloride and other VOCs were detected in the trenches and vadose zone within LL WMA-4 
during FY02 (PNNL 2005a), which has been the subject of an ongoing investigation and 
associated waste retrieval. The maximmn carbon tetrachloride levels in groundwater are found 
near PFP and range up to 5,300 µg/L in individual samples. 

Camon tetrachloride remediation is the subject of the 200-ZP-1 interim ROD (EPA et al. 1995). 
The target for remediation is the area with concentrations greater than 2,000 to 3,000 µ.g/L in the 
vicinity of the 216-Z Cribs and Trenches. Significant features of the carbon tetrachloride plume 
at the top of the aquifer are discussed in the following paragraphs. 

The area of carbon tetrachloride greater than 4,000 µg/L in the vicinity of the 216-Z Cribs and 
Trenches is decreasing due to remediation. An area of carbon tetrachloride at levels greater than 
2,000 µg/L extends north to the vicinity of WMA-TX/fY. The west side of this lobe is defined 
by new monitoring well 299-WlS-43, where the average concentration was 1,200 µ.g/L, which 
was lower than in FY03 and FY04 (this well was drilled early in FY03). Sampling for cmbon 
tetrachloride at well 299-W15-44, located northeast of emaction well 299-W15-34, showed 
an average concentration of 2,600 µg/L in FY05, which is above levels measured in FY04. 
Carbon tetrachloride contamination reaches the northern portion of WMA-TX/I'Y, where 
concentrations in well 299-Wl5-765 averaged 2,400 µg/L, lower than measured in FY04. The 
co11taminatinn at levels above 2,000 µg/L extends beyond the capture zone of the initial 
200-ZP-1 remediation system. The remediation system was expanded in FY0S to capture this 
northern extension of the contamination. 
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Levels of carbon tetrachloride greater than 1,000 µ.g/L are seen fu the northern portion of the 
200-ZP-1 OU. Well 299-Wl l-10, located near the eastern boundary of the 200 West Area, has 

consistently shown high carbon tetrachloride concentrations· and was at 610 µglL. The extent 
beyond the area boundary for this high concentration has.not been determined because there are 
no wells for approximately 2 km (1.2 mi) downgradient 

In the past several years, increasing concentrations of carbon tetrachloride have been seen in the 
vicinity of the tank farms in WMA-S/SX (in the 200-UP-1 OU). Concentrations appear to have 
leveled off or declined in several wells in this area, but more time is needed to confirm the 
trends. 

The extent of carbon tetrachloride at the DWS (5 µg/L) did not change significantly from the 
previous year (Figure 6-1 ) ... Carbon tetrachloride concentrations in some locations are high.er at 

depth than at the top of the unconfined aquifer. Carbon tetrachloride may have moved deeper in 

the aquifer as a dense nonaqueous liquid or under hydrodynamic gradients when dissolved. The 
depth distn'bution of carbon tetrachloride is part of an ongoing investigation under the 20()..zp-1 
RI/FS. Characterization sampling during drilling of new monitoring wells has increased 

understanding of the depth-distribution of carbon tetrachloride. 

Information on the vertical distnoution of carbon tetrachloride is also available from vertical 
profiling in wells '\Vith long. screened intervals (e.g., PNNL 1998, 1999, 2002; Bill 1996, 1997c 
[these reports document areas where the maximum carbon tetrachloride concentration is lower at 

the water table than found at depth]). The available data set is insufficient to map out the depth 

distn'bution of carbon tetrachloride. · 

Estimated cancer risk from current inte:rpreted concentration levels of carbon tetrachloride in the 
upper portion of the aquifer for the drinking water only and residential farmer scenarios are 
presented in Figure 6-2. For the drinking water only scenario, risks exett4ing 1 xl o-6 extend . 

over most of the eastern half of 200 West Area. The maximum calculated risk is 2.2xl0"' in the 

area where well concentrations are highest and suspected sources are ~ the aquifer :6:om 
the vadose zone. For the residential farmer scenario, risks exceeding lx10-6·extend over a larger 
area than calculated for the drinking water only•scenmio. The maximmn calculated risk for this 
scenario is I. Ix l'ff3 in suspected source amlS where well concentrations are highest. 

Estimated HQs from current. inte:rpreted concentration levels of carbon tetrachloride in the upper 
portion of the aquifer for the drinking water only and residential farm.er scenarios are presented 

in Figure 6-3. For the drinking water only scenario, HQs >O. I extend over most of the east half 

of 200 West Area. The maximum calculated HQ is 111 · in the area where well concentrations are 
highest and suspected sources are entering the aquifer from the vadose zone. For the residential 
:funner scenario, HQs >0.1 extend over a larger area than calculated for the drinking water only 
scenario. The maximum calculated HQ for this scenario is 81S in suspected source areas where 
well concentrations are highest 

6.1.2.4.2 Projected Conditions from Past Modeling. The Hanford Carbon Tetrachloride 
ITRD Program provided an initial evaluation of the nature and extent of carbon tetrachloride 
C011tarnioation in the unconfined aquifer in the 200 West Area of the Hanford Site (Truex et al. 

2001 ). After the lTRD Program ended, subsequent studies by Bergeron and Cole (2005) more 
closely examined the transport of carbon tetrachloride in the unconfined aquifer system. Those 
studies, documented in Bergeron and Cole (2005), were undertaken to support strategic planning 
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and provide guidance for the more robust modeling needed to obtain a final ROD for the carbon • 
tetrachloride plume. 

The ITRD modeling study examined cmbon tetrachloride concentrations at a boundary between 
the 200 East and 200 West Areas (Truex et al. 2001) selected for the analysis. After that work 
was completed, questions arose concerning the concentrations reaching the Columbia River, as 
well as about the impact of remediation options involving source removal or absence. To 
address these questions, additional modeling studies were conducted using the groundwater 
model with the modeling domain extended to the Columbia River. The downgradient boundary 
between the 200 East and 200 West Areas selected for the analysis was retained to provide a 
consistent location of analysis for all calculations. This modeling analysis, summarized in 
Bergeron and Cole (2005) resulted in the conclusions discussed below. 

With the assumption of a continuing source with no sorption or K. (Case la, Bergeron and Cole 
2005), the following was observed: 

• A substantial carbon tetrachloride plume has developed from source areas in the 
200 West Area and migrated to the Columbia River. Predicted concentrations reached 
approximately 200 µg/L at the selected downgradient boundary chosen for this analysis 
and approximately 34 µg/L along the Columbia River during the 1,000-year period of 
analysis (Figure 6--4). Both of these values exceed the benchmark MCL of 5 µg/L 

• The equilibrium carbon tetrachloride release estimate in the source area was 
approximately 73 kg/yr. 

• Initial conditions yielded an initial mass of approximately 542 kg in the aquifer, which • 
grew to 58,050 kg after 1,000 years (i.e., the year 3000). 

With the assumption of a continuing source with median value estimates of sorption and Ka 
(Case 1 b, Bergeron and Cole 2005), the following was observed: 

• There was limited development and migration of a cmbon tetrachloride plume from 
source areas within the general vicinity of the 200 West Area. Predicted concentrations 
reached approximately 4.5 µg/L at the boundary chosen for this analysis (Figure 6-5). 
Concentrations at discharge areas along the Columbia River did not reach any substantial 
levels during the 1,000-year period of analysis. 

• The combination of sorption and K. rate significantly limits aquifer source loading and 
the aquifer area and volume affected by the carbon tetrachloride plume migration. The 
more important parameter of the two is the Ka rate because retardation alone will not 
reduce concentrations other than through hydrodynamic dispersion. 

The most probable value of 0.12 11kg and the median value of~ of approximately 0.18 Ukg 
considered in the origjnal analysis by Truex et al (2001) and in Bergeron and Cole (2005) are 
found to be within the range of:Kc.s for carbon tetrachloride (0.106 to 0.367 llk:g) determined for 
co11tm:ninated aquifer sediments collected from a borehole near the 261-Z-9 Trench by Riley 
et al. (2005). 

Without a continuing source of carbon tetrachloride and no sorption or Ka, results were observed 
that were very similar whether the source area with the highest concentrations in the plume • 
(i.e., above 3,000 µg/L) was assumed to be removed from the aquifer (Case 2, Bergeron and 
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Cole 2005) or the existing plume *lis considered an initial corldition of aquifer contaminatk,n 
(Case 3, Bergeron end Cole 200S). In both cases, the following was observed: 

• A more limited development and migration of a carbon tetrachloride plume outside the 
200 West Area toward the Columbia River than with the continuing source assumption 
evaluated in Case 1 a. 

• A predicted concentration profile reaching about 6.S µg/L at the chosen boundary over 
a period of approximately 600 years (between the years 2100 and 2700) (Figures 6-6 and 
6-7). · This contrasts with the rapidly rising and plateauing profile of carbon tetrachloride 
concentrations predicted under the continuing source assumption evaluated in Case la. 

• A concentration profile at discharge areas along the Columbia River that is well below 
tJ;ie benchmark MCL level of S µg/L during the 1,000-yeer period of analysis. 

In summary, the: results of these analyses illustrate the importance.of developing field-scale 
estimates of sorption constants (Ket) and abiotic degradation constants (K.) values for cmbon 
tetrachloride. With Kt! ~ Ka values of "7.ero," carbon tetrachloride concentrations will exceed 
the compliance limit ofS.µg/L outside the 200 Area Plateau WMA, and the aquifer source 
loading and area of the aquifer affected will continue to grow until river attivalrates equal 
source release tates ofan otirnsted 73 kg/yr. Results of this modeling analysis show that natural 
attenuation parameters Ket and K. are critical ( especially K.) in predicting the future movement 
of carbon tetrQchloride from the 200 West Area. . Results also show the significant change in 

predictions between continual source ielease from the vadose 1.011e and complete somce removal . 

Of all the cases simulated as a pmt of this previous analysis, Case la (Bergeron and Cole 200S), 
with its assumed continuing source with no adsorption and degradation, represents the most 
conservative scenario from a risk perspective. E.1timated cancer risks from projected 
concentrationlevels of carbon tetrachloride: based Case la·(Bergeron and Cole 2005) for the 
drinking water only and residential farmer scenarios are presented in Figure 6-8. For the 
drinking water only scenario, calculated risk of l .lxl 0·5 was estimated at the selected boundary. 

Calculated risk for the drinking water only scenario decreases to l .8xl 0-6 at m.axnnum 
concentration locations along the Colmnbia River. For the residential farmer scenario, calculated 
risk of 5. lx 1 o-' was estimated at the selected boundary. Calculated risk for the same scenario 
decreases to 8.Sxl0-6 at maximum concentration locations along the Columbia River. 

Estimated HQs from projected concentration levels of carbon tetrachloride for the same Case la 
(Bergeron and Cole 200S) for the drinking water only and residential farmer scenarios are 
presented in Figure 6-9. For the drinking water only scenario, calculated HQs of about 8.3 are 
estimated at the selected boundary. · Calculated HQs decrease to about 1.4 at locations of 
maximum predicted concentration along the Columbia River. For the residential farmer 
scenario, calculated HQs of about 39.4 at the selected boundary. Calculated HQs for the same 
scenario decrease to about 6.6 at locations of maximum predicted concentration along the 

Columbia River. 

6.1.2.S Buman Health Risk Evaluation Results for Radiological C4;llltamlnants. The 
following subsections provide a discussion of the impact ftom mdiological constituents 
estimated from current concentration levels oftechnetium-99, iodine--129, and uranium . 
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6.1.2.5.1 Technetium-99. Technetium-99 within the 200.ZP-l OU is found at levels above the 
DWS (900 pCi/L) on the downgradient side ofWMA-T and WMA-TX/I'Y (Figure 6-10). 
However, evidence points to multiple sources oftechnetium-99 within those areas. 

Near WMA-T, technetium-99 concentrations decreased slightly in the first part of FYOS before 
returning to an increasing trend in wells on the eastern side (downgradient) of the T Tank Fann. 
Well 299-Wl 1-39, located near the northeastern corner of the WMA, had the highest 
concentration in the area for water table wells, with values in FY05 averaging 17,000 pCi/L. 
Higher concentrations were found at depth nearby during drilling of well 299-Wl 1-25B, where 
the highest level detected was greater than 180,000 pCi/L. Technetium-99 concentrations east of 
WMA-TX/fY in well 299-Wl 4-13 continued to be much higher than in surrounding wells and 
showed a generally increasing trend. The FY05 average concentration in this well was 
approximately 7,100 pCi/L. This contamination is associated with elevated levels of chromiwn, 
nitrate, tritium, and iodine-129. 

Estimated radiological doses from current interpreted concentration levels of technetium-99 
(Figure 6-10) in the upper portion of the aquifer for the drinking water only and residential 
farmer scenarios are presented in Figme 6-11. For the drinking water only scenario, doses 
exceeding 1 mrem extend over a very small area in the north central portion of the 200 West 
Area. The maximum calculated dose is 38.5 mrem in the area where well concentrations are 
highest and suspected sources are entering the aquifer from the vadose zone. For the residential 
farmer scenario, doses exceeding I mrem extend over a larger area than calculated for the 
drinking water only scenario. The maximum calculated dose for this scenario is 490 mrem in 
suspected source areas where well concentrations are highest. 

Estimated cancer risk from current interpreted concentration levels of tecbnetium-99 
(Figure 6-10) in the upper portion of the aquifer for the drinking water only and residential 
farmer scenarios is presented in Figure 6-12. For the drinking water only scenario, risks 
exceeding 1x10-6 extend over a small area in the north central portion of the 200 West Area. As 
shown in Table 6-6, the maximum calculated risk is 2.3xl ff5 in the area where well 
concentrations are highest and suspected sources are entering the aquifer from the vadose zone. 
For the residential fanner scenario, risks exceeding lxl0-6 extend over a larger area in the central 
portion of the 200 West Area than calculated for the drinking water only scenario. As shown in 
Table 6-6, the maximum calculated risk for this scenario is 2.9xl 0-1 in suspected source areas 
where well concentrations are highest. 

6.1.2.5.2 Iodine-129. An iodine-129 plume is found in the 200-ZP-1 OU emanating from the 
vicinity of WMA-TX/fY and extending to the northeast (Figure 6-13). The highest 
concentration detected in FYOS was in well 299-Wl+ 13, where the average concentration was 
18 pCi/L near WMA-TX/fY. Iodine-129 contamination at levels above the drinking DWS does 
not appear to extend beyond the 200 West Area boundary. 

Estimated radiological doses from current interpreted concentration levels of iodine-129 
(Figure 6-13) in the upper portion of the aquifer for the drinking water only and residential 
farmer scenarios are presented in Figure 6-14. For the drinking water only scenario, doses 
exceeding 1 mrem extend over an area in the northeast portion of the 200 West Area. The 
maximum calculated dose is 3.6 mrem in the area where well concentrations are high.est and 
suspected sources are entering the aquifer from the vadose zone. For the residential farmer 
scenario, doses exceeding I mrem extend over a larger area than calculated for the drinking 
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water only scenario. The maximum calculated dose for this scenario is 220 mrem in suspected 
source areas where well concentrations are highest 

Estimated cancer risk from current 'IAtcrpreted concentration tevels of iodine-129 (Figure 6-13) 
in the upper portion of the aquifer for the drinking water only and residential farmer scenarios 
are presented in Figure 6-1 S. For the drinking water only scenario, risks e-rceeding lxt o"' 
extend over an area in the nortbeastem~on of the 200 West Area. As shown in Table 6-6, 
the maximum calc¢ated risk is 2.2x10 in the area where well concentrations are highest and 
suspected sources are entering the aquifer from the vadose zone. For the residential fanner 
scenario, risks exceeding txl 0-6 extend over a larger area in the central portion of the 200 West 
Area than calculated for the drinking water only scenario. As shown in Table 6-6, the maximum 
calculated risk for this scenario is 1.3 lxl 0-4 in suspected source areas where well concentrations 
are highest. 

6.1.2.5.3 Uranium. The extent of current uranium concentration levels from FYOS sampling 
(in µg/L) is shown in Figure 6-16. This interpretation does include uranium data analyses during 
FY03 and FY04. Uranium was detected above the 30 pg/I. DWS in wells 299-Wl l-14 and 
299~Wl 1-37 in the northeastern portion of the 200 West Area. The uranium concentration 
detected in well 2~Wl 1-14 when it was last was sampled in FY04 was approximately 42 pg/L. 
The uranium concentration detected in well 299-Wt 1-37 when sampled in FYOS was 
approximately 180 .µg/L. Uranium.was just below the DWS near the southwestern comer 
(upgradient) of LLWMA-4 in well 299-Wt8.:21. The concentration in well 299-Wl8-21 was 
approximately 26 ~ when sampled in FYOS • 

Estimated HQs from these interpreted concentration levels of uranium (Figure 6-16) in the upper 
portion of the aquifer for the drinking water only and n:sidential farmer scenarios· are presented 
in Figme 6-17. For the drinking water only scenario, HQs >0.1 extend over a small area in the 
northeastern portion of the 200 West Area. The maximum calculated HQ is about 9 in the area 
where well concentrations. are highest and suspected sources are entering.the aquifer from the 
vadose zone. For the residential farmer scenario, HQs >0.1 extend over a larger area than 
calculated for the drinking water only scenario. The maximum calculated HQ for this scenario is 
about 52. The maximum cal~ risk for this scenario is 0.7 in suspected source areas where 
weti concentrations are at their highest. 

Estimated radiological doses from manimn concentration levels (Figure 6-16) in the upper 
portion of the aquifer for the drinking water only and residential mnner scenarios are presented 
in Figure. 6-18. With an assumption that uranium isotopes reflect natural abundance, the 
calculated doses primarily reflect dose contn'butions from both uranium-234 and uranium-238. 

For the drinking water only scenario, doses exceeding 1 mrem extend over a very small area in 
the north centralportion of the 200 West Area. The maximum calculated dose is approximately 
24.S mrem in the area where well concentrations are highest and suspected sources are entering 
the aquifer ftom the vadose zone. For the residential farmer scenario, doses exceeding 1 mrem 
extend overa,Jarger area than calculated for the drinking water only scenario. The maximum 
calculated dose for this scenario is approximately 142 mtem in suspected source areas where 
well concentrations are highest 

Estimated cancer risk from these uranium concentration levels for the drinking water only and 
residential farmer scenarios are presented in Figure 6-19. For the drinking water only scenario, 
risks exceeding lxl o"' extend over a small area in the northeastern portion of the 200 West Area. 
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As shown in Table 6--6, the maximum calculated risk for the uranium isotopes evaluated is • 
approximately 1.47x10-s in the area where well concentrations are highest and suspected sources 
are entering the aquifer from the vadose zone. For the residential farmer scenario, risks 
exceeding 1x10-6 extend over a larger area in the northeastern portion of the 200 West Area than 
calculated for the drinking water only scenario. As shown in Table 6-6, the maximum calculated 
risk for this scenario is approximately 8.5 xi 0-5 in suspected somce areas well concentrations is 
highest 

6.1.l.6 Summary of Current Risk Evaluation. Preliminary maximum risk and HQ estimates 
are based on current interpretations of contaminant plumes that originate within the 200-ZP-1 
OU and exceed DWSs. The preliminary risks and evaluated constituents are summarized in 
Tables 6-6, 6-7, and 6-8. A summary of maximum total radiological doses and associated cancer 
risks for .the evaluated constituents is provided in Table 6-6. 

The maximum dose/risk values provided in Table 6-7 are not simply the summation of individual 
constituent maximums found in Tables 6-6 and 6-8, but rather reflect the maximum values of 
dose and risk resulting from the summation of the geographic distributions of these parameters 
calculated from each constituent. In addition, the maximum risk associated with the location of 
the maximum total radiological dose does not correspond to the location of the maximum overall 
risk, which is mainly attributable to the location of the maximum concentration of carbon 
tetrachloride. 

For the drinking water only scenario, the maximum radiological dose is 43.2 mrem and 
maximum risk associated with the radiological constituents is 2.59E-05 (refer to Table 6-7). The • 
maximum overall risk ( at a different location than the maximum radiological dose), found at the 
location of the highest concentration of cmbon tetrachloride, is 2.26E-04 (see Tables 6-7 and 
6-8). Similarly, for the resident farmer scenario, the maximwn dose is 570.8 mrem and 
maximum risk from the radiological components is 3.43E-04 (refer to Table 6· 7). For this 
scenario, the maximum overall risk (at a different location than the maximum radiological dose) 
which is found at the location of the highest concentration of carbon tetrachloride, is mainly 
attributable to carbon tetrachloride and is 1.07E-03 (see Tables 6-7 and 6-8.) 

Individual constituent maximmn cancer risks and HQs for the hazardous chemicals and 
maximum doses and cancer risks for the radionuclides are provided in Tables 6-6 and 6--8, 
respectively. As expected, the largest risks are associated with ingestion of and exposure to 
groundwater containing carbon tetrachloride. This risk analysis shows that ingestion of and 
exposure to groundwater containing the highest levels of carbon tetrachloride in the upper 
portions of the unconfined aquifer would result in maximum estimated cancer risks of 
approximately 2.2x 10-4 and I. Ix 10-3 for the drinking water only and residential farmer exposure 
scenarios, respectively {Table 6·8). Ingestion of and exposure to groundwater containing the 
highest levels of carbon tetrachloride in the upper portions of the unconfined aquifer resulted in 
calculated HQs of 171 and 815 for the same exposure scenarios (fable 6-8). Ingestion and 
exposure to groundwater containing the highest levels of uranimn in the uppermost aquifer yields 
HQs of 8.57 and 49.5 for these scenarios. 

Significant radiological doses and associated incremental cancer risk are also associated with 
ingestion of and exposure to groundwater containing elevated levels of technetium-99, • 
iodine-129, uranium-234, uranium•235, and uranium•238. This risk analysis shows that 
ingestion of and exposure to groundwater containing the highest levels of technetium-99 in the 
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upper portions of the unconfined aquifer would result in maximum estimated cancer risks of 
2.3x10·5 and 2.9xl04 for the drinking water only and residential farmer exposure scenarios, 
respectively. Maximum doses would be 38.5 and 490 mrem, respectively. For maximum 
concentration levels ofiodine-129, maximum estimated cancer risks would be 2.2xto·6 and 
l.3xl04 , respectively, for these same exposure scenarios. Maximum doses from iodine-129 
would be 3.6 and 220 mrem, respectively. For maximum concentration levels of uranium, 
estimated cancer risks (from all uranium isotopes) would be 1.Sxto·5 and 8.Sxl o-5, respectively, 
for these same exposure scenarios. The corresponding maximum risks and associated doses 
attributable to the key uranium isotopes are also provided in Table 6-6. 

6.2 ECOLOGICAL EVALUATION 

There are no direct exposure pathways from Central Plateau groundwater to ecological receptors; 
the main concern regarding ecological exposure involves the Columbia River. To characterize 
ecological risks associated with contaminated 200-ZP-1 groundwater, a bounding analysis is 
performed with three exposure scenarios: The three scenarios are (1) no dilution, (2) 50% 
dilution of groundwater with the Columbia River, and (3) a scenario that addresses a mass
balance dilution of groundwater in Columbia River water and assumes a mixing ratio of 1 % of 
the analyte-specific maximum OU groundwater concentration and 99% Columbia River water 
(i.e., the 0.01 dilution scenario). Section 5.2 presents the ecological evaluation and details of the 
scenarios, the values used for risk screening, and their technical origin and the results. The 
results are summarized below . 

It must be noted that the dilution scenarios are based on maximum concentrations recorded in 
groundwater. As contaminants move from the 200-ZP-1 OU through the subsurface to the 
Columbia River, it is realistic to assume that isolated contaminant maxima 200-ZP-1 become 
mixed with the plume. This mixing within the contaminant plume represents an averaging of 
concentrations. As such, characteristics of the average concentration best represent 
contamination from the OU over the course of the plume traveling to the river. 

Table 5-7 presents the HQs for maximum and UCLs of mean groundwater contaminants of 
concern versus screening levels for each scenario. The results of the risk evaluation using the 
average concentration and the dilution scenarios are as follows: 

• No dilution: seven analytes exceed the HQ of 1 
• 0.5 dilution factor: four analytes exceed the HQ of 1 
• 0.01 dilution factor: no analytes exceed the HQ of 1. 

Using groundwater concentrations representative of the average, there is no evidence for 
potential ecological risk for 200~ZP-1 OU contaminants in the Columbia River. There is 
an indication of the potential for adverse ecological effects in the hyporheic zone using 
representative groundwater concentrations (specifically, from hexavalent chromium, total 
uranium, carbon tetrachloride, and cyanide). Therefore, a more detailed ecological risk 
assessment is needed for these four analytes . 
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Figure 6-1. Current (Fiscal Year 2005) Interpreted Concentration Levels 
of Carbon Tetrachloride at the Water Table. a 
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• Distribution of wells used in the interpretation is depicted in squares color-coded to the 
concentration legend. This figure is adapted from PNNL 2006. 
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Figure 6-2. Cancer Risk from Current (Fiscal Year 2005) Interpreted Concentration 
Levels of Carbon Tetrachloride for Drinking Water Only 

and Residential Farmer Scenarios. (2 sheets) 
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Figure 6-2. Cancer Risk from Current (Fiscal Year 2005) Interpreted Concentration 
Levels of Carbon Tetrachloride for Drinking Water Only 

and Residential Farmer Scenarios. (2 sheets) 
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Figure 6-3. Hazard Quotient from Current (Fiscal Year 2005) Interpreted Concentration 
Levels of Carbon Tetrachloride for Drinking Water Only 

and Residential Farmer Scenarios. (2 sheets) 
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Figure 6-3. Hazard Quotient from Current (Fiscal Year 2005) Interpreted Concentration 
Levels of Carbon Tetrachloride for Drinking Water Only 

and Residential Farmer Scenarios. (2 sheets) 
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Figure 6-4. Carbon Tetrachloride Concentrations at (a) ITRD Study Compliance Boundary 
and (b) Along Columbia River for Case 1 a. 
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Figure 6-5. Carbon Tetrachloride Concentration at ITRD Study Compliance 
Boundary (µg/L) for Case lb. 
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Figure 6-6. Maximum Carbon Tetrachloride Concentration (µg/L) at (a) ITRD Study 
Compliance Boundary and (b) Along Columbia River for Case 2. 
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Figure 6-7. Maximum Carbon Tetrachloride Concentration (µg/L) at (a) ITRD Study 
Compliance Boundary and (b) Along Columbia River for Case 3. 
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Figure 6-8. Cancer Risk from Drinking Water Only and Residential Farmer Scenarios 
at ITRD Boundary and Along the Columbia River. 
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Figure 6-9. Hazard Quotients from Drinking Water Only and Residential Farmer Scenarios 
at ITRD Boundary and Along the Columbia River. 
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Figure 6-10. Current (Fiscal Year 2005) Interpreted Concentration Levels 
of Uranium at the Water Table. a 
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• Distribution of wells used in the interpretation is depicted in squares color-coded to the 
concentration legend. This figure is adapted from PNNL 2006. 
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Figure 6-11. Radiological Dose (in mrem) from Current (Fiscal Year 2005) 
Interpreted Concentration Levels ofTechnetium-99 for Drinking 

Water Only and Residential Farmer Scenarios. (2 sheets) 
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Figure 6-11. Radiological Dose (in mrem) from Current (Fiscal Year 2005) 
Interpreted Concentration Levels of Technetium-99 for Drinking 

Water Only and Residential Farmer Scenarios. (2 sheets) 
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Figure 6-12. Cancer Risk from Current (Fiscal Year 2005) Interpreted Concentration 
Levels ofTechnetium-99 for Drinking Water Only and Residential 

Farmer Scenarios. (2 sheets) 
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Figure 6-12. Cancer Risk from Current (Fiscal Year 2005) Interpreted Concentration 
Levels ofTechnetium-99 for Drinking Water Only and Residential 

Farmer Scenarios. (2 sheets) 
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Figure 6-13. Current (Fiscal Year 2005) Interpreted Concentration Levels 
oflodine-129 at the Water Table.a 
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• Distribution of wells used in the interpretation is depicted in squares color-coded to the 
concentration legend. This figure is adapted from PNNL 2006. 
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Figure 6-14. Radiological Dose (in mrem) from Current (Fiscal Year 2005) 
Interpreted Concentration Levels oflodine-129 for Drinking Water Only 

and Residential Farmer Scenarios. (2 sheets) 
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Figure 6-14. Radiological Dose (in mrem) from Current (Fiscal Year 2005) 
Interpreted Concentration Levels of Iodine-129 for Drinking Water Only 

and Residential Farmer Scenarios. (2 sheets) 
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Figure 6-15. Cancer Risk from Current (Fiscal Year 2005) Interpreted Concentration 
Levels of Iodine-129 for Drinking Water Only and Residential Farmer Scenarios. (2 sheets) 
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Figure 6-15. Cancer Risk from Current (Fiscal Year 2005) Interpreted Concentration 
Levels oflodine-129 for Drinking Water Only and Residential Farmer Scenarios. (2 sheets) 
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Figure 6-16. Current (Fiscal Year 2005) Interpreted Concentration 
Levels of Uranium at the Water Table.a 
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• Distribution of wells used in the interpretation is depicted in squares color-coded to the 
concentration legend. This figure is adapted from PNNL 2006. 
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Figure 6-17. Hazard Quotient from Current (Fiscal Year 2005) Interpreted Concentration 
Levels of Uranium for Drinking Water Only and Residential Farmer Scenarios. (2 sheets) 
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Figure 6-17. Hazard Quotient from Current (Fiscal Year 2005) Interpreted Concentration 
Levels of Uranium for Drinking Water Only and Residential Farmer Scenarios. (2 sheets) 
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Figure 6-18. Radiological Dose (in mrem) from Current (Fiscal Year 2005) 
Interpreted Concentration Levels of Uranium for Drinking Water Only 

and Residential Farmer Scenarios.a (2 sheets) 
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• Total dose reflects dose contributions from uranium-234, uranium-235, and uranium-238 . 
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Figure 6-18. Radiological Dose (in rnrem) from Current (Fiscal Year 2005) 
Interpreted Concentration Levels of Uranium for Drinking Water Only 

and Residential Farmer Scenarios.a (2 sheets) 
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• Total dose reflects dose contributions from uranium-234, uranium-235, and uranium-238 . 
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Figure 6-19. Cancer Risk from Current (Fiscal Year 2005) Interpreted Concentration 
Levels of Uranium for Drinking Water Only and Residential Farmer Scenarios.a (2 sheets) 
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• Total dose reflects dose contributions from uranium-234, uranium-235, and uranium-238 . 
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Figure 6-19. Cancer Risk from Current (Fiscal Year 2005) Interpreted Concentration 
Levels of Uranium for Drinking Water Only and Residential Farmer Scenarios.a (2 sheets) 
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Table 6-1. Ailalyte., For Risk Evaluation in the Feast'bility Study. 

Chromium (1ota1) 

1-129 Chloroform 

Nitrate 

Tc-99-

Trich1oroetliyk,' 

Unmhun (total}' -

Uranium (radioactiw)' 

• For:pmposes of this discussion; the total and radioactive uranium ma considered to be one 
contaminant ofconccm. · 

PRO • pn,liminmynmu,diatim pl 
ua.· - upper ~limit 

Carbon . ·. RfI>lNH ' Camon~ 
1m8chloridc • RfD i,r inhalation 

-n~ru_ Uranium RID mr 
AU.1.UUI. iDbalition ' 

Unmium 

7.00E,.()4 

: -,Subdironic_ (web_Bite 
www.riak.WomLgov/cgi-biDhm/ 
TOX~~aelect=omad)'· 

Cllroaic (web aite www.dsk.lsd.oml.gov/ 
cgi~~-ect?sc1cct=nradf 

4.438-05 -- Fioai threshold limit '9l1ucs (ACGIHf 

6.00:&-04 Web lite www.risk.Jad.oml.gov/ 
_-C&i4>iD/toxfl'OX_IClect?aelecl='c8f 

• ACGm ftlfen to the Amcrimn- Conference of lodusarlal Hygienists (cmtbe Jntc:mct It www.acgih.org/home.htm). 
• 1he Oak Ridge National Laboratory website is also mown a the lti8t Atscsmu:nt JnfcmnationSystcm (RAIS). 
IUD • refermce dose -
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Table 6-3. Key Exposure Parameters 
for the Residential Farmer Scenario. 

Drinking wab:r, Uyr 545° 

Leafy vegetable, kg/~ 2.7 

Other vegetables, kf/yr'" 73 

Fmit, kg/yr'" 37 

On.in, kg/yr'" 0 

Milk,U~ 100 

Meat,~ 30 

Fowl, kg/yr" 6 

Eggs.kg/yr 6.8 

Fish,kg/yr NIA 

• As suggested by WDOH (1997) 

Oto 1,095 

1 to 15 

25to8S 

10to SO 

0 

36.Sto36S 

Oto 100 

Oto 15 

Oto 14 

NIA 

• Value of 110 kg.lyr from WDOH (1998) apportioned two-thiids to other vegetables, 
one-third to fruits, and Oto grains, as suggested by Rittmann (2003). 

1, Combined meat and fowl same as meat and poultry (WDOH 1997). 
1 I!quivalent to l .S Uday. Part of the daily consumption of drinking water is assumed to 

come from o:ffsite (Rittmann 2003). 
N/A = not applicable 
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Table 6-4. Slope Factors for Carcinogens. 

Carbon 
SFJNH .._.___Ll.....1.1- _,Rl"lfll O o.r11c Web site www.risk.Jsd.oml.gov/ 
~~ • J~ qi-bin/toxffOX_aclectlselcct=mad 

Carbon 
SFING tcttachloridc slope 

fictor tor ingestion 

Web site www.risk.Jsd.oml.gov/ 
0.13 cgi-bin/tox/l'OX_aelcct?aclect=nrad 

• lbe Oak Ridge National Laboratory website is also known u the Risk Aasmsmcnt Information System 
(RAIS). 

Table 6-S. Unit Dose and Risk Factor R.esults. 

T~99 Radionuclide l pCi/L l.36B-02 l.07E-03 micm. 

1-129 Radionuclide I pCi/l. 1.22B+Ol· 2~0J.E.01 IIIJD1 

U-234 ·Radiom1clide I pCi/L 1.20B+oo . 2.07B-01 mran 

U-235 . Radionuclide I pCi/L 1.12&1-00 1.94B-Ot mran 

U-238 Radionuclide I pCi/L 1.07B+-00 1.86E-Ot mran 

Tc-99 ·Radionuclide I pCi/L 8.l6E,,09 6.42E-10 risk 

1-129 ltadionuclide I pCi/L 7~32846 l.21E-07 rilk 

U-234 Radionuclide l pCi/L 7.11B-7 l.24E-7 risk 

U-235 Radionuclide .. I pCi/L 6.74B-7 t.11B-7 risk 

U-238 Radionuclide I pCi/L 6.42B-07 1.12E-07 risk 

Carbon Carcinogen I Jig/L 2.52B-07 S.30B-08 risk 
tmacbloride 

Carbon Hazardous 1 µg'L 1.94B-01 4.0SB-02 HQ-DODC 
1aracbloride 

Unmium llamdoul I l'dL 2.7SB-OI 4.76B-02 HQ-none 

HQ • hazard quotient 
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Table 6-6. Radiological Dose and Cancer Risk Summary 
of Selected Radiological Constituents. 

Tc-99 36,000- 3.85E+ol 2.31B-05 4.90E+o2 2.94E-04 

1-129 18 3.62E+oo 2.lBB-06 2.20E+o2 1.31E-04 

U-234• 62 1.28E+ol 7.6SB-06 7.40B+ol 4.42E-05 

u.235• 3 S.SSB-01 3.34B-07 3.17E+oo 1.938-06 

U-238• 60 l.12E+ol 6.67E-06 6.43E+ol 3.87B-OS 

U, total 2.45E+ol 1.47E-05 1.42E+o2 8.49E-OS 

• Not including the results of well 299-Wl 1-2SB. 
• Isotopic concentrations for these constituents are estimated based on the assumption that they ocx:ur in same 

composition as their natural abundanc.lc. 

Table 6-7. Summary of Maximum Radiological Doses 
and Cancer Risks for Selected Constituents Evaluated at Two Locations.• 

Risk due to radiological dose 2.32E-08 2.9SB-07 

Risk due to carbon tetrachloride 2.26E-04 1.07E-03 

2.26E-04 1.07E-03 

• 1b.ese maximum values are not the summation of individual constituent 1111WJDurns found in Table 6-8 and 
Table 6-6, but rather reflect the maximum values of dose and risk resulting from the summation of the dose 
and/or risk at differmt geographic locations. 

• Summed radiological dose from tecbnetium-99, iodino-129, uranium-234, uranium-235, and uranium.-238 at 
the location of maximum summed dose. 

c Summed cancer risk from carbon tdrachloridc, technetium-99, iodino-129, uranium-234, uranium-235, and 
uranium.-238 at a specific geographical location. This ovaall risk is mainly attributable to carbon tmachloride 
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_ Table 6-8. Cancer Risk and Hazard Quotient Summary 
of Selected Hazardous Chemical Constituents. 

4,200 l.71B-+-02 8.ISE+o2 

180 8.57E+oo 4.9SE-+OI 

6-4S 
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7.0 SUMMARY 

This RI report presents the analytical and other data resulting ftom implementation of the 
2()()..ZP-1 RI/FS work plan (DOE-RL 2004c). A complete baseline risk assessment is not 
included in this report, but rather will be included as part of the FS. · This RI report presents 
a discussion of estimates of existing risks based on current interpretations of COT1tamioant plmnes 
that originate within the 20()..ZP-1 OU and tbatexceed DWSs. The plume interpretations are 
developed in the annual groundwater monitoring report for FYOS (PNNL 2006). This discussion 
only focuses on a few indicator COCs, which include carbon tetmchloride, technetium.;99, 

ioclin~ 129, and uranium. Also included is a discussion of preliminary risks associated with the 
carbon tetrachlorideplwne based on information developed in a previous modeling study of 
· carbon tetrachloride (Bergeron and Cole 2005). The data evaluation was amducted according to 

the requirements of the 200..ZP-1 RI/FS work plan (DOB-RL 2004c) and the DQ0 summary 

report (FH 2003c). · The DQA presented in Appendix H demonstrates that the data meet the 
established DQOs. . 

The objectives of this RI n::port are as follows: 

1. Define the nature and extent of groundwater COPhuDioation that currently exists within 
the 200-ZP-1 OU. 

2. Integrate and evaluate information·fi:om CERCLA and RCRA efforts to identify potential 
saturated zone contamioonts and characterize the subsurface hydrogeology and aquifer 
properties. 

3. Determine if a FS and baseline risk assessment are required. 

4. . Determine if sufficient data have been collected to support the preparation of a baseline 
risk assessment and FS. 

S. Present aquifer property and cor,taminant data to support fate and transport modeling. 

6. Combine data ftom·the 200-ZP-1 and200-UP-1 OUs to develop a comprehensive 
distribution model of the carbon tetrachloride plume that underlies both areas. 

7. Identify groundwater contaminants to be evaluated in human health and ecological risk 
8SSCSS1Dents in the upcoming FS. · 

It was detemiined that the quantity and quality of the collected data were sufficient to support 
future risk assessment activities. · The COCs were identified that pose a significant risk to hlunan 
health and the environment and, as a result, it was detennined that an FS is required to address 
the risks presented by the identified COCs. Site-specific factors were also identified that require 
consideration in an FS. 

Data are presented in this RI report from all of the new CERCLA groundwater monitoring wells 
that the 200-ZP~ 1 RI/F'S work plan required to be installed (DOE-RL 2004c). Four additional 
200,ZP-1 RCRA wells (i.e., LLWMA-5, LLWMA-8, LLWMA•l3, and LLWMA-17) that are 
planned for the monitoring well.network are not yet completed; however, data ftmn these wells 
were not required to complete either the human health or ecological data evaluations. The 
existing data demonstrate that risks to human health and the environment from 15 COCs (as 
listed in Table 7-1) are sufficient to warrant further baseline risk assessment in an FS. In 
addition to the human health baseline risk assessment, an ecological risk assessment is also 
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recommended in the FS to analyze the risk contribution from 200-ZP-1 groundwater to the • 
Columbia River ecosystem. 

The existing data further demonstrate that the IS COCs identified in Table 7-1 pose sufficient 
risk to require the evaluation of remedial alternatives in an FS. The existing 200-ZP-l pump
and-treat system is effective as an interim remedial action, but it is not designed to adequately 
address the long-term risks posed by all IS of the identified COCs. The current 200-ZP-1 pmnp
and-treat system is designed to recover and treat contaminated groundwater in the upper IS m 
(50 ft) of the unconfined aquifer within a highly contmninated area of the carbon tetrachloride • 
plume; the cunent 200-ZP-1 pump-and-treat system is not designed to recover groundwater from 
deeper or less contaminated portions of the unconfined aquifer. As explained in the following 
subsections, recently acquired data, ongoing sampling, and proposed studies are expected to 
provide a basis for evaluating potential remedial alternatives in an FS. 

The COC data support the current knowledge of the major plumes. The carbon tettachloride 
plume emanates from the Z Plant area and underlies most of 200 West Area, spanning across 
both the 200-ZP-1 and 200-UP-1 OUs. This plume spans the entire approximate 61 m (200 ft) 
thickness of the unconfined aquifer and, in many cases, the highest concentrations of carbon 
tetrachloride are in the middle to lower portions of the aquifer. The nitrate plume underlies most 
of the operational area of200 West Area in 200-ZP-1 OU. 

More localized plumes of chromium and technetium-99 underlie WMA-T. Technetium-99 is 
undergoing further evaluation with respect to its depth in the 200-ZP-1 OU east of the WMA-T 
area. The uranium plume underlies the T Plant area. Iodine--129 and tritium are spreading east, • 
to an area that is northeast of the TX-TY Tank Farms. Two localized plumes of uranium and 
technetium-99 are located just east of the TX-1Y Tank Fanns. The TCE plume begins north of 
Z Plant and underlies the TX-TY Tank Farms, extending north beyond WMA-T. Appendix A 
presents a plate map that summarizes these major plumes. Although a fluoride plume is noted in 
the annual Sitewide groundwater report (PNNL 2006), the risk evaluation did not note it as 
an identified risk driver. 

7.1 CHARACTERIZATION 

Sufficient data exist to establish a basis for risk assessment in a PS. Recent drilling and sampling 
activities were, and continue to be, directed at obtaining additional data to fully define the lateral 
and vertical distribution of COCs previously detected in the unconfined aquifer. One identified 
data gap is related to the issue that there are limited COC concentration data at the base of the 
unconfined aquifer. This data gap precluded a complete evaluation of the vertical distribution of 
COCs within the aquifer. The lateral distribution of COCs at depth in the WJ.oonfined aquifer 
was also incompletely defined. Supplemental drilling and sampling activities are cmrently 
scheduled to fill these data gaps. This information will be included as an appendix to the FS. 

Depth-discrete sampling data are required to understand the vertical and lateral extent of the 
catbon tetrachloride and tecbnetium-99 plumes. The previous section summarized the details 
presented in Section 4.3 and presents lateral extent of the contaminant The following 
paragraphs summarize the depth-discrete data used to assess the vertical profile of the carbon 
tetrachloride and tecbnetium-99 plumes. The carbon tetrachloride results are discussed first, • 
followed by the technetium-99 data. Section 4.4 provides the well numbers and additional detail 
associated with these general trends. 
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. . . 

The plate maps in Appendix C show vertical plots of the depth-discrete results for carbon 
tetrachloride and its degradation compounds (i.e., chloroform, mtthylene chloride, and 
chloromethane) for as many as 39 wells as well as selected concentration contours for the carbon 
tetrachloride plwne •.. The data were generated by two methods: field screening and laboratory 
analysis. The data shown on the plate maps in Appendix C show different concentration results 
for individual sample depths due to differences between the field screening and laboratory 
methods (e.g., well 299-WIS-42), as well as temporal differences. The temporal differences 
result from natural groundwater plume movement and the influence of the 200-ZP-1 OU pump-
and-treat system. Despite these issues~ the data represent the most complete depth-discrete 

groundwater results for defining the three-dimensional distribution of the carbon tetrachloride 
plume and its degradation products. 

The vertical plot results for carbon tetrachloride are also shown on two hydrogeologic cross
sections on the plate maps in Appendix C and in Figures 4-37 .and 4-38. Toe aoss~ons 
illustrate a caibon tetrachloride grooodwater plume that extends vertically from the top of the 
unconfined aquifer near the disposal source areas by PFP to the base of the unconfined aquifer at 

the top of the Ringold Lower Mud lhiit (Unit 8). The plume extends through the Ringold 
Formation to the top of basalt where the Unit 8 oon:6nfog layer is absent, as at well 299-W13-1. 

As the distance from the source area increases in a downgradient direction, the highest carbon 
tetrachloride concentrations occur deeper in the unconfined aquifer. A current hypothesis for 
higher carbon tetrachloride concentrations at greater depths, downgradicnt from the source area, 
is that recharge is diluting contaminants in the upper portion of the unconfined aquifer. 

Recharge results from both natural infiltration and less-cotttmninated former wastewater 
discharges that are $till present in the overlying vadose mne. AB descnbed in Section 4.4.1, the 
dilution hypothesis will be further evaluated as needed in the FS in conjunction with vertical 
gradient data from at leastthree sets of paired wells. The vertical gradient data will be integrated 
into the carbon tetrachloride model in the FS. · 

Although not shown in the vertical depth plots on the plate maps in Appendix C, the approximate 
depth to groundwaterip. the w~ls shown ranges from about 67 to 76 m (220 to 250 ft) bgs, and 
the approximate depth to the Ringold Lower Mud Unit ranges from about 113 to 134 m (370 to 
440 ft) bgs: In general, the elevation ofthe water table decreases from west to east and the 

elevation of the Lower Mud Unit increases from southwest to northeast. 

Seven wells in the bigh--concentration portion of the carbon tetrachloride plume (from north to 

south: 299-WlS-765, 299-WlS-43, 299-WlS-40, 299-WlS-44, 299--WlS-l l, 299-WlS-l, and 

299-W15-7} showed the highest concentrations of cmbon tetrachloride at depths of 6 to 21 · m 
(20 to 70 ft) below the water table. The highest carbon tetrachloride concentrations in these 
wells ranged from about 2,700 to 4,152 µg/L. Well 299-WlS-43 showed the highest caibon 
tetrachloride concentration (3,300 µg/L) at ll m (70 ft) below the water table and then lower 
concentrations below that depth when the well was drilled in 2002, clearly defining the vertical 
concentration profile of the plume in this area. The data from the other six wells in this area all 

show increasing carbon tetrachloride concentrations with depth, indicating that the full thickness 
of the plume was ·not penetrated by these wells. 

Three wells near the 216-Z-9 Trench ( one of the primary carbon tetrachloride waste disposal 
sites near PFP) showed the highest concentration of carbon tetrachloride (2,000 to 3,700 p.g/L) at 

depths of 18 to 33 m (60 to 110 ft) below the water table. 
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Data from wells located downgradient (east) of the high-concentration portion of the carbon • 
tetrachloride plume show how the depth of the plume maximum increases with downgradient 
distance. 

Three wells near the 216-Z-IA, 216-Z-12, and 216-Z-18 waste sites (the other primary carbon 
tetrachloride waste disposal sites near PFP) show significantly lower carbon tetrachloride 
maxima than those seen near the 216-Z-9 Trench ( discussed above). Wells 299-Wl 5-152, 
299-W18-1, and 299-W18-16 are located about midway between the injection wells to the west 
and the extraction wells to the east of the pump-and-treat system and are likely showing the 
impacts of that system. 

The carbon tetrachloride plume extends to the 200-UP-1 OU; therefore, depth-discrete data were 
presented from this OU. Four wells within the 200-UP-l OU portion of the carbon tetrachloride 
plume illustrate the vertical distribution of carbon tetrachloride in the unconfined aquifer in this 
plume lobe. Wells 299-WlS-37, 299-W19-49, and 299-Wl9-50 showed plume maximum 
concentrations (120 to 140 µg/L) at 6 to 30 m (20 to 100 ft) below the water table. To the east 
(downgradient) of these wells, well 699-38-70B pene1rated the highest carbon tetrachloride 
concentration (480 µg/L) at the base of the unconfined aquifer (about 38 m (125 ft] below the 
aquifer). 

Two wells near the T Tank Farm and one well near T Plant illustrate the vertical distribution of 
carbon tetrachloride in the unconfined aquifer in the northern plume area. Wells 299-Wl0-24 

and 299-Wl 1-25B showed plume maximum values (1,500 to 1,600 µg/L) at 21 to 24 m (70 to 
80 ft) below the water table. Approximately 450 m (1,500 ft) downgradient, well 299-Wl 1-43 • 
penetrated a high carbon tetrachloride concentration (1,000 µg/L) at approximately 20 m (65 ft) 
below the water table and then lower concentrations deeper in the aquifer. However, the last 
depth-discrete groundwater sample from this well at a depth of about 56 m (185 ft) below the 
water table, near the base of the unconfined aquifer, had a carbon tetrachloride concentration of 
1,100 µg/L. 

In general, the depth of the maximum concentration of chloroform is similar to the depth of the 
maximum concentration of carbon tetrachloride in each well. A few of the wells show low 
levels of methylene chloride present within the aquifer. Fewer wells have detectable 
concentrations of chloromethane. The chloroform, methylene chloride, and cbloromethane 
contaminant~ may be the result of carbon tetrachloride degradation. The reductive 
dechlorination process would occur in the following order: carbon tetrachloride to chloroform to 
methylene chloride, and to chloromethane. lbis would account for the decreasing concentrations 
of the three degradation products. The association of carbon tetrachloride and its potential 
degradation products in the 200-ZP-1 unconfined aquifer will be examined in the FS as needed, 
especially if monitored natural attenuation is selected as a remediation alternative. 

The FS will consider a primary conceptual model and an alternative conceptual model for carbon 
tetrachloride. The primary model (i.e., the assumed current condition for which a remedy will be 
developed) will recognize that NAPL concentrations of carbon tetrachloride currently exist in the 
vadose zone but do not present a significant continuing source term to the groundwater. In the 
groundwater, the amount and spatial distn"bution of any NAPL sources are small relative to the 
magnitude of the dissolved phase present in the aquifer. In other wo~ the primary focus of the • 
remedy in the PS will be to address the dissolved phase carbon tetrachloride in groundwater. 
The alternative model is that sources of NAPL carbon tetrachloride exist in the groundwater of 
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sufficient mass and/or spatial distribution to require a supplementary and/or .alternative remedial 
action and that these sources would 1>e discovered either during jJnplementation of the remedy or 
BS part of performance monitoring resulting in the need for 811 adaptive contingency response for 
the groundwater. Such a response will be anticipated as part of the remedial strategy developed 
in the FS for the 200-ZP-1 OU. Akey component of the remedy design will be to collect data 

aimed at testing the likelihood that the conditions presumed for the alternative conceptual model 

exist. 

WMA-T contains the T Tank Farm. A technetium-99 plume has been identified northeast of 
WMA-T. The technetium-99 plume was previously thought to be located at the water table. 
A new well (299-Wl 1-25B) was located in the northeast comer of WMA-T to assess the vertical 
extent of the technetium-99 plume •. Recent data from well 299-Wl 1-25B indicate technetium-99 
concentrations at 180,000 pd/L at a depth of l 0 m (approximately 30 ft) below the water table. 
It must be noted that the maximum depth of the nitrate concentrations is the same as the 
maximum depth of the technetium-99 concentrations 

In order to assess the lateral extent c,f the technetium-99 plume in the deeper unconfined aquifer, 
well 299-Wt 1-45 was drilled approximately 80 m (262.5 ft) downgradient (east) of well 
299-Wl 1-25B. Well 299-Wl 1-45 was sampled every 1.5 m (4.9 ft) throughout the top 56 m 
(183.7 ft) ofthe aquifer. The nitrate andtechnetium-99 concentrations are shown in Figure 4-42. 
Again, the depth distn'butions of both contaminants are similar to that of well 299-Wl l-25B, 
however, the maximlll1'1 concentrations are lower. Additional wells are planned in the area 
during FY06 to assess the lateral and vertical extent of the technetium-99 plume . 

. . 

To supplementthe 200-ZP~l database, sediment samplingresults (Qr geochemical, 
hydrogeological, and physical parameters from the nearby 200-UP-1 OU are presented in this RI 
report. Additional sediment samples :from the 200-ZP-1 OU are to be collected later in FY06 for 
~ analysis, and these results will be presented in the FS. · 

Sediment samples were collected for COC analysis during well dti1ling. Vertical profiles and 
tables of these COC concentrations are.presented in Appendix N and are discussed in· 
Section 4.S. ·The sediment data will be evaluated in the: FS, BS needed, to analyze remedial 
alternatives. ·· · 

Vertical plots of soil gas data from carbon tetrachloride in the vadose zone are presented in 
Appendix N and are discussed in Section 4.S. The soil gas data are also planned for evaluation 
in the FS, when required, for consideration of remedial· alternatives. 

Aquifer slug tests and other studies provided data that will be used in the FS to predict the 
movement of COCs in the saturated mne and.to evaluate their response to remedial alternatives. 
· Several studies focused on the released am01mt, current disposition, and projected movement of 
carbon tetrachloride in the 200-ZP-l OU. Depth-discrete groundwater monitoring data were 
collected to show the vertical distn'bution of COCs within the aquifer and to monitor the 
movement of COCs in groundwater over time. This information will be used to support the 
screening of alternatives and baseline risk assessment in the FS. Pilot tests may be required in 

the future to· determine the viability of various remedial alternatives in in FS . 
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7.1.1 Contaminant of Concern Evaluation 

Sections 1.4.3 and 4.2, respectively, present the logic used to assess the COCs and the results of 
implanenting the logic. The results from this evaluation are recommendations of analytes for 
future risk assessment as presented in Section 6.1.1. The logic was agreed upon by EPA, as 
docmnented in an attachment to the October 2005 200 Area Unit Managers' Meeting minutes 
(FH 2005a). The logic uses all of the groundwater data collected since 1988 for the analytes 
agreed upon as COCs in the 200-ZP-1 RI/FS work plan (DOE-RL 2004c) and shown in 
Table 1-5 of this document. This is more effort than originally agreed upon; however, it is 
a logical approach given the area covered by the OU and the need to evaluate constituents over 
time. 

The COCs were divided into two groups: Group A and Group B. The Group A analytes are the 
analytes for which plmnes have already been identified in the PNNL annual groundwater reports 
and are considered potential major risk drivers. The eight Group A COCs are total chromimn, 
carbon tetrachloride, iodine--129, nitrate, technetium-99, TCE, tritium, and radioactive/total 
uranium. The Group B analytes are the analytes that are listed COCs in Table 1-5 that are not in 
Group A This analyte list is too long to present here. Figures 1-3 and 1--4 present the logic 
used. The PRGs used for the COC screening are the "selected limit'' in Table 1-5. 

To better evaluate the risk for human and ecological receptors, data :fi:om more wells were added 
to the risk evaluation. The added wells include those with higher concentration wells within the 
plume for the Group A analytes. If these wells had not been added, the risk evaluation may have 
incorrectly indicated that known major risk drivers posed no/little risk. 

The result of screening the Group A analytes is that all eight bad at least one sample greater than 
two times the PRO. Thus, all of the analyt.es are recommended for further evaluation in the 
baseline risk assessment, which will be performed in the FS. 

The results of screening the Group B COCs generated the following results. A large number of 
Group B COCs require no further action because either all are nondetects or all detected results 
are below the PRO (see Section 4.2). 

The analytes detected above the PRO at less than 100/4 frequency were statistically evaluated and 
the results are shown in Table 7-1. These are recommended for additional risk evaluation and/or 
assessment. 

The analytes detected above the PRO at more than 100/4 frequency were statistically evaluated 
and the results are shown in Table 7-1. The statistical evaluation was in addition to that 
originally agreed upon and presented in the logic in Figure 1-4. The statistical evaluation was 
the same approach used for the less frequently detected analytes and is based on MTCA 
statistical guidance (WAC 173-340). 

A common laboratory coJltaroinant routinely detected in samples is methylene chloride. While 
normally this would be removed as a common laboratory coDtaminant, the following 
observations resulted in retaining it as a COC: 

• A significant number of detections occurred. 

• Results ranged from nondetects to 4,100 µg/L. 
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• Under aerobic conditions, methylene chloride is a degradation product of carbon 
tetrachloride, which is a Grodp A analyte that will be waituated in the baseline risk 
assessment 

CONTAMINANT DISTRIBUTION MODELS AND EXPOSURE MODELS 

The conceptual contaminant distribution models and the conceptual exposure model developed 
in the DQO summary report (FH 2003c) were evaluated based on the data obtamed during the RI 
and other data-collection activities. The contaminant distn'bution models generally can be 
described as follows. 

• The contarrdnants migrate through the vadose mne in response to past disposal of waste 

liquids and/or natural recharge,~ groundwater, and flow along pathways ofleast 
resistance within the unconfined aquifer from higher to lower hydraulic head. General 
grolUldwater flow is currently east fi:om the 200-ZP-1 OU toward the Colmnbia River. 

- The cmbon tetrachloride model is still evolving. The conceptual model CU1Tently 
includes the following elements: the bulk of the 1'CJ]Ullning carbon tetrachloride mass 
in the subsurface resides in fine-grained layers within the vadose mne; soil gas data at 
the base of the vadose mne indicate that significant quantities of carbon tetrachloride 
are not currently migrating to the saturated mne; and significant dissolved-phase 
cmbon tetrachloride concentrations exist in the unconfined aquifer, but it is uncertain 
whether carbon tetrachloride is present as a DNAPL 

- The model for teclmetium-99 is undergoing additional evaluation. There are high 
concentrations of technetium-99 in recent wells proximal to the northeastern side of 
WMA-T, and the maximum tecbnetium-99 concentrations appear deeper (below 9 m 
[30. ft]) in the \Ulconfined aquifer than has been observed in previous older wells. 

This document has not discussed this, as the DQO process and a resulting sampling 

design are forth coming to address this area. 

The exposure pathway model for the OU is presented in the DQO summary report (FH 2003c) 
and is summarized as follows. 

• Humans may be exposed to groundwater (inigation and/or drinking). 

• Potential receptors are mainly current and future wOl'kers under the industrial land-use 
scenario (based on the current land-use assumptions) and teuestrial biota. 

• Exposure pathways are ingestion, dermal contact, inhalation, and exposure to external 
radiati~ . 

• Groundwater reaches the Columbia River and is blended with river water, thus 
contributing to the risk associated with the river. 

The current COJ1tammant distribution models are generally similar to those presented in the DQO 
summary report (FH 2003c); however, it is now understood that carbon tetrachloride is present 
deeper within the aquifer than previously estimated. Ongoing data acquisition efforts are 
directed at better defining the nature and extent of the COCs in the model . 

The conceptual risk model contains the following media types: ingestion of groundwater 
(human for irrigation), inbaUng contaminated soil particles (human and ecological receptors), 
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and inhalation of soil gas via fugitive emissions (human and ecological). Based on current land- • 
use assumptions, potential receptors are current workers, future worlcers, and terrestrial biota. 

7.3 CONTAMINANTS OF CONCERN AND HUMAN HEALTH 
SITE RISKS EVALUATION 

A baseline risk assessment was not performed as part of this RI report, but rather will be 
performed as part of the FS. The risk evaluation for this RI consisted of comparing COCs to 
PROs and evaluating some key COCs, as performed by PNNL. The comparison of the COCs for 
the Group A analytes indicated that these are potential major risk drivers and are recommended 
for added risk assessment in the FS. The Group B analytes that exceeded the PRGs are listed in 
Table 7 • I and are recommended for addition risk evaluation and potential risk assessment in the 
FS. 

As documented in an attachment to the October 200S 200 Area Unit Managers' Meeting minutes 
(FH 2005a), it was agreed that four of the potential major risk drivers (i.e., carbon tetrachloride, 
techneti.um-99, iodine-129, and uranium) would be evaluated for risk as part of this RI report. 
This information is summarized in Section 6.1.2. 

As expected, the largest risks are associated with ingestion of and exposure to groundwater 
containing carbon tetrachloride. This risk analysis shows that ingestion of and exposure to 
groundwater containing the highest levels of carbon tetrachloride in the upper portions of the 
unconfined aquifer would result in maximum estimated cancer risks of2.2x10• and l.lxl0-3, 

respectively, for the drinking water only and resident farm.er exposure scenarios. Ingestion of • 
and exposure to groundwater containing the highest levels of carbon tetrachloride in the upper 
portions of the unconfined aquifer resulted in calculated HQs of 171 and 815, respectively, for 
the same exposure scenarios. Ingestion and exposure to groundwater containing the highest 
levels of uranium in the uppermost aquifer yields HQs of 8.57 and 49 .5, respectively, for these 
scenarios. 

Significant radiological doses and associated incremental cancer risk are also associated with 
ingestion of and exposure to groundwater containing elevated levels oftechnetium-99, 
iodine-129, and uranium isotopes (uranium-234, uranium-235, and uranium-238). This risk 
analysis shows that ingestion of and exposure to groundwater containing the highest levels of 
technetium-99 in the upper portions of the unconfined aquifer would result in :maximum 
estimated cancer risks of 2.3xl 0-5 and 2.9xl 0-4 for the drinking water only and residential farmer 
exposure scenarios, respectively. Maximum doses would be 38.5 and 490 mrem, respectively. 
For maximum concentration levels of iodine-129, maximum estimated cancer risks would be 
2.2x10-6 and 1.3x10-4, respectively, for these-same exposure scenarios. Maximum doses from 
iodine-129 would be 3.6 and 220 mrem, respectively. For maximum concentration levels of 
uranimn, estimated cancer risks would be 1.Sxl0-5 and 8.Sxl0-5 for these same exposure 
scenarios, respectively. 

7A CONTAMINANTS OF CONCERN AND ECOLOGICAL 
SITE RISKS EVALUATION 

There are no direct exposure pathways from Central Plateau groundwater to ecological receptors; • 
the main concern regarding ecological exposure involves the Columbia River. To characterize 
ecological risks associated with contmnimrted 200.ZP-1 groundwater, a bounding analysis is 
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performed with three exposure scenarios. The three scenarios ~{1) no dilution,· (2) 50'/a 
dilution of groundwater with the Columbia River, and (3) a scenario that addresses a mass
balance dilution of groundwater in Columbia-River water and assumes a mixing ratio of 1 % of 
the analyte-specific maximum Ol.1 groundwater concentration and 99% Columbia River water 
(i.e., the 0.01 dilution scenario). Section 5.2 presents the ecological evaluation and details of the 
scenarios, the values used for.risk screening and their technical origin and the results. Note that 
the values used for risk screening are based on the following: 

• ''Water Quality Standards for.Surface Waters of the State of Wahington" 
(WAC 173..;201A)· 

• National Recommended. Water Quality Criteria: 2002 (BP A 2002b) 

• A,dditional· well-tecognized sources listed in Section S.2 when analytes were not covered 
by th~ first two sources .. 

The results of risk evaluationlscreening are summarized here. It must be noted that the dilution 
scenarios are based on DlBXimumconcentrations ~-in groundwater. As COittaminan~ 
move from the ,200-ZP-l OU through the subsurface to the Columbia River, it is realistic to 
assume that isolated contaminant m8xima in the 200-ZP-l become mixed with the phm,te. This 
mixing within the contaminant plume represents an averaging of concentrations. As such, 
characteristics of the average concentration best represent contamination from the OU over the 
course of the plume traveling to the river. Based on the averaging, the three scenarios were 
re-evaluated. . 

The results.of the risk evaluation using the average concen.1ration and the dilution scenarios are 
as follows: 

• No dilution: seven ana1ytes exceed the HQ of 1 
• 0.5 dilution factor: four analytes exceed the HQ of 1 
• 0.01 dilutl~n factor: no analytes exceed the HQ of 1. 

Using gt'Ollll(lwafer concentrations n,presentative of the average, there is no evidence for 
potential ecological risk for 200-ZP--1 OU conumrinants in the Columbia River. However, there 
is an indication. of the potential for adverse ecological effects in the hypmheic zone using 
representative groundwater concen1rations; specifically, from hexavalent chromium, total 
uranium, carbon. tetrachtoride,_·and cyanide. 1b.erefore, a more detailed ecological risk 
assessment is needed for these four analytes. Table 7-1 summarizes the COCs mx>mmended for 
further ecological risk_evaluation. 

7.!, GENERAL CONCLUSIONS 

The primary.conclusions that may be derived from the 2oo.;ZP-l environmental investigations to 
date are listed below: · · 

• Sufficient data currently exist to support a human health risk tnodel. 

• Sufficient human health risk exists from 14 of the COCs in Table 7-1 to require 
preparation of a baseline risk assessment and an FS . 

• Sufficient ecological risk exists ftom four of the COCs in Table 7-1 to further evaluate 
an ecological assessment in the FS. 
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• Additional depth-discrete groundwater sampling data are needed to refine the three- • 
dimensional model of COC distribution in the unconfined aquifer. 

• Updated fate and transport modeling is required in the FS for the COCs to adequately 
evaluate their projected migration through the unconfined aquifer. 

• Existing data do not confirm or reject the existence of free-phase carbon tetrachloride, 
TCE, or other DNAPL compounds in the tmconfined aquifer.· 

7.6 PATHFORWARD 

The following actions are suggested in addition to the FS and ecological assessment descnbed in 
Sections 7.3.1 and 7.3.2: 

• Evaluate existing and new data for the status of ongoing COC natural degradation 
processes, including: the association of specific COCs and their potential degradation 
products { e.g., for carbon tetrachloride, evaluate chlorofonn, methylene chloride, and 
chloromethane); abiotic degradation processes and rates, especially for a remediation by 
monitored natural attenuation; comparison of molar concentrations of carbon 
tetrachloride and chloroform in selected wells; and integration of vertical gradient data 
into conceptual models, especially for carbon tetrachloride. 

• Develop detailed stratigraphic maps from available borehole logs for selected areas of the 
200-ZP-1 OU. 

• Perform treatability studies as needed to support the FS. 

• Complete characterization of the downgradient extent of the carbon tetrachloride plume. 

• Collect sediment samples for Ket calculations ftom as many as five new 200-ZP-1 wells 
{i.e., "AA," "BB," "CC," "DD," and ''EEj that are planned in the vicinity of the Old 
Laundry Facility, and include this new data as an appendix to the 200-ZP-1 FS. 

• Install new groundwater wells between the Old Laundry Facility and PFP, and between 
the Old Laundry Facility and T Plant, to better understand the three--dim.ensional 
distribution of carbon tetrachloride within the aquifer. 

• Collect depth-discrete COC concentration and geochemical {e.g., DO) groundwater data 
ftom planned 200-ZP-1 wells "AA," "BB," "CC," "DD," and "EE," and include this new 
data as an appendix to the 200-ZP-1 FS. 

• Ongoing monitoring data ftom 200-ZP-1 wells will be evaluated in the FS. 

7.6.1 Feaslbfilty Study 

The FS will follow CERCLA guidance and the s1Iategy in the 200 Areas Implementation Plan 
(DOE-RL 1999). The 200 Areas Implementation Plan focuses on the soil-contaminated sites; 
thus, the only applicable part of the plan is the integration between the vadose zone and 
groundwater. The risk assessment will be performed as part of the FS, as agreed upon between 
RL and EPA and as documented in an attachment to the October 2005 200 Area Unit Managers' 

• 

Meeting minutes {FH 2005a). hi addition, it is recommended that the FS include mapping of the • 
COCs that are degradation products of the catbon tetrachloride by well. This will allow better 
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determination as to whether these c6cs are truly degradation pffiducts. The degradation 
products include chloroform, methylene chloride, cblorometbane, and methane. 

The potential ~ preliminary RAOs, PRGs, general response actions, and the screening
level analysis of alternatives will be perfomied as part of the FS. The FS also will identify any 

applicable treatability studies. 

The FS report will analyze remedial alternatives and response actions. · General response actions 
that may be applicable to the 200-ZP-1 · OU include the following: 

• Noaction 
• Institutional controls and monitored natural attenuation 
• Pump and treat 
• Permeable or impermeable containment 
• Bioremediation. 
• Air sparging. 

7.6.2 Further Ecological Evaluations 

Ecological risk will be evaluated using the BP A's eight-step process, as outlined in Ecological 
Evaluation of the Hanford 200A.rea - Phase L· Compilation of Existing 200 Areas Ecological 
Data (DOE-RL 2002a). The ecological evaluation in the document (DOE-RL 2002a) serves as 
the screening-level assessment for the Central Plateau. 

The Phase I ecological evaluation report (DOE-RL 2002a) is a foundation for the Central Plateau 
ecological evaluation. The 200-ZP-1 OU ecological risk assessment must consider infomiation 
obtained from four different sampling events. Two of three sampling and analysis events have 
been implemented .for terrestrial ecological sampling on the Central. Plateau (i.e., Central Plateau 

Terrestrial Ecological Sampling and Analysis Plan - Phase I [OOE-RL 2004a] and Central 
Plateau Terrestrial Ecological Sampling and Analysis Plan -Phase II [DOE-RL 200Sb]). 
A third SAP will be prepared and implemented in FY06. A fourth ecological SAP is being 
generated for the 100 and 300 Areas to include the hypomeic zone of the Colmnbia River. The 
200-ZP-1 FS · will integrate. any ecological risk assessments with results :from these ecological 
sampling and analysis results both on the Central Plateau and at the· t 00 Area along the 
Columbia River. 

Any ecological risk· assessment results from the FS will be used to provide the portion of risk 
attnoutable to the 200-ZP-1 OU that reached the Colmnbia River. This information will 

ultimately be used in the Columbia River risk assessment 

7.7 POST-RECORD OF DECISION ACI'IVITIES 

After the FS, a ROD 'Will be written for the 200-ZP-1 OU. After the ROD has been issued, 
a remedial ®Sign report/remedial action work plan (RDR/RA WP) will be prepared to detail the 
scope of the remedial action. As part of this activity, the DQO process will be conducted and 
SAPs will be prepared to direct confirmatory and/or remedial design and verification sampling 
and analysis efforts. Before starting remediation, additional confirmation and/or remedial design 
sampling and testing may be required. During the remedial action, sampling and analyses will 
be performed routinely to ensure that the remedy is working. Verification sampling will be 
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performed after the remedial action is complete to determine if ROD requirements have been met • 
and if the remedy was protective of human health and the environment. 

The RDR/RA WP will include an integrated schedule of remediation activities specified in the 
ROD. The available options for remedy implementation throughout the 200 Areas will be 
explored during the course of the RI/FS process and may be reflected in the remedial action work 
plan. Following the completion of the remediation effort, closeout activities will be performed . 
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Table 7-1. Contamirnmts of_toncem for Risk Evaluation in the Feastl>ility Study. 

'Chromium. (total) 

1-129 

Nitratx:: 

Trich1oroetbytene 
(TCB) 

Tritium 

Uranium (total and 
radioactive) 

Tetrachloroethyt 
(PCB) Chlorolbrm llexna1ent chromium 

Uranium (total) 

• Rdain methylene chloride for additional evaluation because it is a potmtial degradation product of carbon 
tmachloridc. 

COC • oontaminant of oancem 
DF - cliluticll factor 
HQ - lumrd quotiatt 
PRO • .preliminary ranediation pl 
UCL • upper confidcnce limit 
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APPENDIX C-EXPLANATION 

Depth-discrete groundwater samples were collected from 39 wells during work performed for 
this 200-ZP .. 1 remedial investigation report and for Carbon Tetrachloride DNA.PL Source-Term 
Characterization (DOPJRL.2006-58 [in publication]). The three carbon tetrachloride 
~ncentration maps provided in this appendix and the associated vertical plots are based on 
analyses of groundwater samples collected from the unconfined aquifer from 2002 through 2006. 
The depth-discrete data were grouped into three depth intervals: shallow (water table to 18.3 m 
[ 60 ft] below the water table), middle (18.3 to 36.6 m [60 to 120 ft] below the water table), and 
deep (36.6 in [120 ft] below the water table to the aquifer base). The carbon tetrachloride data 
and associated wells for each depth interval are shown on the shallow aquifer, middle aquifer, 
and deep aquifer maps. Wells with data from more than one depth interval are shown on each of 
the relevant ~s. 

The carbon tetrachloride data were then contoured using computer software (Surfer sj. 
Contouring was based on a kriging algorithm and a 1.5-m (S-ft) grid spacing. The 51gridding 
file" generated by Surfer 8 was then imported to .ArcGIS11 computer mapping software to display 
the contours on a map of the Hanford Site. A minimal degree of professional hydrogeologic 
judgment :was then used to refine the resulting isopleths based on geologic· and groundwater flow 
characteristics of the unconfined aquifer. Dashed isopleths represent areas with limited data 
where the isopleth location is uncertain. 

The most recent carbon tetrachloride isopleths (Le., fiscal year 2005 [FY0S]) generated by 
Pacific Northwest National Laboratory (PNNL) are shown as black lines for concentrations of 
S µg!L and 2,000 Jlg/L. The PNNL isopleths are based on a larger data set than the depth.
discrete samples and represent the estimated camon tetrachloride plume in the shallow aquifer. 
The~ groundwater data are averaged and generally include samples collected from FY03 
through FYOS. . 

Issues and Observations 

The depth-discrete S µg/L and 100 µ.g/L isopleths are generally ef¢imated due to the lack of 
data near the edges of the plume. 

Two "hot spots" (i.e., 4,000 µg/L) are shown on the shallow map. A data gap exists between 
these ·two areas. It is uucertain whether the two hot spots are actually one larger hot spot 

It-appears that the northern and eastern extent in the middle and deep intervals may be more 
aciially extensive than in the shallow interval (which may be due to the smaller data set 
fo~ the middle and deep intervals). 

Additional shallow-groundwater data is available than was used in this data set. 

A significant data gap is present east of the 216-Z-9 laundry waste cnl> (located near well 
299.:.13-1). . 

Surfer a• is a 1radcmark of SSG-Smfcr.com, a division of Scientific Software Group, Sandy, Utah. 
ARCOis• is a n,gistered ttadrmark of BSRI, Redlands, California. 
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1944 Liquid Release Data 

216-T-4, 1944-1978; 1,215 ,046,857 L/yr 

2607-WS, 1944-1998; 1,825,000 L/yr 

216-U-10, 1944-1996; 3,072,509,434 L/yr 
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194 5 Liquid Release Data 

216-T-4, 1944-1978; 1,215,046,857 L/yr 

2607-WS, 1944-1998; 1,825,000 L/yr 

216-Z-5, 1945-1947; 10,350,000 L/yr 

216-Z-10, 1945; 1,000,000 L/yr 

216-U-10, 1944-1996; 3,072,509,434 L/yr 
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1954 Liquid Release Data 
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I • 1955 Liquid Release Data 

216-T-5, 1955; 2,600,000 L/yr 
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1956 Liquid Release Data 

216-U-104, 1956; 500 400 L/yr 
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1957 Liquid Release Data 
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2607-Z, 1949-1998; 8,288,000 L/yr 

216-Z-1:2, 1949-1969; 4,212,625 L/yr 
216-Z-3, 1952-1959; 22,316,250 L/yr 
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1960-61 Liquid Release Data 
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1962 Liquid Release Data 

~ e:~.1---~--:--~-----~ · · 216-T-28, 1960-1966· 6,048,200 L/yr 

I 
0 

D-8 

216-Z-1:2, 1949-1969; 4,212,625 L/yr 

216-Z-12, 1959-1973 ; 18,756,267 L/yr 
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1963 Liquid Release Data 
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1970-71 Liquid Release Data 
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.. 1972 Liquid Release Data 
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1973 Liquid Release Data 
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