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Ms. Emerald Laija, Program Manager
U.S. Environmental Protection Agency
1200 Pennsylvania Ave., NW
MC 5106R
Washington, District of Columbia 20460

Dear Ms. Laija:

200 WEST AREA 200-ZP-1I PUMP-AND-TREAT REMEDIAL DESIGN/REMEDIAL
ACTION WORK PLAN, DOE/RL-2008-78, REVISION 1, DRAFT A AND PERFORMANCE
MONITORING PLAN FOR THE 200-ZP-lI GROUNDWATER OPERABLE UNIT
REMEDIAL ACTION, DOE/RL-2009-115, REVISION 3, DRAFT A

This letter transmits the 200 West Area 200-ZP-1I Pump-and-Treat Remedial Design/Remedial
Action Work Plan, DOE/RL-2008-78, Revision 1, Draft A and Performance Monitoring Plan for
the 200-ZP-1I Groundwater Operable Unit Remedial Action, DOE/RL-2009-1 15, Revision 3,
Draft A to the U.S. Environmental Protection Agency for review and comment.

These documents identify performance challenges and data needs based on new information
collected since the 200-ZP- 1 Record of Decision was signed, and provides a recommended path
forward to address these challenges.

If you have any questions please contact me, or your staff may contact Mike Cline of my staff,
on (509) 376-6070.

Sincerely,

William F. Hamel, Assistant Manager
SGD:KEA for the River and Plateau
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Executive Summary 1 

The Record of Decision Hanford 200 Area 200-ZP-1 Superfund Site, Benton County, 2 

Washington1 (hereinafter referred to as the 200-ZP-1 Operable Unit [OU] Record of 3 

Decision [ROD]) presents the selected remedial action for the 200-ZP-1 Groundwater 4 

OU (hereinafter referred to as the 200-ZP-1 OU), which was chosen in accordance with 5 

the Comprehensive Environmental Response, Compensation, and Liability Act of 1980 6 

(as amended by the Superfund Amendments and Reauthorization Act of 1986);2 7 

the Hanford Federal Facility Agreement and Consent Order (Tri-Party Agreement);3 8 

and, to the extent practicable, 40 CFR 300, “National Oil and Hazardous Substances 9 

Pollution Contingency Plan.”4 This remedy was selected to protect public health or 10 

welfare and the environment from actual or threatened releases of hazardous substances, 11 

pollutants, or contaminants into the environment. 12 

200-ZP-1 OU Selected Remedy 13 

This remedial design/remedial action work plan (RD/RAWP) update summarizes 14 

the remedial design, installation, and initial operation (from 2012 through 2017) of 15 

the remedy set forth in the 200-ZP-1 OU ROD.1 The selected remedy combines pump 16 

and treat (P&T), monitored natural attenuation (MNA), flow-path control, 17 

and institutional controls (ICs) to achieve established groundwater cleanup levels for all 18 

contaminants of concern (COCs) in the 200-ZP-1 OU in 125 years. The COCs identified 19 

for the 200-ZP-1 OU are carbon tetrachloride, total chromium (trivalent and hexavalent), 20 

nitrate, trichloroethene, iodine-129, technetium-99, and tritium.  21 

                                                      
1 EPA, Ecology, and DOE, 2008, Record of Decision Hanford 200 Area 200-ZP-1 Superfund Site, Benton County, 
Washington, U.S. Environmental Protection Agency, Washington State Department of Ecology, and U.S. Department 
of Energy, Olympia, Washington. Available at: http://pdw.hanford.gov/arpir/index.cfm/viewDoc?accession=00098825. 
2 Comprehensive Environmental Response, Compensation, and Liability Act of 1980 and Superfund Amendments 
and Reauthorization Act of 1986, 42 USC 9601, et seq. Available at: 
https://www.csu.edu/cerc/researchreports/documents/CERCLASummary1980.pdf. 
3 Ecology, EPA, and DOE, 1989a, Hanford Federal Facility Agreement and Consent Order, 2 vols., as amended, 
Washington State Department of Ecology, U.S. Environmental Protection Agency, and U.S. Department of Energy, 
Olympia, Washington. Available at: http://www.hanford.gov/?page=81. 
4 40 CFR 300, “National Oil and Hazardous Substances Pollution Contingency Plan,” Code of Federal Regulations. 
Available at: https://www.ecfr.gov/cgi-bin/text-idx?tpl=/ecfrbrowse/Title40/40cfr300_main_02.tpl. 

http://pdw.hanford.gov/arpir/index.cfm/viewDoc?accession=00098825
https://www.csu.edu/cerc/researchreports/documents/CERCLASummary1980.pdf
http://www.hanford.gov/?page=81
https://www.ecfr.gov/cgi-bin/text-idx?tpl=/ecfrbrowse/Title40/40cfr300_main_02.tpl
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At this stage in the remedy implementation, the principal component of the 200-ZP-1 OU 1 

selected remedy is P&T, which includes groundwater extraction wells, treated 2 

groundwater injection wells, balance-of-plant infrastructure (e.g., transfer piping and 3 

pumping stations), and groundwater treatment. Contaminated groundwater extracted 4 

from 200-ZP-1 OU wells is treated at a central treatment facility, the 200 West P&T. 5 

The 200 West P&T design allows for expansion to include additional treatment 6 

capabilities (as needed) to optimize remedy performance and to provide P&T capacity for 7 

contaminated groundwater from other Central Plateau OUs. The 200-ZP-1 OU ROD1 8 

includes an interim goal of reducing dissolved COC mass (except for tritium) throughout 9 

the 200-ZP-1 OU by a minimum of 95% in 25 years or less following initial startup. 10 

This interim goal is intended as a progress measure to demonstrate remedy performance 11 

during the first 25 years of the 125-year remediation timeframe and to focus the P&T 12 

operation in areas of highly elevated contaminant concentrations and mass. 13 

Natural attenuation processes including biotic and abiotic degradation, dispersion, and 14 

sorption will be used to reduce the remaining portion of carbon tetrachloride and nitrate 15 

not captured by the P&T system to below groundwater cleanup levels within 125 years 16 

following startup of the remedy. The process of natural radioactive decay will reduce 17 

tritium concentrations to meet groundwater cleanup levels during the same 125-year 18 

period. Natural attenuation processes will also reduce concentrations of other COCs 19 

during the cleanup timeframe. Natural attenuation processes will be monitored to provide 20 

data on performance, including how the key mechanisms are performing, to satisfy the 21 

cleanup objectives and functional requirements of the selected remedy. 22 

The flow-path control component of the selected remedy keeps COCs within the capture 23 

zone, slows the eastward movement of most 200-ZP-1 OU groundwater and COCs, 24 

improves P&T efficiency, and increases residence time for natural attenuation processes 25 

to reduce contaminant concentrations. 26 

The IC component of the selected remedy implements and maintains the ICs and land-use 27 

controls identified in the 200-ZP-1 OU ROD1 to restrict groundwater use for the 28 

foreseeable future until cleanup levels are achieved. 29 
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Purpose 1 

The primary purpose of this RD/RAWP revision is to assess 200-ZP-1 OU remedy 2 

performance during the first 5 years of operation, extrapolate likely future remedy 3 

performance using groundwater model simulations based on current data, identify 4 

remedy performance challenges and data gaps, and recommend work plan tasks to 5 

address data gaps and inform decisions for optimizing or modifying the remedy. Data 6 

collected during the first 5 years of operation are used to compare the progress to date 7 

against the near-term targets and interim goals. Groundwater modeling is used to predict 8 

whether the remedy is likely to achieve the remedial action objectives (RAOs) specified 9 

in the 200-ZP-1 OU ROD.1 10 

200-ZP-1 OU Remedy Performance Evaluation 11 

The 200-ZP-1 OU remedy has achieved the following performance metrics during the 12 

first 5 years of operations: 13 

• Significant mass removal with attendant reductions in COC concentrations, as 14 

described in Table ES-1. 15 

• Hydraulic containment of approximately 96% of the region of the carbon 16 

tetrachloride plume targeted by the P&T (i.e., at concentrations >100 µg/L). 17 

• Targets set in Revision 0 of this RD/RAWP5 have been exceeded for cumulative 18 

volume of groundwater extracted, treated, and reinjected through 2017. This effort 19 

included installing 30 extraction wells and 32 injection wells, thus exceeding 20 

the number of wells estimated in the 200-ZP-1 OU ROD1 and Revision 0 of 21 

this RD/RAWP. 22 

• ICs have been implemented through the Hanford Sitewide IC plan.6  23 

                                                      
5 DOE/RL-2008-78, 2009, 200 West Area 200-ZP-1 Pump-and-Treat Remedial Design/Remedial Action Work Plan, 
Rev. 0 REISSUE, U.S. Department of Energy, Richland Operations Office, Richland, Washington. Available at: 
http://pdw.hanford.gov/arpir/index.cfm/viewDoc?accession=0096137. 
6 DOE/RL-2001-41, 2015, Sitewide Institutional Controls Plan for Hanford CERCLA Response Actions and RCRA 
Corrective Actions, Rev. 8, U.S. Department of Energy, Richland Operations Office, Richland, Washington. 
Available at: http://pdw.hanford.gov/arpir/index.cfm/viewDoc?accession=0081640H. 

http://pdw.hanford.gov/arpir/index.cfm/viewDoc?accession=0096137
http://pdw.hanford.gov/arpir/index.cfm/viewDoc?accession=0081640H
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Table ES-1. Summary of 200-ZP-1 OU Remedy COC 
Mass Removal and Concentration Reduction 
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Cleanup Level 3.4 48 1 45 900 1 20,000 

2012 Average 
Concentrationa 413 93 2.3 132 3,058 2.9 26,393 

2017 Average 
Concentrationa 250 33 1.6 85 1,841 1.9 8,056 

% Change -39% -65% -30% -36% -40% -34% -69%c 

Mass Removed 

Units kg kg Ci kg Ci kg Ci 

Interim 
Pump and 
Treat System 

13,718 34 0.1b 95,746 0.08 5.8 N/Ab 

Final Remedy 12,891 409 N/Ab 1,524,760 10.2 56 N/Ab 

a. Calculated using the performance monitoring plan (DOE/RL-2009-115) well network for wells with data for 
all years. 
b. Not directly treated/removed. 
c. Concentration reductions of tritium primarily from radioactive decay. 
N/A = not applicable 

 1 

These performance metrics indicate that the 200-ZP-1 OU remedy is performing as 2 

designed and is making significant progress toward achieving the requirements set forth 3 

in the 200-ZP-1 OU ROD.1 However, because of the lengthy cleanup timeframe required 4 

to meet RAOs, particularly for carbon tetrachloride, performance monitoring data alone 5 

are not sufficient to determine whether the remedy (as currently configured) will meet 6 

RAOs in 125 years. Groundwater modeling simulations are necessary to predict likely 7 

future remedy performance. 8 

Groundwater modeling simulations are based on the best available information, which 9 

includes new information obtained during remedy construction and through the first 10 

5 years of remedy operation. Carbon tetrachloride is the 200-ZP-1 OU COC that presents 11 

the greatest challenge for meeting cleanup levels within the 125-year cleanup timeframe 12 

due to its widespread plume footprint, large contaminant mass, and low cleanup level. 13 
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New insights gained during the early phases of operation, specifically in regard to carbon 1 

tetrachloride, include the following:  2 

• Improved estimates of carbon tetrachloride mass: Data collected during remedy 3 

performance indicate that the total carbon tetrachloride mass is greater than the 4 

baseline estimate assumed in the 200-ZP-1 OU feasibility study (FS).7 The range of 5 

estimated mass has narrowed due to decreased uncertainty, and the current best 6 

estimates for total carbon tetrachloride mass are below the upper-bound estimate 7 

defined in Revision 0 of this RD/RAWP.5 8 

• Improved knowledge of carbon tetrachloride mass distribution: 9 

The 200-ZP-1 OU remedy focuses primarily on the Ringold Formation member of 10 

Wooded Island – unit E (Rwie) based on the assumption that the majority of carbon 11 

tetrachloride mass (approximately 88%) was located in the Rwie. Updated mass 12 

estimates indicate that approximately 25% of the remaining total carbon tetrachloride 13 

mass is found deep within the unconfined aquifer (within the Ringold Formation 14 

member of Wooded Island – unit A [Rwia]and the Ringold Formation member of 15 

Wooded Island – lower mud unit [Rlm]) compared to approximately 12% estimated 16 

in the 200-ZP-1 OU FS7 and Revision 0 of this RD/RAWP. 17 

• Updated estimates of carbon tetrachloride natural degradation rate: Modeling 18 

performed in support of the 200-ZP-1 OU FS7 and Revision 0 of this RD/RAWP5 19 

estimated that the abiotic carbon tetrachloride hydrolysis resulted in a half-life of 20 

41.3 years based on literature available at the time. The best estimate currently 21 

available from Pacific Northwest National Laboratory8 predicts that carbon 22 

tetrachloride hydrolysis occurs at a much slower rate, resulting in an estimated 23 

half-life of 630 years. Because this estimate does not include biotic degradation 24 

processes, it should be considered a worst-case estimate for carbon tetrachloride 25 

half-life. The impact of this change in modeling assumptions is that the natural 26 

attenuation component of the remedy is predicted to be much less effective at 27 

                                                      
7 DOE/RL-2007-28, 2008, Feasibility Study Report for the 200-ZP-1 Groundwater Operable Unit, Rev. 0, 
U.S. Department of Energy, Richland Operations Office, Richland, Washington. Available at: 
http://pdw.hanford.gov/arpir/index.cfm/viewDoc?accession=0808050315. 
http://pdw.hanford.gov/arpir/index.cfm/viewDoc?accession=00098828. 
8 PNNL-22062, 2012, Abiotic Degradation Rates for Carbon Tetrachloride and Chloroform: Final Report, 
RPT-DVZ-AFRI-012, Pacific Northwest National Laboratory, Richland, Washington. Available at: 
http://www.pnnl.gov/main/publications/external/technical_reports/PNNL-22062.pdf. 

http://pdw.hanford.gov/arpir/index.cfm/viewDoc?accession=0808050315
http://pdw.hanford.gov/arpir/index.cfm/viewDoc?accession=00098828
http://www.pnnl.gov/main/publications/external/technical_reports/PNNL-22062.pdf
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reducing carbon tetrachloride concentrations within the cleanup timeframe 1 

established in the 200-ZP-1 OU ROD.1 2 

These insights into carbon tetrachloride mass distribution and the effectiveness of the 3 

MNA remedy component in reducing carbon tetrachloride concentrations over time 4 

indicate that the remedy (as currently configured) may need to be modified to achieve 5 

RAOs for carbon tetrachloride within the cleanup timeframe. The updated Central 6 

Plateau Groundwater Model (CPGWM)9 predictions indicate that the current remedy 7 

configuration (well locations, flow rates, and treatment capacity) may not achieve carbon 8 

tetrachloride cleanup levels through the combination of 25 years of P&T (through 2037) 9 

and an additional 100 years of MNA (through 2137), assuming the worst-case carbon 10 

tetrachloride natural attenuation rate.  11 

Remedy Performance Challenges and Data Gaps 12 

The insights gained through the remedy performance evaluation identify a number of 13 

remedy implementation challenges that must be addressed. These challenges include the 14 

ability of the current remedy configuration to meet RAOs for carbon tetrachloride, the 15 

complexity and operational issues associated with biological treatment, and treatment 16 

capacity limitations at the 200 West P&T. These challenges are discussed in the 17 

following sections. 18 

Carbon Tetrachloride 19 

While the updated CPGWM predictions indicate that the current remedy configuration 20 

may not achieve carbon tetrachloride cleanup levels in 125 years, additional data are 21 

needed to better understand the conceptual site model below the Rwie and carbon 22 

tetrachloride half-life. The hydraulic capture extent of the northeast portion of the carbon 23 

tetrachloride plume also needs to be addressed. 24 

Two primary data gaps that impact modeling predictions of remedy effectiveness have 25 

been identified. First, additional carbon tetrachloride mass in the Rwia suggests that 26 

additional characterization is needed regarding the nature and extent of contamination, 27 

hydrogeologic properties, hydraulic properties, and contaminant transport parameters 28 

within the Rwia and Rlm to assess the adequacy of the current remedy. This conclusion is 29 

                                                      
9 CP-47631, 2018, Model Package Report: Central Plateau Groundwater Model, Version 8.4.5, Rev. 4, 
CH2M HILL Plateau Remediation Company, Richland, Washington. Available at: 
https://pdw.hanford.gov/arpir/index.cfm/viewDoc?accession=0066449H. 

https://pdw.hanford.gov/arpir/index.cfm/viewDoc?accession=0066449H
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supported by the data gap evaluation10 completed in 2017. Secondly, as noted above, the 1 

rate of carbon tetrachloride biotic degradation must also be determined to better estimate 2 

the effectiveness of the MNA remedy component for carbon tetrachloride. 3 

An additional challenge is that a portion of the northeastern extent of the carbon 4 

tetrachloride plume at >100 µg/L is not being fully contained. Although the influence of 5 

extraction and injection has reduced hydraulic gradients in this area, the CPGWM 6 

predictions suggest that contamination in this area could escape capture and migrate 7 

toward the 200 East Area through a paleochannel. A data gap evaluation10 conducted to 8 

assess groundwater monitoring adequacy at the 200-ZP-1 OU identified the area along 9 

the north end of the eastern (downgradient) injection well line as a particular area for 10 

additional investigation and characterization, in part due to the relatively low density of 11 

monitoring locations in this area. 12 

Biological Treatment Challenges 13 

The biological treatment component of the 200 West P&T presents several challenges 14 

that limit the ability to focus the remedy on carbon tetrachloride remediation. These 15 

challenges are summarized below. 16 

The biological treatment processes at the 200 West P&T consist of fluidized bed reactors, 17 

membrane bioreactors, and the associated sludge-handling system. Constituents in the 18 

effluent of these processes contribute to injection well fouling. Persistent injection well 19 

fouling resulting in reduced injection capacity has, at times, limited treatment throughput 20 

at the 200 West P&T. Injection well maintenance and replacement issues have been 21 

increasing, and maintaining injection well field capacity has become a principal challenge 22 

for 200 West P&T operations.  23 

In addition to contributing to injection well fouling, the complexity of the biological 24 

treatment system is an impediment to further throughput increases within the currently 25 

installed infrastructure. Due to the cost and complexity of biological treatment, adding 26 

groundwater treatment capacity to focus on achieving RAOs for carbon tetrachloride 27 

would be cost prohibitive if biological treatment is continued. 28 

                                                      
10 SGW-61350, 2018, Data Gaps Evaluation in Groundwater Monitoring at the Hanford 200-ZP-1 Groundwater 
Operable Unit, Rev. 0, CH2M HILL Plateau Remediation Company, Richland, Washington. Available at: 
https://pdw.hanford.gov/arpir/index.cfm/viewDoc?accession=0063914H. 

https://pdw.hanford.gov/arpir/index.cfm/viewDoc?accession=0063914H
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Projected remedy operation costs are much higher than identified in the 200-ZP-1 OU 1 

ROD.1 A significant portion of this cost is associated with biological treatment due to the 2 

treatment process complexity, as well as costs associated with mitigating injection well 3 

fouling through injection well maintenance, rehabilitation, and replacement. These costs 4 

and operational issues indicate a need for mitigation actions to address injection well 5 

fouling in the near-term, as well as a cause to investigate the impacts of shutting down 6 

the biological treatment processes.  7 

The 200-ZP-1 OU remedy includes an active P&T component and an MNA component 8 

to meet RAOs within the specified cleanup timeframe. Carbon tetrachloride has the 9 

longest projected cleanup timeframe of any 200-ZP-1 OU COC. Nitrate is another 10 

widespread COC within the 200-ZP-1 OU that is treated at the 200 West P&T. Because 11 

significant portions of the carbon tetrachloride and nitrate plumes are co-located, it is 12 

likely that nitrate concentrations within the aquifer may be reduced to levels where 13 

additional nitrate mass removal from the aquifer is not necessary to achieve the nitrate 14 

cleanup level within the 125-year cleanup timeframe and the nitrate component of the 15 

remedy can be transitioned from P&T to MNA in accordance with the 200-ZP-1 OU 16 

ROD1. However, extraction well pumps cannot be shut off due to the need to continue 17 

extracting carbon tetrachloride mass. Under those conditions, additional nitrate mass will 18 

be co-extracted with the carbon tetrachloride mass, but biological treatment at the 200 19 

West P&T may no longer be needed to achieve the nitrate cleanup level within the 20 

125-year timeframe. Beyond that point, continuing nitrate treatment (which is costly and 21 

complex) would provide no additional risk reduction or protectiveness since ICs are in 22 

place and beneficial use of the aquifer has not yet been restored due to persisting carbon 23 

tetrachloride concentrations (provided that nitrate concentrations above the MCL are 24 

contained within the Central Plateau). 25 

With the significant progress in nitrate mass removal and concentration reduction that has 26 

been achieved through the publication of this RD/RAWP revision, further evaluation is 27 

needed to demonstrate the feasibility of transitioning the nitrate remedy from P&T to 28 

MNA by ceasing biological treatment at the 200 West P&T. Additional evaluation is also 29 

needed to determine the impacts of ceasing biological treatment on other COCs treated 30 

by the 200 West P&T biological treatment unit processes. The regulatory path forward 31 

for implementing changes to increase carbon tetrachloride extraction and treatment 32 

capacity, in part by ceasing biological treatment at the 200 West P&T, is to develop a 33 
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200-ZP-1 OU Optimization Study Plan and obtain approval from the U.S. Environmental 1 

Protection Agency to implement the plan. 2 

Treatment Capacity Limitations 3 

The 200 West P&T also treats water from other Central Plateau remedial actions, 4 

including groundwater from the 200-UP-1 OU, Waste Management Area S-SX, and 5 

200-BP-5 OU; 200-DV-1 OU perched water; Environmental Restoration Disposal 6 

Facility leachate; and modular storage unit purgewater. Due to the finite treatment 7 

capacity at the 200 West P&T, the groundwater volume extracted from 200-ZP-1 OU 8 

extraction wells is projected to fall below the treatment goal (established in Revision 0 of 9 

this RD/RAWP) in 2019 due to treatment capacity limitations of the P&T. This will 10 

impact the ability of the 200-ZP-1 remedy to maintain or expand upon current hydraulic 11 

containment and contaminant mass recovery rates.  12 

As noted above, the complexity of the biological treatment processes limits the ability to 13 

cost effectively expand the groundwater treatment capacity needed to focus on achieving 14 

carbon tetrachloride cleanup goals. 15 

Work Plan Recommendations 16 

Due to these challenges, near-term performance metrics for hydraulic containment, mass 17 

removal percentages, and flow rate need to be re-evaluated and updated. To further 18 

evaluate remedy performance and begin addressing the challenges noted herein, the 19 

following recommendations are proposed in this RD/RAWP revision: 20 

• Achieve full containment of the 100 µg/L carbon tetrachloride plume by installing 21 

one new extraction well in the northeast plume area and evaluate its performance at 22 

achieving containment. 23 

• Implement interim measures to reduce injection well fouling, including optimization 24 

measures at the 200 West P&T to minimize well-fouling constituent concentrations 25 

in 200 West P&T effluent, and design and implement a sodium hypochlorite 26 

disinfection system. 27 
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• Prepare a data quality objective summary report and a sampling and analysis plan to 1 

refine the understanding of the nature and extent of contamination, hydrogeologic 2 

properties, hydraulic properties, and contaminant transport parameters within the Rlm 3 

and Rwia to support decision making regarding the need for remedy modifications to 4 

address carbon tetrachloride below the Rwie. 5 

• Perform a study to evaluate biotic/reductive carbon tetrachloride degradation to better 6 

estimate the overall attenuation rate.  7 

• Perform an optimization study to collect and interpret data on changing the 200-ZP-1 8 

OU remedy configuration to optimize remedy performance for carbon tetrachloride 9 

removal to better achieve the goals specified in the 200-ZP-1 OU ROD or future 10 

ROD modifications. The primary objectives of the study are as follows: 11 

 Continue to focus on carbon tetrachloride mass recovery from the Rwie until data 12 

gaps for the Rlm and Rwia are addressed and informed decisions can be made for 13 

addressing carbon tetrachloride mass in the Rlm and Rwia. 14 

 Increase carbon tetrachloride treatment capacity at the 200 West P&T by 15 

installing an additional air stripper tower and cease biological treatment to 16 

address the negative impacts of this treatment on remedy performance. 17 

 Evaluate reinjection of treated water containing nitrate above the cleanup level 18 

and blending of nitrate within the 200-ZP-1 OU aquifer to achieve RAOs for 19 

nitrate within the cleanup timeframe. Reinjection of nitrate above the cleanup 20 

level is permitted through the regulatory exemption contained in RCRA 21 

Section 3020(b), which is an applicable or relevant and appropriate requirement 22 

identified in the 200-ZP-1 OU ROD1. 23 

 Evaluate and implement changes to the extraction and injection well networks to 24 

utilize additional treatment capacity at the 200 West P&T. 25 

• Prepare an Optimization Study Plan to obtain regulatory approval to implement 26 

remedy configuration changes to enhance carbon tetrachloride remedy performance 27 

and cease biological treatment at the 200 West P&T. 28 
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• Implement remedy configuration modifications, operate and monitor reconfigured 1 

remedy through the optimization study period, and submit a final Optimization Study 2 

Report that evaluates the performance of the new remedy configuration changes to 3 

inform a future remedy evaluation (e.g., focused FS and proposed plan). 4 

• Modify remedy decision documents (e.g., ROD amendment) and implement changes 5 

to the remedy to ensure the goals specified in the 200-ZP-1 OU ROD1 or ROD 6 

modifications are achieved.  7 

The recommendations provided herein will address data gaps and serve as the basis for 8 

addressing the remedy implementation challenges identified during the first 5 years of 9 

P&T operations. This revised RD/RAWP provides the framework to implement and 10 

optimize the remedy described above and to obtain additional information needed to 11 

inform future decisions to address remedy performance challenges and modify 12 

the remedy.  13 
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1 Introduction 1 

The U.S. Department of Energy (DOE) Hanford Site is a 1,500 km2 (580 mi2) federal facility located 2 

in southeastern Washington State along the Columbia River (Figure 1-1). For administrative purposes, 3 

the Hanford Site was divided into four National Priorities List (NPL) sites in 1989 in accordance 4 

with 40 CFR 300, “National Oil and Hazardous Substances Pollution Contingency Plan” (hereinafter 5 

referred to as the National Contingency Plan [NCP]), Appendix B, “National Priorities List”; under the 6 

Comprehensive Environmental Response, Compensation, and Liability Act of 1980 (CERCLA). One 7 

of the four NPL sites is the 200 Areas. In anticipation of the NPL listing, DOE, the U.S. Environmental 8 

Protection Agency (EPA), and the state of Washington (through the Washington State Department of 9 

Ecology [Ecology]) entered into the Hanford Federal Facility Agreement and Consent Order (Tri-Party 10 

Agreement) (Ecology et al., 1989a) in May 1989. This agreement established a procedural framework 11 

and schedule for developing, implementing, and monitoring CERCLA response actions at the Hanford 12 

Site. The Tri-Party Agreement also addresses Resource Conservation and Recovery Act of 1976 (RCRA) 13 

compliance and permitting. 14 

The 200 Area NPL site, which is commonly referred to as the Central Plateau, encompasses 15 

approximately 190 km2 (75 mi2) near the center of the Hanford Site and contains multiple waste sites, 16 

contaminated facilities, and groundwater contamination plumes. The CERCLA site identification number 17 

for the 200 Areas is No. WA1890090078. To facilitate cleanup, these waste sites, facilities, and 18 

groundwater plumes have been grouped by geographic areas, process types, or cleanup components into 19 

several operable units (OUs). 20 

The 200-ZP-1 Groundwater OU (hereinafter referred to as the 200-ZP-1 OU) is one of four groundwater 21 

OUs located on the Central Plateau (Figure 1-2). Each groundwater OU has its own plan of study and 22 

enforceable schedule, and either has (or is planned to have) its own Record of Decision (ROD) and 23 

cleanup actions, as needed. The waste sites and soil above the 200-ZP-1 OU are the contamination 24 

sources for 200-ZP-1 OU groundwater and are (or will be) addressed as part of the cleanup of other OUs 25 

through separate CERCLA or RCRA actions. 26 

The DOE Richland Operations Office (DOE-RL) is the lead agency for remediation of the 200-ZP-1 OU. 27 

EPA is the lead regulatory agency for remediation of this OU, as identified in Section 5.1 and Appendix C 28 

of the Tri-Party Agreement (Ecology et al., 1989a), and Ecology is the non-lead agency.  29 

EPA, DOE, and Ecology (also known as the Tri-Parties) signed EPA et al., 2008, Record of Decision 30 

Hanford 200 Area 200-ZP-1 Superfund Site, Benton County, Washington (hereinafter referred to as the 31 

200-ZP-1 OU ROD), on September 30, 2008. The selected remedy for the 200-ZP-1 OU is a combination 32 

of pump and treat (P&T), monitored natural attenuation (MNA), flow-path control, and institutional 33 

controls (ICs). The 200-ZP-1 OU ROD requires that a groundwater P&T system be designed, installed, 34 

and operated in accordance with an approved remedial design/remedial action work plan (RD/RAWP). 35 

In addition, monitoring will be in accordance with approved remedial design/remedial action documents 36 

to evaluate the effectiveness of the P&T system and natural attenuation processes. Chapter 2 provides 37 

a detailed description of each component of the selected remedy.  38 
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Figure 1-1. Hanford Site 2 
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Figure 1-2. Central Plateau Groundwater OUs 2 
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1.1 Purpose 1 

This RD/RAWP describes the design, construction, and operation of the 200-ZP-1 P&T remedy to 2 

meet the remedial action objectives (RAOs) identified in the 200-ZP-1 OU ROD (EPA et al., 2008). 3 

In addition, requirements for implementing MNA, flow-path control, and IC requirements of the 4 

200-ZP-1 OU ROD are also identified. 5 

Revision 0 of this RD/RAWP (DOE/RL-2008-78) was submitted in accordance with Section 11.6 of 6 

Ecology et al., 1989b, Hanford Federal Facility Agreement and Consent Order Action Plan (hereinafter 7 

referred to as the Tri-Party Agreement Action Plan), which states: “Within 180 days of ROD signature, 8 

or an alternative period designated in the ROD, an RD/RAWP including schedule, along with a milestone 9 

change package, shall be submitted for lead regulatory agency review and approval.” This revision of the 10 

RD/RAWP addresses significant updates and changes since the issuance of Revision 0, including 11 

evaluation of the first 5 years of remedy performance.  12 

As noted in the 200-ZP-1 OU ROD (EPA et al., 2008) and Section 7.3.10 of the Tri-Party Agreement 13 

Action Plan (Ecology et al., 1989b), the RD/RAWP is a primary document subject to EPA approval. 14 

1.2 Scope 15 

This RD/RAWP provides the plan and schedule for the design, construction, operation, and monitoring 16 

activities necessary to successfully implement the remedial action selected in the 200-ZP-1 OU ROD 17 

(EPA et al., 2008). The selected remedy for the 200-ZP-1 OU is a combination of P&T, MNA, flow-path 18 

control, and ICs to address the following contaminants of concern (COCs): carbon tetrachloride, total 19 

chromium1, hexavalent chromium (Cr(VI)), nitrate, trichloroethene (TCE), iodine-129, technetium-99, 20 

and tritium. 21 

The waste sites and vadose zone soil above the 200-ZP-1 OU are the sources of the groundwater 22 

contamination in the 200-ZP-1 OU and are being addressed under RCRA or as part of other 200 Area 23 

OUs that are following the CERCLA remedial investigation (RI)/feasibility study (FS) process and are 24 

not within the scope of this RD/RAWP.  25 

1.2.1 Summary of Revisions 26 

This RD/RAWP revision has been prepared to include the following changes: 27 

 The basis of design has been updated to reflect the remedial design presented in DOE/RL-2010-13, 28 

200 West Area Groundwater Pump-and-Treat Remedial Design Report (hereinafter referred to as the 29 

200 West P&T remedial design report [RDR]). 30 

 The description of the 200 West P&T procurement and construction activities has been updated to 31 

reflect the as-built configuration, as well as additional changes and modifications to the treatment 32 

system, balance of plant, and extraction and injection well networks.  33 

 The performance monitoring and the operations and maintenance (O&M) discussions have been 34 

updated in accordance with the performance monitoring plan (PMP) and O&M plan that have been 35 

submitted since issuance of Revision 0 of this RD/RAWP. 36 

                                                      
1 When “total chromium” is referred to throughout this RD/RAWP, it is referring to both trivalent and hexavalent 

chromium. The 200-ZP-1 OU ROD (EPA et al., 2008) identifies total chromium and hexavalent chromium as 
individual COCs. 
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 This document has been updated to reflect the detection of cyanide in 200-ZP-1 OU and 1 

200-BP-5 OU groundwater.  2 

 Groundwater modeling discussions have been updated to reflect additional groundwater modeling 3 

performed since issuing Revision 0 of this RD/RAWP. A summary of the update to the Central 4 

Plateau Groundwater Model (CPGWM) completed in 2017 is also provided (CP-47631, Model 5 

Package Report: Central Plateau Groundwater Model Version 8.4.5). 6 

 A performance evaluation of the first 5 years of remedy operation has been included to assess 7 

progress (through 2017) toward meeting 200-ZP-1 OU RAOs. 8 

 Discussion of remedy performance challenges through the first 5 years of operation has been 9 

incorporated, with recommended tasks to address those issues. 10 

 Project-to-date costs for the 200-ZP-1 P&T remedy have been updated, with cost estimates provided 11 

through 2023, including proposed remedy optimization measures. 12 

These changes also necessitated changes to the outline and organization of this RD/RAWP. Section 1.2.2 13 

provides a summary of the work plan organization. 14 

1.2.2 Work Plan Organization 15 

This RD/RAWP includes the following chapters and appendices: 16 

 Chapter 1, Introduction: Describes the purpose, scope and organization of the work plan, site 17 

background, remedial actions, and integration of source and groundwater OUs. 18 

 Chapter 2, Basis for Remedial Action: Presents the selected remedy that includes P&T, MNA, 19 

flow-path control, and ICs. The RAOs, cleanup levels, and remedy performance monitoring and 20 

applicable or relevant and appropriate requirement (ARAR) compliance are also presented. 21 

 Chapter 3, Remedy Design and Implementation: Summarizes groundwater modeling, contaminant 22 

distribution, basis of design, and well network and treatment system design and implementation. 23 

This chapter also discusses documentation of the design and operations. 24 

 Chapter 4, Remedy Optimization: Presents the process for evaluating, implementing, and 25 

documenting optimization of the 200-ZP-1 OU remedy and 200 West P&T. This chapter also 26 

summarizes the performance evaluation for the first 5 years of remedy operation, identifies remedy 27 

performance challenges and data gaps, and recommends tasks to address those items.  28 

 Chapter 5, Remedial Action Approach and Management: Introduces the project team, change 29 

management procedures, procurement and construction activities, operational approach, and remedy 30 

implementation documentation and reporting.  31 

 Chapter 6, Environmental Management and Controls: Describes the environmental management 32 

and controls required to implement the 200-ZP-1 P&T remedy. 33 

 Chapter 7, Decontamination and Decommissioning: Discusses the decontamination and 34 

decommissioning (D&D) activities associated with the interim and final remedial actions for the 35 

200-ZP-1 OU. 36 

 Chapter 8, Cost and Schedule: Summarizes the costs and schedule associated with implementing 37 

the 200-ZP-1 remedy. 38 
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 Chapter 9, References: Lists the references cited in this RD/RAWP. 1 

 Appendix A, Nature and Extent of 200-ZP-1 Operable Unit Groundwater Contamination: 2 

Provides a summary of the current understanding of the nature and extent of groundwater 3 

contamination at the 200-ZP-1 OU. 4 

 Appendix B, Applicable or Relevant and Appropriate Requirements Compliance: Presents 5 

the compliance strategy to meet ARARs and to-be-considered criteria identified in the 6 

200-ZP-1 OU ROD (EPA et al., 2008). 7 

 Appendix C, Summary of Regulatory Requirements: Provides a compliance matrix identifying 8 

the regulatory requirements identified in the 200-ZP-1 OU ROD (EPA et al., 2008). 9 

 Appendix D, 200-ZP-1 Operable Unit Remedy Performance Evaluation: Presents a detailed 10 

performance evaluation of the first 5 years of remedy operation to assess progress (through 2017) 11 

toward meeting 200-ZP-1 OU RAOs. 12 

1.3 Site Description and Background 13 

The 200-ZP-1 OU includes several groundwater contamination plumes collectively covering an area 14 

of approximately 18 km2 (7 mi2) beneath part of the 200 West Area (discussed in Section 1.3.2). 15 

The 200 West Area is located near the middle of the Hanford Site (Figure 1-1), approximately 8 km 16 

(5 mi) south of the Columbia River and 11 km (7 mi) from the nearest Hanford Site boundary. 17 

The 200 West Area is located on an elevated, flat area that is often referred to as the Central Plateau, with 18 

an absence of wetlands, perennial streams, and floodplains. 19 

The 200 West Area contains waste management facilities and former irradiated fuel reprocessing 20 

facilities. The major waste streams that contributed to groundwater contamination were associated with 21 

plutonium concentration and recovery operations at the Z Plant facilities and the plutonium-separation 22 

operations at the T Plant facilities (both located in the 200 West Area). Liquid waste disposal in the 23 

cribs and trenches near these facilities resulted in several groundwater contamination plumes in the 24 

200-ZP-1 OU. 25 

The following sections briefly describe the site setting, nature and extent of contamination within the 26 

200-ZP-1 OU, ongoing 200 West Area interim remedial actions, and groundwater monitoring. More 27 

detailed information describing the Hanford Site, the 200 West Area, and the 200-ZP-1 OU is provided 28 

in the RI report (DOE/RL-2006-24, Remedial Investigation Report for the 200-ZP-1 Groundwater 29 

Operable Unit), the 200-ZP-1 OU FS (DOE/RL-2007-28, Feasibility Study for the 200-ZP-1 30 

Groundwater Operable Unit), and the 200-ZP-1 OU ROD (EPA et al., 2008). 31 

The Central Plateau is in the central portion of the Hanford Site and encompasses approximately 195 km2 32 

(75 mi2). The two major geographic cleanup areas within the Central Plateau are the 170 km2 (65 mi2) 33 

Outer Area and the 25 km2 (10 mi2) Inner Area (Figure 1-1). The 200-ZP-1 OU is located in the Central 34 

Plateau Inner Area.  35 

Four groundwater OUs underlay the 200 Areas in the Central Plateau Inner Area (Figure 1-2): 200-ZP-1, 36 

200-UP-1, 200-BP-5, and 200-PO-1. Seventeen source OUs have been identified in the Central Plateau, 37 

nine of which overlay the 200-ZP-1 OU (Figure 1-3). 38 
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Figure 1-3. Source OUs in the Central Plateau Inner Area 2 
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1.3.1 Physical Setting 1 

The Hanford Site lies in a sediment-filled basin on the Columbia Plateau in southeastern Washington 2 

State (Figure 1-1). The Central Plateau is a relatively flat, prominent terrace near the center of the site. 3 

The 200-ZP-1 OU underlies the northern portion of the 200 West Area, which is on the western end of 4 

the Central Plateau. 5 

Basalt of the Columbia River Basalt Group and a sequence of overlying sediments comprise the local 6 

geology. The overlying sediments are approximately 169 m (555 ft) thick and primarily consist of the 7 

Ringold Formation and Hanford formation, which are composed of sand and gravel with some silt layers. 8 

Surface elevations range from approximately 200 to 217 m (660 to 712 ft). 9 

The sediment thickness in the 200 West Area above the water table (the vadose zone) ranges from 10 

40 to 75 m (132 to 246 ft). Sediments in the vadose zone are the Ringold Formation (the uppermost 11 

Ringold Formation member of Wooded Island – unit E [Rwie] and the Ringold upper unit), the Cold 12 

Creek unit, and the Hanford formation. Estimates of recharge from precipitation at the Hanford Site range 13 

from 0 to 10 cm/yr (0 to 4 in./yr). Artificial recharge historically occurred when effluents (e.g., cooling 14 

water and process wastewater) were disposed to the ground during the 1940s through the 1990s. Artificial 15 

recharge that continues today in the Central Plateau consists of limited onsite sanitary sewage treatment 16 

and disposal systems; leaks from potable and raw water lines; two state-approved land disposal structures; 17 

and small-volume, uncontaminated, miscellaneous waste streams. 18 

Groundwater beneath the Hanford Site is found in an upper primarily unconfined sedimentary aquifer 19 

system and in deeper confined aquifers within the basalt. The Columbia River is the primary discharge 20 

area for both the unconfined and confined aquifers. The unconfined aquifer in the 200-ZP-1 OU area 21 

of the Central Plateau occurs in the Rwie. The low-permeability Ringold Formation member of 22 

Wooded Island – lower mud unit (Rlm) forms the base of the unconfined aquifer in most areas of the 23 

200-ZP-1 OU. The Rlm is a laterally contiguous, semiconfining unit that separates and distinguishes 24 

the conditions and contaminant extents above the unit (upper unconfined aquifer Rwie) from those below 25 

it (semiconfined aquifer Ringold Formation member of Wooded Island – unit A [Rwia]). In some places 26 

(in particular, within areas of the eastern and northeastern portion of the 200-ZP-1 OU), the Rlm is 27 

not present. 28 

Groundwater in the unconfined aquifer flows from areas where the water table is higher (west of the 29 

Hanford Site) to areas where it is lower (the Columbia River via the 200 East Area). In general, 30 

groundwater flow through the Central Plateau occurs in a predominantly easterly direction, from the 31 

200 West Area to the 200 East Area. Historical discharges to the ground greatly altered the groundwater 32 

flow regime, especially around the 216-U-10 Pond in the 200 West Area and the 216-B-3 Pond in the 33 

200 East Area, which deflected the groundwater flow to the north. As drainage from these discharges has 34 

ceased, the groundwater flow direction is expected to again flow on a more easterly course through the 35 

Central Plateau. 36 

The depth to the water table in the 200 West Area varies from approximately 50 m (164 ft) in the 37 

southwest corner near the former 216-U-10 Pond to >100 m (328 ft) in the north. Groundwater in the 38 

200 West Area generally flows east-northeast but is influenced by the 200 West P&T and effluent 39 

discharges to the State-Approved Land Disposal Site (SALDS). Groundwater flow velocities range from 40 

0.0001 m/d (0.0003 ft/d) in fine-textured, lower permeability Ringold sediments, to 0.6 m/d (2 ft/d) in 41 

coarse-textured, higher permeability Hanford sediments (SGW-38815, Water-Level Monitoring Plan for 42 

the Hanford Site Soil and Groundwater Remediation Project). The water table has declined since 43 

wastewater discharge to various cribs, ponds, and ditches ceased during the 1980s and 1990s. 44 
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DOE/RL-2011-118, Hanford Site Groundwater Monitoring for 2011, provides detailed information on 1 

200-ZP-1 OU geology and hydrogeology.  2 

1.3.2 Nature and Extent of Contamination 3 

The 200-ZP-1 OU COCs include carbon tetrachloride, total chromium, Cr(VI), nitrate, TCE, iodine-129, 4 

technetium-99, and tritium (Figure 1-4). Cyanide and uranium have been detected in 200-ZP-1 wells 5 

and are being monitored in a subset of 200-ZP-1 OU wells as contaminants of interest for the OU. 6 

Appendix A provides more detailed information on the current understanding of the nature and extent 7 

of these contaminants. 8 

The nature and extent of contamination within the 200-ZP-1 OU has been characterized over the years 9 

using data obtained during well drilling and groundwater sampling. Over 100 monitoring wells are 10 

currently within the footprint of the 200-ZP-1 OU. DOE/RL-2009-115, Performance Monitoring Plan for 11 

the 200-ZP-1 Groundwater Operable Unit Remedial Action, Rev. 3, Draft A, includes scheduled 12 

sampling for more than 80 wells at various frequencies. Chapters 2 and 3 of this RD/RAWP (and figures 13 

provided therein) discuss the hydraulic monitoring and contaminant monitoring well locations. 14 

The primary cribs and trenches that contributed contaminants to 200-ZP-1 OU groundwater through 15 

discharges from 1945 to the early 1970s include the 216-Z-1A Trench, 216-Z-9 Crib, 216-Z-18 Trench, 16 

216-Z-19 Ditch, 216-Z-20 Crib, and 216-U-10 Crib. After effluents were discharged to these vadose zone 17 

disposal sites, the more mobile contaminants migrated to the groundwater and are addressed in the 18 

200-ZP-1 OU. Contaminants remaining in the vadose zone will be addressed in the source OU or by 19 

other OU remedies.  20 

Several studies have been conducted over time to evaluate the likelihood of a continuing source of 21 

carbon tetrachloride in the form of a dense nonaqueous-phase liquid (DNAPL). As is documented in 22 

DOE/RL-2006-58, Carbon Tetrachloride Dense Non-Aqueous Phase Liquid (DNAPL) Source-Term 23 

Interim Characterization Report, and its addendum (DOE/RL-2007-22, Carbon-Tetrachloride Dense 24 

Non-Aqueous Phase Liquid (DNAPL) Source Term Characterization Report Addendum), data collected to 25 

date do not provide evidence for a significant carbon tetrachloride DNAPL source term located beneath 26 

the water table within the 200-ZP-1 OU. 27 

As stated in the 200-ZP-1 OU ROD (EPA et al., 2008), contaminant distribution within the 200-ZP-1 OU 28 

can be generally categorized three ways: 29 

 A high-concentration zone, close to the ponds, cribs, and trenches that were used to dispose liquid 30 

wastes. Data obtained to date do not provide evidence for the presence of significant DNAPL in 31 

groundwater acting as a continuing source. 32 

 A larger, dispersed or low-concentration zone that has migrated from the discharge locations, and as 33 

a result overlies or underlies the high-concentration zone. This less-contaminated groundwater can 34 

occur above the high-concentration zone where large quantities of lower concentration effluent were 35 

discharged during or after the high-concentration waste discharges; or below the high-concentration 36 

zone where contaminants migrated in response to historical hydraulic gradients. 37 

 An area of technetium-99 contamination near Waste Management Area (WMA) T and 38 

WMA TX-TY. The results from depth-discrete groundwater sampling in these areas show that the 39 

peak concentration of technetium-99 is typically found within the upper 15 m (50 ft) of the aquifer.   40 
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Figure 1-4. 200 West Area Groundwater Plume Map (200-UP-1 and 200-ZP-1 OUs), 2017 2 
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Cyanide is not a COC for the 200-ZP-1 OU but has been detected downgradient of WMA T-TX-TY and 1 

WMA B-BX-BY. The detected concentrations have periodically been above the 200 µg/L federal 2 

maximum contaminant level (MCL) for total cyanide and the calculated limit for free cyanide of 4.8 µg/L 3 

(defined in WAC 173-340, “Model Toxics Control Act—Cleanup” [hereinafter referred to as the 4 

Model Toxics Control Act (MTCA)], Method B) before blending at the 200 West P&T. Cyanide is being 5 

monitored as a contaminant of interest for the 200-ZP-1 OU. If cyanide concentrations warrant further 6 

action, cyanide may be added as a COC through an amendment or an explanation of significant 7 

differences (ESD) to the 200-ZP-1 OU ROD (EPA et al., 2008). Cyanide is a COC in the 200-BP-5 OU, 8 

and extracted groundwater from the 200-BP-5 OU is treated at the 200 West P&T and reinjected into the 9 

200-ZP-1 OU. 10 

Uranium has been detected in 200-ZP-1 OU monitoring wells; however, uranium is not a COC for the 11 

200-ZP-1 OU. This contaminant of interest has not consistently exceeded applicable cleanup standards 12 

within the 200-ZP-1 OU, but it is monitored and treated by the 200 West P&T. Extracted groundwater 13 

containing uranium from the 200-ZP-1, 200-UP-1, and 200-BP-5 OUs is treated at the 200 West P&T 14 

and reinjected into the 200-ZP-1 OU. 15 

Data obtained during and following the RI/FS indicate that groundwater contamination is present from 16 

the top (i.e., water table) down to the base of the unconfined aquifer, which is in total approximately 61 m 17 

(200 ft) thick. Shallower and deeper regions of the unconfined sedimentary Ringold Formation aquifer are 18 

separated in places by the presence of the Rlm, which (when present) appears to act as a locally 19 

confining unit separating the overlying Rwie sands from underlying Rwia. Appendix A discusses 20 

the contamination nature and extent in 200-ZP-1 OU groundwater and includes detailed contaminant 21 

distribution (plume) maps for contaminants that exceed the standards established in the 200-ZP-1 OU 22 

ROD (EPA et al., 2008), including an illustration of the presence and estimated extent of the Rlm. 23 

Contamination has also been identified in portions of the underlying Rwia. 24 

1.3.3 200-ZP-1 Operable Unit Interim Remedial Measure 25 

DOE operated an interim remedial measure (IRM) P&T system to minimize further migration of 26 

carbon tetrachloride, chloroform, and TCE in 200 West Area groundwater in accordance with 27 

EPA/ROD/Rl0-95/114, Superfund Record of Decision: Hanford 200-Area (USDOE) OU 200-ZP-1, 28 

Benton County, WA. 29 

During operation of the 200-ZP-1 IRM P&T system, carbon tetrachloride concentrations decreased in 30 

the original targeted area (defined as the region exhibiting concentrations >2,000 µg/L). The final 31 

configuration of the 200-ZP-1 IRM P&T system (before startup of the 200 West P&T in July 2012) 32 

consisted of 14 extraction wells and 5 injection wells. Figure 1-5 shows the locations of the 200-ZP-1 OU 33 

IRM wells.  34 

The 200-ZP-1 IRM P&T system used conventional air stripping and vapor-phase granular activated 35 

carbon (VPGAC) adsorption technology to remove volatile organic compounds (VOCs) from 36 

contaminated groundwater in the 200-ZP-l OU.  37 

Water pumped from each groundwater extraction well was collected in the influent surge tank. The water 38 

from the influent tank was pumped through a combination of cyclonic separation and cartridge filtration 39 

to the top of the air stripper tower. The process water flowed downward through the air stripper tower, 40 

while uncontaminated air was forced upward in the tower through the cascading water. Transfer of 41 

contaminants from the liquid stream to the air stream occurred across the liquid/vapor interfaces. 42 
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Figure 1-5. 200 West Area Interim P&T System 2 
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The treated effluent was then pumped from the effluent surge tank through another combination of 1 

cyclone and cartridge filters to remove most of the remaining particulates. The filtered treated effluent 2 

was then reinjected into the aquifer via the injection well network. 3 

The air stream containing the stripped VOC vapors flowed to the top of the air stripping tower, and any 4 

entrained water was returned to the cascading water stream. To maximize the efficiency of the VPGAC 5 

used to remove the stripped VOC vapors, the off-gas stream was chilled and reheated. The dehumidified 6 

off-gas stream was then passed through a two-stage series of granular activated carbon (GAC) columns. 7 

The first stage removed a large percentage of the VOC vapors from the off-gas, and the second stage 8 

acted as a polishing stage to remove most of the residual VOC vapors from the off-gas. To accommodate 9 

the airflow rates associated with the air stripper operation, three sets of GAC columns were used in 10 

parallel for each stage. A vapor analyzer measured the carbon tetrachloride concentration between each 11 

set of GAC columns for breakthrough detection. 12 

The 200-ZP-1 IRM P&T system operated from 1996 to May 2012. During operation, the system 13 

extraction wells produced 6.05 billion L (1.6 billion gal) of contaminated groundwater and removed 14 

a total of 13,720 kg of carbon tetrachloride (DOE/RL-2013-14, Calendar Year 2012 Annual Summary 15 

Report for the 200-ZP-1 and 200-UP-1 Operable Unit Pump-and-Treat Operations).  16 

The 200-ZP-1 IRM P&T system was designed specifically to hydraulically contain and remove carbon 17 

tetrachloride mass in the high-concentration area (>2,000 μg/L) of the Plutonium Finishing Plant (PFP) 18 

plume. Reduced carbon tetrachloride contamination within the highest concentration portion of the 19 

contaminant plume by the system was demonstrated by the amount of contaminant removed, a decrease 20 

in concentration in the extraction and monitoring wells (Figure 1-6), and a decrease in the extent of the 21 

targeted contamination area during operations (Figure 1-7). Data collected during operation of the 22 

200-ZP-1 IRM P&T system were used to develop the final ROD (EPA et al., 2008), Revision 0 of this 23 

RD/RAWP, and the 200 West P&T RDR (DOE/RL-2010-13). 24 

 25 

Figure 1-6. 200-ZP-1 Extraction Well Carbon Tetrachloride 26 

Maximum Concentration Values Prior to 2012 and During 2012 27 
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Figure 1-7. 200-ZP-1 Carbon Tetrachloride Plume (≥1,000 µg/L), Fall 1996 Versus 2011 2 
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The 200-ZP-1 IRM P&T system operated until May 2012, and the new 200 West P&T became 1 

operational in July 2012. Extraction well 299-W15-225 (the first of the new extraction wells drilled for 2 

the 200-ZP-1 P&T remedy) was connected to the 200-ZP-1 IRM P&T system and came online in 3 

June 2010. Because this well had a much higher production flow rate than extraction well 299-W15-44, 4 

it replaced that well. Connecting well 299-W15-225 to the interim P&T system facilitated the completion 5 

of large-scale groundwater pumping tests that provided information about aquifer parameters to help with 6 

design of the newer 200 West P&T and the 200-ZP-1 P&T remedy well field. During the transition 7 

period, extraction well 299-W15-225 and five existing injection wells were connected to the 200 West 8 

P&T (DOE/RL-2011-75, Transition Plan from the Interim 200-ZP-1 Pump-and-Treat System to the 9 

Commissioning of the 200 West Area Groundwater Treatment Facility). The remaining components of 10 

the 200-ZP-1 IRM P&T system were decontaminated and decommissioned as described in Chapter 7 of 11 

this RD/RAWP. 12 

1.3.4 200-PW-1 Operable Unit Interim Remedial Measure 13 

Soil vapor extraction (SVE) was initiated in 1992 as a CERCLA interim remedial action to remove 14 

carbon tetrachloride from the 200 West Area vadose zone. The objective of the interim action (as stated in 15 

EPA and Ecology, 1992, Action Memorandum: Expedited Response Action Proposal for 200 West Area 16 

Carbon Tetrachloride Plume) was to mitigate the threat to site workers, public health, and the 17 

environment caused by migration of carbon tetrachloride vapors through the soil column and into 18 

the groundwater. 19 

SVE was selected as the final remedy in EPA et al., 2011, Record of Decision Hanford 200 Area 20 

Superfund Site 200-CW-5 and 200-PW-1, 200-PW-3, and 200-PW-6 Operable Units. Between 1991 21 

(pilot testing) and 2012, SVE removed 80,107 kg of carbon tetrachloride from the vadose zone 22 

(SGW-54566, Performance Evaluation Report for Soil Vapor Extraction Operations at the 200-PW-1 23 

Operable Unit Carbon Tetrachloride Site, Calendar Year 2012). During 2013, 2014, and 2015, SVE 24 

systems were not operated while annual carbon tetrachloride concentration rebound studies were 25 

conducted. Carbon tetrachloride concentrations in wells did not rebound above the cleanup level. 26 

The SVE remedy was evaluated using the process outlined in PNNL-21843, Soil Vapor Extraction System 27 

Optimization, Transition, and Closure Guidance; and DOE/RL-2014-18, Path Forward For Future 28 

200-PW-1 Operable Unit Soil Vapor Extraction Operations. In November 2015, EPA concurred that the 29 

SVE remedy met the RAOs in the ROD (EPA et al., 2011) and that SVE activities could cease. 30 

EPA concurrence with the response action report in 2016 (DOE/RL-2014-48, Response Action Report 31 

for the 200-PW-1 Operable Unit Soil Vapor Extraction Remediation) closed out the SVE portion of the 32 

200-PW-1 OU remedy in the ROD and initiated activities to terminate SVE operations and vadose 33 

zone monitoring. 34 

1.3.5 Waste Management Area T Interim Pump and Treat 35 

Based on the recommendations in DOE/RL-2006-20, The Second CERCLA Five-Year Review Report for 36 

the Hanford Site, extraction wells 299-W11-45 and 299-W11-46 (downgradient of the WMA T Tank 37 

Farm) were brought online in 2007 to address technetium-99 contamination in groundwater beneath and 38 

adjacent to the WMA T Tank Farm. Groundwater from these two wells was transferred via pipeline to the 39 

Liquid Effluent Retention Facility (LERF) basins in the 200 East Area; treated at the Effluent Treatment 40 

Facility (ETF) to remove technetium-99, metals, nitrate, and VOCs; and discharged at the SALDS north 41 

of 200 West Area. 42 
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In 2008, an interim corrective measure consisting of surface barrier emplacement over a portion of the 1 

WMA was designed and constructed to reduce infiltration and the subsequent migration of contaminants 2 

through the vadose zone to groundwater (DOE/RL-2016-09, Hanford Site Groundwater Monitoring 3 

Report for 2015). 4 

The WMA T interim P&T operations were suspended when the final 200-ZP-1 remedy became 5 

operational because the broader capture capacity of the 200-ZP-1 extraction well network addresses the 6 

technetium-99 contamination in groundwater beneath and adjacent to the WMA T Tank Farm. Because 7 

of the low pumping rates of the WMA T interim wells, these wells were not incorporated into the 8 

200-ZP-1 P&T extraction well network.  9 

1.3.6 Groundwater Monitoring at the 200-ZP-1 Operable Unit 10 

The 200 West P&T was implemented as part of the final remedy for the 200-ZP-1 OU. The final 11 

remedy includes a groundwater performance monitoring program to monitor the performance of both 12 

the P&T and MNA remedy components at the 200-ZP-1 OU. Section 2.4 provides details on groundwater 13 

monitoring for the performance monitoring program. Section 2.4.4 discusses the integration of CERCLA, 14 

RCRA, and Atomic Energy Act of 1954 (AEA) groundwater monitoring activities. 15 

1.4 200 Areas Operable Unit Integration 16 

In 2010, the Tri-Parties realigned the Central Plateau source OUs into 10 groups as established by 17 

Tri-Party Agreement (Ecology et al., 1989a) Change Package M-15-09-02, Federal Facility Agreement 18 

and Consent Order Change Control Form: Modify Tri-Party Agreement M-15 Series Milestones for 19 

Central Plateau Waste Sites and Groundwater. To facilitate consistent remedial decisions across the 20 

Central Plateau Inner Area, the Tri-Parties modified the Tri-Party Agreement in 2010 to restructure 21 

the Central Plateau remediation activities. Restructuring included consolidating some of the Inner Area 22 

waste sites into geographical area-based OUs, creating the 200-EA-1 and 200-WA-1 OUs and retaining 23 

the 200-BC-1 OU. An additional OU, 200-DV-1, was created to include waste sites in the Inner Area with 24 

deep vadose zone contamination. The Tri-Parties created the 200-DV-1 OU to address the challenges of 25 

cleaning up the deeper, mobile contamination in the Central Plateau. 26 

Figures 1-2 and 1-3 illustrate the CERCLA groundwater and source OUs that are currently assigned in the 27 

Central Plateau Inner Area. The existing groundwater OUs in the Central Plateau remained unchanged. 28 

This RD/RAWP and subsequent decision documents must be closely integrated with the overall 29 

Hanford Site closure strategy. Integration with other regulatory programs and other OUs in the Inner Area 30 

is discussed in the following sections.  31 

1.4.1 200 Area Groundwater and Vadose Zone Operable Unit Integration 32 

Four groundwater OUs and 17 source OUs are associated with the Central Plateau (Figures 1-2 and 1-3; 33 

Table 1-1). The groundwater OUs encompass groundwater contamination from the 200 East and 34 

200 West Areas and regions where this contamination has migrated beyond the Central Plateau 35 

(DOE/RL-2016-09).  36 
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Table 1-1. Central Plateau Groundwater and Source OUs 

OU OU Type Description 

200-UP-1 Groundwater Groundwater contamination in the southern 200 West Area and surrounding 

600 Area primarily originating from U Plant and REDOX Plant waste sites. 

200-ZP-1 Groundwater Groundwater contamination in the northern 200 West Area and surrounding 

600 Area primarily originating from T Plant and Plutonium Finishing Plant 

waste sites. 

200-BP-5 Groundwater Groundwater contamination in the northern 200 East Area and surrounding 

600 Area primarily originating from B Plant. 

200-PO-1 Groundwater Groundwater contamination in the southern 200 East Area and surrounding 

600 Area primarily originating from PUREX Plant. 

200 DV-1 Source Addresses waste sites with deep vadose zone contamination posing a threat to 

groundwater quality and for which standard surface-based remedies cannot be 

used. It currently consists of waste sites in the vicinity of WMA B-BX-BY in the 

200 East Area, and WMA T, WMA TX-TY, and WMA S-SX in the 200 West 

Area, although other waste sites may be added in the future. 

200-PW-1/3/6 

200-CW-5 

Source Key plutonium-bearing waste sites in the Inner Area. 

200-WA-1 

200-BC-1 

Source Majority of the waste sites in the 200 West Inner Area and the BC Cribs 

and Trenches. 

200-EA-1 

200-IS-1 

Source Majority of the waste sites in the 200 East Inner Area and pipelines in the 

Inner Area. 

200-SW-2 Source Burial grounds and landfills located in the Inner Area. 

200-CU-1 Source U Plant canyon and associated waste sites. 

200-CB-1 Source B Plant canyon and associates waste sites. 

200-CP-1 Source PUREX Plant canyon and associates waste sites. 

200-CR-1 Source REDOX Plant canyon and associates waste sites. 

200-OA-1 

200-CW-1/3 

Source Waste sites located in the Outer Area. 

OU = operable unit 

PUREX = Plutonium-Uranium Extraction (Plant) 

REDOX = Reduction-Oxidation (Plant) 

WMA = waste management area 

 1 

A total of 17 source OUs have been established in the Central Plateau Inner area. These OUs comprise 2 

more than 800 waste sites in a wide range of types (e.g., ponds, cribs, ditches, trenches, pipelines, tanks, 3 

landfills, canyon buildings, and unplanned releases [UPRs] to soil). Figure 1-3 shows the general 4 

locations of the Central Plateau source OUs. Portions of nine of the source OUs overly the 200-ZP-1 OU, 5 

including the following: 6 

 200-DV-1 (deep vadose zone) 7 

 200-IS-1 (pipe line system) 8 

 200-PW-1 (key plutonium-bearing waste sites in the Inner Area) 9 
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 200-PW-3 (key plutonium-bearing waste sites in the Inner Area) 1 

 200-PW-6 (key plutonium-bearing waste sites in the Inner Area) 2 

 200-CW-5 (key plutonium-bearing waste sites in the Inner Area) 3 

 200-SW-2 (burial grounds) 4 

 200 WA-1 (200 West Area) 5 

 200-OA-1 (Outer Area) 6 

While the Central Plateau source OUs are in various stages of the cleanup process, RODs have been 7 

published for interim or final remedial action at the 200-PW-1/3/6 and 200-CW-5 OUs (a grouping of 8 

primarily plutonium- and cesium-contaminated waste sites) (DOE/RL-2016-01, Hanford Fourth 9 

CERCLA Five-Year Review Report). DOE/RL-2010-49, Remedial Investigation/Feasibility Study Work 10 

Plan for the 200-WA-1 and 200-BC-1 Operable Unit, was approved in January 2017. DOE/RL-2011-102, 11 

Remedial Investigation/Feasibility Study and RCRA Facility Investigation/ Corrective Measures Study 12 

Work Plan for the 200-DV-1 Operable Unit, was approved in July 2016. A RCRA facility 13 

investigation/corrective measures study and an RI/FS work plan for the 200-IS-1 OU are currently 14 

being prepared. 15 

1.4.2 200 West Pump and Treat Integration 16 

The 200 West P&T was designed to treat groundwater extracted from the 200-ZP-1 and 200-UP-1 OUs, 17 

with an expansion capability to treat additional flow as needed (DOE/RL-2010-13). After constructing the 18 

200 West P&T, additional water streams from the 200-BP-5 OU, perched water from the 200-DV-1 OU, 19 

leachate from Environmental Restoration Disposal Facility (ERDF), and purgewater from the modular 20 

storage units (MSUs) have been conveyed to the 200 West P&T for treatment. DOE/RL-2009-124, 21 

200 West Pump and Treat Operations and Maintenance Plan, Rev. 6, Draft A (hereinafter referred to as 22 

the 200 West P&T O&M plan) includes provisions for treating water at the 200 West P&T from sources 23 

outside the 200-ZP-1 OU.  24 

The COCs found in groundwater in the 200-ZP-1, 200-UP-1, and 200-BP-5 OUs; perched water from the 25 

200-DV-1 OU; and the ERDF leachate were found to be acceptable for treatment at the 200 West P&T 26 

based on calculations performed to prepare for the new waste streams (SGW-57790, Characterization 27 

Data for New Waste Streams (200-UP-1, ERDF Leachate, 200-BP-5 and Perched Water) for the 28 

200 West Pump-and-Treat Facility). DOE/RL-2018-28, Optimization Test Plan for Treating Water from 29 

Modular Storage Units at 200 West Pump & Treat Facility, evaluates the treatment of MSU purgewater 30 

at the 200 West P&T. The 200 West P&T O&M plan (DOE/RL-2009-124) was modified to incorporate 31 

operational and monitoring changes based on receiving these additional water streams. Chapter 3 of this 32 

RD/RAWP provides a summary of each of the water streams (outside of the 200-ZP-1 OU) treated at the 33 

200 West P&T. 34 
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2 Basis for Remedial Action 1 

The NCP establishes a national expectation for cleanup of groundwater at CERCLA sites: “EPA expects 2 
to return useable ground waters to their beneficial uses wherever practicable, within a timeframe that is 3 
reasonable given the particular circumstances of the site” (40 CFR 300.430, “Remedial Investigation/ 4 
Feasibility Study and Selection of Remedy”). The EPA generally defers to state agency definitions of 5 
useable groundwater provided under the various comprehensive state groundwater protection programs 6 
administered by the states across the country. Based on physical yield and natural water quality, the state 7 
of Washington, through its groundwater protection program, has determined that the aquifer setting for 8 
the 200-ZP-1 OU meets the Washington Administrative Code definition for potable groundwater and has 9 
been recognized by the state as a potential domestic drinking water source. 10 

Consistent with Washington State’s beneficial use determination, the goal of this remedial action is 11 
restoring groundwater within the 200-ZP-1 OU. For the purposes of this remedy, “beneficial use” has 12 
been defined as the use of the groundwater as a domestic drinking water source.  13 

The 200-ZP-1 OU ROD (EPA et al., 2008) states that a CERCLA response action is necessary for the 14 
200-ZP-1 OU groundwater because of the following conditions: 15 

• The cumulative excess carcinogenic risk to an individual exceeds 10-4 using reasonable 16 
maximum exposure assumptions for potential beneficial use of the groundwater. 17 

• The noncarcinogenic hazard index is greater than one using reasonable maximum exposure 18 
assumptions for potential beneficial use of the groundwater. 19 

• Chemical-specific standards (e.g., drinking water standards [DWSs]) that define acceptable risk 20 
levels are exceeded, and exposure to contaminants above these acceptable levels is predicted for the 21 
reasonable maximum exposure for potential beneficial use of the groundwater. 22 

2.1 Selected Remedy 23 

A detailed analysis of possible alternatives for remediating the 200-ZP-1 OU addressing the key factors 24 
of scale, complexity, and restoration timeframe is presented in Section 10.0 of the 200-ZP-1 OU ROD 25 
(EPA et al., 2008). Because there is no single technology capable of meeting the cleanup levels for the 26 
200-ZP-1 OU, the selected remedial alternative uses multiple components (i.e., P&T, MNA, flow-path 27 
control, and ICs). 28 

The primary component of the 200-ZP-1 OU remedy is installation of a P&T system to contain and 29 
capture a large fraction of the mass of contamination (i.e., 95% of the dissolved mass of carbon 30 
tetrachloride) early in the remedy lifecycle (25 years). However, the effectiveness of the P&T system 31 
will diminish over time, whereas the effectiveness of natural attenuation is relatively constant. As a result 32 
(for at least some COCs), it is anticipated that, over a period of time, natural attenuation will become the 33 
dominant mechanism for continued reduction of contaminant concentrations and mass. Remediation 34 
effectiveness is enhanced by controlling the direction and rate of groundwater flow throughout the 35 
200-ZP-1 OU using strategically placed extraction and injection wells via the flow-path control 36 
component of the remedy. ICs provide protection from exposure to groundwater contamination for both 37 
site workers and potential future groundwater users until cleanup levels are achieved. 38 



DOE/RL-2008-78, REV. 1, DRAFT A 
SEPTEMBER 2019 

 

2-2 

The overarching remediation requirement is to meet the groundwater cleanup levels identified in the 1 
200-ZP-1 OU ROD (EPA et al., 2008) within 125 years. Monitoring will be conducted to evaluate the 2 
performance of P&T system, flow-path control, and MNA and shall be designed and operated as follows: 3 

• Demonstrate whether the P&T system will remove at least 95% of the dissolved mass of carbon 4 
tetrachloride in 25 years or less and whether the remedial action, including natural attenuation, will 5 
achieve cleanup levels for all COCs within 125 years. 6 

• Detect changes in environmental conditions (e.g., hydrogeological, geochemical, microbiological, or 7 
other changes) that may reduce the effectiveness of the P&T system, natural attenuation processes, 8 
and the flow-path control actions. 9 

• Identify any potentially toxic and/or mobile transformation products. 10 

• Verify that contamination is not expanding downgradient (laterally or vertically) subsequent to the 11 
timeframe over which the P&T component has been functional. 12 

• Detect new releases of COCs to the environment that could impact remedy effectiveness. 13 

• Verify attainment of remediation requirements. 14 

The four major components of the 200-ZP-1 OU remedial action (i.e., P&T, MNA, flow-path control, 15 
and ICs) are further discussed in the following sections. 16 

2.1.1 Groundwater Extraction and Treatment Component 17 

The primary component of the 200-ZP-1 OU remedy is a groundwater P&T system designed and 18 
implemented in combination with MNA to achieve the cleanup levels listed in Table 11 of the 19 
200-ZP-1 OU ROD (EPA et al., 2008) and Section 2.3 of this RD/RAWP for all COCs in 125 years. 20 
The 200-ZP-1 OU ROD states that the P&T system will be designed to capture and treat contaminated 21 
groundwater to reduce the dissolved mass of carbon tetrachloride, total chromium, Cr(VI), nitrate, 22 
TCE, iodine-129, and technetium-99 throughout the 200-ZP-1 OU by a minimum of 95% in 25 years. 23 
The 200-ZP-1 OU ROD further clarified that 95% of the carbon tetrachloride mass currently residing in 24 
the aquifer corresponds to groundwater concentrations >100 µg/L. Since the other COCs that require 25 
P&T remediation (with the exception of nitrate) reside within the carbon tetrachloride plume footprint, 26 
hydraulic containment of carbon tetrachloride at concentrations >100 µg/L is anticipated to sufficiently 27 
remediate the other COCs so cleanup levels will be achieved in 125 years. 28 

Nitrate has a number of sources, from within and outside of the Hanford Site, and it is widespread 29 
in Hanford groundwater. It is found within all four groundwater OUs on the Central Plateau, and each 30 
OU will address nitrate within its boundaries. Only nitrate contamination within the portion of the 31 
carbon tetrachloride plume to be remediated is addressed under this remedial action. The 200-ZP-1 OU 32 
groundwater extraction and treatment component will treat the nitrate to achieve the cleanup level before 33 
returning the treated water to the aquifer through injection wells. 34 

A viable treatment technology is not available to remove tritium from groundwater. However, because the 35 
half-life of tritium is sufficiently short (12.33 years), it is expected to decay to below the cleanup standard 36 
before it leaves the industrial land-use zone. 37 

The remedial design (described in Chapter 3) also considered the need for treatment of other constituents 38 
(e.g., uranium and cyanide) that may be captured by the 200-ZP-1 OU extraction wells. While not COCs 39 
for the 200-ZP-1 OU, such constituents may be encountered during cleanup from sources related to the 40 
other adjacent groundwater OUs.  41 
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Following extraction, the treatment of COCs in groundwater will achieve the identified cleanup levels 1 
before returning the treated water to the aquifer through injection wells. 2 

2.1.2 Monitored Natural Attenuation Component 3 

In addition to the P&T system, the 200-ZP-1 OU remedy includes natural attenuation processes to 4 
reduce concentrations to below cleanup levels. Natural attenuation will eventually become the dominant 5 
mechanism to continue reducing contaminant concentrations in the 200-ZP-1 OU as the effectiveness of 6 
the P&T system diminishes over time. Because there is no viable treatment technology for removing 7 
tritium from the groundwater in the P&T system, the short half-life of tritium will allow natural 8 
attenuation to reduce its concentration over time to meet cleanup levels. 9 

For the remaining portion of the carbon tetrachloride and nitrate (as well as tritium) not captured by the 10 
P&T component (the remaining 5% of the mass), natural attenuation processes are intended to reduce 11 
concentrations to meet cleanup levels.  12 

Natural attenuation processes include biotic and abiotic degradation, dispersion, sorption, and, for tritium, 13 
natural radioactive decay. Monitoring will be in accordance with an approved O&M plan to evaluate the 14 
effectiveness of the P&T system and natural attenuation processes. Fate and transport (F&T) analyses 15 
conducted as part of the 200-ZP-1 OU FS (DOE/RL-2007-28) indicated that the timeframe necessary to 16 
reduce the remaining COC concentrations to acceptable levels through MNA will be 17 
approximately 100 years. Modeling also indicates that this portion of the plume area will remain in the 18 
Central Plateau geographic area (Figure 1-1) during this timeframe. 19 

2.1.3 Flow-Path Control Component 20 

The flow-path control component of the 200-ZP-1 OU remedial action involves injecting treated water 21 
into the aquifer to the northeast and east of the groundwater plume areas. The injected water in these 22 
locations slows the natural eastward flow of most of the groundwater. As a result, the higher 23 
concentration contamination is maintained within the capture zone, and the time available is increased for 24 
natural attenuation processes to reduce the contaminant concentrations not captured by the 25 
extraction wells. 26 

Flow-path control also minimizes the potential for groundwater in the northern portion of the aquifer to 27 
flow northward through Gable Gap and toward the Columbia River. The injection wells used for 28 
flow-path control near Gable Gap are located to redirect the groundwater flow to the east, which is the 29 
longest groundwater flow path to the river approximately 26 km [16 mi]). 30 

2.1.4 Institutional Controls Component 31 

The 200-ZP-1 OU ROD (EPA et al., 2008) requires ICs for 200-ZP-1 groundwater until cleanup levels 32 
are met. ICs are instruments (e.g., administrative and/or legal restrictions) that are designed to control 33 
or eliminate specific pathways of exposure to contaminants. For instance, ICs are in place at the 34 
Hanford Site prohibiting installing and using groundwater wells for purposes other than monitoring, 35 
characterization, and cleanup. An existing source of potable water is provided to facilities on the 36 
Central Plateau and will continue to be available, so there is no demand for groundwater. Groundwater 37 
use will be restricted until cleanup levels are achieved. Table 2-1 provides a summary of the IC 38 
requirements from the 200-ZP-1 OU ROD. 39 
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Table 2-1. IC Requirements Listed in the 200-ZP-1 OU ROD 

IC Category IC Requirement 

Section of the 
Sitewide IC Plan 

Where ICs 
are Addressed 

Entry restrictions 

DOE shall control access to prevent unacceptable exposure of humans 
to contaminants in the 200-ZP-1 OU groundwater addressed in the 
scope of this ROD until the remedy is complete. Visitors entering any 
site areas of the 200-ZP-1 OU will be required to be badged and 
escorted at all times. 

Section 3.5.1.2 

Land-use 
management 

No intrusive work shall be allowed in the 200-ZP-1 OU unless EPA 
has approved the plan for such work and that plan is followed. Section 3.5.2 

Land-use 
management 

DOE shall prohibit well drilling in the 200-ZP-1 OU, except for 
monitoring, characterization, or remediation wells authorized in 
EPA-approved documents. 

Section 3.5.2 

Groundwater-use 
management 

Groundwater use in the 200-ZP-1 OU is prohibited, except for limited 
research purposes, monitoring, and treatment authorized in EPA-
approved documents. The Sitewide IC plan (DOE/RL-2001-41, 
Sitewide Institutional Controls Plan for Hanford CERCLA Response 
Actions and RCRA Corrective Actions) will contain the ICs and 
implementing details prohibiting well drilling and groundwater use in 
the 200-ZP-1 OU, as defined in the decision document for the 
200-ZP-1 OU. 

Section 3.5.3 

Warning notices 
DOE shall post and maintain warning signs along pipelines conveying 
untreated groundwater that caution site visitors and workers of 
potential hazards from the 200-ZP-1 OU. 

Section 3.5.1.1 

Miscellaneous 
provision 

In the event of any unauthorized access to the site (e.g., trespassing), 
DOE shall report such incidents to the Benton County Sheriff’s Office 
for investigation and evaluation of possible prosecution. 

Section 3.5.5 

Land-use 
management 

Activities that would disrupt or lessen the performance of the P&T, 
MNA, and flow-path control components of the remedy are to be 
prohibited. 

Section 3.5.2 

Land-use 
management 

DOE shall prohibit activities that would damage the P&T, MNA, and 
flow-path control components (e.g., extraction wells, injection wells, 
piping, treatment plant, or monitoring wells). 

Section 3.5.2 

Miscellaneous 
provision 

DOE shall report on the effectiveness of ICs for the 200-ZP-1 OU 
remedy in an annual report, or on an alternative reporting frequency 
specified by EPA. Such reporting may be for this OU alone or may be 
part of a Hanford Sitewide report. 

Section 3.5.5 

Land-use 
management 

DOE will provide notice to EPA at least 6 months prior to any 
transfer or sale of the any land above the 200-ZP-1 OU so EPA can be 
involved in discussions to ensure that appropriate provisions are 
included in the transfer terms or conveyance documents to maintain 
effective ICs. If it is not possible for DOE to notify EPA at least 6 
months prior to any transfer or sale, then DOE will notify EPA as 
soon as possible but no later than 60 days prior to the transfer or sale 
of any property subject to ICs. In addition to the land transfer notice 
and discussion provisions above, DOE further agrees to provide EPA 
with similar notice, within the same timeframes, as to 
federal-to-federal transfer of property. DOE shall provide a copy of 
executed deed or transfer assembly to EPA. 

Section 3.5.2 
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Table 2-1. IC Requirements Listed in the 200-ZP-1 OU ROD 

IC Category IC Requirement 

Section of the 
Sitewide IC Plan 

Where ICs 
are Addressed 

Land-use 
management 

DOE will prevent the development and use of property above the 200-
ZP-1 Groundwater OU for residential housing, elementary and 
secondary schools, childcare facilities, and playgrounds. 

Section 3.5.2 

Land-use 
management 

Land-use controls will be maintained until cleanup levels are achieved 
and the concentrations of hazardous substances in groundwater are at 
such levels to allow for unrestricted use and exposure and EPA 
authorizes the removal of restrictions. 

Section 3.5.2 

Reference: EPA et al., 2008, Record of Decision Hanford 200 Area 200-ZP-1 Superfund Site Benton County, Washington. 
DOE = U.S. Department of Energy 
EPA = U.S. Environmental Protection Agency 
IC = institutional control 
MNA = monitored natural attenuation 

OU = operable unit 
P&T = pump and treat 
ROD = Record of Decision 

 1 

DOE/RL-2001-41, Sitewide Institutional Controls Plan for Hanford CERCLA Response Actions and 2 
RCRA Corrective Actions (hereinafter referred to as the Sitewide IC plan), identifies the current ICs for 3 
the Hanford Site. It also describes how ICs are implemented and maintained, serving as a reference point 4 
for the selection of future ICs. The current plan provides a foundation for identifying the long-term 5 
controls needed to prevent exposure during the restoration timeframe. The Sitewide IC plan was 6 
updated to include the ICs required to be met as part of the remedial action selected in the 7 
200-ZP-1 OU ROD (EPA et al., 2008). 8 

2.2 Remedial Action Objectives 9 

This section presents the RAOs for the 200-ZP-1 OU groundwater, as identified in the 200-ZP-1 OU 10 
ROD (EPA et al., 2008). The RAOs are site-specific objectives that define the extent of cleanup necessary 11 
to achieve the specific level of remediation at the site. The RAOs are as follows: 12 

• RAO #1: Return 200-ZP-1 OU groundwater to beneficial use (restore groundwater to achieve 13 
domestic drinking water levels) by achieving cleanup levels (provided in Table 11 of the 14 
200-ZP-1 OU ROD). This objective is to be achieved within the entire 200-ZP-1 OU groundwater 15 
plumes. The estimated timeframe to achieve cleanup levels is within 150 years.1 16 

• RAO #2: Apply ICs to prevent the use of groundwater until cleanup levels (provided in Table 11 of 17 
the 200-ZP-1 OU ROD) have been achieved. Within the entire OU groundwater plumes, ICs must be 18 
maintained and enforced until cleanup levels are achieved, which is estimated to be within 19 
150 years.1 20 

                                                      
1 The RAOs identify the estimated timeframe to achieve cleanup levels as 150 years. Further requirements in the 
200-ZP-1 OU ROD (EPA et al., 2008) identify this timeframe as 125 years, which is more conservative than 
the RAOs. 
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• RAO #3: Protect the Columbia River and its ecological resources from degradation and unacceptable 1 
impact caused by contaminants originating from the 200-ZP-1 OU. This final objective is applicable 2 
to the entire 200-ZP-1 OU groundwater plume. Protection of the Columbia River from impacts 3 
caused by 200-ZP-1 OU contaminants must last until the cleanup levels are achieved, which is 4 
estimated to be within 150 years.1 5 

2.3 Cleanup Levels 6 

Table 2-2 lists the final cleanup levels for the 200-ZP-1 OU COCs. These cleanup levels were 7 
developed using federal MCLs; the criteria and equations in WAC 173-340 (MTCA Method B) for 8 
cleanup levels for potable groundwater (WAC 173-340-720, “Groundwater Cleanup Standards,” 9 
particularly WAC 173-340-720(4)(b)(iii)(A) and (B) and WAC 173-340-720(7)(b)); and the federal and 10 
state water standards for radionuclides. 11 

Table 2-2. Final Cleanup Levels for 200-ZP-1 OU Groundwater 

COC 
90th Percentile 
Concentration 

Federal 
MCL 

State 
MCL 

MTCA Method B 
Cleanup Levels 

Final 
Cleanup 

Level 
Non- 

Carcinogens 

Carcinogens 
at 105 

Risk Level 

Carbon tetrachloride 2,900 5 5 5.6 3.4 3.4 

Chromium (total) 130 100 100 24,000 — 100 

Hexavalent chromium 203 N/Aa N/Aa 48 — 48 

Nitrate 81,050 10,000 10,000 25,600 — 10,000b 

Trichloroethene 10.9 5 5 2.4 1c 1d 

Iodine-129 1.2 1 1 — — 1 

Technetium-99 1,442 900 900 — — 900 

Tritium 36,200 20,000 20,000 — — 20,000 

Source: Table 11 of EPA et al., 2008, Record of Decision Hanford 200 Area 200-ZP-1 Superfund Site, Benton County, 
Washington. 
Notes: Units are “µg/L” for nonradionuclides and “pCi/L” for radionuclides. 
Federal MCL values are from 40 CFR 141, “National Primary Drinking Water Regulations,” with iodine-129 and 
technetium-99 values from EPA 816-F-00-002, Implementation Guidance for Radionuclides. 
State MCL values are from WAC 246-290, “Group A Public Water Supplies.” 
a. There is not an MCL specific to hexavalent chromium. 
b. Nitrate may be expressed as total nitrate (NO3) or as nitrogen (N). The MCL for nitrate 10 mg/L as N, and the same 
concentration as NO3 is 45 mg/L. For consistency, the concentrations in this table are expressed in units of “µg/L.” 
c. The MTCA Method B (WAC 173-340, “Model Toxics Control Act—Cleanup”) cleanup levels for carbon tetrachloride 
and trichloroethene are from Ecology’s Cleanup Levels and Risk Calculations (CLARC) table, current as of 
September 25, 2008. 
d. DOE will clean up COCs for the 200-ZP-1 Operable Unit subject to the requirements of WAC 173-340 (carbon 
tetrachloride and trichloroethene) so the excess lifetime cancer risk does not exceed 1×10-5 at the conclusion of the remedy. 

COC = contaminant of concern 
DOE = U.S. Department of Energy 
Ecology = Washington State Department of Ecology 
EPA = U.S. Environmental Protection Agency 

MCL = maximum contaminant level 
MTCA = Model Toxics Control Act 
N/A = not applicable 
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2.3.1 Attainment of Cleanup Levels 1 

A typical conceptual timeline for groundwater remediation progress for a specific well is shown in 2 
Figure 2-1 (EPA 230-R-92-014, Methods for Evaluating The Attainment Of Cleanup Standards 3 
Volume 2: Ground Water). Figure 2-1 shows several steps in the remediation process, including 4 
the following: 5 

1. Start of treatment. 6 

2. Performance monitoring to guide remedy optimization and determine the end of 7 
active/passive remediation. 8 

3. End of remediation. 9 

4. Start of compliance monitoring to confirm that concentrations remain below the cleanup levels. 10 

5. Determination of whether cleanup levels have been achieved throughout the aquifer and the 11 
completion of compliance monitoring. 12 

 13 
Figure 2-1. Typical Conceptual Timeline for Groundwater Remediation Progress 14 

The groundwater concentrations shown in Figure 2-1 illustrate typical responses to each of these 15 
steps. Remediation activities in the 200-ZP-1 OU are expected to follow a similar pattern. Two aspects 16 
of particular concern in this timeline are (1) determining when to end active remediation, and 17 
(2) determining when RAOs can be demonstrated as attained. The relative length of these timeframes 18 
will be different for each COC. For example, tritium is expected to decay to below the cleanup level 19 
in <25 years by MNA alone. Natural attenuation (passive remediation) will eventually become the 20 
dominant mechanism for continued contaminant concentration reduction in the 200-ZP-1 OU as the P&T 21 
component (active remediation) is completed. 22 

During the performance monitoring timeframe, monitoring well data will be statistically evaluated to 23 
assess progress in achieving cleanup levels. The evaluation process will follow groundwater risk 24 
assessment guidance, where the exposure point concentration for each plume within the OU will be 25 
evaluated based on available performance monitoring measurements. As new monitoring data become 26 
available, the data will be evaluated to assess progress in achieving 95% mass removal of COCs (carbon 27 
tetrachloride, total chromium, Cr(VI), nitrate, TCE, iodine-129, and technetium-99) and the need for 28 
continued active remediation. 29 
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Following the active remediation period, MNA will be evaluated periodically using an approach 1 
consistent with EPA guidance (e.g., EPA 600/R-11/204, An Approach for Evaluating the Progress of 2 
Natural Attenuation in Groundwater) to assess progress in achieving cleanup levels throughout the 3 
contaminated groundwater plumes.  4 

The details of the performance monitoring program (e.g., well locations and sampling frequency) for 5 
collecting data necessary to support the assessment of remedy performance are defined in the PMP and 6 
associated sampling and analysis plan (SAP) (discussed in Section 2.4). A unique monitoring well set is 7 
defined for each COC plume or remediation area because the plumes have unique spatial distributions. 8 

Compliance monitoring includes observational data that are used to determine whether a remedial action 9 
has achieved the goals. This type of monitoring cannot begin at a point of compliance until the active 10 
remediation and the following MNA have been declared as having achieved the objectives. With the 11 
P&T remedial action, all extraction and injection wells influencing the point of compliance must cease 12 
extraction and injection prior to compliance monitoring. This differs from performance monitoring, which 13 
occurs throughout the lifecycle of the remedial action. Performance monitoring and compliance 14 
monitoring are likely (but not required) to occur at the same locations. CERCLA guidance requires 15 
compliance monitoring to be conducted for at least 3 years from the end of active remedial activities 16 
(including MNA). It is typically expected that some rebound of contaminant concentration will occur 17 
after remedial activities are terminated. The 3-year timeframe is specified to capture this effect and 18 
quantify whether remedial actions were successful. Compliance monitoring data analyses will consist 19 
of calculating the upper one-sided 95% confidence limit for each COC on a well-by-well basis using 20 
a representative data set for comparison to cleanup levels.  21 

Figure 2-2 introduces the concepts of tailing and rebound. Tailing refers to the progressively slower rate 22 
of dissolved contaminant concentration decline observed with continued operation of a P&T system. 23 
Rebound refers to an increase in dissolved contaminant concentrations after pumping is discontinued. 24 

 25 
Note: Modified from EPA 600/R-94/123, Methods for Monitoring Pump-and-Treat Performance. 26 

Figure 2-2. Concentration Versus Pumping Duration or Volume Showing Tailing and Rebound Effects 27 
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2.4 Remedy Performance Monitoring 1 

Remedy performance monitoring for the 200-ZP-1 OU is conducted to assess the overall effectiveness of 2 
the 200-ZP-1 OU remedy, as well as performance of the 200 West P&T. These two activities are 3 
discussed in the following sections.  4 

Treatment system performance monitoring is conducted under the SAP (Appendix D of the 200 West 5 
P&T O&M plan [DOE/RL-2009-124]). Short- and long-term performance monitoring are also conducted 6 
to ensure that the system is performing in accordance with the objectives of the 200-ZP-1 OU ROD 7 
(EPA et al., 2008). The O&M plan outlines how monitoring will be conducted and the periodic reporting 8 
to document system performance and monitoring results. This periodic reporting includes 5-year reviews 9 
under CERCLA.  10 

The 200-ZP-1 OU PMP (Appendix B of DOE/RL-2009-115, Rev. 3, Draft A) presents the types of data 11 
that will be collected, the wells that will be monitored, the frequency for data collection, and the data 12 
analysis that will be performed to satisfy the 200-ZP-1 OU ROD requirements (EPA et al., 2008). 13 

The initial baseline data for the 200-ZP-1 OU that were collected in 2012 (prior to startup of the 14 
200 West P&T) are used for comparison with monitoring data collected each year. The initial baseline 15 
data will be compared in future years to provide a basis for understanding contaminant distribution and 16 
movement within the aquifer in the 200-ZP-1 OU. These data provide a technical basis for addressing 17 
three of the four components of the selected remedy (P&T, MNA, and flow-path control) to assess the 18 
success of the remedy against the RAOs. The fourth component (ICs) is addressed in the Sitewide IC plan 19 
(DOE/RL-2001-41). Data are collected for the 200-ZP-1 OU COCs, as well as uranium (200-UP-1 and 20 
200-BP-5 OU sources) and total and free cyanide (200-BP-5 OU source), which are contaminants of 21 
interest found in some network monitoring wells.  22 

In instances where the influent stream from 200-ZP-1 OU extraction wells (or other water source 23 
OUs) contains a contaminant not identified as a COC (i.e., cyanide) in the 200-ZP-1 OU ROD 24 
(EPA et al., 2008), the risk to groundwater will be re-evaluated to determine if an ESD or ROD 25 
amendment is required.  26 

2.4.1 Treatment System Performance Monitoring 27 

Treatment system performance monitoring is designed to evaluate radiological and chemical monitoring 28 
of the treatment process for removal efficiency and to ensure that the treated groundwater meets the 29 
injection requirements before being returned to the aquifer. Treatment system performance is determined 30 
using a network of sampling points to monitor untreated water as it enters the treatment facilities and 31 
treated water as it exits the treatment facilities.  32 

Monitoring of well field operations includes sampling untreated water from ERDF leachate, extraction 33 
wells, and treated water injected into the aquifer. Incoming flow from ERDF leachate and the extraction 34 
wells to the treatment facilities occurs as separate flow streams, while the outgoing flow of treated water 35 
returned to the aquifer is considered a single flow stream. Specific sampling points to the treatment 36 
facilities include the following: 37 

• Inflow of ERDF leachate 38 

• Inflow from MSU purgewater 39 

• Well field inflow from extraction wells 40 
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• Inflow to the uranium pre-treatment ion-exchange (IX) system from 200-UP-1 OU, 200-DV-1 OU 1 
perched water, and 200-BP-5 OU wells 2 

• Inflow to the technetium-99 pre-treatment IX system directly from wells not requiring uranium 3 
pre-treatment and wells requiring uranium pre-treatment 4 

• Balance of well field inflow (requiring no uranium or technetium-99 pre-treatment) 5 

• Treated water directed to injection wells 6 

Specific sampling locations are monitored on a regular basis (e.g., monthly or quarterly), depending on 7 
their location in the treatment train and historical trends of the parameter. Samples are analyzed for key 8 
COCs, other contaminants of interest (e.g., cyanide), and biogeochemical and field screening parameters. 9 
Appendix D of the 200 West P&T O&M plan (DOE/RL-2009-124) provides the SAP for characterizing 10 
the untreated water streams entering the treatment facility, treated water leaving the facility, and waste 11 
streams requiring disposal. Atmospheric discharge of VOCs is monitored in accordance with the air 12 
monitoring plan (Appendix C of the 200 West P&T O&M plan). 13 

The 200 West P&T is designed to meet or exceed the requirements of the 200-ZP-1 OU ROD 14 
(EPA et al., 2008) and EPA et al., 2012, Record of Decision for Interim Remedial Action, Hanford 15 
200 Area Superfund Site, 200-UP-1 Operable Unit (hereinafter referred to as the 200-UP-1 OU ROD), 16 
for the treated (effluent) water reinjected into the aquifer. As described in Section 1.4.2 of this 17 
RD/RAWP, the suitability for treatment and reinjection of groundwater from the 200-BP-5 OU, perched 18 
water from the 200-DV-1 OU, and ERDF leachate has been integrated into the 200 West P&T through 19 
decision documents for the 200-DV-1 and 200-BP-5 OUs and ERDF. The treated water quality standards 20 
(Appendix D of the 200 West P&T O&M plan [DOE/RL-2009-124] and specified in each ROD) 21 
reflect the federal and state drinking water MCLs and the state groundwater cleanup standards (where 22 
more stringent than the MCLs) that are the ARARs for the selected remedies (EPA et al., 2008; 23 
EPA et al., 2012). The SAP (Appendix D of the 200 West P&T O&M plan) also provides design 24 
treatment goals that are more conservative than the cleanup levels in each ROD to provide operational 25 
margins during periods of stressed or transient operation. 26 

The average concentrations of COCs and contaminants of interest in the influent and effluent for the 27 
200 West P&T (from January through December of each year) are presented in an annual P&T report 28 
for the 200-ZP-1, 200-UP-1, 200-BP-5, and 200-DV-1 OUs. Treatment system performance is evaluated 29 
on an annual basis in terms of the contaminant mass removed by the 200 West P&T, treatment facility 30 
processes, and operational efficiencies. 31 

2.4.2 Hydraulic Monitoring Well Network 32 

The hydraulic monitoring network for the 200-ZP-1 OU groundwater remedy comprises water levels 33 
obtained from the following sources: 34 

• Monitoring wells using manual (depth-to-water) measurements 35 

• Monitoring wells using data loggers equipped with transducers, with records stored on the data logger 36 
and retrieved using telemetry (i.e., automated water-level network) 37 

• Extraction and injection wells using transducers with records stored on the central treatment system 38 
supervisory control and data acquisition system and retrieved via a human/machine interface 39 

Hydraulic monitoring data will be collected over the lifetime of the remedy to evaluate performance and 40 
optimize effectiveness. Figure 2-3 depicts the hydraulic monitoring well network. 41 
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 1 
Figure 2-3. Hydraulic Monitoring Well Network 2 
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2.4.3 Contaminant Monitoring Well Network 1 

The 200-ZP-1 OU PMP (DOE/RL-2009-115, Rev. 3, Draft A) presents three categories of monitoring 2 
well networks that have been defined for the OU: 3 

• A VOC network for monitoring carbon tetrachloride and TCE throughout the entire 200 West Area. 4 

• A monitoring network that includes only monitoring wells within the 200-ZP-1 OU. 5 

• Contaminant-specific networks for total chromium, Cr(VI), iodine-129, nitrate, tritium, 6 
technetium-99, uranium, and cyanide. Uranium and cyanide are 200-UP-1 and 200-BP-5 OU COCs, 7 
respectively, and are monitored by those OUs. Uranium and cyanide are monitored as contaminants 8 
of interest in the 200-ZP-1 OU for tracking purposes only. The contaminant-specific network wells 9 
are a subset of the 200-ZP-1 network wells. 10 

Figure 2-4 shows the contaminant monitoring well network. 11 

Sampling the VOC and 200-ZP-1 well networks for the other contaminant-specific network COCs 12 
generates sufficient data for quantitative analyses to address the nine decision statements (DSs) identified 13 
in the SAP (Appendix B of the 200-ZP-1 OU PMP [DOE/RL-2009-115, Rev. 3, Draft A]). These 14 
analyses include plume shell development (using data to prepare three-dimensional depictions of the 15 
extent of contamination) and contaminant transport modeling (to predict if the remedial system will 16 
remove 95% of the COC mass within 25 years and achieve cleanup levels within 125 years). The VOC 17 
and other contaminant-specific well networks are scheduled to be sampled annually (at a minimum), 18 
while the 200-ZP-1 OU network wells are scheduled to be sampled for all of the COCs every 5 years to 19 
support CERCLA 5-year reviews. 20 

Contaminant monitoring network sampling will coincide with CERCLA 5-year review preparations to 21 
provide a comprehensive data set to assess the progress of the remedial action against the RAOs and the 22 
DSs identified in the 200-ZP-1 OU PMP (DOE/RL-2009-115, Rev. 3, Draft A). Sampling may also 23 
include vertical profile sampling in existing monitoring wells to delineate each contaminant plume in 24 
three-dimensional space. In future 200 West P&T operations, when contaminant concentrations change 25 
less rapidly, the annual sampling frequency of the monitoring well networks will be re-evaluated. 26 

The monitoring networks presented in the 200-ZP-1 OU PMP will evolve over time as the 200 West P&T 27 
and natural attenuation processes reduce contaminant concentrations and plume sizes. Some plume areas 28 
will be remediated more quickly than others, and extraction wells will likely be shut down in stages as 29 
COC plume footprints contract and influent concentrations at individual wells decrease below cleanup 30 
levels. Additionally, many of the shallow monitoring wells may go dry in areas that are furthest from the 31 
injection wells. Therefore, while the 200 West P&T is operating, the monitoring well networks and 32 
constituent analyses will be evaluated annually. These evaluations will determine if monitoring wells will 33 
be dropped from the networks and if new wells should be added to the VOC or other contaminant-specific 34 
well networks. Well network or COC analysis changes resulting from annual reviews will be made with 35 
concurrence from DOE and EPA. After the 200 West P&T is shut down (estimated in 2037), DOE and 36 
EPA will refine the data quality objectives (DQOs) and establish a monitoring scheme consistent with 37 
accepted technologies and techniques. At a minimum, the contaminant monitoring networks would be 38 
evaluated every 5 years in accordance with the CERCLA 5-year review process. 39 
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Figure 2-4. Contaminant Monitoring Well Network 2 
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2.4.4 Integrated Groundwater Monitoring 1 

Groundwater monitoring for all monitoring programs within the 200 West Area meet the requirements 2 
for remediation performance monitoring under CERCLA, groundwater monitoring under RCRA, 3 
and sitewide surveillance monitoring under the AEA. Integrated groundwater monitoring meets the 4 
requirements of RCRA, CERCLA, and the AEA by using CERCLA monitoring wells to satisfy the 5 
treatment, storage, and disposal unit monitoring and post-closure monitoring required by RCRA, and the 6 
environmental monitoring required by the AEA and implementing DOE orders. This approach minimizes 7 
duplication and reduces monitoring inconsistencies that may arise from the multiple regulations. 8 
The approach also supports groundwater cleanup decisions in a timely, effective, and efficient manner. 9 

Groundwater monitoring is performed for treatment, storage, and disposal units consisting of tank 10 
farm WMAs (T and TX-TY), Low-Level Waste Management Area (LLWMA)-3, and LLWMA-4. 11 
Groundwater at these facilities is monitored under RCRA requirements for hazardous waste 12 
constituents and under AEA requirements for radionuclides including source, special nuclear, 13 
and byproduct materials. Data for facility-specific monitoring are also integrated into CERCLA 14 
groundwater investigations. 15 

Groundwater at single-shell tank (SST) farm WMA T is monitored under RCRA interim status 16 
groundwater quality assessment requirements (40 CFR 265.93(d), “Interim Status Standards for Owners 17 
and Operators of Hazardous Waste Treatment, Storage, and Disposal Facilities,” “Preparation, 18 
Evaluation, and Response”; as referenced by WAC 173-303-400, “Dangerous Waste Regulations,” 19 
“Interim Status Facility Standards”). The objective for groundwater quality assessment is to assess the 20 
extent and rate of dangerous waste movement in groundwater that has a source from the WMA. Chemical 21 
constituents found in groundwater near WMA T include chromium, fluoride, and nitrate. Radioactive 22 
constituents include tritium and technetium-99. 23 

Groundwater at SST farm WMA TX-TY is also monitored under interim status groundwater quality 24 
assessment requirements (40 CFR 265.93(d), as referenced by WAC 173-303-400). The chemical 25 
constituents found in groundwater near WMA TX-TY are chromium and nitrate. Radioactive constituents 26 
include iodine-129, tritium, and technetium-99. 27 

Groundwater at LLWMA-3 and LLWMA-4 is monitored under RCRA interim status indicator 28 
evaluation requirements (40 CFR 265.93(b), as referenced by WAC 173-303-400) and the radioactive 29 
waste management requirements of the AEA (DOE O 435.1 Chg 1, Radioactive Waste Management). 30 
RCRA monitoring is conducted to determine if the unit has impacted groundwater with dangerous 31 
constituents. Samples are collected for RCRA indicator and site-specific parameters. Monitoring 32 
for AEA requirements is conducted to determine if the unit has impacted groundwater with 33 
radioactive constituents. 34 

2.4.5 Data Quality Objectives and Sampling and Analysis Plans 35 

Data collection activities associated with the 200-ZP-1 remedy are documented in a series of SAPs. 36 
The DQOs identified in these SAPs include the DSs and other DQO requirements to ensure that the 37 
quantity and quality of data collected are suitable to demonstrate that the remedy is performing 38 
adequately to meet RAOs. The DQO process is described in EPA/240/B-06/001, Guidance on Systematic 39 
Planning Using the Data Quality Objectives Process. 40 
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The following SAPs and DQO processes are associated with 200 West P&T performance monitoring: 1 

• DOE/RL-2009-115 (Rev. 3, Draft A), Appendix A, “Data Quality Objectives” 2 

• DOE/RL-2009-115 (Rev. 3, Draft A), Appendix B, “200-ZP-1 Groundwater Operable Unit Sampling 3 
and Analysis Plan” 4 

• DOE/RL-2009-124, Appendix D, “Sampling and Analysis Plan” 5 

Decisions regarding optimization and system performance (in order to meet RAOs) will be made 6 
based on an evaluation of the data against the DSs initially presented in the 200-ZP-1 OU PMP 7 
(DOE/RL-2009-115, Rev. 3, Draft A). 8 

The 200 West P&T SAP (Appendix D of the 200 West P&T O&M plan [DOE/RL-2009-124]) serves the 9 
following objectives:  10 

• Provides a schedule for sampling and analysis of 200 West P&T untreated influent water, treated 11 
effluent water, and process waste streams to meet the waste management plan (Appendix B of the 12 
200 West P&T O&M plan) and injected water analytical data requirements. 13 

• Supplies the data needed for periodic evaluation of 200 West P&T treatment system performance and 14 
process efficiency based on a calculated mass balance. 15 

• Monitors atmospheric discharge of VOCs from unit operations and storage tanks within the main 16 
treatment facility (Appendix C of the 200 West P&T O&M plan). 17 

In addition to the SAPs discussed above, SAPs for installing extraction and injection wells are included in 18 
DOE/RL-2008-57, Sampling and Analysis Plan for the First Set of Remedial Action Wells in the 19 
200-ZP-1 Operable Unit; DOE/RL-2009-95, Sampling and Analysis Plan for Eleven ARRA Wells to 20 
Support the 200 West Groundwater Treatment System in Fiscal Year 2010; and DOE/RL-2010-72, 21 
Sampling and Analysis Plan for Remediation Wells in the 200-ZP-1 Operable Unit. 22 

2.5 Applicable or Relevant and Appropriate Requirement Compliance 23 

The ARARs implementation strategy for the 200-ZP-1 OU remedial action is provided in Appendix B of 24 
this RD/RAWP.   25 
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3 Remedy Design and Implementation 1 

This chapter describes the approach for designing and implementing the 200-ZP-1 OU remedy. 2 
The approach used groundwater modeling and other supporting calculations to estimate the contaminant 3 
distribution and treatment system influent concentrations at startup and during P&T operation. 4 
The functional requirements, final design, and implementation of the P&T remedy at startup are 5 
described. Upgrades to the remedy since startup and documentation of these activities are also included. 6 
Adjustments to the system design and operating parameters are anticipated to occur throughout the 7 
lifecycle of the remedy and are based on evaluations of actual system performance since startup in 8 
achieving the intermediate remediation objectives (e.g., hydraulic containment, flow-path control, 9 
and mass recovery) and progress toward attaining the RAOs. 10 

3.1 Design Basis 11 

This section discusses the phased implementation approach, contaminant distribution and concentrations, 12 
and functional requirements applicable to remedy design and implementation. 13 

3.1.1 Phased Implementation Approach 14 

Revision 0 of this RD/RAWP proposed implementing the 200-ZP-1 P&T remedy in a phased approach. 15 
The objective of the phased approach was to initiate groundwater treatment as soon as possible, allow 16 
efficient construction of the essential components of the P&T system, and provide a high probability of 17 
achieving the intermediate-term performance objective to reduce 95% of the dissolved mass of carbon 18 
tetrachloride within 25 years. The proposed three phases were as follows: 19 

• Phase 1: System design, initial construction (3,800 L/min [1,000 gal/min] nominal capacity), 20 
and startup. 21 

• Phase 2: Initial operations, construction completion of the design (7,600 L/min [2,000 gal/min] 22 
nominal capacity), performance monitoring, and system optimization. 23 

• Phase 3: Long-term operations, monitoring, and optimization. 24 

The remedial design and supporting groundwater modeling analysis were based on this phased 25 
implementation. However, due to available funding from the American Recovery and Reinvestment Act 26 
of 2009, the 200 West P&T was constructed in one phase to meet the full 7,600 L/min (2,000 gal/min) 27 
nominal capacity, as well as installing the majority of the well field.  28 

The 200 West P&T startup commenced in July 2012. At the end of calendar year (CY) 2012, 29 
18 extraction wells (including 3 wells from the S-SX Tank Farms in the 200-UP-1 OU) and 16 injection 30 
wells were operating for the 200 West P&T. At the end of 2013, the biological treatment building 31 
had a maximum sustained flow capacity of 7,600 L/min (2,000 gal/min) and a maximum instantaneous 32 
flow of 9,500 L/min (2,500 gal/min). The sustained capacity includes allowances for recycle streams and 33 
downtime for O&M activities. 34 

The 200 West P&T was designed for and is capable of treating some of the contaminated groundwater 35 
from the 200-UP-1 OU. Initially, the system was able to treat up to 300 L/min (80 gal/min) of 36 
contaminated groundwater from the S-SX Tank Farm; in 2017, the cumulative average flow was 37 
310 L/min (81.8 gal/min). Following initial operations, the system was modified to provide the necessary 38 
treatment capabilities (i.e., uranium IX and new extraction well connections) for contaminated 39 
groundwater in the 200-UP-1 OU (562 L/min [148 gal/min]) and 200-BP-5 OU (417 L/min 40 



DOE/RL-2008-78, REV. 1, DRAFT A 
SEPTEMBER 2019 

 

3-2 

[110 gal/min]), perched water in the 200-DV-1 OU (2.9 L/min [0.75 gal/min]), and leachate from 1 
ERDF (estimated at 15 to 23 L/min [4 to 6 gal/min]) following final decisions reached for those OUs 2 
and ERDF. These flows are cumulative average flows for 2017 (DOE/RL-2017-68, Calendar Year 2017 3 
Annual Summary Report for the 200-ZP-1 and 200-UP-1 Operable Unit Pump-and-Treat Operations). 4 
The COCs in groundwater from the 200-ZP-1, 200-UP-1, and 200-BP-5 OUs; perched water from the 5 
200-DV-1 OU; and leachate from ERDF were found to be acceptable for treatment at the 200 West P&T 6 
based on calculations performed in preparation for the new waste streams (SGW-57790). Figure 3-1 7 
depicts the current (as of August 2017) 200 West P&T extraction and injection wells.  8 

3.1.2 Contaminant Distribution and Design Basis Concentrations 9 

This section summarizes the methods and calculations used to identify the initial extraction and injection 10 
well locations and flow rates to achieve the intermediate-term P&T performance objective of reducing 11 
the dissolved mass of carbon tetrachloride in the 200-ZP-1 OU by 95% over a period of 25 years. 12 
The calculations were performed to support the remedy design; to guide initial well placement, 13 
screen intervals, and operating flow rates; and to estimate initial well-specific and blended influent 14 
concentrations for the treatment system. DOE/RL-2009-38, Description of Modeling Analysis in Support 15 
of the 200-ZP-1 Remedial Design/Remediation Action Work Plan, describes the data evaluation and 16 
groundwater modeling methods and calculations. The data evaluation described therein was used to 17 
develop the design basis concentrations that accompanied the 30% design documents. DOE/RL-2009-38 18 
discusses the calculations and results of three-dimensional contaminant distribution analysis (plume 19 
mapping), as well as the attendant groundwater flow and contaminant F&T modeling that incorporated 20 
the three-dimensional contaminant plumes within predictive remedy simulations. 21 

3.1.2.1 Initial Contaminant Distribution Calculations 22 
Initial contaminant distributions were determined using concentration sample data obtained from existing 23 
wells and then estimating the likely concentrations present in groundwater between the sampled wells 24 
using the following two spatial estimation (i.e., interpolation) methods: 25 

• An ordinary kriging method that produces a single depiction of the likely extent of a COC. 26 
This method was used to estimate the initial subsurface distribution of all COCs. 27 

• A sequential Gaussian stochastic simulation approach that produces multiple “realizations” of the 28 
likely extent of a COC, each of which is consistent with the spatial statistics of that COC. This 29 
method was used to estimate the initial subsurface distribution of three of the most widespread and 30 
characterized COCs (i.e., carbon tetrachloride, nitrate, and technetium-99). 31 

The two different estimation methods provide an indication of the potential impact of uncertainties 32 
regarding COC distribution. For the purposes of the remedial design, COC depictions prepared using the 33 
ordinary kriging method are considered to be the best estimate of the distribution and were used to 34 
calculate the design basis concentrations. However, the COC depictions prepared using the stochastic 35 
simulation approach (particularly the expected average or “EType” from those multiple realizations) are 36 
considered to represent alternative, typically higher, potential distributions that lead to corresponding 37 
potential influent concentrations at each extraction well. 38 
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Figure 3-1. Hanford Site 200 West P&T Extraction, Injection, and Monitoring Wells and Transfer Pipelines, 2017 2 
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Aquifer porosity is a key parameter in estimating the initial mass of contamination and the time to achieve 1 
cleanup levels. When a single porosity value is used in contaminant migration and fate simulations 2 
(e.g., in the Central Plateau), the value used plays two important roles: (1) as the porosity decreases, the 3 
calculated dissolved mass decreases, and the estimated migration rate of contaminants increases; and 4 
(2) as the porosity increases, the calculated dissolved mass increases, and the estimated migration rate of 5 
contaminants decreases. To accommodate uncertainty in the representative value for area-wide bulk 6 
mobile porosity, the initial mass estimates for carbon tetrachloride and attendant F&T simulations were 7 
conducted using two values: 0.13 and 0.18. These values are considered to represent approximate average 8 
and upper-bound values based on summaries provided in previous and related studies, including 9 
PNNL-18100, Spatial Analysis of Contaminants in 200 West Area in Support of the 200-ZP-1 Operable 10 
Unit Pre-Conceptual Remedy Design; and the 200-ZP-1 OU FS (Appendix D of DOE/RL-2007-28).  11 

Table 3-1 provides the estimated dissolved-phase contaminant masses/activities for each COC that were 12 
calculated using the two estimation methods. For carbon tetrachloride, the estimated dissolved-phase 13 
mass is also provided based on the two porosity values (0.13 and 0.18). Because various sources of 14 
uncertainty exist, reasonable agreement was achieved for the initial mass estimates of carbon tetrachloride 15 
and nitrate, differing by less than a factor of three over the range of values calculated using the two 16 
estimation methods and porosity values. The mass of technetium-99 illustrates more variability between 17 
the two estimation methods, with the lower mass estimate appearing to be more representative of the 18 
aquifer based on historical records. 19 

Table 3-1. Estimated Dissolved-Phase Contaminant Mass/Activity 

COC 
Estimation 

Method 
Dissolved Mass/ 

Activity 

Carbon tetrachloride 
(Average porosity = 13%) 

Kriging 35,281 kg 

Stochastic simulation (EAvg) 67,566 kg 

Carbon tetrachloride 
(Upper-bound porosity = 18%) 

Kriging 47,150 kg 

Stochastic simulation (EAvg) 93,500 kg 

Nitrate (as NO3) 
Kriging 1.5E+7 kg 

Stochastic simulation (EAvg) 4.2+7 kg 

Technetium-99 
Kriging 27 Ci 

Stochastic simulation (EAvg) 230 Ci 

Chromium (total) Kriging 1,750 kg 

Iodine-129 Kriging 0.03 Ci 

Trichloroethene Kriging 228 kg 

Tritium Kriging 1,886 Ci 

COC = contaminant of concern 
EAvg = expected average value 
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PNNL-18118, Revised Geostatistical Analysis of the Inventory of Carbon Tetrachloride in the 1 
Unconfined Aquifer in the 200 West Area of the Hanford Site, documents a subsequent analysis of the 2 
likely subsurface mass of carbon tetrachloride. PNNL-18118 estimated the EType expected average 3 
total mass of carbon tetrachloride (i.e., comprising both dissolved and sorbed) in the study area to be 4 
120,093 kg, of which 95.1% was found at aqueous concentrations of 100 μg/L or greater. The report also 5 
indicated that approximately 52.8% of this total mass is due to aqueous (dissolved) carbon tetrachloride, 6 
equating to approximately 63,400 kg. Although this estimate for dissolved carbon tetrachloride mass is 7 
bounded by the dissolved masses listed in Table 3-1, it provides further evidence of substantial 8 
uncertainty in the mass of carbon tetrachloride present in the subsurface throughout the 200 West Area. 9 
The estimate also identified that performance and system operation monitoring should continue in order 10 
to further understand the likely masses of contamination that require remediation. 11 

3.1.2.2 Groundwater Modeling Approach 12 
At the beginning of the technical work performed to support the 200-ZP-1 OU FS (DOE/RL-2007-28), 13 
proposed plan (DOE/RL-2007-33, Proposed Plan for Remediation of the 200-ZP-1 Groundwater 14 
Operable Unit), and 200-ZP-1 OU ROD (EPA et al., 2008), a groundwater flow and contaminant 15 
transport model did not exist that could be used to make mass-conservative predictive F&T simulations 16 
incorporating the complex hydrostratigraphy specific to the 200-ZP-1 OU. Instead, the groundwater flow 17 
and advective transport simulations that are described in the 200-ZP-1 OU FS and proposed plan used 18 
analytical superposition and particle-tracking techniques to evaluate well configurations that would 19 
hydraulically contain the geographic area of groundwater with carbon tetrachloride concentrations 20 
>100 µg/L, provide a hydraulic barrier to further eastward migration of this contaminant, and thereby 21 
make comparative evaluations of the likely performance of alternate extraction and injection well 22 
configurations. The concentration of 100 µg/L that was targeted for hydraulic containment was selected 23 
based on calculations performed as part of the FS and detailed separately in PNNL-18100, suggesting 24 
that approximately 95% of the mass of carbon tetrachloride lies above a concentration of 25 
approximately 100 µg/L. The calculations in the FS identified approximate well locations and pumping 26 
rates necessary to contain the region of the aquifer exhibiting carbon tetrachloride concentration 27 
>100 µg/L as a mechanism to prevent further migration of the contamination and reduce contaminant 28 
concentrations to levels so the active P&T component of the 200-ZP-1 remedy could be shut down, 29 
enabling MNA to take over. As such, the concentration of 100 µg/L that was targeted for hydraulic 30 
containment and the related intermediate-term objective of 95% mass removal are themselves not RAOs, 31 
but rather are interim performance goals to measure progress toward achieving the RAOs. 32 

The analytical models used in the 200-ZP-1 OU FS (DOE/RL-2007-28) were replaced during fiscal 33 
year (FY) 2008 through the development of a numerical groundwater flow and mass-conservative 34 
contaminant F&T model referred to at the time as the 200-ZP-1 groundwater model, which provided 35 
calculations to support Revision 0 of this RD/RAWP, as detailed in DOE/RL-2008-56, 200 West Area 36 
Pre-Conceptual Design for Final Extraction/Injection Well Network: Modeling Analyses; and 37 
DOE/RL-2009-38. The 200-ZP-1 groundwater model was constructed to include much of the Central 38 
Plateau, including four groundwater OUs: 200-PO-1, 200-BP-5, 200-UP-1, and 200-ZP-1. During 2009, 39 
the general premise (i.e., conceptual basis, computational grid, and discretization) of the 200-ZP-1 40 
groundwater model was accepted as the basis for a model to be used throughout the Central Plateau to 41 
support decision making with particular emphasis on the 200 West Area. To distinguish this Central 42 
Plateau model from the precursor 200-ZP-1 groundwater model, it is referred as the CPGWM. 43 
The CPGWM has since been updated annually as part of annual groundwater P&T reports to help 44 
support changes to well field configuration, as well as extraction and injection rates. 45 
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The flow component of both the precursor 200-ZP-1 groundwater model and the current CPGWM was 1 
constructed using the U.S. Geological Survey’s MODFLOW groundwater flow simulation code. 2 
Parameters of the flow component of both the 200-ZP-1 groundwater model and the current CPGWM 3 
were calibrated to historical groundwater elevations throughout and surrounding the 200-ZP-1 OU. This 4 
resulted in fairly good agreement between simulated and measured changes in groundwater elevations 5 
at monitoring wells, and between contoured simulated and measured groundwater elevations and 6 
hydraulic gradients, therefore providing support for their use for mass-conservation contaminant 7 
transport simulations.  8 

Contaminant transport simulations were first completed using the 200-ZP-1 groundwater model and later 9 
using the CPGWM for carbon tetrachloride, technetium-99, iodine-129, nitrate, TCE, chromium, tritium, 10 
and uranium using the transport simulator MT3DMS (Zheng, 2006, MT3DMS v5.2 Supplemental User’s 11 
Guide; Zheng and Wang, 1999, MT3DMS: A Modular Three-Dimensional Multispecies Transport Model 12 
for Simulation of Advection, Dispersion, and Chemical Reactions of Contaminants in Groundwater 13 
Systems; Documentation and User’s Guide). MT3DMS is a three-dimensional, multi-species transport 14 
model used to simulate advection, dispersion, and chemical reactions in groundwater that was developed 15 
specifically for use with MODFLOW. The transport parameters used for carbon tetrachloride are based 16 
primarily on values provided in the 200-ZP-1 OU FS (DOE/RL-2007-28). The parameters for the 17 
remaining COCs were based primarily on values provided in the FS and in PNNL-13895, Hanford 18 
Contaminant Distribution Coefficient Database and Users Guide; and PNNL-13037, Geochemical Data 19 
Package for the Hanford Immobilized Low-Activity Tank Waste Performance Assessment (ILAW PA). 20 

3.1.2.3 Preliminary Mass Reduction Estimates 21 
Figures 3-2 through 3-4 show the configuration of 200-ZP-1 extraction and injection wells simulated 22 
in 2009 for each of the following three phases of implementation, respectively. 23 

• System construction (Phase I): A 3-year period of continued operation of the interim 200-ZP-1 P&T 24 
system (including operation of well 299-W15-225 [EW-1]). That system, based on FY 2008 rates, 25 
consisted of 14 extraction wells and 6 injection wells, with a total extraction/injection rate of 26 
approximately 1,332 L/min (352 gal/min). 27 

• Initial operation/performance monitoring/system optimization (Phase II): A 3-year period based 28 
on the conceptual design for the initial operations. The simulation included 14 extraction wells and 29 
6 injection wells that operated at a total extraction/injection rate of approximately 3,800 L/min 30 
(1,000 gal/min). This equates to 272 L/min (72 gal/min) at each extraction well and 632 L/min 31 
(167 gal/min) at each injection well. 32 

• Long-term operations (Phase III): A 22-year period consisting of 20 extraction wells and 33 
16 injection wells that operated at a total extraction/injection rate of 7,600 L/min (2,000 gal/min) 34 
within the 200-ZP-1 OU. This equates to 380 L/min (100 gal/min) at each extraction well and 35 
470 L/min (125 gal/min) at each injection well. 36 
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Figure 3-2. Modeled Well Configuration and Pumping Rates for the Long-Term Operations Used to Estimate 2 

200 West P&T Influent Concentrations  3 



 
 

 

3-8 

D
O

E/R
L-2008-78, R

EV. 1, D
R

AFT A 
SEPTEM

BER
 2019   

 1 
Figure 3-3. Design Conceptual Layout for the 200-ZP-1 OU Extraction Wells, Injection Wells, and Balance of Plant  2 
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Figure 3-4. Groundwater Extraction and Injection Actual Flow Rates for the 200 West P&T After Startup in December 2012 2 
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Groundwater flow and contaminant transport simulations suggested that under suitable conditions, the 1 
remedy could recover a mass of carbon tetrachloride equal to or potentially >95% of the corresponding 2 
initial estimate of the dissolved mass. However, the simulations also suggested that the further the 3 
conditions encountered in the field deviate from these most suitable conditions, the less likely that 4 
this intermediate-term, mass-recovery performance goal can be achieved with the proposed well 5 
configuration. The estimated amount of the initial dissolved mass of carbon tetrachloride that would be 6 
recovered (i.e., extracted and treated) in the first 25 years of operation ranged from 57% to 7 
approximately 100%, depending on the actual site conditions assumed (Table 3-2). These simulations 8 
provide an indication of the range of uncertainty in site conditions mainly associated with the initial 9 
dissolved contaminant mass, the contaminant distribution or sorption coefficient, and the mobile porosity. 10 

Table 3-2. Estimated Recovery of Dissolved-Phase Carbon Tetrachloride Mass in 25 Years 
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1 Kriging 0.011 0.180 1.105 47,127 4,954 52,080 36,831 4,879 41,710 89% 

2 Stochastic 0.011 0.180 1.105 93,553 9,834 103,387 40,738 12,998 53,736 57% 

3 Kriging 0.011 0.130 1.146 35,281 3,708 38,990 30,688 3,164 33,852 96% 

4 Stochastic 0.011 0.130 1.146 67,566 9,833 77,400 35,563 8,891 44,454 66% 

5 Kriging 0.060 0.180 1.573 47,127 27,019 74,146 45,463 5,609 51,071 100%* 

6 Stochastic 0.060 0.180 1.573 93,554 53,637 147,191 47,880 14,084 61,963 66% 

*The model predicted a dissolved mass recovery that is >100% (actually 108%) of the initial dissolved mass due to recovery 
of a relatively larger proportion of the sorbed mass resulting from the higher distribution coefficient in run #5. 

 11 

To date, groundwater modeling and associated calculations have not explicitly incorporated the 12 
possibility of continuing sources of contaminants to groundwater from the vadose zone or from 13 
nonaqueous-phase liquid that may reside beneath the water table. The remedy design and well field 14 
layout proceeded under the assumption that a groundwater P&T system encompassing sufficient 15 
geographic area of the dissolved contamination would likely encompass the potential footprint of any 16 
such sources. If some extraction wells do achieve cleanup while others do not, this pattern would be 17 
an indication of the location of any such continuing sources. At that time, appropriate remedial actions 18 
would have to be taken to address any such continuing sources. 19 
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3.1.2.4 Design Basis Concentrations 1 
The 200-ZP-1 groundwater model was used to provide estimates of COC concentrations that would be 2 
expected from each of the extraction wells and from their combined or blended flow-weighted influent to 3 
the 200 West P&T over time. The groundwater modeling results indicated that concentrations generally 4 
decrease over time, but the rate and extent to which the contaminant concentrations decrease over time 5 
varies by well. From these model-predicted concentrations, a blended influent concentration was 6 
determined, assuming the same flow rate for each well. This blended influent concentration was estimated 7 
for initial operations based on simulations assuming an initial period of operations comprising one 8 
existing and 14 proposed extraction wells from the 200-ZP-1 OU (Figure 3-2) and 4 proposed wells in the 9 
S-SX Tank Farm. A refined estimate for the remainder of the wells was made based on additional data 10 
collected during remedial actions. 11 

Because the peak concentrations from each extraction well are typically achieved during the first year of 12 
operation, the highest concentration estimated during that year was used as the preliminary design 13 
concentration for the treatment system. Table 3-3 provides the design concentrations for the radiological 14 
treatment facility based on the elevated technetium-99 concentrations from the 200-ZP-1 OU and the 15 
S-SX Tank Farm. Table 3-4 provides the design concentrations for the biological treatment facility based 16 
on the water quality from the initial 14 extraction wells, the S-SX Tank Farm extraction wells, and 17 
existing 200-ZP-1 well 299-W15-765. 18 

Table 3-3. Estimated Influent Water Quality 
for the Radiological Treatment Facility 

Parameter 
Water Quality 
Average Value 

Carbon tetrachloride 491 µg/L 

Nitrate as nitrogen 69 mg/L 

Hexavalent chromium 161 µg/L 

Trichloroethene 3.2 µg/L 

Iodine-129 0.9 pCi/L 

Technetium-99 14,700 pCi/L 

Tritium  23,800 pCi/L 

Uranium 5.9 µg/L 

Chromium (total) 161 µg/L 

Alkalinity (as CaCO3) 103 mg/L 

Calcium 75 mg/L 

Chloride 18 mg/L 

Chloroform 0.025 mg/L 

Fluoride 0.37 mg/L 

Iron (dissolved) 0.19 mg/L 

Magnesium 24 mg/L 

Manganese (dissolved) 0.049 mg/L 

Potassium 7 mg/L 
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Table 3-3. Estimated Influent Water Quality 
for the Radiological Treatment Facility 

Parameter 
Water Quality 
Average Value 

Sodium 24 mg/L 

Sulfate 34 mg/L 

Total organic carbon 1.3 mg/L 

Total suspended solids 3.0 mg/L 

Total dissolved solids 614 mg/L 

pH 7.7 

 1 

Table 3-4. Estimated Influent Water Quality 
for the Biological Treatment Facility 

Parameter 
Water Quality 

Peak Value 

Carbon tetrachloridea 650 to 750 µg/L 

Nitrate as nitrogenb,c 35 to 45 

Hexavalent chromiuma 27 µg/L 

Trichloroethenea 3.7 µg/L 

Iodine-129a 0.15 pCi/L 

Technetium-99a 227 pCi/L 

Tritiuma 8,180 pCi/L 

Uraniuma 3.6 µg/L 

Chromium (total)d 26 µg/L 

Alkalinity (as CaCO3)d 112 mg/L 

Calciumd 67 mg/L 

Chlorided 20 mg/L 

Chloroformd 0.044 mg/L 

Fluorided 0.35 mg/L 

Iron (dissolved)d 0.26 mg/L 

Magnesiumd 20 mg/L 

Manganese (dissolved)d 0.089 mg/L 

Potassiumd 5 mg/L 

Sodiumd 20 mg/L 

Sulfated 38 mg/L 

Total organic carbond 1.7 mg/L 

Total suspended solidsd 1.6 mg/L 
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Table 3-4. Estimated Influent Water Quality 
for the Biological Treatment Facility 

Parameter 
Water Quality 

Peak Value 

Total dissolved solidsd 465 mg/L 

pHd 7.7 

Note: Influent chemistry based on blended concentrations of wells EW-1 to EW-8, EW-12, 
EW-15, EW-16, EW-18, EW-19, and EW-20 from 200-ZP-1 OU; S Tank Farm wells 26, 44, 
and 48; SX Tank Farm well 19; and existing 200-ZP-1 OU well 299-W15-765. 
a. Estimate assumes that groundwater from two extraction wells (EW-6 and EW-7) in 
the 200 West Area, wells in the S-SX Tank Farms, and existing 200-ZP-1 OU 
well 299-W15-765 are treated by the ion-exchange systems to ≤900 pCi/L technetium-99. 
b. Maximum credible value based on hydrogeologic modeling and limited well data as of 
January/February 2009.  
c. Average values used for nitrate loading. 
d. Average value based on limited well data available as of January/February 2009). 
EW = extraction well 
OU = operable unit 

 1 

3.1.3 Functional Design Requirements 2 

This section discusses the high-level functional requirements for the 200 West Area P&T system that 3 
helped guide the design effort. This discussion documents the project team’s approach to accomplish 4 
the remedial action and is not intended to provide detailed technical criteria and design requirements 5 
based on codes, standards, and DOE orders. These requirements were documented in internal design 6 
documents and provided the basis for the subsequent design effort. The following major subsystems were 7 
addressed by the design requirements: 8 

• The 200 West P&T, which is in a central location and houses all the process treatment equipment, 9 
as well as the control systems for the project 10 

• Balance of plant, which includes the piping, associated transfer buildings, and booster pumps as 11 
necessary to pump the extracted groundwater to the treatment facility, as well as treated water from 12 
the treatment facility that is sent to the injection wells 13 

• Injection and extraction wells 14 

The functional requirements are as follows: 15 

• The system was designed to treat up to 300 L/min (80 gal/min) of contaminated groundwater from 16 
the 200-UP-1 OU (namely groundwater from the S-SX Tank Farm). 17 

• The system was designed for continuous operation (24 hr/d, 7 d/wk). Control systems providing 18 
automated notification during an unexpected shutdown were identified during the design. 19 

• The nominal design life is 25 years. Replacement of process equipment and infrastructure is 20 
anticipated to occur during this period. 21 

• System redundancy is not required. 22 
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• Solid waste created by the treatment system is packaged for disposal at ERDF. 1 

• The treatment system was designed in accordance with the following: 2 

− Treated water shall have neutral pH (6.5 to 8.5) and be essentially particulate- and foulant-free to 3 
avoid scaling or plugging the injection wells. 4 

− The treatment process shall have the capacity to operate continuously at any flow rate between 5 
the maximum flow rate and 50% of the maximum flow rate to accommodate variations in well 6 
pump operation. The design maximum flow rate for the 200 West P&T was 9,500 L/min 7 
(2,500 gal/min), with a sustained nominal flow rate of 7,600 L/min (2,000 gal/min) when 8 
recirculation and downtime for O&M activities are included. 9 

− The treatment facility floor will be curbed and have low-point drains to collect leaks with 10 
instruments to alarm and stop the process if a leak is detected. 11 

• When transporting dangerous waste, piping systems from the wells to the treatment facility shall meet 12 
the requirements of WAC 173-303-640, “Tank Systems,” which will consist of daily inspections of 13 
aboveground pipelines. An alternate, equally effective approach protective of human health and the 14 
environment was developed during the design, discussed with the regulatory agencies, and included 15 
in the 200 West P&T RDR (DOE/RL-2010-13) for approval. 16 

• Extraction and injection well requirements were identified in the individual SAPs that describe 17 
drilling, construction, and testing. 18 

• Where pipelines conveying contaminated water intersect roads, warning signs are posted to caution 19 
site visitors and workers that the pipelines contain contaminated groundwater. 20 

Of the 7,600 L/min (2,000 gal/min) nominal flow rate to the 200 West P&T, the 300 L/min (80 gal/min) 21 
of water from near the S-SX Tank Farm is treated as a combined remediation of both the 200-ZP-1 carbon 22 
tetrachloride plume and the 200-UP-1 contaminant plumes. 23 

3.2 Well Network Design and Implementation 24 

The proposed locations for the extraction and injection wells in the design (Figure 3-3) were based on 25 
the following criteria: 26 

• Mapped extent and concentrations of dissolved carbon tetrachloride in the aquifer 27 
• Groundwater flow and nonreactive (advective) particle-tracking-based transport modeling 28 
• Analytical (and later numerical) capture zone calculations 29 
• Consideration of existing right of ways within the 200 West Area 30 

These locations were adjusted as new information was collected during the remedial action, and the 31 
changes were integrated into the 200-ZP-1 groundwater model as it was developed. Figure 3-1 shows the 32 
final extraction and injection well locations. The first, second, and third sets of wells are included in 33 
three separate SAPs, respectively: DOE/RL-2008-57, DOE/RL-2009-95, and DOE/RL-2010-72. 34 

3.2.1 Aquifer Testing 35 

An aquifer recovery test was performed for new extraction well 299-W15-225 (EW-1), the first extraction 36 
well installed for the new 200-ZP-1 P&T remedy, which is located southwest of the TX Tank Farm. 37 
The test was performed to obtain estimates of aquifer properties on a suitable scale to optimize siting of 38 
the extraction wells. The aquifer test consisted of shutting down the nearby extraction wells that were 39 
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operating from the interim P&T system, monitoring the recovery response at these wells, and then 1 
conducting both step-wise and constant-rate pumping from well 299-W15-225 while monitoring the 2 
aquifer response in surrounding monitoring wells. Water generated from well 299-W15-225 during the 3 
aquifer test was treated at the 200-ZP-1 interim P&T system. 4 

To aid in aquifer test design, slug testing and dynamic electromagnetic borehole flow meter surveys were 5 
conducted at well 299-W15-225. The slug tests, electromagnetic borehole flow meter survey, and aquifer 6 
recovery test from well 299-W15-225 provided additional data on aquifer characteristics to support 7 
calibration of the 200-ZP-1 groundwater model and later the CPGWM, conduct capture zone analysis, 8 
and geographically position the extraction wells.  9 

A series of reports were prepared prior to and following completion of the main aquifer test at 10 
well 299-W15-225 to document test planning, data collection and analyses, and aquifer property 11 
derivations, with the results used to help determine the well locations. These reports include 12 
the following: 13 

• PNNL-18279, Aquifer Testing Recommendations for Well 299-W15-225: Supporting Phase I of the 14 
200-ZP-1 Groundwater Operable Unit Remedial Design 15 

• PNNL-18732, Field Test Report: Preliminary Aquifer Test Characterization Results for 16 
Well 299-W15-225: Supporting Phase I of the 200-ZP-1 Groundwater Operable Unit 17 
Remedial Design 18 

• PNNL-19491, Slug Test Characterization Results for Multi-Test/Depth Intervals Conducted During 19 
the Drilling of CERCLA Operable Unit OU ZP-1 Wells 299-W11-43, 299-W15-50, and 299-W18-16 20 

• PNNL-19695, Large-Scale Pumping Test Recommendations for the 200-ZP-1 Operable Unit 21 

3.2.2 Extraction Well Placement 22 

The proposed extraction well locations for the design were chosen to maximize carbon tetrachloride 23 
recovery, initiate recovery of technetium-99 using two extraction wells within the technetium-99 plume, 24 
and provide some containment of the eastern extent of the plume. Figure 3-2 depicts the configurations 25 
of extraction and injection wells that were simulated for the earliest phase of remedy implementation and 26 
for the remedy operating at its targeted capacity.  27 

The final locations of the wells were adjusted based on the information collected from the previous wells. 28 
After startup, 15 extraction wells were operating within the 200-ZP-1 OU and 3 extraction wells within 29 
the S-SX Tank Farm (part of the 200-UP-1 OU remedy) in December 2012 at the flow rates shown in 30 
Figure 3-4.  31 

As of August 2017, the extraction well field includes 20 extraction wells that are broadly aligned on four 32 
columns oriented north-south, within and a short distance south of the 200-ZP-1 OU boundary 33 
(Figure 3-1). 34 

3.2.3 Injection Well Placement 35 

In accordance with the 200-ZP-1 OU ROD (EPA et al., 2008), injection well locations were selected to 36 
develop and optimize the flow-path control component of the selected remedy. The well field in the 37 
design included 16 injection wells divided into two well groups: an upgradient group, and a downgradient 38 
group. Both well groups are generally curved due to the various depictions of the contaminant footprint 39 
and to produce a convergent groundwater flow field that directs contaminated groundwater toward 40 
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the extraction wells. Based on the aquifer hydraulic properties and anticipated well screen lengths, it was 1 
estimated that each injection well would have an injection capacity of up to 570 L/min (150 gal/min). 2 

The injection wells installed along the eastern line and downgradient from the 200-ZP-1 plume were 3 
placed to reduce and locally reverse the natural eastward hydraulic gradient in the aquifer. Groundwater 4 
mounding in the aquifer from these wells is expected to hydraulically contain carbon tetrachloride 5 
groundwater concentrations >100 µg/L. Additionally, groundwater mounding near the northernmost 6 
downgradient injection wells is expected to minimize the potential for contaminated groundwater to 7 
migrate through Gable Gap and toward the Columbia River.  8 

The western line of injection wells was located to direct the flow of contaminated groundwater toward 9 
the extraction well field. These wells are located upgradient of the suspected contaminant source 10 
areas, facilitating the flushing of residual contamination present in the aquifer beneath these areas. 11 
The upgradient injection of treated groundwater increases the hydraulic gradient in the aquifer toward the 12 
extraction well field, resulting in accelerated transport of contaminated groundwater to the extraction 13 
wells. The reinjection of treated groundwater upgradient of the contaminant plumes is also expected to 14 
mitigate dewatering of the aquifer during P&T operations. 15 

After startup, 14 injection wells were operating within the 200-ZP-1 OU in December 2012 at the flow 16 
rates shown in Figure 3-4. As of August 2017, the injection well field included 26 injection wells within 17 
the 200-ZP-1 OU (Figure 3-1). 18 

3.2.4 Well Design 19 

Well design is specific to the function of the wells in the selected remedy; therefore, extraction wells have 20 
a different design than injection wells. Site-specific design considerations for the extraction wells 21 
included the following: 22 

• Vertical contaminant distribution encountered within the aquifer during drilling 23 
• Anticipated well yield 24 
• Grain-size analyses of the recovered aquifer sediments 25 

Investigations at the 200-ZP-1 OU identified the presence of contaminated groundwater from the top 26 
to the base of the unconfined aquifer in the Ringold Formation (DOE/RL-2008-01, Hanford Site 27 
Groundwater Monitoring for Fiscal Year 2007). However, depth-discrete groundwater sampling 28 
performed during drilling of new wells in 2007 indicated that the vertical distribution of contamination in 29 
the aquifer varies considerably. Because contamination is present throughout the entire thickness of the 30 
unconfined aquifer, extraction wells were designed with long, potentially fully penetrating well screens to 31 
capture contaminated groundwater.  32 

Due to variability in the contaminant vertical distribution, well screen sections were separated by one or 33 
two blank casing sections. This type of well construction facilitates isolation and preferential extraction of 34 
grossly contaminated groundwater where it may be overlain or underlain by more dilute contamination. 35 
The approach maximizes contaminant mass removal from the aquifer while operating within the design 36 
flow rates of the treatment system. Extraction well screen intervals were determined in the field based on 37 
groundwater contaminant vertical profiles of the extraction well borehole. Well screens were installed in 38 
all sections of the extraction well borehole exhibiting groundwater carbon tetrachloride concentrations 39 
>100 µg/L. Extraction well screen lengths ranged from approximately 37 to 62 m (120 to 205 ft), 40 
depending on the contaminant concentrations observed in the aquifer. Based on the aquifer hydraulic 41 
properties and anticipated well screen lengths, it was estimated that each extraction well would be capable 42 
of producing approximately 380 L/min (100 gal/min) on a sustained basis. 43 
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3.2.5 Balance of Plant 1 

Figure 3-3 shows the conceptual layout of the balance-of-plant design, which consists of the necessary 2 
piping and structures to connect the extraction and injection wells to the treatment facility. In general, 3 
groundwater from each extraction well is piped to a transfer building where it is collected in 4 
an equalization tank. The water is then transferred to the 200 West P&T via one or two pipelines 5 
(depending on the flow rate). Groundwater from three extraction wells is piped directly to the 200 West 6 
P&T due to the close proximity of the wells. 7 

At each extraction transfer building, piping from each extraction well has sample ports for collecting 8 
groundwater samples. Downstream of the sample ports, the piping is connected to an equalization tank. 9 
The equalization tank is equipped with transfer pumps that relay the water to the 200 West P&T. 10 

Single-wall, high-density polyethylene conveyance piping is installed above grade to the maximum extent 11 
possible. During operations, flow monitoring is used for early leak detection. Flow meter measurements 12 
are taken between the wellhead and the transfer station, and between the transfer station and the 13 
200 West P&T. If a prescribed difference occurs between flow at the facility or transfer building (or both) 14 
and at the wellhead, an alarm is triggered. The well pump and pipeline will then automatically shut down, 15 
and the potential leak will be inspected. 16 

For groundwater with elevated technetium-99 concentrations requiring treatment, the extraction 17 
transfer building is equipped with a separate transfer system for the radionuclide-contaminated water. 18 
The transfer system provides a dedicated piping system to allow treatment of the elevated technetium-99 19 
contamination at the radiological treatment facility. Groundwater extracted from wells with elevated 20 
uranium concentrations requiring treatment is piped directly to the uranium treatment process at the 21 
radiological treatment facility. Upgrades to the balance of plant since startup include additional 22 
infrastructure to convey groundwater from the 200-UP-1 and 200-BP-5 OUs, perched water from 23 
200-DV-1 OU, and leachate from ERDF to the uranium treatment process (SGW-57790). 24 

3.3 Treatment System Design and Implementation 25 

This section describes the 200 West P&T design and implementation at startup, as well as the current 26 
treatment system configuration (as of August 2017). In general, the 200 West P&T was constructed and is 27 
currently operating according to the design described in this section. Deviations from the design and 28 
additions (e.g., uranium treatment) or modifications are also discussed.  29 

The groundwater treatment approach involves multiple treatment steps to remove the various COCs. 30 
Table 3-5 outlines the relationship between each unit process and the targeted COCs. 31 

Table 3-5. 200 West P&T Unit Process Descriptions 
Unit Process Process Benefit Targeted Parameter 

Ion exchange Removal of technetium-99, uranium, 
and cyanide 

Technetium-99 
Uranium* 

Anoxic/anaerobic 
Biodegradation (fluidized 
bed reactor) 

Removal of nitrate, carbon tetrachloride, 
cyanide, and trichloroethene; and conversion 
of hexavalent chromium to trivalent form 

Nitrate 
Carbon tetrachloride 
Cyanide 
Trichloroethene 
Hexavalent chromium 

Aerobic biodegradation Degradation/removal of residual organic 
carbon substrate Biochemical oxygen demand 
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Table 3-5. 200 West P&T Unit Process Descriptions 
Unit Process Process Benefit Targeted Parameter 

Membrane filtration Removal of particles, biomass, and 
precipitated trivalent chromium 

Trivalent chromium 
Turbidity and biochemical 
oxygen demand 

Air stripping 
Removal of volatile organic compounds 
carbon tetrachloride, trichloroethene, and free 
cyanide 

Carbon tetrachloride 
Trichloroethene 

Sludge thickening Thicken biological solids for 
dewatering process Solids content 

Sludge dewatering Reduce water content to allow for 
landfill disposal Water content 

Treated water 
chemistry adjustment Provide treated water stability pH  

*Uranium treatment is required for groundwater from the 200-UP-1 and 200-BP-5 Operable Units, perched water from the 
200-DV-1 Operable Unit, and leachate from the Environmental Restoration Disposal Facility. 

 1 

Figure 3-5 provides a process flow diagram for the 200 West P&T, from the water sources, through the 2 
major water treatment processes, and then to the injection wells. The following sections provide 3 
additional information for each treatment step. 4 

 5 
Figure 3-5. 200 West P&T Process Flow Diagram 6 
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3.3.1 Radiological Treatment Process Description 1 

The radiological treatment process is used to pre-treat groundwater from wells containing elevated 2 
concentrations of technetium-99 and uranium with IX resins to reduce concentrations below the cleanup 3 
levels required prior to reinjection. Figures 3-6 and 3-7 illustrate the uranium and technetium-99 4 
radiological treatment processes, respectively. 5 

 6 
Figure 3-6. Uranium IX Process Schematic 7 

 8 

 9 
Figure 3-7. Technetium-99 IX Process Schematic 10 
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The 200 West P&T system design considered the need for treating other constituents (e.g., uranium) 1 
that may be captured by the 200 West and 200 East Area extraction wells and from leachate collected 2 
from ERDF. From 2014 to 2016, the 200 West P&T was expanded to provide the necessary treatment 3 
capability for uranium-contaminated groundwater from the 200-UP-1, 200-BP-5, and 200-DV-1 OUs 4 
and leachate collected from ERDF. The focus of the new extraction systems is remediation of the uranium 5 
and technetium-99 plumes. Associated higher levels of nitrate will also be extracted locally, as well as 6 
carbon tetrachloride that has migrated into the 200-UP-1 OU from the 200-ZP-1 OU. The 200-UP-1 7 
system is expected to require three extraction wells operating at an approximate average flow rate of 8 
570 L/min (150 gal/min) for 25 years based on current contamination conditions. With the installation of 9 
a uranium IX system at the 200 West P&T, groundwater from the 200-BP-5 OU and leachate collected 10 
from ERDF can be conveyed to the 200 West P&T for treatment and disposal. For uranium treatment, 11 
the 200 West P&T is the selected alternative in the non-time-critical removal action (NTCRA) of the 12 
200-DV-1 OU perched water, which contains high concentrations of uranium, technetium-99, and nitrate. 13 

Incoming groundwater with elevated uranium concentrations is filtered to remove fine particulate matter. 14 
The filtered water then flows through an IX system with resin to reduce the uranium concentration. 15 
The treated water is blended with groundwater from wells with elevated concentrations of technetium-99, 16 
and the combined water is filtered and sent through another IX system with resin to reduce the 17 
technetium-99 concentration. The IX effluent is then pumped to the biological treatment facility for 18 
further treatment. 19 

Prior to the IX resin reaching its loading limit, the spent resin is removed from the vessel by sluicing it 20 
with treated water from the resin column into an IX resin strip tank (Figure 3-8), where the resin is fully 21 
submerged with treated water. Air is bubbled through the resin bed to mix the bed and strip off the carbon 22 
tetrachloride. If necessary, the tank is heated to aid in the removal of carbon tetrachloride. The stripped 23 
water is pumped to the uranium inlet tank for treatment. The vapor emissions from the IX resin strip tank 24 
are treated with VPGAC. The treated off-gas from the VPGAC is routed to a common stack for release 25 
(Figure 3-5). 26 

 27 
Figure 3-8. Technetium-99 and Uranium IX Resin Strip Tank Schematic 28 
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The resin in the IX resin strip tank is sluiced with treated water (Figure 3-9) to a container to allow 1 
drainage. The drained water is collected and pumped back into the uranium IX feed tank. The dewatered 2 
resin is transported to ERDF for disposal. The spent resin is profiled to verify that ERDF waste 3 
acceptance criteria for technetium-99, iodine-129, uranium, cyanide, and carbon tetrachloride are met 4 
(ERDF-00011, Environmental Restoration Disposal Facility Waste Acceptance Criteria 5 
formerly WCH-191 Rev 4). If these limits cannot be met, resin stabilization may be required. 6 

 7 
Figure 3-9. Technetium-99 and Uranium IX Resin Dewatering Schematic 8 

3.3.2 Biological Treatment Process Description 9 

The treatment processes for carbon tetrachloride, TCE, chromium, and nitrate removal at the 200 West 10 
P&T are configured in two parallel treatment trains. The treatment process operates between 3,400 and 11 
9,460 L/min [900 and 2,500 gal/min]) with no process recirculation. The 9,460 L/min (2,500 gal/min) 12 
maximum design flow with no recirculation ensures that the treatment trains can achieve the sustained 13 
nominal 7,600 L/min (2,000 gal/min) net throughput while accommodating filtrate and concentrate 14 
recycling needed to control the biomass inventory in the biological treatment processes and downtimes 15 
for O&M activities. The biological treatment facility infrastructure is designed to accommodate a third 16 
treatment train (if required) to increase the maximum total treatment capacity to 14,200 L/min 17 
(3,750 gal/min) and a sustained nominal flow capacity of 11,400 L/min (3,000 gal/min).  18 

Following treatment for uranium and technetium-99, water from the technetium-99 IX system flows to 19 
the biological treatment facility where it is blended in an equalization tank (Figure 3-10) with extracted 20 
groundwater conveyed through transfer pumps serving several extraction wells, or directly to the facility 21 
from individual extraction wells. Water is pumped from the equalization tank to a recycle tank and 22 
then into the bottom of the fluidized bed reactor (FBR), creating upflow to suspend the GAC bed media 23 
to which microorganisms attach and grow. Within the FBR, nitrate is converted to nitrogen gas 24 
(denitrification), and carbon tetrachloride is degraded by the microorganisms under anoxic conditions 25 
(i.e., in the absence of dissolved oxygen). 26 
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 1 
Figure 3-10. Biological Process – Anoxic Fluidized Bed Reactor Schematic 2 

An organic carbon substrate, micronutrients, and phosphorus are added to the FBR to serve as the electron 3 
donor and to provide nutrients to promote microbial growth. As the microbes grow on the GAC, the 4 
fluidized bed height expands, and excess biomass is removed by shear forces resulting from normal flow 5 
through the FBR. An engineered eductor system removes additional excess biomass, which flows out 6 
with the effluent. 7 

The effluent from the FBR flows by gravity to a splitter box that splits the flow to the aerated membrane 8 
tanks (Figure 3-11), which remove residual carbon substrate through aerobic biodegradation and total 9 
suspended solids (including biomass generated in the FBR). The aerated membrane tanks have aeration 10 
capacity to provide sufficient oxygen for maintaining the aerobic biological process to reduce the residual 11 
carbon substrate. The aerated membrane tanks are aerated by blowers that provide air to a series of 12 
diffusers at the bottom of the aerated membrane tanks. The air provides oxygen for aerobic degradation of 13 
any remaining organic material and to limit the accumulation of solids on the membrane surface that 14 
would otherwise obstruct water flow. The aeration process also strips carbon tetrachloride from solution. 15 
Vapor emissions are collected for treatment with VPGAC. 16 
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 1 
Figure 3-11. Biological Process – Aerated Membrane Tank Schematic 2 

The aerated membrane tanks each contain six cassettes of vertically strung membrane fibers. Water is 3 
filtered by applying a slight vacuum to the end of each fiber, which draws the water through the 0.04 µm 4 
(nominal) pores into the fibers. The filters remove solids that are retained in the tank. A portion of the 5 
solids are removed to control the solids concentration in the tank. 6 

Solids from the aerated membrane tanks are pumped to rotary drum thickeners (Figure 3-12). Thickened 7 
sludge leaving the rotary drum thickeners is sent to aerated sludge tanks. As the solids concentration in 8 
the aerated sludge tanks decreases, less flow is bypassed around the thickeners. Conversely, as the solids 9 
concentration in the tank increases, more flow is bypassed around the thickening process. Polymer is 10 
added upstream of the rotary drum thickeners to thicken the solids, as necessary. The aerated sludge tanks 11 
also provide further digestion of biomass and maintain aerobic conditions for odor control. 12 

Once or twice a week, the thickened solids are pumped from the aerated sludge tanks to centrifuges for 13 
dewatering (Figure 3-13). Polymer is added upstream of the centrifuges to aid in solids dewatering. 14 
A screw conveyor is used to move the dewatered sludge from the centrifuge to a lime stabilization 15 
system, where a mechanical mixer (e.g., pug mill) mixes lime with the dewatered sludge. This controls 16 
free water to meet ERDF waste acceptance criteria and prevents further decomposition and generation of 17 
objectionable gasses and odors. Once the lime is added, the conditioned sludge is transferred by screw 18 
conveyor into ERDF containers for disposal. The filtrate from the rotary drum thickeners and centrate 19 
from the centrifuges are piped to a collection tank and then to the recycle tank located upstream of 20 
the FBR. 21 

 22 
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 1 
Figure 3-12. Solids Handling System – Thickeners and Aerated Sludge Tank Schematic 2 

 3 
Figure 3-13. Solids Handling System – Centrifuge Dewatering and Lime Treatment Schematic 4 
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The treated water from the aerated membrane tanks is pumped to an air stripper (Figure 3-14) to remove 1 
the remaining carbon tetrachloride and other VOCs. The air stripper effluent is then pumped to an effluent 2 
tank. Acid is added upstream of the effluent tank through an in-line static mixer to adjust the pH. 3 

 4 
Figure 3-14. Air Stripper System Schematic 5 

Off-gas from the air strippers, influent equalization tank, IX resin strip tanks (for technetium-99 and 6 
uranium), FBRs, aerated membrane tanks, aerated sludge tanks, rotary drum thickeners, and centrifuges is 7 
combined and treated by VPGAC. To avoid buildup of radionuclides in the VPGAC, air streams to the 8 
VPGAC system are pre-treated by a demister to minimize liquid carryover. The treated off-gas from the 9 
VPGAC is routed to a common stack for release (Figure 3-5). 10 

The air stripper tower is piped so this treatment step can occur before the FBR in the event that the carbon 11 
tetrachloride degradation in the FBR is less than anticipated. Process monitoring during operations is used 12 
to determine the optimum configuration of the air stripper. 13 

While no major modifications were made to the biological treatment system portion of the selected 14 
remedy, the following are examples of modifications since startup to improve performance and reliability 15 
and to reduce maintenance requirements:  16 

• The FBR bed cleaning eductors were modified to improve effectiveness and ease of operation, and to 17 
reduce water usage and disposal.  18 

• Wear plates were added to FBR areas showing wear.  19 

• The FBR micronutrient formula was modified to improve operation, and system monitoring and 20 
operation were upgraded to maintain chemical feed rates based on changes in the water source.  21 
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• Two of the four aerated membrane tanks were retrofitted with upgraded cassettes to increase 1 
reliability, and a cassette was added to each aerated membrane tank, which increased overall 2 
treatment capacity of the aerated membrane tanks.  3 

• The cyclic valves and the aeration blowers associated with the aerated membrane tanks were 4 
upgraded to increase reliability. 5 

• A foam spray-down system was added in the aerated membrane tanks, and refinements were made to 6 
the aerated membrane tank cleaning regime to minimize downtime and increase throughput.  7 

• The vapor off-gas system GAC canisters were insulated to reduce condensation, and heat trace was 8 
added to the condensate drain lines to prevent freezing.  9 

• The rotary drum thickener sludge pumps were upgraded to air diaphragm pumps, which are more 10 
reliable and have a shorter lead time to replace. 11 

• The use of sodium bisulfate was changed to sodium thiosulfate to increase safety in chemical 12 
handling and use. 13 

• The FBR-A and FBR-B internal piping and floors were converted to stainless steel, which decreases 14 
the potential for leaks. 15 

• The antiscalant in the air stripper towers was changed to Nalco 3DT120, which has resulted in 16 
a 90% reduction in the amount of phosphate (as phosphorus) in the effluent. 17 

• The treatment system effluent management system includes the injection well field. In 2017, a new 18 
process implemented the use of aggressive well development solutions (e.g., strong mineral acid 19 
solutions) with variable response to rehabilitation and continued rapid decline in capacity after 20 
return to service. 21 

3.3.3 200 West Pump and Treat Layout 22 

The 200 West P&T is located south of T Plant in the 200 West Area (Figure 3-15). The location was 23 
chosen near the center of the 200-ZP-1 OU to minimize the amount of piping necessary for the extraction 24 
and injection wells. This location was previously disturbed and has the necessary utilities located nearby. 25 

Figure 3-16 provides an aerial photograph of the 200 West P&T. Two separate facilities were constructed: 26 
the radiological treatment facility to house the radiological treatment equipment (e.g., filters and 27 
IX columns); and the biological treatment facility, which includes the balance of the unit processes. 28 
Several major components (e.g., aeration/microfiltration pumps, rotary drum thickener, and carbon 29 
substrate tanks) are located within the biological treatment building. Where required, the building floor 30 
is equipped with a sump and secondary containment for handling dangerous waste. A pad equipped 31 
with a containment curb and sump to provide secondary containment is located adjacent to the 32 
biological treatment building. Treatment components (e.g., equalization tank, FBR, and aeration tanks/ 33 
microfiltration) are located on this pad.  34 

                                                      
Nalco is a registered trademark of Nalco Company, Naperville, Illinois. 
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 1 
Figure 3-15. 200 West P&T Location 2 
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 1 
Figure 3-16. Aerial Photograph of the 200 West P&T 2 

A separate sludge-handling system is in the east portion of the biological treatment facility. This area is 3 
provided with secondary containment as required for collecting free liquids during the sludge dewatering 4 
process, with the liquid being routed to the equalization tank for processing. The lime system that 5 
stabilizes the dewatered sludge and the screw conveyors that transfer the dewatered sludge are located on 6 
a pad east of the biological treatment building and equipment pad. 7 

3.4 200 West Pump and Treat Support of Central Plateau Operable Unit Actions 8 

As noted in Section 1.4.2, the 200 West P&T also supports cleanup actions for other Central Plateau OUs, 9 
which are described in this section. 10 

3.4.1 200-UP-1 Groundwater Operable Unit Interim Remedy 11 

The 200-UP-1 OU addresses groundwater contaminant plumes beneath the southern third of the 12 
200 West Area and adjacent portions of the surrounding 600 Area. The major waste streams that 13 
contributed to 200-UP-1 OU groundwater contamination were associated with plutonium-separation and 14 
uranium-recovery operations at the S Plant and U Plant facilities, where liquid waste was disposed to the 15 
ground via ponds, cribs, ditches, and trenches. As effluent was discharged to these sites in the past, the 16 
more mobile contaminants migrated through the vadose zone to the groundwater. Some groundwater 17 
contamination also resulted from SST leaks or UPRs, particularly associated with WMA S-SX. 18 
In addition, groundwater contamination that originated from liquid waste disposed to the ground at the 19 
Z Plant plutonium concentration and recovery facilities has migrated from the adjacent 200-ZP-1 OU 20 
into the 200-UP-1 OU. Currently, liquid waste discharges are not occurring to the ground above the OU 21 
(with the exception of sanitary drain fields). 22 
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The 200-UP-1 OU ROD (EPA et al., 2012) was signed by the Tri-Parties on September 27, 2012. 1 
The selected interim remedy combines groundwater P&T for parts of the carbon tetrachloride plume, 2 
technetium-99 plumes, uranium plume, high-concentration nitrate plume, and total chromium and Cr(VI) 3 
plumes, with hydraulic containment of the iodine-129 plume. The 200-UP-1 OU P&T system was 4 
designed, installed, and operated in accordance with DOE/RL-2013-07, 200-UP-1 Groundwater 5 
Operable Unit Remedial Design/Remedial Action Work Plan. As specified in the ROD, the selected 6 
remedy was designed to achieve cleanup levels for technetium-99 within 15 years, uranium within 7 
25 years, total chromium and Cr(VI) within 25 years, and nitrate within 35 years through P&T and MNA. 8 
Only MNA is selected for the tritium plume, and it is expected to achieve cleanup levels within 25 years. 9 
A total duration of 125 years (including active restoration and MNA) was estimated for carbon 10 
tetrachloride to reach the cleanup level consistent with the estimated cleanup time for carbon tetrachloride 11 
in the adjacent 200-ZP-1 OU. ICs will prevent exposure and groundwater use until cleanup levels 12 
are achieved. 13 

The current 200-UP-1 OU interim remedies include the WMA S-SX groundwater extraction system, 14 
U Plant area P&T, and iodine-129 plume hydraulic containment. These remedy components are 15 
described below. 16 

The WMA S-SX extraction system focuses on containing and reducing the size of the remaining portions 17 
of the technetium-99 plumes. The P&T system in the WMA S-SX area began operating in 2012 and 18 
consists of three wells: one well downgradient from the S Tank Farm (299-W22-90), and two wells 19 
downgradient from the SX Tank Farm (299-W22-91 and 299-W22-92). Capturing the technetium-99 20 
plumes also effectively captures the emerging chromium and nitrate plumes, as well as a portion of the 21 
carbon tetrachloride plume originating from the 200-ZP-1 OU. The extraction system for the three wells 22 
is designed to operate at a total average extraction rate of 303 L/min (80 gal/min). Aboveground pipelines 23 
and a transfer building pump the extracted groundwater to the 200 West P&T for treatment. The treated 24 
water is returned to the aquifer using injection wells in the 200 West Area.  25 

The U Plant area extraction system focuses on remediating the remaining portions of the uranium and 26 
technetium-99 plumes. The P&T system in the U Plant area began operating in September 2015 and was 27 
designed to remediate uranium, technetium-99, and the high-concentration portion of the nitrate plume. 28 
It currently consists of three extraction wells (299-W19-113, 299-W19-114, and 299-W19-125), with the 29 
third extraction well added to the system in September 2017. The extraction system is designed to operate 30 
at an average extraction rate of 568 L/min (150 gal/min). The extracted groundwater is pumped to the 31 
200 West P&T for treatment using aboveground pipelines and a transfer building. The treated water is 32 
returned to the aquifer using injection wells in the 200 West Area. The iodine-129 plume hydraulic 33 
containment component of the 200-UP-1 OU remedy consists of three hydraulic control injection wells 34 
that reinject treated water from the 200 West P&T to the east of the iodine-129 plume boundary. 35 
The iodine-129 plume hydraulic containment injection wells were designed to operate at a minimum 36 
nominal flow rate of 190 L/min (50 gal/min) to a maximum rate of 380 L/min (100 gal/min) per well 37 
(DOE/RL-2013-07). The three hydraulic control injection wells (E20-1, E20-2, and E11-1) began 38 
operating in October 2015.  39 

The 200-UP-1 OU ROD (EPA et al., 2012) requires that DOE evaluate potential treatment options 40 
for iodine-129 through further technology evaluation. This evaluation approach is defined in 41 
DOE/RL-2015-69, UP-1 Evaluation Plan for Iodine. The plan identifies several steps for evaluating 42 
technologies, including reviewing regulatory guidance for iodine-129, identifying processes that control 43 
iodine-129 F&T in the environment, updating the conceptual site model (CSM) for iodine-129 in the 44 
200-UP-1 OU, evaluating exposure risk from iodine-129, and reviewing remediation options for 45 
iodine-129 for the vadose and saturated zones. 46 
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The southeast chromium plume is largely isolated. To reduce the uncertainty, 11 characterization wells 1 
were drilled and sampled in 2016 and 2017 to better define the lateral and vertical extent of the chromium 2 
plume and to support a future remedial design. With the completion of characterization activities, a report 3 
is currently being prepared to summarize the characterization results, update the CSM, discuss the nature 4 
and extent of the plume, and provide an initial engineering evaluation of potential remedial action options 5 
with costs. The report is scheduled to be submitted for regulatory review by September 30, 2018. 6 

3.4.2 200-DV-1 Operable Unit 7 

A perched water NTCRA has been implemented for the 200-DV-1 OU to extract perched water 8 
contamination, as described in DOE/RL-2014-34, Action Memorandum for 200-DV-1 Operable Unit 9 
Perched Water Pumping/Pore Water Extraction; and DOE/RL-2014-37, Removal Action Work Plan for 10 
200-DV-1 Operable Unit Perched Water Pumping/Pore Water Extraction. 11 

The B Tank Farm complex and associated cribs, trenches, and UPRs are sources of contamination in the 12 
200-DV-1 OU perched water sand lens area. The perched water contains uranium, technetium-99, nitrate, 13 
total chromium, Cr(VI), and tritium at concentrations above MCLs. These contaminants are slowly 14 
moving downward, entering the 200-BP-5 OU aquifer, and contributing to groundwater contamination 15 
(DOE/RL-2014-34). The perched zone is a transient perching layer where current or recent rates of water 16 
infiltrating through the vadose zone exceed the rate at which water moves through the silt layer, resulting 17 
in the buildup of water on top of the silt layer. The contaminated water built up on the perching layer 18 
slowly migrates downward and contaminates the 200-BP-5 OU.  19 

As stated in the action memorandum (DOE/RL-2014-34), Alternative 3 was selected and includes 20 
extracting perched water from three perched water wells in the 200-DV-1 OU, with an expected average 21 
extraction rate of approximately 2.16 L/min (0.57 gal/min). To maintain adequate water levels in the three 22 
perched water extraction wells (299-E33-344, 299-E33-350, and 299-E33-351), the submersible well 23 
pumps are cycled for several minutes, three times each hour on average. Actual combined cumulative 24 
average flow observed in 2017 from the three perched water extraction wells was 2.9 L/min 25 
(0.75 gal/min). Extracted perched water is pumped to the 200 West P&T (DOE/RL-2009-124) where it is 26 
mixed with the other sources of water prior to treatment. When the 200-DV-1 OU perched water wells no 27 
longer yield sufficient amounts of water for extraction, the removal action will be terminated 28 
(DOE/RL-2014-34). 29 

3.4.3 200-BP-5 Operable Unit 30 

The 200-BP-5 OU groundwater extends from the 200 East Area, northwest through Gable Gap, and along 31 
the eastern flank of Gable Mountain to the Columbia River (Figure 1-2). The 200-BP-5 OU addresses 32 
groundwater and associated contaminant plumes beneath the northern half of the 200 East Area and 33 
adjacent portions of the surrounding 600 Area. The overlying area includes associated cribs, trenches, 34 
tanks farms, and UPRs, which are waste sites identified as contamination sources associated with 35 
groundwater within the 200-BP-5 OU. During 200-BP-5 OU groundwater sampling, uranium and 36 
technetium-99 concentrations were detected at >10 times the DWSs in groundwater at the B Complex 37 
(DOE/RL-2016-41, Action Memorandum for 200-BP-5 Operable Unit Groundwater Extraction). 38 
The action memorandum also directs NTCRA groundwater extraction and treatment using the 200 West 39 
P&T. The purpose of the NTCRA is to abate technetium-99 and uranium in groundwater that is >10 times 40 
the DWSs. Collocated radioactive and nonradioactive B Complex area groundwater contaminants include 41 
cyanide, iodine-129, nitrate, and tritium. 42 
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DOE/RL-2017-11, Removal Action Work Plan for 200-BP-5 Operable Unit Groundwater Extraction, 1 
implements the B Complex NTCRA and is designed to recover as much contaminated groundwater as 2 
practical until one or more of the following occurs: 3 

• Uranium and technetium-99 groundwater concentrations at the B Complex are <10 times 4 
their respective DWSs.  5 

• The Tri-Parties agree to terminate the removal action. 6 

• The removal action is superseded by a remedial action ROD for the 200-BP-5 OU. 7 

3.4.4 Environmental Restoration Disposal Facility Leachate 8 

The ERDF ROD (EPA et al., 1995, Record of Decision: U.S. DOE Hanford Environmental Restoration 9 
Disposal, Facility, Hanford Site, Benton County, Washington) authorized disposal of remediation wastes 10 
from these actions to ERDF, which is a RCRA-compliant landfill located in the 200 Areas. Leachate 11 
generated at ERDF was considered a listed hazardous waste, as well as a state-only dangerous waste. 12 
An ESD to the ERDF ROD (EPA/ESD/R10-96/145, Explanation of Significant Differences: USDOE 13 
Environmental Restoration Disposal Facility, Hanford Site, Benton County, Washington) was issued on 14 
July 26, 1996, which identified the intention to delist the leachate from regulation as a hazardous waste. 15 
The ESD authorized the conditional use of leachate generated from ERDF operations for dust suppression 16 
and waste compaction (through an ARARs waiver) until the leachate was delisted.  17 

EPA/AMD/R10-99/038, Record of Decision Amendment: U.S. Department of Energy Environmental 18 
Restoration Disposal Facility Hanford Site – 200 Area Benton County, Washington, was issued in 19 
March 1999 and delisted the ERDF leachate, removing both the federal-listed and state-only-listed waste 20 
codes that would otherwise apply to the leachate. The ROD amendment also allows for use of other 21 
treatment facilities for ERDF leachate management. Subsequent to the ROD amendment, the delisted 22 
leachate from ERDF operations was transferred via pipeline to the LERF and then to the ETF, which is 23 
a permitted waste treatment facility. 24 

The Tri-Parties issued EPA et al., 2015, Explanation of Significant Differences for the U.S. Department 25 
of Energy Environmental Restoration Disposal Facility Hanford Site – 200 Area Benton County, WA, 26 
to allow either the ETF or the 200 West P&T to be used for treatment and disposal of ERDF leachate 27 
(depending upon facility/system availability). Treatment of ERDF leachate at the ETF has proven to 28 
be an effective approach for managing this waste stream; however, the 200 West P&T was determined 29 
to provide a similar degree of treatment at a lower cost (EPA et al., 2015). Authorization of the 30 
200 West P&T for treatment and disposal (in addition to the ETF) provides another treatment option for 31 
ERDF leachate, thereby helping to ensure uninterrupted operation of the ERDF to support Hanford Site 32 
cleanup activities (e.g., the ability to free-up additional capacity at the LERF/ETF to support the SST and 33 
double-shell tank farms, as well as Waste Treatment Plant operations). 34 

The Tri-Parties determined that the 200 West P&T is also capable of treating ERDF leachate to levels 35 
that are protective of human health and the environment at a substantially lower cost than the ETF 36 
(EPA et al., 2015). Contaminant concentrations in the ERDF leachate are within the process treatment 37 
allowance for the 200 West P&T, and there is sufficient capacity to accommodate the addition of the 38 
ERDF leachate stream (SGW-58619, Impact of Environmental Remediation Disposal Facility (ERDF) 39 
Leachate on the 200 West Area Pump and Treat Facility). Liquid from the 200 West P&T is discharged 40 
to groundwater, subject to meeting the stringent discharge limits defined in the 200-ZP-1 OU ROD 41 
(EPA et al., 2008) and the 200-UP-1 OU ROD (EPA et al., 2012).  42 
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An average of >7.9 million L (2.1 million gal) of leachate is produced each year from precipitation or 1 
operational activities such as spray-down (SGW-58619). This volume of leachate represents an annual 2 
average flow rate of 15 to 23 L/min (4 to 6 gal/min). The water is pumped to the 200 West P&T uranium 3 
IX system, technetium-99 IX system, and the biological treatment system. The 200 West P&T treats all 4 
identified constituents in the ERDF leachate to below DWSs. 5 

3.4.5 Modular Storage Units 6 

The MSUs consist of two aboveground, modular containment units that store purgewater for treatment via 7 
solar evaporation. MSU No. 2 has a storage capacity of 3,785,000 L (1,000,000 gal), and MSU No. 3 has 8 
a storage capacity of 4,810,000 L (1,270,000 gal). Purgewater is defined as water extracted from the 9 
ground in connection with well development, well remediation/construction, well sampling, well 10 
decommissioning, well maintenance, aquifer testing, and decontamination water (DOE/RL-2011-41, 11 
Hanford Site Strategy for Management of Investigation Derived Waste). During the winter months, 12 
evaporation slows and the MSUs are not able to accept as much purgewater. The expansion of the 13 
200 West P&T well network has caused a shift in the amount of water coming to the MSUs and has 14 
changed the ability to adequately manage the water balance in the MSUs. To maintain the 200 West P&T 15 
O&M activities (e.g., drilling, well cleaning/refurbishment, well development, and well sampling), water 16 
from the MSUs must be pumped or trucked to the 200 West P&T or to the ETF for treatment to alleviate 17 
exceeding the MSU storage capacity during the winter months when evaporation is at a minimum.  18 

Purgewater from the MSUs is currently transferred to the Z-line trench for biological treatment or to the 19 
offload station for radiological treatment, depending on the purgewater sample results. The treated water 20 
from the MSUs is then pumped to the 200 West P&T at 76 to 230 L/min (20 to 60 gal/min) to control 21 
mass loading of COCs. 22 

It is anticipated that approximately 760,000 L (200,000 gal) of purgewater will be pumped to the 23 
200 West P&T annually, which will treat all of the identified COCs in accordance with the optimization 24 
test plan (DOE/RL-2018-28). 25 

3.5 Design and Operation Documentation 26 

This section discusses the necessary design and operation documentation for the 200 West P&T. 27 

3.5.1 Remedial Design Report 28 

Given the complexity of this project, the design process included a 30% design, 60% design, and 90% 29 
final design, with the latter documented in the 200 West P&T RDR (DOE/RL-2010-13). At the 30 
completion of the 30% design, EPA was briefed on the remedial design progress, and EPA provided 31 
comments that were incorporated into subsequent design efforts. A briefing was also held with EPA on 32 
the 60% design to update progress and solicit comments, which were incorporated into the 90% design. 33 

Consistent with Section 7.3.9 of the Tri-Party Agreement Action Plan (Ecology et al., 1989b), DOE 34 
submitted an RDR to EPA as part of the 90% design for the remedy. The RDR, which is a primary 35 
document under the Tri-Party Agreement, includes the following items: 36 

• Design drawings 37 
• Specification of materials of construction 38 
• Construction budget estimate 39 
• Construction schedule 40 
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Draft A of the 200 West P&T RDR was submitted to EPA for review on August 4, 2010, as a primary 1 
document in accordance with Tri-Party Agreement, Section 9.2.1 (Ecology et al., 1989a). EPA was 2 
briefed on the system design submittal to help expedite review. The approved Revision 1 of the RDR 3 
(DOE/RL-2010-13) was transmitted to EPA on November 23, 2010. 4 

3.5.2 Operations and Maintenance Plan 5 

The 200 West P&T O&M plan (DOE/RL-2009-124) describes remedy operations. The O&M plan is 6 
a primary document, as described in Section 7.3.11 of the Tri-Party Agreement Action Plan 7 
(Ecology et al., 1989b), and it was submitted concurrently with the 200 West P&T RDR 8 
(DOE/RL-2010-13) to EPA for review and approval in August 2010.  9 
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4 Remedy Optimization 1 

This chapter discusses the remedy optimization approach for 200-ZP-1 OU remedial actions, 2 
summarizes 200-ZP-1 OU remedy performance during the initial operation period from 2012 through 3 
2017 and compares progress to date against near-term targets, interim goals, and ultimately the RAOs 4 
specified in the 200-ZP-1 OU ROD (EPA et al., 2008). This evaluation also identifies issues and data 5 
needs that require further study and data collection activities to support the regulatory decision-making 6 
process. This chapter also summarizes recommendations to optimize or modify the 200-ZP-1 OU 7 
remedy through a phased implementation approach to better meet near-term targets, interim goals, 8 
and RAOs where there are likely or anticipated performance issues. Remedy optimization design and 9 
implementation approaches for modifications to the well network, balance of plant, and treatment system 10 
are also provided. 11 

4.1 Remedy Optimization Approach 12 

The overarching optimization objectives for the 200-ZP-1 OU remedy are to use the full treatment 13 
capacity to maximize contaminant removal to accelerate groundwater remediation. The technical basis to 14 
achieve these objectives for the 200-ZP-1 OU remedy is based on data inputs from the following sources: 15 

• Hanford Sitewide annual groundwater reports 16 
• Annual1 summary reports for 200-ZP-1 and 200-UP-1 OU P&T operations 17 
• Groundwater contaminant plume maps in two and three dimensions 18 
• Updated CPGWM (Version 8.4.5) predictions (CP-47631) 19 
• Data gap studies 20 
• Well drilling priority list 21 
• Well realignment priorities 22 
• Operations team input 23 

Recommendations for additional field activities and system modifications at this time are based on 24 
an evaluation of the first 5 years of remedy performance. 25 

System optimization identifies approaches to improve groundwater remediation through ongoing 26 
assessment of system operation and performance. Optimization refers to efforts associated with 27 
improving remedy effectiveness in protecting human health and the environment, improving efficiency, 28 
and accelerating the progress toward site closure. Specific objectives include the following: 29 

• River protection and hydraulic containment (i.e., flow-path control) 30 
• Mass removal and plume reduction 31 
• CSM refinement 32 
• System O&M updates 33 

                                                      
1 200-ZP-1 OU remedy performance is reported annually in a combined report with other OU activities tied to the 
200 West P&T. The frequency of 200-ZP-1 OU remedy performance reports is subject to change based on the 
criteria outlined in Section 5.5.2 of this RD/RAWP.  
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Remedial process optimization (RPO) is a systematic evaluation of the inputs, system components, and 1 
conditions by comparison to specific metrics, followed by a set of recommended modifications to 2 
improve system performance. The 200-ZP-1 P&T remedy consists of extraction wells, injection wells, 3 
treatment processes, and a conveyance pipeline system. These elements can be optimized individually 4 
or in aggregate to enhance hydraulic containment, contaminant mass removal, and treatment system 5 
throughput, resulting in more efficient P&T system operation. Evaluating each element within the context 6 
of the whole system provides the basis for modifications to accelerate remediation progress. Table 4-1 7 
summarizes the inputs for periodic RPO evaluations.  8 

Table 4-1. Inputs for Periodic RPO Evaluations 

System 
Element 

Metric 
Evaluated 

Input 

Data Tools Reports 

Groundwater 
contaminant plume 
geometry: 
Concentrations and 
spatial/vertical extent 

Change since 
previous year or 
last mapping; 
progress 
toward closure 

Water-level data 
and groundwater 
chemical 
concentrations 

AWLN, groundwater 
monitoring, and 
groundwater 
modeling 

Annual groundwater 
monitoring and 
P&T reports  

Extraction wells: 
Number and location of 
extraction wells and 
well configuration (size, 
depth, screen, pump, 
and riser) 

Well and screen 
placement relative 
to plume location; 
well-specific 
capacity; and 
pump capacity 
and sizing 

Water-level data, 
aquifer capacity, 
well construction 
drawings, daily 
system monitoring 
data, and well 
assessment 

AWLN, aquifer 
testing, groundwater 
monitoring, 
groundwater 
modeling, pumping 
optimization model 
screening level tool, 
and camera surveys 

Annual groundwater 
monitoring and 
P&T reports, plume 
maps, hydraulic 
containment maps, 
and water table 
maps; system design 
records; and ECRs 

Extracted water 
conveyance: Sizing, 
routing, and materials of 
the conveyance, 
including intermediate 
transfer stations 

Head loss; 
potential to 
increase pumping 
rate and/or adjust 
for fewer or 
more wells 
Materials 
performance; 
fouling potential 

N/A N/A System design 
records and ECRs 

Treatment process: 
Treatment technology, 
system sizing 
and configuration, 
capacity, contaminant 
removal efficiency, 
instrumentation, and 
controls; process 
effluent water quality 

Treatment process 
removal 
efficiency; repair 
and maintenance 
experience; 
fouling; and 
production of 
secondary waste 
streams 
Effluent effects 
on aquifer 

System monitoring 
data; periodic 
sampling and 
analysis of influent 
and effluent streams 

N/A System design 
records and ECRs 
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Table 4-1. Inputs for Periodic RPO Evaluations 

System 
Element 

Metric 
Evaluated 

Input 

Data Tools Reports 

Treated water 
conveyance: Sizing, 
routing, and materials of 
the conveyance, 
including intermediate 
transfer stations 

Head loss; 
potential to adjust 
for fewer or 
more wells 
Materials 
performance; 
fouling potential 

Design information N/A System design 
records and ECRs 

Injection wells: 
Number and location of 
injection wells and well 
configuration (size, 
depth, screen, and riser) 

Well and screen 
placement relative 
to plume location; 
well-specific 
capacity 
Pump capacity 
and sizing 

Water levels, aquifer 
capacity, well 
construction 
drawings, and 
daily system 
monitoring data 

AWLN, aquifer 
testing, groundwater 
monitoring, 
groundwater 
modeling, pumping 
optimization model 
screening level tool, 
and camera surveys 

Annual monitoring 
reports, plume 
maps, hydraulic 
containment maps, 
and water table 
maps; system design 
records and ECRs 

Injected water 
conveyance: Sizing, 
routing, and materials of 
the conveyance 

Head loss, 
potential to 
increase pumping 
rate and/or adjust 
for fewer or more 
wells 
Materials 
performance; 
fouling potential 

N/A N/A System design 
records and ECRs 

AWLN  =  automated water-level network 
ECR  =  engineering change request 

N/A  =  not applicable 
P&T  =  pump and treat 

 1 

Key elements of a successful RPO program include timely evaluation and reporting of system 2 
performance monitoring data, as well as timely implementation of modifications. Monitoring programs 3 
for the 200-ZP-1 remedy include the following elements: 4 

• Operational monitoring: Evaluates how well the treatment process functions and facilitates system 5 
operation. It includes P&T process monitoring and treatment process water monitoring. P&T process 6 
monitoring includes collecting and evaluating data on the operational components of the treatment 7 
system. Treatment process water monitoring includes collecting and analyzing samples from 8 
extraction wells, influent tanks, and effluent tanks to evaluate the system’s removal of COCs and 9 
contaminants of interest. 10 

• Performance monitoring: Assesses remedy performance and determines progress toward achieving 11 
the RAOs. Performance monitoring includes collecting and evaluating groundwater quality and 12 
groundwater elevation data.  13 

• Compliance monitoring: Generally conducted at the end of the remedial action to demonstrate 14 
achievement of cleanup. 15 
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Performance monitoring data and operational monitoring data are used as input to RPO. Timely 1 
radiological, chemical, and water-level data allow for development of accurate plume and hydraulic 2 
containment maps. Based on this information and the well assessment and operations data, RPO is used 3 
to evaluate the remediation system and target areas and to recommend modifications for improved 4 
performance, thus enhancing progress toward remedy completion. For groundwater P&T remedies, 5 
recommendations commonly address the following: 6 

• Modification of flow rates at extraction or injection wells  7 
• Well maintenance and rehabilitation 8 
• Addition of new extraction and injection wells, or repurposing of existing wells 9 
• Treatment system modifications and change management 10 
• Alternate sampling parameters and frequencies 11 

System performance assessment is conducted to monitor P&T system operations to ensure that each 12 
system is operating in accordance with approved specifications and is operational and functional. 13 
Data collected during this assessment include the following:  14 

• Process monitoring data 15 
• Performance monitoring data 16 
• Air monitoring data 17 
• Waste management data 18 
• Preventative and corrective maintenance data 19 

Data collected during operations are used for process optimization. Figure 4-1 provides an overview of 20 
O&M and monitoring inputs for process optimization. Process optimization is ongoing and relies on 21 
remedy performance monitoring data. The data are evaluated to make decisions on the scope of the future 22 
modifications and expansion of the 200-ZP-1 OU remedy.  23 

Performance monitoring, air monitoring, and waste management data are provided to EPA in a quarterly 24 
briefing presentation and are summarized in performance monitoring reports, as described in Section 5.1 25 
of the 200 West P&T O&M plan (DOE/RL-2009-124).  26 

Figure 4-1 outlines the decision-making process used to determine whether RAOs are being achieved and 27 
whether system expansion or modification is necessary. If it is determined that RAOs are not achievable 28 
(even with additional system expansion or modification), a demonstration of technical impracticability 29 
and corresponding modification of RAOs may be necessary. 30 

The RPO framework provides a systematic approach for evaluating and improving remediation system 31 
performance. CSM refinement is an important component of RPO. The CSM is a dynamic tool that 32 
continually evolves as data are collected and evaluated regarding the P&T system, aquifer hydraulics, and 33 
contaminant plume response to P&T. Periodic CSM updates help ensure that river protection and mass 34 
removal goals are achieved as efficiently as possible. 35 
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 1 
Figure 4-1. System Optimization, Modification, and Long-Term Operation  2 
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4.2 Remedy Performance Evaluation Methodology 1 

Evaluation of remedy performance is key to understanding the progress made toward meeting near-term 2 
targets, interim goals, and ultimately the RAOs within the cleanup timeframe specified in the ROD. 3 
The first 5 years of operation (through 2017) of the 200-ZP-1 OU P&T remedy component represents 4 
approximately one-fifth of the operating lifecycle that is proposed in the 200-ZP-1 OU ROD 5 
(EPA et al., 2008). Progress toward attaining the targets and most of the goals for this remedial action 6 
can, to a large extent, be assessed at this time by evaluating and interpreting the performance monitoring 7 
data. Where possible, direct interpretation of performance monitoring data is the preferred method for 8 
evaluation, supplemented through use of simulations using the CPGWM, which is used to support 9 
CERCLA, RCRA, and other decisions across the Central Plateau (with emphasis in the 200 West Area). 10 
However, because assessing the progress toward attaining the mass recovery goal and the ultimate 11 
cleanup levels in groundwater requires predictions of future conditions, these analyses explicitly require 12 
use of the CPGWM. 13 

Section 4.3 provides a summary of the performance monitoring data evaluation, including an evaluation 14 
of contaminant and hydraulic data. Section 4.4 discusses the current progress toward achieving near-term 15 
targets, interim goals, and ultimately the RAOs within the cleanup timeframe, with the latter based 16 
primarily on groundwater modeling analysis. Appendix D of this RD/RAWP further discusses these 17 
evaluations. The following sections discuss the various uses of performance monitoring data and 18 
groundwater modeling to assess remedy performance. 19 

4.2.1 Performance Monitoring Data 20 

Groundwater quality sampling data are used to evaluate concentration trends for 200-ZP-1 OU COCs 21 
within the aquifer, and hydraulic monitoring data are used to evaluate hydraulic containment and 22 
flow-path control. Collectively, the data can be used on a regular basis to make assessments. However, 23 
due to the anticipated future duration of the remedy, it is necessary to use additional methods (in 24 
particular, groundwater flow and contaminant transport modeling) in conjunction with direct evaluation 25 
of performance monitoring data to predict likely long-term remedy performance. 26 

4.2.2 Groundwater Modeling 27 

Groundwater modeling using the updated CPGWM (Version 8.4.5) supplements performance analysis 28 
using the monitoring data and assists in predicting future remedy performance as currently configured. 29 
The CPGWM is also used to evaluate the likely performance of alternate remedy scenarios during 30 
optimization studies that will help accelerate progress toward attaining RAOs. In this context, the 31 
CPGWM is used for two related, but contrasting, purposes:  32 

• To compare modeled and measured quantities from performance monitoring data collected in 33 
previous years, including groundwater levels, concentrations, and derived interpretation of those 34 
quantities (e.g., estimates of hydraulic containment) 35 

• To provide projections of likely future conditions and progress toward attaining short-term targets, 36 
intermediate-term goals, and the final RAOs 37 

The CPGWM is a transient, three-dimensional, seven-layer model simulating groundwater conditions 38 
on the Central Plateau for the period from 1944 through September 2016. Many of the calculations 39 
performed to design the 200-ZP-1 OU remedy and to evaluate and optimize remedy performance 40 
relied upon three-dimensional depictions of the extent of groundwater contaminated above the cleanup 41 
levels established in the 200-ZP-1 OU ROD (EPA et al., 2008). Sample data are used to construct 42 
three-dimensional plume shells as initial conditions for contaminant F&T calculations performed 43 
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using the CPGWM. The CPGWM is then used to make projections of the likely effectiveness of the 1 
200-ZP-1 OU remedy in achieving the RAOs set forth in the ROD and to identify changes to extraction 2 
and injection rates that should accelerate attainment of these goals. 3 

During 2012, the approximate extent of carbon tetrachloride and other COCs in groundwater 4 
in the 200 West Area was mapped in three dimensions. At that time, groundwater quality results 5 
obtained from well sampling (in addition to characterization data obtained between 2002 and 2011) 6 
were used as input for mapping. The combination of recent information on carbon tetrachloride 7 
concentrations (i.e., recent well samples) and less current but vertically detailed information provided 8 
insight regarding the vertical distribution of carbon tetrachloride at the time of drilling (characterization 9 
data). These calculated three-dimensional extents of contamination provided the baseline for performance 10 
evaluations. Because some of the data used to prepare the three-dimensional extents during 2012 are now 11 
several years old, the three-dimensional depictions were updated using data obtained through 2015 to 12 
provide new depictions of the approximate COC extent in groundwater and to provide more current initial 13 
conditions for modeling purposes. As discussed in Section 4.3, the extent of contamination was further 14 
evaluated during 2017 as part of the performance monitoring and remedy optimization assessment. 15 

During 2017 and 2018, conceptual and numerical updates were made to the CPGWM. The updated 16 
CPGWM (Version 8.4.5) is documented in CP-47631. The updated CSM and groundwater model, along 17 
with new monitoring data, can be used to update and refine cleanup predictions. 18 

4.2.2.1 Predictive Modeling Calculations Using the Central Plateau Groundwater Model 19 
CPGWM predictions focus on (1) likely rates of mass recovery at individual extraction wells and for 20 
the P&T remedy in its entirety, (2) the proportion that the projected mass recovery represents of the 21 
initial mass of contaminants present at startup of the remedy, and (3) progress toward attaining the 22 
ultimate cleanup levels for groundwater. Projections of likely mass recovery and cleanup level attainment 23 
assume that the CPGWM reasonably represents subsurface conditions and operations of the remedy, 24 
that the initial conditions (i.e., plumes) reasonably represent the actual contamination distribution at the 25 
beginning of model predictions, and that the simulations conducted using the groundwater model and 26 
the initial conditions reasonably represent actual conditions. The most recent release of the CPGWM 27 
(Version 8.4.5) was used as the basis for predicting future conditions in this RD/RAWP. 28 

Calculations performed to design the groundwater remedy and to evaluate and optimize remedy 29 
performance rely on depictions of the extent of groundwater contaminated above cleanup levels, as 30 
established in the 200-ZP-1 OU ROD (EPA et al., 2008) and then updated in Revision 0 of this 31 
RD/RAWP. Sample data are used to construct two-dimensional depictions of the contamination extent 32 
for all 200-ZP-1 OU COCs for use in annual Hanford Sitewide monitoring reports, showing the general 33 
contamination extent. In addition to the two-dimensional maps, three-dimensional plume shells are 34 
occasionally constructed to use as initial conditions for contaminant F&T calculations and to provide 35 
a more comprehensive depiction of the three-dimensional contamination extent to evaluate remedy 36 
performance. The plume shells also provide estimates of the mass of carbon tetrachloride and other 37 
COCs to help evaluate progress toward mass removal objectives, to make projections of likely remedy 38 
effectiveness in achieving RAOs, and to identify changes to extraction and injection rates that should 39 
accelerate attainment of these goals.  40 

To prepare Revision 0 of this RD/RAWP, three-dimensional depictions of the extent of carbon 41 
tetrachloride and other COCs were prepared using a combination methods (see Appendix D of this 42 
RD/RAWP). The estimated extent and mass of contamination in the groundwater resulting from applying 43 
these techniques varied, reflecting uncertainty in the contamination extent at that time and differences 44 
between the interpolation methods used. Since 2009, new injection wells drilled downgradient of sources 45 
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have revealed the presence of carbon tetrachloride beneath the Rlm and into the lower portion of the 1 
aquifer in areas where the Rlm is missing in the stratigraphic sequence.  2 

During 2012, the extent of carbon tetrachloride and other COCs in groundwater in the 200 West Area was 3 
mapped in three dimensions. Groundwater quality results obtained from well samples (in addition to 4 
characterization data obtained between 2002 and 2011) were used as input for mapping to provide an 5 
updated baseline for remedy performance evaluation. The three-dimensional depictions were again 6 
updated for the CY 2015 P&T report (DOE/RL-2016-20, Calendar Year 2015 Annual Summary Report 7 
for the 200-ZP-1 and 200-UP-1 Operable Unit Pump and Treat Operations) to provide an updated 8 
approximate extent of COCs in groundwater and a more current initial condition for modeling purposes. 9 

During 2017, the three-dimensional extents of carbon tetrachloride and nitrate (the most geographically 10 
widespread contaminants in the 200-ZP-1 OU) were again revisited. For carbon tetrachloride and nitrate, 11 
the three-dimensional extents were estimated using sample data obtained for two periods: (1) average 12 
sample results obtained from 2014 through 2015, and (2) average sample results obtained during 2017. 13 
The three-dimensional extents estimated using data from 2014 through 2015 were used to obtain 14 
an understanding of the contamination extent at that time and as initial conditions for predictive 15 
contaminant F&T modeling. This provided a period (2016 through 2017) to compare simulated with 16 
measured concentrations and mass recovery in wells and for the 200 West P&T. Three-dimensional 17 
extents estimated using data from 2017 were used to obtain an understanding of the current contamination 18 
extent and for additional depictions.  19 

Since the initial depictions of the extent of groundwater contamination presented in Revision 0 of this 20 
RD/RAWP, several years of mass recovery data have been recorded from individual extraction wells and 21 
for the entire 200 West P&T system that are available to help constrain the likely mass of carbon 22 
tetrachloride and nitrate present in groundwater. As a result, to evaluate the three-dimensional depictions 23 
obtained from the 2014 through 2015 data prior to their use as initial conditions in transport simulations, 24 
the mass recovery simulated for each COC using each plume was compared with the measured mass 25 
recovery over the period from 2016 through 2017. The result of this process represents the current 26 
understanding of the likely extent of carbon tetrachloride and nitrate in groundwater. Section 4.4.2.3 27 
discusses the implications of these updated plume estimates for remedy performance evaluation and 28 
attainment of short-term targets, interim goals, and long-term RAOs. 29 

4.2.2.2 Carbon Tetrachloride Degradation Half-Life 30 
The design of the final 200-ZP-1 groundwater remedy selected in the 200-ZP-1 OU ROD 31 
(EPA et al., 2008) is based, in large part, on calculations made to support the 200-ZP-1 OU FS 32 
(DOE/RL-2007-28), which was published in 2008. Values used to represent the primarily abiotic 33 
degradation of carbon tetrachloride at that time were derived from reviews of the limited published 34 
literature, as well as the initial findings of a study in progress by Pacific Northwest National Laboratory 35 
(PNNL). Two degradation rate constants derived from these various documents and studies (which 36 
correspond with degradation half-lives of 41.3 and 100 years) were used in the contaminant F&T 37 
modeling studies conducted in the FS and subsequent reports. 38 

In December 2012, approximately 3 years following the issuance of Revision 0 of this RD/RAWP, 39 
the final report on the PNNL study of carbon tetrachloride degradation was issued (PNNL-22062, Abiotic 40 
Degradation Rates for Carbon Tetrachloride and Chloroform: Final Report). The report concluded that 41 
rates of hydrolysis at groundwater temperatures are significantly slower than predicted by extrapolations 42 
from high-temperature studies, and that the half-life may also be strongly dependent on pH and 43 
temperature. The carbon tetrachloride degradation half-life results from the experiments in the study were 44 
between 550 years and 680 years. The study concluded that the most appropriate value for the half-life of 45 
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carbon tetrachloride via abiotic processes in aqueous systems (including that encountered at the Hanford 1 
Site) is approximately 630 years. This half-life is greater by a factor of between 6 and 15 than the 2 
half-lives previously assumed in the carbon tetrachloride F&T simulation for the 200-ZP-1 OU. Because 3 
the 630-year half-life estimate does not explicitly consider biotic/reductive degradation rates for carbon 4 
tetrachloride, it is considered a worst-case estimate. 5 

This increase in the estimate for the half-life of carbon tetrachloride has important implications for the 6 
200-ZP-1 groundwater remedy. For this reason, during 2016 and 2017, performance evaluation and 7 
optimization activities were performed to reassess the likely fate of carbon tetrachloride, the progress of 8 
remediation, and the design and operation of the groundwater remedy using this longer half-life estimate. 9 
The biotic/reductive degradation rates for carbon tetrachloride are not well understood for the Hanford 10 
Site; therefore, further study has been initiated to evaluate biotic processes to better define the combined 11 
abiotic and biotic degradation rates. Pending the completion of the study, the evaluation and presentation 12 
of remedy performance in the 2017 annual P&T report (DOE/RL-2017-68), as summarized in this 13 
RD/RAWP revision, reflect the change in the worst-case estimate of carbon tetrachloride degradation 14 
based on abiotic degradation alone.  15 

4.3 Performance Data Evaluation 16 

This section discusses evaluations of contaminant sampling data (Section 4.3.1) and hydraulic monitoring 17 
data (Section 4.3.2).  18 

4.3.1 Evaluation of Contaminant Data 19 

The following sections present evaluations of the contaminant data obtained from wells throughout the 20 
200-ZP-1 OU and, where appropriate, the adjacent 200-UP-1 OU. Most analyses focus on data obtained 21 
from wells included in the 200-ZP-1 OU PMP (DOE/RL-2009-115, Rev. 3, Draft A). The data and 22 
associated analyses provide valuable information on the contamination extent in groundwater, 23 
concentration trends at individual wells and throughout the OU, and the overall impact of groundwater 24 
extraction on concentration trends for 200-ZP-1 OU COCs. These assessments are critical to 25 
understanding how the remedy is performing to meet near-term targets and interim goals. Because the 26 
remedy is anticipated to operate for decades to allow the groundwater P&T and natural attenuation 27 
processes to reduce concentrations, it is difficult to accurately predict the rate of progress toward attaining 28 
the final groundwater cleanup levels based on groundwater concentration trends alone. 29 

4.3.1.1 Carbon Tetrachloride Summary 30 
DOE/RL-2013-14 provides historical carbon tetrachloride plume maps showing gradual reduction 31 
and elimination (between 1995 and 2004) of the >4,000 µg/L area around PFP. In 2017, none of the 32 
monitoring locations exhibited carbon tetrachloride concentrations >2,000 µg/L. However, when using 33 
sample data obtained throughout the entire aquifer thickness, the estimated extent of the carbon 34 
tetrachloride plume above the 3.4 µg/L cleanup level was revised from approximately 10.8 km2 (4.2 mi2) 35 
in 2010 to 14.0 km2 (5.4 mi2) in 2011. Figure 4-2 shows the approximate carbon tetrachloride footprint 36 
above the Rlm (inset a) and below the Rlm (inset b), as derived from the three-dimensional quantile 37 
kriging used to prepare initial conditions for transport modeling. The plume maps show carbon 38 
tetrachloride extending east, north, and south of documented source areas. The area of the carbon 39 
tetrachloride plume >3.4 µg/L is approximately 20 km2 (7.7 mi2), extending from the western border of 40 
the 200 West Area to approximately 1 km (0.6 mi) east of Route 3, and from the southern edge of the 41 
200-UP-1 OU, northward to nearly Route 11A. Because carbon tetrachloride in the 200-UP-1 OU is 42 
attributed to contamination migrating from the 200-ZP-1 OU, concentrations of carbon tetrachloride are 43 
monitored in 47 wells in the 200-UP-1 OU (DOE/RL-2009-115, Rev. 3, Draft A).  44 
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 1 
Figure 4-2. Contaminant Plume Map for Carbon Tetrachloride, 2017: 2 

(a) Above the Rlm and (b) Below the Rlm (Quantile Method) 3 
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Figures 4-3 provides a cross-sectional view through the three-dimensional interpolated carbon 1 
tetrachloride plume prepared using quantile kriging. The figure shows the carbon tetrachloride plume as 2 
extending to the east and vertically, downward from the documented source areas, and entering the Rwia 3 
beneath the Rlm where the Rlm appears to be absent. Sample data obtained during 2017 from most 4 
monitoring wells and extraction wells indicated that COC concentrations are declining. Exceptions 5 
include some monitoring wells in proximity to extraction wells that are pulling contamination from the 6 
surrounding area. 7 

4.3.1.2 Chromium Summary 8 
Figure 4-4 shows the inferred extent of the dissolved chromium plume in the unconfined aquifer. 9 
The dissolved chromium plume is migrating eastward in the 200-ZP-1 OU (discussed later in this section) 10 
and is within the capture zone of the 200 West P&T extraction wells. A comparison of sampling results 11 
from 2012 and 2017 for dissolved chromium indicates that concentrations are declining in a majority 12 
of locations. 13 

4.3.1.3 Iodine Summary 14 
Figure 4-5 shows the extent of the iodine-129 plume in the unconfined aquifer. The iodine-129 plume 15 
is migrating eastward (as with other contaminant plumes in the OU) and is within the capture zone of the 16 
200 West P&T extraction wells (discussed later in this section). Concentrations declined in the 17 
monitoring wells sampled in 2012 and 2017.  18 

4.3.1.4 Nitrate Summary 19 
Results of the three-dimensional interpolation of nitrate (described in ECF-200W-18-0028, Evaluation of 20 
Three-Dimensional Extent of Carbon Tetrachloride and Nitrate in Groundwater for 200-West for 21 
Calendar Years (CYs) 2015 and 2017) using quantile kriging and sequential Gaussian simulation 22 
(SGSIM) are not discussed in this section. Instead, the results are used as initial conditions in simulations 23 
completed using the CPGWM to project likely future influent nitrate concentrations to the 200 West P&T 24 
and to estimate whether, at some point in the future, those concentrations will be sufficiently low and no 25 
longer require treatment. 26 

The results of two-dimensional interpolation suggest little change from 2016 to 2017 in the interpreted 27 
extent and area of the nitrate plume at concentrations >45 mg/L for the 200-ZP-1 OU (Figure 4-6). Three 28 
discrete, high-concentration locations (>450 mg/L, which is 10 times the MCL) within the plume include 29 
an area beneath WMA T and WMA TX-TY at well 299-W14-16, a plume observed at well 299-W18-16 30 
(near the 216-Z Cribs and Trenches), and a plume observed at well 299-W5-2. These plumes appear to 31 
merge above the 45 mg/L contour, extending from the 216-Z Cribs and Trenches to beyond the 200 West 32 
Area boundary to the northeast. The high-concentration nitrate plume beneath WMA T, WMA TX-TY, 33 
and the 216-Z Cribs and Trenches is located within the extent of hydraulic containment of the 34 
200 West P&T extraction wells. 35 

4.3.1.5 Technetium-99 Summary 36 
Figure 4-7 shows two distinct technetium-99 plumes above the 900 pCi/L cleanup standard centered at 37 
the northern end of WMA TX-TY and beneath WMA T. The technetium-99 plumes are migrating 38 
eastward (as are other contaminant plumes in the OU) and are within the capture zones of the 200 West 39 
P&T extraction wells.  40 
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Figure 4-3. 200-ZP-1 OU Carbon Tetrachloride Plume Cross Section A to A’ (Quantile Method) 2 
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Figure 4-4. Two-Dimensional Contaminant Plume Map for Dissolved Chromium, 2017 2 
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Figure 4-5. Two-Dimensional Contaminant Plume Map for Iodine-129, 2017 2 



 
 

 

4-15 

D
O

E/R
L-2008-78, R

EV. 1, D
R

AFT A 
SEPTEM

BER
 2019   

 1 
Figure 4-6. Two-Dimensional Contaminant Plume Map for Nitrate, 2017 2 



DOE/RL-2008-78, REV. 1, DRAFT A 
SEPTEMBER 2019 

 

4-16 

 1 
Figure 4-7. Two-Dimensional Contaminant Plume Map for Technetium-99, 2017 2 
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4.3.1.6 Trichloroethene Summary 1 
Figure 4-8 shows the extent of the TCE plume in the unconfined aquifer. Although the plume extent is 2 
quite large, the concentrations are only marginally greater in most places than the final cleanup level 3 
(1 µg/L).  4 

4.3.1.7 Tritium Summary 5 
Figure 4-9 shows the extent of the tritium plume in the unconfined aquifer. The tritium plume is 6 
migrating eastward in the OU and is within the capture zone of the 200 West P&T extraction wells 7 
(discussed later in this section). 8 

4.3.1.8 Contaminant of Concern Trends and Summary Statistics 9 
Previous sections of this report presented depictions of contaminant extents and qualitative summaries of 10 
concentration changes for the 200-ZP-1 OU COCs from initiation of the 200 West P&T in 2012 through 11 
to the end of 2017. This section presents two quantitative assessments of contaminant concentration 12 
changes over time, for the years following startup of the 200-ZP-1 P&T remedy (from 2012 and forward).  13 

Concentrations measured at individual monitoring wells are evaluated independently of other monitoring 14 
wells to estimate trends and summary statistics including upper confidence limits (UCLs) on the mean, 15 
which are referred to as intrawell trends and summary statistics. For this evaluation, emphasis is placed 16 
on individual monitoring wells that are listed in the 200-ZP-1 OU PMP (DOE/RL-2009-115, Rev. 3, 17 
Draft A). This evaluation enables location-specific evaluations of progress but does not provide an overall 18 
depiction of progress. 19 

Concentrations are then measured at multiple monitoring wells and evaluated for each year independently 20 
to estimate summary statistics (including UCLs on the mean) and changes in the network-wide 21 
summary statistics over time. For this evaluation, emphasis is placed on the most regularly sampled 22 
wells listed in the 200-ZP-1 OU PMP (DOE/RL-2009-115, Rev. 3, Draft A). In contrast to the intrawell 23 
calculations, this evaluation provides an overall depiction of progress but does not readily enable 24 
location-specific progress evaluations. 25 

The number of wells listed in the 200-ZP-1 OU PMP (DOE/RL-2009-115, Rev. 3, Draft A) network 26 
sampled for other COCs varies depending upon the COC. Trends could not be determined in several wells 27 
for certain COCs at this time, but the number of locations and COCs for which trends cannot be 28 
determined will decrease over time as additional sample results are obtained.  29 

Most wells listed in the 200-ZP-1 OU PMP (DOE/RL-2009-115, Rev. 3, Draft A) network are sampled 30 
for carbon tetrachloride. Review of well concentration data suggests that most discernible trends are 31 
downward (there are few discernible upward trends for the period evaluated). Appendix D of this 32 
RD/RWAP summarizes the results of intrawell trend calculations for the other 200-ZP-1 OU COCs. 33 
The intrawell analyses help support detailed evaluation of P&T system performance at the local scale 34 
(e.g., well-specific or small groups of wells). These results help support P&T remedy optimization, 35 
including modifications to pumping rates and locations, as attainment of cleanup levels occurs on 36 
a well-by-well basis following guidance established by EPA for demonstrating cleanup.  37 

Both plume and OU-wide concentration changes over time are assessed using summary statistics 38 
calculated each year since the P&T system began operating using the appropriate well network to help 39 
evaluate remedy performance. The data (presented in Appendix D of this RD/RAWP) show that 40 
concentrations of carbon tetrachloride have exhibited a fairly systematic and monotonic decline since 41 
P&T system startup.  42 



DOE/RL-2008-78, REV. 1, DRAFT A 
SEPTEMBER 2019 

 

4-18 

 1 
Figure 4-8. Two-Dimensional Contaminant Plume Map for TCE, 2017 2 
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 1 
Figure 4-9. Two-Dimensional Contaminant Plume Map for Tritium, 2017 2 
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4.3.2 Evaluation of Hydraulic Data 1 

Estimates of the extent of hydraulic containment developed for the P&T system are based on water-level 2 
mapping and on groundwater modeling using the CPGWM. This section presents the estimated extent 3 
of hydraulic containment developed by the P&T system and the degree to which the primary COC 4 
(carbon tetrachloride) is encompassed by that capture zone using the extent of hydraulic containment 5 
simulated with the CPGWM. The extent of hydraulic containment is also one aspect of flow-path control 6 
that illustrates the ability of the 200 West P&T to achieve hydraulic control of the area targeted for 7 
containment and to recover these contaminants via extraction. Because the P&T component of the 8 
remedy is anticipated to operate for decades to bring concentrations down to levels amenable to natural 9 
attenuation processes, it is difficult to accurately predict the rate of progress toward attaining final cleanup 10 
levels for groundwater. 11 

Figure 4-10 shows the extent of hydraulic containment calculated using the CPGWM. In Figure 4-10, 12 
inset a shows the extent of containment simulated above the Rlm, and inset b shows the extent of 13 
containment simulated below the Rlm. The light-gray shading indicates regions of the aquifer (above and 14 
below the Rlm) that are likely to be contained and ultimately captured by 200-ZP-1 extraction wells. 15 
Darker gray shading indicates regions of the aquifer (above the Rlm) that are likely to be contained and 16 
captured by 200-UP-1 OU P&T extraction wells. Figure 4-10 also shows the estimated extent of the 17 
carbon tetrachloride plume at concentrations >100 µg/L and 3.4 µg/L (as determined using quantile 18 
kriging) above and below the Rlm. 19 

The estimated extents of hydraulic containment shown in Figure 4-10 (inset a; above the Rlm) suggest 20 
that groundwater extraction is containing the majority of the area with carbon tetrachloride 21 
at concentrations >100 µg/L. Figure 4-10 (inset b; below the Rlm) suggests that the entire area with 22 
concentrations >100 µg/L is hydraulically contained; however, the extent of contamination below the 23 
Rlm is subject to greater uncertainty and is a focus area for further investigation along the leading 24 
(downgradient) edges of the plume. Section 4.4.2 provides further discussion regarding the degree to 25 
which carbon tetrachloride at concentrations >100 µg/L and other concentration levels are contained. 26 

4.4 Progress Toward Meeting Targets, Goals, and Remedial Action Objectives 27 

The data described in this section provide a technical basis for addressing three of the four components 28 
of the selected remedy to assess success in meeting the RAOs: P&T, flow-path control, and MNA. 29 
The fourth component, ICs, is addressed in the Sitewide IC plan (DOE/RL-2001-41). 30 

4.4.1 Near-Term Targets 31 

Near-term targets for the P&T component of the 200-ZP-1 remedy are as follows: 32 

• Attain specified (i.e., target) total system-wide operating rates and specified rates at individual 33 
extraction and injection wells (this target is evaluated in this section) 34 

• Achieve desirable reinjected treated water quality 35 

The near-term targets are not RAOs but are indicative of effective P&T system operation.  36 
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 1 
Figure 4-10. Extent of Hydraulic Containment Computed for December 2017 2 
Using the Central Plateau Model: (a) Above the Rlm and (b) Below the Rlm 3 
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4.4.1.1 Flow Rate Targets 1 
Targeted system-wide operating rates and rates at individual extraction and injection wells were 2 
developed primarily on the basis of groundwater modeling to meet near-term flow-path control and 3 
hydraulic containment goals. To achieve the mass removal goal identified in the 200-ZP-1 OU ROD 4 
(EPA et al., 2008), a phased implementation was identified for the RD/RAWP (see Chapter 3) that 5 
included an initial 3-year phase with the P&T system operating at a nominal rate of 3,785 L/min 6 
(1,000 gal/min), followed by 22 years of operation at a nominal rate of 7,571 L/min (2,000 gal/min). 7 
As described in Chapter 3, initial construction of the 200 West P&T included two treatment trains capable 8 
of a nominal combined flow rate of 7,571 L/min (2,000 gal/min), including downtime. This initial 9 
capacity allowed installation of additional extraction and injection wells (with higher total flow rates) 10 
earlier than originally planned. 11 

Figure 4-11 shows the actual cumulative volume that has been extracted and treated compared to the 12 
design basis expectation for groundwater extraction and treatment. The majority of the treated volume is 13 
groundwater extracted from the 200-ZP-1 OU; however, the 200 West P&T also treats contaminated 14 
groundwater from other OUs (e.g., 200-UP-1, 200-DV-1, and 200-BP-5). Through the end of 2018, the 15 
cumulative 200-ZP-1 OU extracted groundwater treated was above the projected design throughput, 16 
resulting largely from accelerated construction and implementation of the P&T system (discussed 17 
in Chapter 3). However, because the 200 West P&T was designed with a finite nominal capacity of 18 
7,571 L/min (2,000 gal/min), achieving flow targets for the 200-ZP-1 OU and treating water from other 19 
sources presents a challenge. Future projections based on 2017 flow rates indicate that the cumulative 20 
combined volume throughput for 200-ZP-1 OU and WMA S-SX systems will fall below the volume 21 
calculated using a 7,571 L/min (2,000 gal/min) nominal target flow rate in mid-2019. 22 

Injection well fouling has also been a concern that has limited injection capacity at times, thus limiting 23 
extraction rate and treatment system throughput. Section 4.5.3 discusses injection well fouling issues and 24 
steps taken to address fouling, and Section 4.6.7 provides further recommendations to minimize the 25 
biofouling issues and improve injection well capacity. These actions, along with ongoing 200 West P&T 26 
optimization activities, are being conducted to achieve facility operations at the design throughput 27 
established in Revision 0 of this RD/RAWP.  28 

4.4.1.2 Treated Water Quality Targets 29 
The achievements for treated water quality for reinjection are evaluated in the 2017 annual P&T report 30 
(DOE/RL-2017-68). The annual report concludes that, in general, the 200 West P&T is treating 31 
contaminated groundwater to meet the injection criteria prior to reinjection. 32 

4.4.2 Intermediate-Term Goals 33 

The intermediate-term goals for the P&T component of the 200-ZP-1 remedy established by the 200-ZP-1 34 
OU ROD (EPA et al., 2008) and Revision 0 of this RD/RAWP are as follows:  35 

• Achieve hydraulic containment of the carbon tetrachloride plume at concentrations >100 µg/L 36 

• Achieve flow-path control 37 

• Reduce the mass of contaminants throughout the 200-ZP-1 OU by 95% (this goal is designed to be 38 
achieved after 25 years of P&T operations) 39 

Progress toward attaining these goals is evaluated in the following sections. 40 
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 1 
Figure 4-11. 200 West P&T Actual Cumulative Volume Treated Compared to Design Capacity Throughput 2 

4.4.2.1 Evaluation of Hydraulic Containment of the 100 µg/L Carbon Tetrachloride Boundary 3 
As described in the 200-ZP-1 OU ROD (EPA et al., 2008), carbon tetrachloride concentrations in the 4 
groundwater >100 μg/L correspond to approximately 95% of the dissolved carbon tetrachloride mass 5 
currently in the aquifer. This region is targeted for removal using P&T. The locations and rates of the 6 
200 West P&T extraction and injection wells were selected to encompass the area defined by carbon 7 
tetrachloride concentrations >100 µg/L to maximize the efficiency of mass recovery.  8 

The hydraulic containment maps provided in this chapter provide snapshots (or instantaneous extents) 9 
representing conditions for one month in 2017 (December 2017). When similar instantaneous depictions 10 
are prepared for each month of the year (resulting in 12 depictions), these can be combined to prepare 11 
a capture frequency map (CFM) (Karanovic et al., 2009, “KT3D_H2O: A Program for Kriging Water 12 
Level Data Using Hydrologic Drift Terms”), as detailed in ECF-HANFORD-18-0030, Description of 13 
Groundwater Calculations and Assessments for the Calendar Year 2017 (CY2017) 200 Areas 14 
Pump-and-Treat Report. The resulting CFM shows the frequency (valued between zero and one) during 15 
which groundwater in a region is hydraulically contained by the P&T remedy over a 1-year period. 16 
A value of one indicates that the region was contained throughout all 12 months, and a value of 17 
<1 indicates that for at least some months, the region was not hydraulically contained.  18 
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Figures 4-12 and 4-13 show the hydraulic containment extent above and below the Rlm, respectively, 1 
with CFMs calculated using the CPGWM. A similar depiction obtained using water-level mapping 2 
(presented in ECF-HANFORD-18-0030) is comparable in most areas. In each case, the CFM is 3 
overlaid with the estimated carbon tetrachloride extent in groundwater at concentrations >3.4 µg/L 4 
(the cleanup level) and 100 µg/L (the level targeted for hydraulic containment and focused mass 5 
recovery). The extent of hydraulic containment shown in these figures reflects groundwater extraction at 6 
a typical rate of approximately 6,800 L/min (1,800 gal/min) for the 200-ZP-1 extraction wells, combined 7 
with additional groundwater recovery by the 200-UP-1 extraction wells. In these figures, green shading 8 
indicates a capture frequency of one, red shading indicates a capture frequency zero, and shades of orange 9 
and blue indicate intermediate capture frequencies. Figures 4-12 and 4-13 indicate that the region defined 10 
by the 100 µg/L concentration was largely contained by pumping in the 200 West Area (as of 2017) 11 
during months in which sustained pumping approached design rates. The exception above the Rlm is 12 
located northeast of the focused groundwater extraction area, where concentrations >100 µg/L appear to 13 
extend in a “thumb” beyond the zone of hydraulic containment. The exception below the Rlm is located 14 
along the eastern boundary of the 100 µg/L concentration, where the carbon tetrachloride extent is also 15 
uncertain and subject to further investigation. 16 

These comparisons of hydraulic containment extent with the extent of carbon tetrachloride contamination 17 
suggest that if the 200 West P&T can sustain rates near or exceeding design rates, it can produce a region 18 
of hydraulic containment that is equal to or larger than the area mapped at concentrations >100 µg/L, and 19 
it can also contain a substantial area of groundwater exhibiting concentrations >50 µg/L or even 25 µg/L. 20 
Planned flow rate increases and rebalancing of groundwater extraction and reinjection are anticipated to 21 
improve hydraulic containment in the upcoming year in those limited areas where the capture frequency 22 
for concentrations >100 µg/L is less than one, with particular focus on the “thumb” area to the northeast. 23 

4.4.2.2 Evaluation of Flow-Path Control 24 
Flow-path control considers, first and foremost, the extent of hydraulic containment. In addition, 25 
the development of reduced hydraulic gradients in downgradient directions to the northeast and 26 
southeast of the 200-ZP-1 OU is also considered. Evaluation of flow-path control integrates the 27 
understanding of the extent of contamination (emphasizing carbon tetrachloride), the hydraulic 28 
containment extent, and the region over which hydraulic gradients are reduced by the 200 West P&T.  29 

Simulated hydraulic gradients (described in Appendix D of this RD/RAWP) suggest that flow-path 30 
control is being maintained in the central region of carbon tetrachloride concentrations >100 µg/L, 31 
preventing or greatly reducing eastward migration. However, in the area north of the eastern 32 
(downgradient) line of injection wells, a region of contamination >100 µg/L (i.e., the “thumb”) is not 33 
being hydraulically contained, although the influence of extraction and injection has reduced hydraulic 34 
gradients. Conditions are somewhat similar in the Rwia, below the Rlm. However, the extent of 35 
contamination >100 µg/L is inferred as smaller and not extending as far to the north; as a result, flow-path 36 
control appears to be more effective. 37 
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Figure 4-12. Simulated CFM Above the Rlm, 2017 2 
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Figure 4-13. Simulated CFM Below the Rlm, 2017 2 
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The number of wells present to characterize the contamination extent below the Rlm is substantially 1 
smaller than the number of wells used for characterization above the Rlm. SGW-61350, Data Gaps 2 
Evaluation in Groundwater Monitoring at the Hanford 200-ZP-1 Groundwater Operable Unit, identified 3 
the area along the north end of the eastern (downgradient) injection well line as an area for additional 4 
investigation and characterization. The additional investigation and characterization area was identified, 5 
in part, due to the relatively low density of monitoring locations in this area and because predictions made 6 
using the CPGWM suggest that contamination in this area could migrate to the 200 East Area 7 
(Figure 4-14). 8 

4.4.2.3 Evaluation of Contaminant of Concern Mass Removal 9 
Figure 4-15 shows the measured carbon tetrachloride recovery since the 200-ZP-1 groundwater 10 
remedy began operations in 2012 (from 2012 through 2017) compared to the mass recovery simulated 11 
using the CPGWM (with the initial conditions obtained using quantile kriging), assuming a worst-case 12 
half-life of 630 years. The figure also projects mass recovery through 2037, which is the year proposed in 13 
the 200-ZP-1 OU ROD (EPA et al., 2008) for cessation of P&T operations. The projected proportion of 14 
the initial mass that will be recovered or degraded by 2037 is approximately 80% for the worst-case 15 
630-year half-life. 16 

For the worst-case 630-year half-life (based on PNNL-22062), the simulated mass removed over the 17 
25-year P&T period is between 75% and 80% of the calculated initial mass for the quantile kriging plume 18 
or the weighted-average SGSIM plume (see Appendix D of this RD/RAWP). Comparison of the actual to 19 
projected mass removed by the 200 West P&T through 2017 indicates that although the cumulative mass 20 
removal to date meets that anticipated by Revision 0 of this RD/RAWP, attaining the 95% mass removal 21 
target within the proposed 25-year timeframe is unlikely at current pumping rates. 22 

The updated contamination extent evaluations completed from 2012 through 2017 have provided 23 
improved knowledge and reduced uncertainty regarding contaminant distributions throughout the 24 
200-ZP-1 OU. The extent and mass of carbon tetrachloride estimated in groundwater from recent studies 25 
is similar in many respects to the estimates used for Revision 0 of this RD/RAWP. However, the 26 
following differences are noted.  27 

Recent carbon tetrachloride mass estimates are similar to the estimates used in Revision 0 of this 28 
RD/RAWP, although the range of uncertainty in the recent estimates has narrowed compared to those in 29 
Revision 0 of this RD/RAWP. This reflects increased knowledge derived from additional monitoring 30 
wells and characterization data, as well as the use of measured P&T system mass recovery data to help 31 
constrain the mass estimates.  32 

The fraction of contaminant mass that resides below, and potentially within, the Rlm is believed to be 33 
greater than was anticipated when Revision 0 of this RD/RAWP was issued. The percentage of carbon 34 
tetrachloride mass in the Rwia was originally estimated at about 12% of the total, whereas current 35 
estimates approximate that 25% of the total carbon tetrachloride mass resides in the Rwia. The extent of 36 
carbon tetrachloride present below and potentially within the Rlm is the focus of further characterization 37 
efforts identified in SGW-61350. 38 
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Note: Figure modified from SGW-61350, Data Gaps Evaluation in Groundwater Monitoring at the Hanford 200 ZP-1 Groundwater Operable Unit. 2 

Figure 4-14. Example of Results of Data Gap Study Highlighting Areas Prioritized for Investigation  3 
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 1 
Figure 4-15. Actual Carbon Tetrachloride Mass Recovery Compared to Projected Mass Recovery: 2 

630-Year Half-Life, Initial Plume from Quantile Kriging 3 

Although many features of the extent and mass of contamination are similar to those provided when 4 
Revision 0 of this RD/RAWP was issued, the differences described above impact future remedy operation 5 
and optimization. These differences, combined with the substantially lower best estimate of the abiotic 6 
half-life for carbon tetrachloride (as well as other factors), suggest that conditions are not as favorable as 7 
those that resulted in the upper-bound mass recovery estimate of nearly 100% presented in Revision 0 8 
of this RD/RAWP; however, neither are they as unfavorable as those conditions that resulted in the 9 
lower-bound mass recovery estimate (i.e., 57%). Current estimates of the likely mass that may be 10 
remediated over 25 years of operation using three alternate plumes and the worst-case half-life of 11 
630 years range from about 62% to 86%, which is a smaller range than that presented in Revision 0 of 12 
this RD/RAWP. Furthermore, studies completed in 2017 and 2018 suggest that the lowest of these 13 
estimates are unlikely (as noted in Appendix D of this RD/RAWP). These results suggest that if the P&T 14 
system operates in the future at rates similar to those maintained during 2017, the intermediate-term 15 
95% mass remediation goal will not be achieved within the planned 25-year operating period. Therefore, 16 
further optimization efforts are necessary. 17 
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4.4.3 Progress Toward Meeting Remedial Action Objectives 1 

The RAOs identified in the 200-ZP-1 OU ROD (EPA et al., 2008) are site-specific goals that define the 2 
extent of cleanup necessary to achieve the specific level of remediation at the site. Measurable progress 3 
was made during the reporting period to meet specific RAOs, with the following results: 4 

• RAO #1: Return the 200-ZP-1 OU groundwater to beneficial use (restore groundwater to achieve 5 
domestic drinking water levels) by achieving the cleanup levels. This objective is to be achieved 6 
within the entire 200-ZP-1 OU groundwater plumes. The estimated period to achieve cleanup levels 7 
is within 150 years.2 8 

Conclusions: The interim 200-ZP-1 P&T system and the final 200 West P&T remedy have made 9 
progress toward this objective. The shallow portion of the aquifer (upper 15 m [50 ft]) with the 10 
carbon tetrachloride plume was captured by the interim 200-ZP-1 P&T system until operations were 11 
terminated in May 2012. Since remediation efforts began in 1996, the area with carbon tetrachloride 12 
concentrations >2,000 µg/L decreased in size from 0.53 to 0.0 km2 (0.2 to 0.0 mi2). From 1996 to 13 
May 2012, the interim system removed 13,718 kg of carbon tetrachloride from groundwater. During 14 
5.5 years of operation (since startup in July 2012), the 200 West P&T system effluent met cleanup 15 
levels for all COCs while removing 12,891 kg of carbon tetrachloride, 1,524,760 kg of nitrate as 16 
nitrate (344,284 kg of nitrate as nitrogen), 409 kg of chromium, 56 kg of TCE, and 600 g of 17 
technetium-99.  18 

Trends in concentrations depicted in this RD/RAWP indicate reductions for most COCs at most wells 19 
over time. However, projections completed using the CPGWM with newly constructed initial plumes 20 
and recent estimates of the worst-case abiotic degradation rate of carbon tetrachloride suggest 21 
that conditions are not favorable for achieving the cleanup levels for carbon tetrachloride in the 22 
timeframe proposed in the 200-ZP-1 OU ROD (EPA et al., 2008) with the current well field and 23 
operational parameters.  24 

• RAO #2: Apply ICs to prevent the use of groundwater until cleanup levels (Table 2-2) have been 25 
achieved. Within the entire OU groundwater plumes, ICs must be maintained and enforced until the 26 
cleanup levels are achieved, which is estimated to be within 150 years. 27 

Conclusions: The Sitewide IC plan (DOE/RL-2001-41) has been implemented to prevent the use of 28 
groundwater until cleanup levels have been achieved, which is estimated to be within 150 years. 29 

• RAO #3: Protect the Columbia River and its ecological resources from degradation and unacceptable 30 
impact caused by contaminants originating from the 200-ZP-1 OU. This final objective is applicable 31 
to the entire 200-ZP-1 OU groundwater plume. Protection of the Columbia River from impacts 32 
caused by the 200-ZP-1 OU contaminants must continue until cleanup levels are achieved, which is 33 
estimated to be within 150 years. 34 

Conclusions: The P&T and flow-path control components of the 200-ZP-1 remedy are concurrently 35 
implemented to protect the Columbia River and its ecological resources from degradation and 36 
unacceptable impacts caused by contaminants from the 200-ZP-1 OU. Treated effluent from the 37 
200 West P&T is reinjected into the aquifer to the west to direct groundwater flow eastward toward 38 
the extraction wells, and to the east to help maintain hydraulic containment and flow-path control. 39 

                                                      
2 The RAOs identify the estimated timeframe to achieve cleanup levels as 150 years. Further requirements in the 
200-ZP-1 OU ROD (EPA et al., 2008) identify this timeframe as 125 years, which is more conservative than 
the RAOs. 
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Using carbon tetrachloride as an example, calculations completed using data through 2017 suggest 1 
that the extent of carbon tetrachloride >100 µg/L is almost entirely contained by the P&T system, and 2 
wide areas (>50% of the region) exhibiting concentrations >50 µg/L (and even 25 µg/L) are also 3 
hydraulically contained and prevented from migrating toward the Columbia River. Remedy 4 
optimization activities are underway to improve containment in focus areas to the east and northeast.  5 

4.5 Additional Remedy Challenges 6 

In addition to the challenges regarding meeting RAO #1 for carbon tetrachloride, several other issues 7 
present challenges that require consideration for remedy optimization or modification. These issues are 8 
discussed in this section. 9 

4.5.1 Characterization of Ringold Formation Member of Wooded Island – Unit A 10 

As discussed in Section 4.4.2.3, sample data obtained following issuance of the 200-ZP-1 OU FS 11 
(DOE/RL-2007-28) and Revision 0 of this RD/RAWP suggest that the extent of dissolved 12 
carbon tetrachloride within the Rwia is greater than originally anticipated during the FS. In particular, 13 
characterization data collected during installation of wells associated with the 200-ZP-1 P&T remedy 14 
suggest that carbon tetrachloride is present in locations further eastward (i.e., downgradient of known 15 
sources) than anticipated during completion of the FS. In most places, this is most evident at elevations 16 
below the Rlm. The improved knowledge of the carbon tetrachloride extent also suggests that a greater 17 
proportion of the total mass of carbon tetrachloride may reside at elevations beneath (and in places, 18 
possibly within) the Rlm than was previously anticipated. Contamination within and beneath the Rlm is 19 
more difficult to characterize because of its greater depth beneath the Rwie. In addition, predictive 20 
transport simulations conducted during remedy optimization activities in 2017 and 2018 suggest that 21 
contamination beneath (and, where present, within) the Rlm is more difficult to remediate because of its 22 
greater depth and the more restrictive transport properties of the Rwia versus the overlying Rwie. 23 

The data gaps evaluation completed in 2017 (SGW-61350) supported qualitative determinations that 24 
further characterization is needed of the Rwia to better define the nature and extent of contamination (for 25 
all 200-ZP-1 OU COCs), hydrogeologic properties, hydraulic properties, and contaminant transport 26 
parameters of the semiconfined aquifer in this location. Further characterization will lead to the 27 
development of appropriate remedy optimization or modification activities. 28 

4.5.2 Hydraulic Containment of Northeast Plume Area 29 

Detailed analyses of the extent of hydraulic containment by the P&T system during 2017 compared with 30 
the estimated extent of carbon tetrachloride in groundwater at concentrations above 100 µg/L suggest that 31 
when operating at rates approaching 7,571 L/min (2,000 gal/min) (as described in Revision 0 of this 32 
RD/RAWP), the majority of the plume >100 µg/L is contained. The notable exception is located to the 33 
northeast of the extraction wells and north of the eastern (downgradient) line of injection wells. In this 34 
area, analyses completed as part of the CY 2017 annual P&T report (DOE/RL-2017-68), combined with 35 
recent updates to the hydrostratigraphic model, suggest that the Rlm may not be present, and the saturated 36 
thickness of the unconfined aquifer may be larger in this area than it is further to the south. Sample 37 
concentrations from the only monitoring well in this area exhibited an upward trend for several years 38 
prior to beginning P&T operations and have since apparently stabilized for carbon tetrachloride; however, 39 
concentrations appear to be still increasing for other COCs, including Cr(VI) and tritium. The lobe of 40 
carbon tetrachloride in this area >100 µg/L that is not hydraulically contained (i.e., the “thumb”) is 41 
estimated to be approximately 5% of the total area of the plume that is >100 µg/L. 42 
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In response to this determination of incomplete capture of the targeted concentration of the 100 µg/L 1 
isoconcentration contour and the pattern of increasing trends for some other COCs, a large number of 2 
simulations were performed using the CPGWM to evaluate various combinations of injection only or 3 
combined injection/extraction well configurations to contain and ultimately recover the contaminants in 4 
this area. In July 2018, a preferred alternative for this area was selected: (1) install a single extraction well 5 
within the “thumb” area (currently being installed during FY 2019), and (2) install one to two injection 6 
wells in FY 2020 (if necessary) to fully contain the “thumb” area. The necessity of installing the injection 7 
wells will be determined following several weeks of new extraction well operation, which will include 8 
estimating the specific capacity of the well and the extent of hydraulic containment with the well added to 9 
the P&T system. 10 

Figure 4-16 depicts the hydraulic containment extent estimated for the Rwie above the Rlm for the base 11 
case operations planned for 2017 and 2018. The “thumb” is evidenced by the small lobe of the 100 µg/L 12 
isoconcentration contour that extends beyond (to the north of) the containment zone (shown by gray 13 
shading). Figure 4-17 depicts the estimated hydraulic containment extent that would be developed with 14 
the addition of the proposed extraction well and two injection wells. In Figure 4-17, the “thumb” region is 15 
hydraulically contained. Path lines depicted in this figure show the simulated fate of contamination that is 16 
present within the “thumb” (specifically near monitoring well 699-48-71 under current operations [shown 17 
as blue path lines that migrate eastward]) and with the addition of the extraction and injection wells 18 
(shown as brown path lines that migrate a short distance and are captured by the new extraction well). 19 

4.5.3 Injection Well Fouling 20 

The 200 West P&T operations involve multiple unit processes, some of which require amendments to 21 
function. The biological processes (FBR and aerated membrane tank) and the air stripper use amendments 22 
that add constituents to the facility effluent, although at concentrations below regulatory standards. 23 
These constituents are acceptable for injection into the aquifer. However, with a high injection flow 24 
rate over long time periods, even low concentrations of some constituents can cause biological and 25 
mineral fouling of the injection wells that decreases injection capacity. This has resulted in the need for 26 
a maintenance process for cleaning the injection wells. Constituents from operational amendments that 27 
are of concern in the 200 West P&T effluent with respect to biofouling primarily include organic carbon, 28 
manganese, aluminum, iron, and phosphate in dissolved or solid (particulate) forms. 29 

Decreased injection well capacity, first identified in 2013 as a result of biofouling (DOE/RL-2014-26, 30 
Calendar Year 2013 Annual Summary Report for the 200-ZP-1 and 200-UP-1 Operable Unit 31 
Pump-and-Treat Operations), continued through 2017. System flows in 2017 were reduced even further 32 
as injection wells were taken offline and cleaned to remove the clogging material. Injection wells have 33 
exhibited persistent fouling, resulting in reduced injection capacity which has, at times, limited treatment 34 
throughput at 200 West P&T.  35 
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Figure 4-16. Estimated Hydraulic Capture with 2017/2018 Injection Well Configuration  2 
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Figure 4-17. Estimated Hydraulic Capture in 2022 with Proposed Injection Well Configuration 2 
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Actions to decrease the rate of injection well fouling have been initiated and include the following 1 
primary items (SGW-62183, 200 West Pump and Treat Well Fouling Mitigation: Implementation and 2 
Management Plan, provides additional details and a full list of actions). These efforts have made progress 3 
but are not sufficient to address the observed injection well fouling issue: 4 

• Well foulant characterization: 5 

− Characterization of fouling materials in the wells and in the P&T effluent system has been 6 
conducted as documented in SGW-58170-VA, Finding the Balance Between Biological 7 
Groundwater Treatment and Treated Injection Water; SGW-61398, Nature of Injection Well 8 
Foulant and Recommendations to Limit Injection Well Fouling at 200 West Pump & Treat; 9 
SGW-61974, Filter Test on YJ10 to Investigate and Mitigate Well Fouling 2017; and 10 
SGW-62183. 11 

• Reduction of well-fouling constituents in operational amendments: 12 

− Changed to an antiscalant for the air stripper, which significantly lowered the phosphate 13 
concentration in the P&T facility effluent 14 

− Reduced the amendment concentrations of carbon, manganese, aluminum, iron, and phosphate 15 
that are added to the FBR 16 

− Improved handling of recycled water that contains well-fouling constituents 17 

− Identified a coagulant amendment with lower concentrations of manganese (a primary 18 
well-fouling constituent) 19 

• Enhanced well maintenance: 20 

− Changed to a more rigorous injection well cleaning protocol 21 

− Improved procedures for handling well-cleaning purgewater 22 

• P&T facility effluent system cleaning and treatment: 23 

− Successfully tested disinfection approaches to clean the effluent system and maintain conditions 24 
that minimize biological growth and mineral deposition 25 

4.5.4 Biological Treatment 26 

Nitrate is being treated as a COC for the 200-ZP-1 OU remedy at the 200 West P&T. Through 2017, 27 
1,524,760 million kg (as NO3) have been removed, with maximum nitrate concentrations in the 28 
200-ZP-1 OU aquifer dropping from approximately 700 mg/L in 2012 to approximately 285 mg/L in 29 
2017, and average concentrations dropping from approximately 132 mg/L in 2012 to 30 
approximately 85 mg/L in 2017 (less than two times the RAO) (ECF-200ZP1-18-0029, Calculation of 31 
Concentration Summary Statistics for Monitoring Wells of the 200-ZP-1 Performance Monitoring Plan). 32 

Significant operational and cost burdens are incurred from biological treatment at the 200 West P&T. 33 
As discussed in the 2017 annual P&T report (DOE/RL-2017-68) and in this RD/RAWP revision, 34 
injection well capacity decline due to well fouling currently requires significant maintenance operations, 35 
an added disinfection step, and is projected to be a continuing operational issue, with the potential to 36 
affect remedy effectiveness for carbon tetrachloride in the future. The biological treatment system is also 37 
an impediment to further increases in treatment capacity at the 200 West P&T due to the cost and 38 



DOE/RL-2008-78, REV. 1, DRAFT A 
SEPTEMBER 2019 

 

4-36 

complexity of biological treatment. Adding groundwater treatment capacity to focus on achieving RAOs 1 
for carbon tetrachloride would be cost prohibitive if biological treatment is continued. 2 

Projected costs are much higher than identified in the 200-ZP-1 OU ROD (EPA et al., 2008) (see 3 
Chapter 8 of this RD/RAWP for further discussion). A significant portion of remedy operation cost 4 
(preliminary estimates suggest approximately 40%) is associated with biological treatment due to the 5 
complexity of the treatment process, as well as costs associated with mitigating injection well fouling 6 
through injection well maintenance, rehabilitation, and replacement. These costs and operational issues 7 
indicate that there is a need for mitigation actions to address injection well fouling in the near term, as 8 
well as the need to investigate how long the biological treatment system needs to operate to achieve 9 
RAOs.  10 

The 200-ZP-1 OU remedy includes an active P&T component and an MNA component to meet RAOs 11 
within the specified cleanup timeframe. Carbon tetrachloride has the longest projected cleanup timeframe 12 
of the 200-ZP-1 OU COCs. Because significant portions of the nitrate and carbon tetrachloride plumes are 13 
co-located, it is likely that nitrate concentrations within the aquifer may be reduced to levels where 14 
additional nitrate mass removal is not necessary to achieve the nitrate cleanup level within the 125-year 15 
cleanup timeframe; however, extraction well pumps cannot be shut off due to the need to continue 16 
extracting carbon tetrachloride mass. Under those conditions, additional nitrate mass will be co-extracted 17 
with the carbon tetrachloride mass, but biological treatment may no longer be needed to achieve the 18 
nitrate cleanup level within the 125-year timeframe. Beyond that point, continuing biological treatment 19 
(which is costly and complex) would provide no additional risk reduction or protectiveness since ICs are 20 
in place and beneficial use of the aquifer has not yet been restored due to persisting carbon tetrachloride 21 
concentrations, provided that nitrate concentrations above the MCL are hydraulically contained within the 22 
Central Plateau. Ceasing biological treatment for nitrate is consistent with existing ROD requirements for 23 
the transition from active P&T to MNA as part of the selected remedy outlined in the 200-ZP-1 OU ROD 24 
(EPA, et al., 2008).  25 

Ceasing the biological treatment processes will require reinjection of treated groundwater with nitrate 26 
above the MCLs into the 200-ZP-1 OU aquifer for a period until concentrations are reduced. RCRA 27 
Section 3020(a) generally prohibits injection of hazardous constituents into groundwater that is a potential 28 
source of drinking water. However, RCRA Section 3020(b), listed as an ARAR in the 200-ZP-1 OU ROD 29 
(EPA et al., 2008), provides an exemption for reinjection of contaminated groundwater if (1) reinjecting 30 
the groundwater is part of a CERCLA response action; (2) the groundwater is substantially treated to 31 
reduce hazardous constituents; and (3) the remedy, upon completion, is protective of human health and 32 
the environment.  33 

The following explains the rationale that ceasing biological treatment and reinjecting groundwater with 34 
nitrate above cleanup levels satisfies the three criteria in RCRA Section 3020(b): 35 

1. The first criterion from RCRA 3020(b) requires reinjection to be part of a CERCLA Section 104 36 
response action.  37 

Satisfied: The 200-ZP-1 OU is currently undergoing remedial action pursuant to CERCLA 38 
Section 104 in accordance with the 200-ZP-1 ROD that was signed and approved by DOE, EPA, and 39 
the Washing State Department of Ecology (Ecology) in 2008 (EPA et al., 2008). 40 

2. The second criterion from RCRA 3020(b) requires that contaminated groundwater be treated to 41 
substantially reduce hazardous constituent prior to reinjection. The “substantial reduction” may occur 42 
either before or after reinjection.  43 
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Satisfied: As discussed above, significant progress in nitrate mass removal and concentration 1 
reduction has been achieved through 2019. The treated groundwater will continue to meet cleanup 2 
levels without the biological treatment processes for all contaminants except nitrate and tritium. No 3 
treatment technology exists for tritium, so the 200-ZP-1 OU remedy uses hydraulic containment, 4 
MNA, and ICs to address tritium contamination in the groundwater. 5 

3. The third criterion requires the remedy to be protective of human health and the environment upon 6 
completion.  7 

Satisfied: The 200-ZP-1 ROD identifies that the current selected remedy for 200-ZP-1 is protective 8 
of human health and the environment. Preliminary groundwater modeling results indicate that with 9 
changes to the P&T configuration, the remedy can achieve cleanup levels for all COCs, including 10 
nitrate, within 125 years. Biological treatment can be ceased because natural breakdown of nitrate, 11 
dilution, and hydraulic containment of the contaminant plume within the Central Plateau will prevent 12 
nitrate concentrations above cleanup levels from ever reaching the Columbia River. Institutional 13 
controls are in place for protection of human health and the environment throughout the duration of 14 
the remedy. 15 

Ceasing biological treatment will allow the P&T remedy to better focus on carbon tetrachloride removal 16 
to meet RAOs by increasing the 200 West P&T capacity, improving system uptime, and reducing costs. 17 
With significant progress in nitrate mass removal and concentration reduction that has been achieved 18 
through 2017 (which continues through the publication of this RD/RAWP revision), further evaluation is 19 
needed to determine if ceasing biological treatment at the 200 West P&T is feasible with modifications to 20 
the remedy configuration.  21 

4.6 Remedy Performance Evaluation Recommendations and Regulatory Path 22 
Forward 23 

This RD/RAWP revision provides recommendations for optimizing the remedy to meet the commitments 24 
set forth in the 200-ZP-1 OU ROD (EPA et al., 2008). These recommendations are intended to address 25 
the performance challenges and data needs identified in Sections 4.4 and 4.5 of this RD/RAWP.  26 

Progress on these tasks will be reported through quarterly regulatory briefings and annual summary 27 
reports (see Section 5.5.2). The anticipated duration and schedule of each of these tasks is provided in 28 
Chapter 8 of this RD/RAWP. 29 

4.6.1 Near-Term Operational Strategy for Carbon Tetrachloride Performance 30 

As noted in this chapter, carbon tetrachloride is the most widespread 200-ZP-1 OU COC with the longest 31 
anticipated cleanup timeframe. The primary focus of the current remedy configuration is extracting 32 
carbon tetrachloride mass within the Rwie. The P&T remedy component is in the early phases of the 33 
pumping duration, where significant progress in mass removal and concentration reduction is being made 34 
within the Rwie.  35 

This RD/RAWP recommends that the near-term operational strategy for the remedy should continue to 36 
focus on utilizing available treatment capacity to enhance carbon tetrachloride mass recovery from the 37 
Rwie until data gaps for the Rlm and Rwia are addressed and informed decisions can be made for 38 
addressing carbon tetrachloride mass in the Rlm and Rwia (see Section 4.6.4).  39 
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4.6.2 200 West Pump and Treat Expansion 1 

Expansion of the 200 West P&T is necessary to increase the total flow rate from 200-ZP-1 OU extraction 2 
wells to enhance performance of carbon tetrachloride plume remediation. The 200 West P&T was 3 
constructed to have a maximum flow capacity of 9,500 L/min (2,500 gal/min) operating at a nominal flow 4 
rate of 7,600 L/min (2,000 gal/min) with the capability of expansion to a maximum flow rate of 5 
14,200 L/min (3,750 gal/min). In its current configuration, the 200 West P&T is operating at 6 
approximately 8,300 L/min (2,200 gal/min), which is above the intended nominal design flow rate. 7 
However, the current 200 West P&T Facility capacity does not meet the existing regulatory 8 
commitments of 9,000 L/min (2,380 gal/min) for treating groundwater from the 200-ZP-1 (7,600 L/min 9 
[2,000 gal/min]), 200-UP-1 (870 L/min [230 gal/min]), and 200-BP-5/200-PO-1 (570 L/min 10 
[150 gal/min]) OUs. Regulatory commitments for groundwater treatment are anticipated to increase as 11 
further investigation of contaminated groundwater plumes is performed and future remediation decisions 12 
are made. 13 

The expansion of the 200 West P&T will focus on installing an additional ion-exchange treatment train to 14 
increase technetium-99 treatment capabilities (primarily for the 200-BP-5/200-PO-1 OUs) and an 15 
additional air stripper tower to increase carbon tetrachloride treatment capacity. Air stripping is the 16 
primary treatment technology used to remove carbon tetrachloride from groundwater at the 200 West 17 
P&T along with off-gas treatment using GAC. The preliminary design concept for 200 West P&T 18 
expansion is intended to increase maximum flow capacity to 14,200 L/min (3,750 gal/min) which will 19 
allow an increase in flow capacity for 200-ZP-1 OU extraction wells. System uptime, which determines 20 
the sustainable nominal flow rate, is a focus of ongoing optimization efforts.  21 

The expansion of the 200 West P&T and a corresponding expansion of the 200-ZP-1 OU extraction and 22 
injection well networks will be conducted as part of an optimization study, discussed in Section 4.6.9, that 23 
will also evaluate ceasing the biological treatment processes to utilize the full expansion capabilities of 24 
the 200 West P&T to expedite treatment of carbon tetrachloride and the other COCs. 25 

4.6.3 Hydraulic Containment of Northeast Plume Area 26 

The 200-ZP-1 OU P&T and flow-path control remedy components are achieving a high degree of 27 
hydraulic containment of the carbon tetrachloride plume; however, a portion of the northeast plume area 28 
is not fully contained. This RD/RAWP recommends installing a single extraction well within the “thumb” 29 
area (currently being installed in FY 2019) to achieve full containment of the 100 µg/L carbon 30 
tetrachloride plume and evaluate its effectiveness. 31 

4.6.4 Characterization of Ringold Formation Member of Wooded Island – Unit A 32 

Additional data obtained during remedy construction and the first 5 years of operation suggest that 33 
additional characterization is needed to address contamination below the Rwie, which is more significant 34 
than was anticipated when the 200-ZP-1 OU ROD (EPA et al., 2008) was issued.  35 

This RD/RAWP recommends using the DQO process to prepare a SAP to refine the understanding of the 36 
nature and extent of contamination, hydrogeologic properties, hydraulic properties, and contaminant 37 
transport parameters within the Rlm and Rwia to support decision making regarding the need for remedy 38 
modifications to address contamination below the Rwie. The SAP (being prepared in FY 2019) will 39 
recommend additional characterization efforts to be implemented in a step-wise approach over several 40 
FYs. Data obtained in each round of borehole installation will be used to inform the locations and 41 
sampling regime for later characterization boreholes.  42 
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4.6.5 Carbon Tetrachloride Biotic Degradation Study 1 

The overall carbon tetrachloride attenuation rate is a key parameter in predicting future remedy 2 
performance and informing decisions related to the interaction of the P&T and MNA components of 3 
the remedy. 4 

This RD/RAWP recommends a study to evaluate biotic/reductive carbon tetrachloride degradation to 5 
better estimate the overall attenuation rate. This evaluation will be accomplished in two phases. The first 6 
phase assesses whether biotic degradation of carbon tetrachloride is likely to be a significant contributor 7 
to the natural attenuation rate of carbon tetrachloride. If the preliminary evaluation indicates that biotic 8 
degradation mechanism are significant, then the second phase will be to conduct a laboratory study to 9 
better quantify the rate of carbon tetrachloride biotic degradation. The accuracy of the carbon 10 
tetrachloride biotic degradation rate is dependent on the duration of the laboratory study. If the early 11 
phases of the laboratory study suggest that biotic degradation rates are low enough that biotic degradation 12 
does not contribute to significant concentration reductions within the 125-year remedy cleanup 13 
timeframe, the laboratory study may be terminated early. If the laboratory study suggests a higher biotic 14 
degradation rate that will lead to significant concentration reductions within the 125-year remedy cleanup 15 
timeframe, the laboratory study will be continued for the duration necessary to adequately quantify the 16 
degradation rate. 17 

4.6.6 Carbon Tetrachloride Remedy Optimization/Modification Evaluation 18 

The remedy performance evaluation provided in this chapter suggests that the 200-ZP-1 OU remedy may 19 
not meet RAOs for carbon tetrachloride within the 125-year timeframe required by the 200-ZP-1 OU 20 
ROD (EPA et al., 2008). 21 

This RD/RAWP recommends performing an evaluation to determine changes to the remedy configuration 22 
necessary to meet RAOs for carbon tetrachloride. While initial evaluations of carbon tetrachloride 23 
remedy optimization/modification scenarios using the CPGWM are ongoing, completion of this 24 
evaluation depends on the tasks identified in Sections 4.6.3, 4.6.4 and 4.6.5. This evaluation will be 25 
conducted as part of an optimization study that is discussed further in Section 4.6.9.  26 

4.6.7 Biological Treatment Evaluation 27 

This RD/RAWP recommends evaluating changes to the remedy configuration to enhance remedy 28 
performance for carbon tetrachloride by ceasing biological treatment at the 200 West P&T and increasing 29 
treatment capacity for carbon tetrachloride. These changes will address the negative impacts of biological 30 
treatment and better focus the remedy on carbon tetrachloride performance to meet RAOs. It will evaluate 31 
the remedy performance improvements, cost implications, and impacts on other COCs treated by the 200 32 
West P&T biological treatment unit processes. This evaluation will be conducted as part of an 33 
optimization study that is discussed further in Section 4.6.9. 34 

4.6.8 Injection Well Fouling 35 

To continue addressing injection well maintenance and replacement issues and to avoid potential 36 
injection well capacity problems in the future, this RD/RAWP includes a phased implementation of tasks 37 
to continue reducing injection well fouling for the 200 West P&T. The phased implementation will be 38 
integrated with other RD/RAWP elements and will be in addition to planned well network and P&T 39 
operational actions (e.g., installing two additional injection wells per year, continuing well maintenance 40 
activities, and continuing previously implemented operational changes). The tasks include the following: 41 

• Task 1: Disinfect the effluent system. Based on successful pilot testing of disinfection with sodium 42 
hypochlorite to reduce the rate of injection well fouling, an interim disinfection system is being 43 
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designed and installed to reduce well maintenance issues and ensure that P&T capacity is not limited 1 
by injection well capacity. In early FY 2019, two temporary sodium hypochlorite injection systems 2 
were installed at the injection transfer buildings, followed by pigging of associated injection wells to 3 
clean them. Preliminary results, obtained during the first few months of operation of the temporary 4 
disinfection systems and after pigging six injection wells, indicate that specific injection capacity at 5 
200 West P&T has increased more than 50% without performing any well redevelopments. However, 6 
recent results show that well development needs to continue to maintain increased specific injection 7 
capacity. Future modifications will install hypochlorite injection points to the influent and discharge 8 
of the air strippers. 9 

• Task 2: Implement short-term actions identified in SGW-62183. Evaluations in FY 2018 identified 10 
two short-term operational changes that will help decrease the rate of injection well fouling and 11 
an engineering design activity that will provide for additional measures if needed. The current 12 
ferric chloride amendment (as a coagulant for the aerated membrane tank) contains manganese as 13 
an impurity. The amendment has been changed to a coagulant with lower manganese impurities 14 
(ferric sulfate). Testing conducted in FY 2018 demonstrated the benefit of managing spent well 15 
cleaning solution in the MSUs and then treating the MSU water at the 200 West P&T. MSU water 16 
management will be transitioned to continued treatment in the 200 West P&T and associated 17 
well-cleaning purgewater practices. Manganese has been identified as one of the primary contributors 18 
to injection well fouling. If previous and short-term actions cannot achieve suitable sustained 19 
injection well capacity, further decreases may be made in manganese concentrations and other 20 
well-fouling constituents in the effluent by installing an additional unit operation in the facility (if 21 
necessary). An engineering assessment of suitable options (e.g., green sand or pyrolusite filtration for 22 
manganese and other constituents) will be conducted for the facility effluent and recycle streams. 23 
This assessment will be conducted so options would be ready for implementation if deemed necessary 24 
during Task 3. 25 

• Task 3: Evaluate the expected operational timeframe for biological treatment at the 200 West P&T in 26 
coordination with the associated biological treatment evaluation task outlined in Sections 4.6.7 and 27 
4.6.9. Based on the expected timeframe, the following actions will be taken: 28 

− Cessation of biological treatment: This would occur with regulatory concurrence after the 29 
actions described in Tasks 1 and 2 are completed and at a time determined to meet the nitrate 30 
plume RAOs. Additionally, the expected effluent characteristics for the revised P&T operational 31 
design (after implementation of other short-term changes to the 200 West P&T are implemented) 32 
will be evaluated to determine whether continuing well-fouling actions (e.g., the disinfection 33 
system) are needed in the future to maintain injection well capacity. It is anticipated that minimal 34 
actions would be required to maintain injection well capacity after biological treatment is ceased. 35 

− Evaluate injection well efficiency: The actions described in Tasks 1 and 2 will be implemented. 36 
Injection well efficiency will be evaluated to determine the need for additional well-fouling 37 
mitigation actions. An engineering cost evaluation will be conducted to select additional 38 
well-fouling mitigation actions, if needed. 39 

Most of these tasks have been undertaken and are being implemented.  40 

4.6.9 200-ZP-1 Operable Unit Optimization Study 41 

As discussed above, enhancing remedy performance to meet carbon tetrachloride cleanup goals will 42 
require expansion of the groundwater extraction, treatment, and injection flow rates. The complexity of 43 
the biological treatment system limits the ability to cost-effectively expand the 200 West P&T. With the 44 
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significant progress in nitrate mass removal and concentration reduction that has been achieved through 1 
2019, further evaluation is needed to demonstrate the feasibility of transitioning the nitrate remedy from 2 
P&T to MNA by ceasing biological treatment at the 200 West P&T. The impacts of ceasing biological 3 
treatment on other COCs treated by the 200 West P&T biological treatment unit processes also needs to 4 
be evaluated.  5 

The regulatory path forward for implementing changes to increase carbon tetrachloride extraction and 6 
treatment capacity, in part by ceasing biological treatment at the 200 West P&T, is to develop a 7 
200-ZP-1 OU Optimization Study Plan and obtain approval from EPA to implement the plan. 8 
The purpose of the optimization study is to collect and interpret data on changing the 200-ZP-1 OU 9 
remedy configuration to optimize remedy performance for carbon tetrachloride removal to ensure the 10 
remedy achieves the goals specified in the 200-ZP-1 OU ROD (EPA et al., 2008) or future ROD 11 
modifications. The proposed remedy configuration changes include expanding the extraction and 12 
injection well fields, expanding the treatment capacity at the 200 West P&T by ceasing biological 13 
treatment processes, and adding an additional air stripper tower to increase carbon tetrachloride treatment 14 
capacity (see Section 4.6.2).  15 

The optimization study is being conducted in conjunction with the other recommended activities over the 16 
optimization study period. The study will inform a future remedy evaluation (e.g., focused FS) to ensure 17 
the remedy modifications achieve the goals specified in the 200-ZP-1 OU ROD or ROD modifications.  18 

In addition to the above, the 200-ZP-1 Optimization Study Plan (DOE-RL-2019-38, 200-ZP-1 Operable 19 
Unit Optimization Study Plan) describes the DQOs for collecting and interpreting data, operational 20 
constraints, compliance with ARARs, facility and well network conceptual design, implementation 21 
activities (e.g., sampling and modeling), interim and final reports, and implementation schedule. 22 

The outcome of the optimization study will help determine the level of permanent changes to the remedy 23 
configuration and the regulatory path forward for implementing those changes. For scheduling purposes, 24 
the schedule provided in Chapter 8 of this RD/RAWP shows the regulatory path forward for 25 
implementing remedy changes through an optimization study, focused FS, proposed plan, and ROD 26 
amendment. If the evaluation recommends changes that are deemed minor or significant, alternate 27 
regulatory approaches are available (see Section 5.2). 28 

4.7 Remedy Optimization Design and Implementation 29 

This section provides a general approach for the design and implementation of RPO measures. 30 
Implementation of specific RPO measures based on recommendations (Section 4.6) will be documented 31 
in a future update to this RD/RAWP. 32 

4.7.1 Functional Requirements 33 

Functional requirements define the high-level requirements for how each component or system operates 34 
and are intended to document the approach to accomplish the remedial action. The functional 35 
requirements are not intended to provide detailed technical criteria and design requirements based on 36 
codes, standards, and DOE orders. Specific functional requirements will be developed during the design 37 
process for each RPO measure implemented. These requirements are documented in internal design 38 
documents and provide the basis for the subsequent design efforts. 39 

4.7.2 Remedial Process Optimization Implementation Approach 40 

This section discusses the implementation approach for RPO, extraction and injection well network 41 
optimization, monitoring well network optimization, and well design and placement. 42 
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4.7.2.1 Extraction and Injection Well Network Optimization 1 
The optimization priority for the 200-ZP-1 OU well network is to maximize remediation effectiveness by 2 
removing groundwater containing high-concentration contaminants and to maintain flow-path control of 3 
the contaminant plumes. Data from extraction wells, injection wells, and monitoring wells, as well as 4 
numerical modeling for well network optimization, are used to evaluate system performance and ensure 5 
achievement of RAOs. If performance monitoring data and/or modeling indicate that the RAOs will not 6 
be achieved with the current system, then modifications to the well network will be evaluated. 7 

4.7.2.2 Monitoring Well Network Optimization 8 
Periodic well redundancy and deficiency analyses are performed to ensure that the monitoring well 9 
network provides adequate coverage for changing plume geometries. These analyses also ensure efficient 10 
sample collection by eliminating redundant wells, adjusting COC analyte lists, and adjusting sampling 11 
frequencies to match DQOs. The 200-ZP-1 OU PMP (DOE/RL-2009-115, Rev. 3, Draft A) and 12 
associated drilling SAPs provide information for new monitoring wells proposed for the 200-ZP-1 OU. 13 

4.7.2.3 Well Design and Placement 14 
The design for 200-ZP-1 remedy wells is well defined based on previous well design and installation 15 
experience from the remedy wells (discussed in Chapter 3). Additional wells will be installed in 16 
accordance with these established designs. 17 

4.7.3 Balance-of-Plant Optimization Design 18 

The balance of plant includes the infrastructure associated with conveying groundwater from extraction 19 
wells to the 200 West P&T, and then conveying the treated water to injection wells. The optimization 20 
priority for the balance of plant is to efficiently maximize water conveyance while maintaining water 21 
temperature during winter operations.  22 

In accordance with the 200 West P&T O&M plan (DOE/RL-2009-124), proper maintenance of 23 
balance-of-plant components ensures that all remedial systems achieve a high level of uptime and 24 
hydraulic performance. Extraction well hydraulics and pipeline conveyance capacity, treatment system 25 
throughput, and injection conveyance and hydraulic capacity must be in balance to achieve optimum 26 
performance. Optimization measures associated with the well network and treatment system impact the 27 
balance-of-plant infrastructure. 28 

4.7.4 Treatment System Optimization 29 

The treatment system is a critical component of P&T system optimization. As extraction rates are 30 
increased, the system capacity must increase to meet the demand. Additionally, as the remediation 31 
advances and the plumes contract, perimeter extraction wells may be shut down and treatment system 32 
throughput rates may decrease accordingly. These modifications can be achieved by reconfiguring 33 
treatment trains to efficiently reduce treatment capacity. The optimization priority for the treatment 34 
system is to improve operational efficiency and reliability, simplify maintenance, and reduce costs and 35 
system downtime. Routine P&T system O&M is also a key RPO element. Modifications to the 36 
200 West P&T will include designing and constructing a sodium hypochlorite system to address injection 37 
well fouling (Sections 4.5.3 and 4.6.8) and adding a third air stripper tower (Section 4.6.2) and ancillary 38 
equipment (e.g., pumps, piping, controls) to facilitate these new systems. 39 



DOE/RL-2008-78, REV. 1, DRAFT A 
SEPTEMBER 2019 

 

5-1 

5 Remedial Action Approach and Management 1 

This chapter describes the implementation of the selected remedy to accomplish the remedial goals set 2 
forth in the 200-ZP-1 OU ROD (EPA et al., 2008). It includes a discussion of the management team, the 3 
facility procurement and construction approach, and the operational approach. Operation of the 4 
200-ZP-1 P&T remedy is integrated with the 200 West P&T, which also treats groundwater from 5 
the 200-UP-1 and 200-BP-5 OUs, perched water from the 200-DV-1 OU, ERDF leachate, and MSU 6 
purge water. The 200 West P&T O&M plan (DOE/RL-2009-124) describes the operation of the 200 West 7 
P&T in further detail. 8 

5.1 Project Team 9 

DOE contractor will conduct the remedial action on behalf of DOE, which has responsibility for 10 
this remedial action. This section describes the management responsibilities for the project team, which 11 
includes the individuals working to achieve the 200-ZP-1 OU remedial action.  12 

5.1.1 Lead Agency (U.S. Department of Energy) 13 

The DOE-RL is the lead agency responsible for the remedial Action. The DOE-RL project manager is 14 
responsible for the following tasks: 15 

• Monitoring contractor performance of the groundwater removal action for the 200-ZP-1 OU 16 
• Obtaining EPA approval of the RD/RAWP, and Ecology and EPA approval of the SAPs 17 
• Authorizing removal action activities 18 
• Approving the RD/RAWP 19 
• Functioning as primary interface with EPA and other regulatory agencies as required 20 

5.1.1.1 DOE-RL Project Lead 21 

The DOE-RL project lead is responsible for the following tasks: 22 

• Providing day-to-day oversight of contractor work scope performance 23 
• Working with the contractor, EPA, and regulatory agencies to identify and resolve technical issues 24 
• Providing technical input to the DOE-RL project manager 25 

5.1.2 Lead Regulatory Agency (U.S. Environmental Protection Agency) 26 

EPA is responsible for the following tasks: 27 

• Providing regulatory oversight of the groundwater remedial action 28 
• Approving RD/RAWPs, SAPs, and other associated documentation  29 

5.1.3 Remediation Contractor 30 

The DOE remediation contractor performs work under the direction of the DOE remedial project 31 
manager, assisted by other DOE personnel, as outlined in the following descriptions and shown in 32 
Figure 5-1. 33 
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Figure 5-1. Project Organization 2 

5.1.3.1 Operable Unit Project Manager 3 

The OU project manager (or designee) is responsible and accountable for the following tasks: 4 

• Coordinating project-related activities 5 

• Coordinating with DOE-RL, the regulatory agencies, and contractor management in support of 6 
the OU remedial action activities to ensure that work is performed safely and cost effectively 7 

• Managing documents and requirements, field activities, and subcontracted tasks 8 

5.1.3.2 Operable Unit Technical Lead 9 

The OU technical lead (not shown in Figure 5-1) works closely with the OU project manager and is 10 
responsible for the following tasks: 11 

• Developing specific removal action design, analytical requirements, and quality control 12 
(QC) requirements either independently or as defined through a systematic planning process 13 

• Ensuring that remedial action activities, as delegated by the OU project manager, are carried out 14 
in accordance with the lower-tier implementation documents 15 

• Working closely with the environmental compliance officer (ECO), Quality Assurance (QA) 16 
organization, Health and Safety organization, field operations, and the Sample Management and 17 
Reporting organization to integrate these and other technical disciplines in planning and 18 
implementing the work scope 19 

5.1.3.3 Environmental Compliance Officer 20 

The ECO is responsible for the following tasks: 21 

• Providing technical oversight, direction, and acceptance of project and subcontracted 22 
environmental work 23 

• Developing appropriate mitigation measures to minimize adverse environmental impacts 24 

• Reviewing plans, protocols, and technical documents to ensure that environmental requirements 25 
have been addressed 26 

• Identifying environmental issues affecting operations and developing cost-effective solutions 27 



DOE/RL-2008-78, REV. 1, DRAFT A 
SEPTEMBER 2019 

 

5-3 

• Responding to environmental and regulatory issues or concerns 1 

• Overseeing project implementation for compliance with applicable internal and external 2 
environmental requirements 3 

5.1.3.4 Quality Assurance 4 

The QA point of contact is responsible for the following tasks: 5 

• Addressing QA issues on the project 6 

• Overseeing implementation of the project QA requirements 7 

• Reviewing project documents (including the RD/RAWP, DQO summary report, quality assurance 8 
project plan [QAPjP], SAP, and other lower-tier implementation documents) 9 

• Reviewing data validation reports from third-party data validation contractors, as appropriate 10 

• Participating in QA assessments on remedial action activities, as appropriate 11 

5.1.3.5 Health and Safety 12 

The Health and Safety organization is responsible for the following tasks: 13 

• Coordinating industrial safety and health support within the project in accordance with the health 14 
and safety program, job hazard analyses, and other pertinent federal regulations 15 

• Assisting project personnel in complying with the applicable health and safety program 16 

• Coordinating with Radiological Engineering to determine personal protective equipment requirements 17 

5.1.3.6 Radiological Engineering 18 

Radiological Engineering is responsible for the following tasks: 19 

• Providing radiological engineering and project health physics support 20 

• Conducting as low as reasonably achievable (ALARA) reviews, exposure and release modeling, and 21 
radiological controls optimization 22 

• Identifying radiological hazards and ensuring that appropriate controls are implemented to maintain 23 
worker exposures to hazards at ALARA levels 24 

• Interfacing with the project Health and Safety representative and other appropriate personnel, 25 
as needed, to plan and direct project radiological control technician support 26 

5.1.3.7 Design Engineering 27 

Design Engineering is responsible for the following: 28 

• Developing the changes to the remedial design 29 

• Interfacing with 200 West P&T operations, the QA organization, and the Health and Safety 30 
organization regarding design changes 31 
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5.1.3.8 200 West Pump and Treat Operations Manager 1 

The 200 West P&T operations manager is responsible for all 200 West P&T operations, including 2 
treatment and disposal of groundwater in accordance with the 200 West P&T O&M plan 3 
(DOE/RL-2009-124). 4 

5.1.3.9 Sample Management Organization 5 

The Sample Management and Reporting organization is responsible for the following activities: 6 

• Interfacing between the OU technical lead, field sampling operations, well maintenance organization, 7 
and the analytical laboratories 8 

• Generating field sampling documents, labels, and instructions for field sampling personnel 9 

• Developing the sample authorization form, which provides information and instructions to the 10 
analytical laboratories 11 

• Providing instructions to the field sampling operations nuclear chemical operators (samplers) for 12 
sample collection, as specified in a SAP 13 

• Monitoring the entire sample and data process 14 

• Coordinating laboratory analytical work and ensuring that the laboratories conform to Hanford Site 15 
QA requirements (or their equivalent), as approved by the Tri-Parties 16 

• Resolving sample documentation deficiencies or issues associated with the field sampling operations, 17 
laboratories, or other entities to ensure that project needs are met 18 

• Receiving analytical data from the laboratories 19 

• Ensuring that data are uploaded into the Hanford Environmental Information System database 20 

• Arranging for and overseeing data validation, as requested 21 

• Informing the OU project manager and/or the OU technical lead of any issues reported by the 22 
analytical laboratories 23 

5.1.3.10 Analytical Laboratories 24 

Analytical laboratories are responsible for the following tasks: 25 

• Analyzing samples in accordance with established methods 26 
• Providing data packages containing analytical and QC results 27 
• Providing explanations in response to resolution of analytical issues 28 
• Meeting SAP requirements 29 
• Being on the approved evaluated suppliers list 30 
• Being accredited by Ecology for analyses performed for the DOE contractor 31 
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5.1.3.11 Waste Management 1 

The Waste Management organization is responsible for the following tasks: 2 

• Communicating policies and protocols 3 

• Ensuring compliance for waste storage, transportation, disposal, and tracking in a safe and 4 
cost-effective manner 5 

• Identifying waste management sampling/characterization requirements to ensure 6 
regulatory compliance 7 

• Interpreting data to determine waste designations and profiles 8 

• Preparing and maintaining other documents and confirming compliance with waste 9 
acceptance criteria 10 

5.1.3.12 Field Construction 11 

Field construction is responsible for the following tasks: 12 

• Managing the construction phase of the project, including managing remediation contractor onsite 13 
forces, as well as subcontractors and vendors performing work (including offsite fabrications) 14 

• Managing the day-to-day necessary site resources while maintaining budget and schedule 15 

• Working with support organizations, including Industrial Safety, Health and Safety, environmental 16 
compliance, QA, sampling, Waste Management, and Radiological Control staff to plan, coordinate, 17 
and conduct field construction activities  18 

• Communicating with the OU project manager to identify field constraints that could affect 19 
remediation activities, as well as assisting the construction manager in obtaining supporting resources 20 

5.1.3.13 Well Drilling and Well Maintenance 21 

The well maintenance manager is responsible for the following activities: 22 

• Planning, coordinating, and executing drilling construction 23 

• Conducting well maintenance and repair activities for the extraction and injection wells 24 

• Coordinating with the OU technical lead to identify field constraints that could affect remedial 25 
actions and sampling 26 

5.2 Change Management 27 

Three types of changes in the 200-ZP-1 OU remedial action could affect compliance with the 28 
requirements in the 200-ZP-1 OU ROD (EPA et al., 2008): (1) a nonsignificant or minor change, 29 
(2) a significant change to a component of the remedy, and (3) a fundamental change to the 30 
overall remedy. EPA 540-R-98-031, A Guide To Preparing Superfund Proposed Plans, Records Of 31 
Decision, And Other Remedy Selection Decision Documents, provides guidance on defining minor, 32 
significant, and fundamental changes to a remedy.  33 

A nonsignificant or minor change does not impact the remedy identified in the 200-ZP-1 OU ROD 34 
(EPA et al., 2008). Minor changes should be documented in the appropriate post-decision project file 35 
(e.g., through memoranda to the project file or in logbooks) or project managers’ meeting minutes. 36 
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An example of a nonsignificant change may include modifications to the remedial action schedule that 1 
do not impact an agreed-upon milestone. 2 

The NCP (40 CFR 300.435(c)(2), “Remedial Design/Remedial Action, Operation and Maintenance”) 3 
requires issuance of an ESD when differences in the remedial action vary significantly from, but do not 4 
fundamentally alter, the remedy selected in the ROD with respect to scope, performance, or cost. 5 
Examples of significant changes include large changes in volume of media requiring treatment resulting 6 
in a cost increase, changes in disposal location, implementation of a contingency remedy, changes to 7 
ARARs impacting cleanup levels, changes in land use, or implementation of a secondary remedial 8 
technology. EPA 540-R-98-031 states that an ESD must describe to the public the nature of the 9 
significant changes, summarize the information that led to making the changes, and affirm that the revised 10 
remedy complies with the NCP (40 CFR 300.435 and 40 CFR 300.825, “Record Requirements After the 11 
Decision Document is Signed”) and the statutory requirements of CERCLA. This guidance also suggests 12 
describing the nature of the significant changes using a side-by-side comparison of the original and 13 
proposed remedy components to clearly display the significant differences. The guidance states that an 14 
ESD should provide additional information on changes to the remedy (e.g., changes in the cleanup cost 15 
estimate or remediation timeframe).  16 

Fundamental changes to the remedy require a ROD amendment. Examples of fundamental changes to 17 
a remedy include changes in the primary treatment method, change from containment to treatment, a 18 
determination to invoke a technical impracticability waiver, and changes due to community preference. 19 
Fundamental changes to the remedy must be documented consistent with the ROD process (NCP; 40 CFR 20 
300.435(c)(2)(ii)(A) through (H)). This requires issuing a revised proposed plan that highlights the 21 
proposed changes, followed by a public comment period and then issuance of an amended ROD that 22 
documents the changes. The portion of the ROD being amended is evaluated using the nine CERCLA 23 
criteria, focusing on those criteria central to the rationale for the selected remedy. This evaluation is often 24 
documented in a focused FS. 25 

Determining whether a change is minor, significant, or fundamental is the responsibility of the lead 26 
regulatory agency. The OU project manager is responsible for tracking all changes and obtaining 27 
appropriate reviews by staff. The OU project manager will discuss the changes with the DOE-RL project 28 
manager, who will coordinate discussions with EPA.  29 

5.3 Procurement and Construction 30 

This section discusses the procurement approach, long-lead procurement items, construction, and 31 
construction acceptance testing. 32 

5.3.1 Procurement Approach 33 

The RPO activities associated with the 200-ZP-1 P&T remedy may involve modifications to the 200 West 34 
P&T, new construction (including installing monitoring, extraction and injection wells), and changes to 35 
the necessary infrastructure to transport groundwater from the extraction wells to the treatment system 36 
and then back to the injection wells. This work scope will be accomplished using the most efficient 37 
combination of onsite resources, as well as design and construction service vendors and subcontractors. 38 
It is anticipated that a “bid/build” or a “design/self-perform” approach may be used. The decision will be 39 
based on cost and the ability to meet the project schedule. 40 
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5.3.2 Long-Lead Procurement 1 

To maintain schedule, long-lead items may be procured prior to completing the remedial design 2 
and provided as government-furnished equipment to the installation subcontractor, if applicable. 3 
Procurement of these items will be in accordance with an engineering specification, which will identify 4 
the requirements for each piece of equipment. The equipment specification will be included in 5 
a procurement package sent to qualified vendors to supply the equipment. The bids received from 6 
qualified vendors will be evaluated, and a purchase order will be released to the selected vendor. 7 
Anticipated long-lead procurement items are yet to be determined. 8 

5.3.3 Construction 9 

Construction is performed in accordance with the drawings and specifications provided in remedial 10 
design packages. Remediation contractor oversight will be onsite during all construction activities to 11 
ensure compliance with the drawings/specifications and to address field questions from the vendor. 12 
Changes to the design will be documented using construction change control and discussed with 13 
DOE-RL and EPA during regular project status meetings. Construction activities will be managed using 14 
a detailed critical-path. To meet the schedule, long-lead items may be procured early. Installation of 15 
monitoring, extraction, and injection wells identified to support RPO may also be initiated early in 16 
the process. 17 

A mobilization period will be used to prepare subcontractors, site workers, and support personnel for 18 
construction. This period will include the subcontractor providing an insurance certificate and proof of 19 
bonding, as well as providing other documentation certifying compliance with training, medical, safety, 20 
and quality requirements. The mobilization period will include activities such as the following: 21 

• Identifying work zones, laydown areas, and staging areas 22 
• Erecting fences, signs, and postings 23 
• Delivering and storing construction materials and equipment 24 

Modifications to the 200 West P&T, well field, and balance of plant to support RPO will be determined 25 
during the design phase. Costs for construction of modifications to support RPO will also be determined 26 
during the design phase. 27 

Construction will generally begin by performing civil site work (e.g., site preparation, grading and 28 
compaction, and running utilities). This is followed by constructing the surrounding pads, structures, and 29 
utility connections and installing road crossings, piping, and pumping systems. The construction period 30 
also includes drilling, sampling, and completing and hooking up extraction and injection wells. 31 

Following construction, an evaluation to determine compliance with the design requirements will be 32 
performed as part of plant startup. 33 

5.3.4 Construction Acceptance Testing 34 

A startup plan and transition plan will be prepared to support startup of new components associated with 35 
the remedy. These plans will discuss the performance of construction acceptance testing and the 36 
acceptance testing procedure, as well as the operational test procedure, which are implemented upon 37 
turnover of the additions from the contractor to the field construction operations. This process will be 38 
executed as construction is completed and will provide documentation that all systems and major 39 
equipment have been installed and perform as intended, after which time the systems will be turned over 40 
to field construction operations. 41 
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5.4 Operational Approach 1 

This section discusses the operational approach for facility startup and operation of the 200 West P&T. 2 

5.4.1 Facility Startup 3 

Following acceptance testing, the treatment facility additions and balance-of-plant components were 4 
formally turned over to 200 West P&T operations. The first activity during initial operations was to 5 
complete the actions identified in the operational testing plan. These actions included final operability 6 
testing and system interface with facility operators. During this phase, some facets of the system were 7 
cyclically started, operated, and then shut down for training purposes. Facility operating procedures were 8 
modified to incorporate the additions and changes to the 200 West P&T O&M plan (DOE/RL-2009-124) 9 
and were reviewed, tested, and modified as needed. Future modifications to the 200 West P&T will 10 
follow a similar process. 11 

5.4.2 Operations 12 

Operation of the 200 West P&T and OU-specific remedy components includes O&M, engineering, and 13 
support functions that will continue throughout the lifecycle of the remedy. Operational activities include 14 
the operation and control of facility systems, training and qualification of operators to ensure that 15 
personnel are properly trained, facility sample collection, emergency response, continuous improvement 16 
through lessons learned, and access control. Preventive, corrective, and modification maintenance will 17 
continue during operation of the remedy. Engineering evaluations and plant/system optimization will be 18 
routinely performed to continuously improve efficiency, reliability, and maintainability. Radiation 19 
control, industrial safety and hygiene, and waste management programs for long-term surveillance, 20 
oversight, and facility stewardship will be updated as conditions change or as new activities warrant. 21 
Continuous feedback using tools such as management assessments, independent assessments, QA, and 22 
DOE-RL oversight will be in place throughout the lifecycle of the remedy. Operation of the P&T system 23 
can vary in order to optimize contaminant recovery and system performance. As such, 200 West P&T 24 
operations will adjust flow rates from individual wells and treatment components as necessary based on 25 
performance. This may include eliminating wells that have already achieved cleanup levels or identifying 26 
alternate extraction/injection wells. Operational changes are documented in the operations log and are 27 
discussed with DOE-RL and EPA during regular status meetings. Any new wells that require drilling and 28 
installation will be identified in the appropriate SAP. Maintenance requirements for 200-ZP-1 OU 29 
extraction, injection, and monitoring wells are included in SGW-63048, Hanford Well Maintenance Plan. 30 
This document will describe the activities and processes to monitor performance and maintain all Hanford 31 
Site groundwater wells to ensure that the wells are operating properly.  32 

5.5 Remedy Implementation Documentation and Reporting 33 

This section discusses remedy implementation documentation and reporting activities. Remedy 34 
implementation documents include the RDR, O&M plan, PMP, 200-ZP-1 OU Ringold A Characterization 35 
SAP, and the 200-ZP-1 OU Optimization Study Plan. Reporting activities are provided through annual 36 
P&T reports, quarterly briefings, annual P&T remedy progress assessment reports, annual sitewide 37 
groundwater monitoring reports, and CERCLA 5-year reviews. 38 

Figure 5-2 depicts the relationship between 200-ZP-1 OU remedy implementation documents and their 39 
relation to remedy reporting, optimization, decisions, and management. As shown in the figure, the 40 
RD/RAWP describes the remedy tasks and provides the overall direction for remedy implementation to 41 
meet ROD requirements. The PMP and OMP guide the approach for remedy implementation. 42 
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Figure 5-2. 200-ZP-1 OU Remedy Implementation Documentation and Reporting2 
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Specifically, the PMP describes data collection and interpretation to conduct remedy performance 1 
assessment and support remedy implementation decisions. The O&M plan guides operation and data 2 
collection of the 200 West P&T Facility and the injection and extraction well networks. The PMP 3 
provides requirements that the O&M plan must incorporate to meet plume remediation needs. The O&M 4 
plan activities provide data to the PMP for use in performance assessment. All three documents include 5 
reporting requirements that are documented in the annual P&T report that analyzes the remedy 6 
performance based on the collected data and evaluates the overall extraction, injection, and monitoring 7 
well network needs. When changes to the remedy configuration or approach are needed, the TPA change 8 
notice process is used for routine updates. When changes are significant, the implementation documents 9 
are revised. The remedy performance assessment may necessitate a remedy modification that is 10 
implemented through CERCLA procedures, as noted in Section 5.2. Additional information about the 11 
remedy implementation documents is provided in Section 5.5.1. 12 

Currently, the performance assessment provided in Chapter 4 has identified the need for modifications to 13 
the remedy configuration. As part of investigating the remedy modification, two specific tasks are 14 
included in the RD/RAWP (as shown on Figure 5-2): (1) an optimization study of the remedy 15 
configuration and (2) focused characterization to address data gaps for the Rwia. These two activities are 16 
being conducted in conjunction with other activities identified in this RD/RAWP. Collective results of 17 
these activities will then be used to determine appropriate remedy modifications. Remedy modification 18 
evaluation and implementation will follow the CERCLA process outlined in Section 5.2. As these 19 
activities progress, the RD/RAWP, PMP, and OMP will be updated. 20 

5.5.1 Remedy Implementation Documentation 21 

The following sections describe the documentation associated with implementing 200-ZP-1 OU remedial 22 
actions, including individual project-specific reports and area-specific reports. Monitoring requirements 23 
identified in this RD/RAWP are detailed in the 200 West P&T O&M plan (DOE/RL-2009-124) and the 24 
200-ZP-1 OU PMP (DOE/RL-2009-115, Rev. 3, Draft A). The O&M plan and PMP are to be updated in 25 
accordance with changes set forth in the RD/RAWP. 26 

5.5.1.1 Remedial Design Report 27 

The 200 West P&T RDR (DOE/RL-2010-13) outlines the remedial design of the 200 West P&T. 28 
The design was presented in the RDR, which included design drawings, construction material 29 
specifications, estimated budget, and estimated construction schedule. The RDR addressed the design of 30 
the 200 West P&T to ensure that the RAOs defined in the 200-ZP-1 OU ROD (EPA et al., 2008) are met. 31 

5.5.1.2 200 West Pump and Treat Operations and Maintenance Plan 32 

The 200 West P&T O&M plan (DOE/RL-2009-124) is integrated with 200 West P&T operations and 33 
addresses the activities required to operate, maintain, and monitor the performance of the 200 West P&T 34 
and ensure that these objectives are met from startup of operations through system decommissioning. 35 

The O&M plan discusses the operational philosophy for the P&T system, as well as the programs and 36 
procedures in place for preventative, routine, and corrective maintenance. These measures ensure that the 37 
system will perform as intended and operates safely and efficiently. Short- and long-term performance 38 
monitoring are conducted to ensure that the system is performing in accordance with the objectives of the 39 
200-ZP-1 OU ROD (EPA et al., 2008 [as modified]), the 200-UP-1 OU ROD (EPA et al., 2012 [as 40 
modified]), the 200-BP-5 OU and 200-DV-1 OU perched water action memoranda (DOE/RL-2016-41; 41 
DOE/RL-2014-34), and the ERDF ROD (EPA et al., 1995 [as modified]). 42 
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Specific details for the monitoring, frequency of data collection, and analysis requirements for the 1 
200 West P&T are presented in the 200 West P&T SAP (Appendix D of DOE/RL-2009-124). Process 2 
monitoring is reported annually in coordination with other ongoing groundwater remedies in the 3 
200 Areas. 4 

5.5.1.3 Performance Monitoring Plan 5 

The 200-ZP-1 OU PMP (DOE/RL-2009-115, Rev. 3, Draft A) was developed during remedial design. 6 
The PMP identifies the compliance and performance monitoring wells that are used to monitor system 7 
performance and includes installation of additional monitoring wells.  8 

The PMP is a living document that may be modified based on changing hydraulic and contaminant 9 
distribution conditions at the 200-ZP-1 OU. Modifications to the monitoring network are likely due to 10 
changing conditions (e.g., some wells in the PMP monitoring network will go dry due to P&T 11 
operations). Improvements to the CSM, groundwater flow model, and three-dimensional contaminant 12 
distributions based on information from newly drilled extraction, injection, and monitoring wells could 13 
also influence future PMP refinement. 14 

The PMP identifies the baseline sampling requirements using the existing monitoring well network to 15 
the maximum extent possible. Baseline sampling was completed during 2012, followed by another 16 
sampling round in 2013, which provided the basis to evaluate system performance and input for 17 
system optimization. The 200-ZP-1 OU PMP was revised in 2014 (DOE/RL-2009-115, Rev. 1) to 18 
incorporate the information collected. The groundwater flow and contaminant transport model was 19 
updated to identify the following: (1) COC concentration versus time at each extraction well; (2) COC 20 
mass recovery versus time for the system; and (3) fate of the contaminants not treated, as well as the 21 
contaminants in the reinjected water. This information is used to identify performance monitoring metrics 22 
to gauge system effectiveness during long-term operations. 23 

Specific details for sampling and analysis, frequency of data collection, and requirements for CERCLA 24 
groundwater monitoring are presented in the SAP provided in Appendix B of the 200-ZP-1 OU PMP 25 
(DOE/RL-2009-115, Rev. 3, Draft A). 26 

5.5.1.4 200-ZP-1 OU Ringold A Characterization SAP 27 

The purpose of the 200-ZP-1 OU Ringold A Characterization SAP is to refine the understanding of the 28 
nature and extent of contamination, hydrogeologic properties, hydraulic properties, and contaminant 29 
transport parameters within the Rlm and Rwia to support decision making regarding the need for remedy 30 
modifications to address contamination below the Rwie. The data quality objectives summary report and 31 
SAP (being prepared in FY 2019) recommends additional characterization efforts to be implemented in a 32 
step-wise approach over several FYs. Data obtained in each round of borehole installation will be used to 33 
inform the locations and sampling regime for later characterization boreholes.  34 

5.5.1.5 200-ZP-1 OU Optimization Study Plan 35 

The purpose of the optimization study is to collect and interpret data on changing the 200-ZP-1 OU 36 
remedy configuration to optimize remedy performance for carbon tetrachloride removal to ensure the 37 
remedy achieves the goals specified in the 200-ZP-1 OU ROD (EPA et al, 2008) or future ROD 38 
modifications. The proposed remedy configuration changes include expansion of treatment capacity at the 39 
200 West P&T through bypass of biological nitrate treatment processes, installing an additional IX 40 
treatment train to increase technetium-99 treatment capabilities, and an additional air stripper tower to 41 
increase carbon tetrachloride treatment capacity. 42 
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In addition to the above, the 200-ZP-1 Optimization Study Plan will describe the data quality objectives 1 
for collecting and interpreting data, operational constraints, compliance with ARARs, facility and well 2 
network conceptual design, implementation activities (e.g., sampling and modeling), interim and final 3 
performance metrics, and implementation schedule. The results of the optimization study will be 4 
documented in a optimization study report that evaluate the need for additional changes to the remedy 5 
configuration.  6 

5.5.2 Reporting 7 

This section describes the periodic reporting associated with 200-ZP-1 OU remedial actions. This 8 
includes individual project-specific reports that are combined into area-specific (i.e., P&T reports) or 9 
Hanford Sitewide reports. 10 

5.5.2.1 Remedy Performance and System Monitoring Reports 11 

Revision 0 of this RD/RAWP specified two types of reporting for the 200-ZP-1 OU remedy: (1) system 12 
monitoring reports to demonstrate treatment system effectiveness and the need for modifications or 13 
changes to the system, and (2) remedy performance reports to demonstrate the progress in remediating the 14 
aquifer to meet the cleanup goals set forth in the 200-ZP-1 OU ROD (EPA et al., 2008). The specified 15 
frequency of system monitoring reports was annually for the first 2 years after startup, biannually for the 16 
next three reports, and every 5 years thereafter corresponding with the CERCLA 5-year review. These 17 
longer time periods will capture more major changes to the system (if necessary) over the long-term 18 
operation of the treatment system.  19 

Remedy performance reporting frequency was specified as annually for the first 2 years and biannually 20 
for the next three reports, corresponding with the system monitoring reports. Following this period, 21 
a decision will be made regarding the frequency of further performance reports. If there appears to be 22 
continuing rapid decreases or changes in concentrations of contaminants, then the biannual reporting 23 
frequency will be maintained. If the decrease in contaminant concentration appears to be gradual, then 24 
the frequency of reports will be decreased to every 5 years and will correspond with the CERCLA 25 
5-year review. 26 

These two reports have been combined into a single report, which is submitted annually in conjunction 27 
with reporting for the 200-UP-1 OU, since initial operations at the 200 West P&T began in 2012. 28 
The CY 2017 annual P&T report (DOE/RL-2017-68) includes reporting related to groundwater from the 29 
200-BP-5 OU and 200-DV-1 OU perched water, which are treated by the 200 West P&T. The data 30 
evaluation and reporting frequency may change in the future as aquifer and plume responses to pumping 31 
are better understood. Progress made on the tasks recommended in Chapter 4 of this RD/RAWP that are 32 
adopted will be included in the annual reports.  33 

5.5.2.2 Quarterly Briefings 34 

The DOE remediation contractor conducts quarterly briefings to update the regulatory agencies on the 35 
following items: 36 

• 200 West P&T production (i.e., volume of water treated) 37 
• COC mass removed  38 
• Past and present issues 39 
• Past and present successes 40 
• Progress made on adopted tasks recommended in this RD/RAWP 41 
• Look ahead at future items 42 
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5.5.2.3 Annual Pump and Treat Remedy Progress Assessment Reports 1 

A P&T remedy progress assessment report is prepared annually to assess P&T remedy progress toward 2 
achieving RAOs specified in the 200-ZP-1 groundwater OU ROD. The evaluation includes performance 3 
monitoring, data evaluation, and groundwater flow and contaminant transport modeling. This document 4 
also includes optimization of the injection and extraction well network, including groundwater modeling 5 
scenarios that evaluates the needs for additional extraction and injection wells based on the projected 6 
P&T capacity and recommends implementation of those well installations through the drilling SAP 7 
provided in PMP Appendix G.  8 

5.5.2.4  Annual Sitewide Groundwater Monitoring Reports 9 

A groundwater monitoring report is prepared annually for the Hanford Site and describes the CY 10 
groundwater monitoring results for the groundwater interest areas, including the 200-ZP-1 OU. CERCLA 11 
groundwater monitoring at the Hanford Site includes radiological and chemical contaminants and 12 
water-level measurements. Some CERCLA monitoring programs (e.g., for the 200-ZP-1 OU) are 13 
designed to evaluate the effectiveness of groundwater remedial actions such as P&T systems. 14 

5.5.2.5 CERCLA 5-Year Reviews 15 

In accordance with the NCP (40 CFR 300.430(f)(4)(ii)), DOE and EPA have agreed to conduct 5-year 16 
reviews for the 200 Areas because the selected remedies will not achieve levels that allow for unlimited 17 
use and unrestricted exposure within 5 years. Reviews for the 200 Area OUs begin within 5 years after 18 
remedial actions were initiated. These reviews are documented in the periodic Hanford Site consolidated 19 
5-year review and will be conducted every 5 years until the cleanup levels established in each 20 
200-ZP-1 OU ROD (EPA et al., 2008) are attained. The reviews will be conducted pursuant to CERCLA 21 
Section 121(c), “Cleanup Standards,” and as provided in EPA 540-R-01-007, Comprehensive Five-Year 22 
Review Guidance. 23 

The 5-year review evaluates the implementation and performance of a remedy to determine whether the 24 
remedy is (or will be) protective of human health and the environment. The fourth CERCLA 5-year 25 
review was recently performed, and the results are provided in DOE/RL-2016-01 (issued in March 2017).  26 
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6 Environmental Management and Controls 1 

This chapter describes the environmental management and controls required to implement the 200-ZP-1 2 
P&T remedy. The 200 West P&T treats extracted groundwater as required by the 200-ZP-1 OU ROD 3 
(EPA et al., 2008) and 200-UP-1 OU ROD (EPA et al., 2012).  4 

6.1 Air Emissions 5 

Federal and state ambient air quality standards require the use of pollution control equipment to control 6 
emissions from new and existing sources. Because the 200 West P&T has the potential to discharge 7 
hazardous air pollutants, an evaluation of air impacts was conducted and is presented in the 200 West 8 
P&T O&M plan (Appendix C of DOE/RL-2009-124). The analysis estimated the radionuclide 9 
concentrations, toxic air pollutant concentrations, and mass emissions that could potentially be 10 
emitted from operations at the constructed flow rate of 9,464 L/min (2,500 gal/min) (two 4,732 L/min 11 
[1,250 gal/min] trains). Other system additions identified as part of RPO will be documented in 12 
an update to the O&M plan.  13 

Air emissions from tank vents, IX columns, FBRs, aerated membrane tanks, and air strippers are routed 14 
through the VPGAC and discharged to the stack on the treatment pad. Point-source sampling results from 15 
the 200 West P&T major emission points are reported quarterly for annual determination of compliance 16 
in accordance with the 200 West P&T SAP (Appendix D of DOE/RL-2009-124). Additional modeling to 17 
confirm compliance will be completed only if needed and if emissions are higher than previously 18 
calculated or modeled. 19 

6.1.1 Radiological Air Emissions 20 

RCW 70.94, “Washington Clean Air Act,” requires regulation of radioactive air pollutants. 21 
WAC 173-480, “Ambient Air Quality Standards and Emission Limits for Radionuclides,” sets standards 22 
that are as stringent as, or more stringent than, the federal Clean Air Act of 1990, and under the federal 23 
implementing regulation 40 CFR 61, Subpart H, “National Emission Standards for Hazardous Air 24 
Pollutants,” “National Emission Standards for Emissions of Radionuclides Other than Radon from 25 
Department of Energy Facilities.” 26 

WAC 246-247, “Radiation Protection – Air Emissions,” addresses potential radioactive airborne 27 
emissions from point sources and from fugitive or diffuse sources by requiring monitoring of such 28 
sources. Such monitoring requires physical measurement of the effluent or ambient air and QA measures 29 
to ensure the precision, accuracy, and completeness of environmental measurements. The substantive 30 
provisions of WAC 246-247 that require monitoring of radioactive airborne emissions would be 31 
applicable or relevant and appropriate to this remedial action. The above-stated implementing regulations 32 
further address control of radioactive airborne emissions where economically and technologically feasible 33 
(WAC 246-247-040(3) and -040(4), “General Standards”). To address the substantive aspect of these 34 
requirements and ensure ARARs compliance, best or reasonably achieved control technology will be 35 
addressed by ensuring that applicable emission control technologies (i.e., those successfully operated in 36 
similar applications) are used when economically and technologically feasible (i.e., based on cost/benefit) 37 
or ARARs waivers are agreed upon. 38 
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The remedial action is evaluated with respect to determining the potential to emit for radionuclide 1 
contaminants from any point source or diffuse/fugitive source. To accomplish this, the total unabated 2 
potential release (in curies) is determined, and the annual dose to the maximally exposed individual is 3 
calculated using DOE/RL-2006-29, Calculating Potential to Emit Radiological Releases and Doses, or 4 
modeled using the CAP-88PC computer model. 5 

6.1.2 Nonradiological Air Emissions 6 

To demonstrate compliance with the ARARs listed in WAC 173-400, “General Regulations for Air 7 
Pollution Sources”; and WAC 173-460, “Controls for New Sources of Toxic Air Pollutants,” 8 
an acceptable source impact analysis will be performed to determine the impacts of modifications to the 9 
200 West P&T identified through RPO (discussed in Chapter 4 of this RD/RAWP). The analysis will 10 
assess the maximum incremental ambient air impact levels to ensure that the facility will not exceed 11 
WAC 173-460 small quantity emission rates at the stack or, if applicable, to ensure that the new source 12 
toxic air pollutant emission rates do not exceed WAC 173-460 acceptable source impact levels at the 13 
nearest site boundary. 14 

6.2 Waste Management 15 

Several waste streams may be generated from this remedial action (e.g., low-level, dangerous, and mixed 16 
waste). Purgewater may also be generated from well pumping, extracting, O&M, drilling, and sampling 17 
activities. Waste will be generated at two primary locations: the 200 West P&T and the 200-ZP-1 OU 18 
groundwater well field. Waste generated will comply with ARARs and to-be-considered criteria. Solid 19 
waste generated during this remedial action will be disposed at ERDF in accordance with the facility’s 20 
waste acceptance criteria (ERDF-00011). Waste treatment and disposal may take place at other facilities 21 
on the Hanford Site or at offsite facilities authorized by EPA regional offices in accordance with 22 
40 CFR 300.440, “Procedures for Planning and Implementing Off Site Response Actions.” 23 

Waste generated from extracted groundwater treatment at the 200 West P&T, as well as waste 24 
generated from groundwater well installation, groundwater sampling and water-level measurements, 25 
decontamination, construction activities, or other associated activities in the 200 West Area, is managed 26 
in accordance with the 200 West P&T waste management plan (Appendix B of DOE/RL-2009-124). 27 
The waste management plan includes the specific requirements for waste identification, characterization, 28 
segregation, packaging, labeling, storage, and inspections. 29 

6.3 Cultural/Ecological 30 

Protection of cultural resources is addressed, in part, during the ARAR identification process based on 31 
CERCLA and NCP (40 CFR 300) guidance. The lead and non-lead regulatory agencies identify 32 
requirements that are applicable or relevant and appropriate to the release or remedial action at 33 
a CERCLA site (NCP; 40 CFR 300.400(g)). The ARARs for the 200-ZP-1 OU remedial action are 34 
identified in Appendix B of this RD/RAWP. 35 

Potential location- and action-specific ARARs identified include those that protect ecological, cultural, 36 
historic, and Native American sites and artifacts (resources): 37 

• Endangered Species Act of 1973, which prohibits actions by federal agencies that are likely to 38 
jeopardize the continued existence of listed species or result in the destruction or adverse 39 
modification of habitat critical to these species. Mitigation measures must be applied to actions that 40 
occur within critical habitats or surrounding buffer zones of listed species in order to protect 41 
the resource. 42 
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• Migratory Bird Treaty Act of 1918, which protects all migratory bird species and prevents “take” of 1 
protected migratory birds, their young, or their eggs. 2 

• Native American Graves Protection and Repatriation Act of 1990, which requires federal agencies 3 
and institutions receiving federal funding to return Native American cultural items and human 4 
remains to their respective peoples. It also authorizes a program of federal grants to assist in the 5 
repatriation process. 6 

• Archaeological Resources Protection Act of 1979, which provides for the protection of archaeological 7 
resources on federal and Native American lands, prohibits the defacement or destruction of 8 
archaeological sites, and prohibits the sale/purchase of archaeological artifacts. 9 

• Archaeological and Historic Preservation Act of 1974, which requires that remedial actions do not 10 
cause the loss of any archaeological or historical data. This act mandates preservation of data and 11 
does not require protection of the actual historical sites 12 

• National Historic Preservation Act of 1966 (Sections 106 and 110), and 36 CFR 800, “Protection of 13 
Historic Properties,” which mandate federal agencies to (1) go through a review process for all 14 
federally funded and permitted projects that will impact sites listed on or eligible for the National 15 
Register of Historic Places, and (2) consider the effect a project may have on historical properties and 16 
allow opportunity for interested parties to comment on the potential impacts. 17 

These federal acts mandate the identification and protection of ecological and archeological objects and 18 
historical data, including human remains, funerary objects, sacred objects, and objects of cultural 19 
significance. Prior to disturbing the earth (e.g., drilling, surface grubbing, and excavating), DOE-RL 20 
will initiate discussion with the affected parties (as prescribed by the National Historic Preservation Act 21 
of 1966) and an analysis of cultural and ecological resource impacts will be performed. This will include 22 
assessing the resources present and a qualitative comparison to the risk posed by the contaminants present 23 
in the OU. 24 

Preservation of cultural and historical properties under the National Historic Preservation Act of 1966 25 
is considered in remedial action decisions in accordance with the Tri-Party Agreement 26 
(Ecology et al., 1989a). A cultural resources review is part of work planning activities, and the 27 
project will involve cultural resources staff early in the planning stage to address potential concerns 28 
and consider the potential effects of project activities. 29 

6.4 Safety and Health Program 30 

The remediation contractor’s hazardous waste health and safety program was developed for employees 31 
involved in hazardous waste site activities. The program was developed to comply with the requirements 32 
of 10 CFR 851, “Worker Safety and Health Program,” which incorporate the safety standards of 33 
29 CFR 1910.120, “Occupational Safety and Health Standards,” “Hazardous Waste Operations and 34 
Emergency Response”; and 10 CFR 835, “Occupational Radiation Protection,” to ensure the safety and 35 
health of workers during operations involving potential exposure to hazardous and radioactive materials. 36 

SGW-41472, S&GRP Site-Specific Health and Safety Plan (HASP), was developed in accordance with 37 
the overall remediation contractor’s health and safety program to define the chemical, radiological, and 38 
physical hazards, and to specify the controls and requirements for day-to-day work activities on the 39 
Hanford Site. It also incorporates applicable core functions and guiding principles outlined in the 40 
Integrated Safety Management System. The HASP governs minimal personal training; control of 41 
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industrial safety and radiological hazards; personal protective equipment; site control; and general 1 
emergency response to spills, fire, accidents, injury, and incident reporting. 2 

The current 200 West P&T project applies an approved HASP that governs routine operations of the 3 
treatment facility and related 200-ZP-1 OU well field extraction, injection, and conveyance systems. 4 
However, HASPs are not stand-alone documents; they are supplemented by other procedures governing 5 
work control, conduct of operations, industrial safety, maintenance, and waste handling. An industrial 6 
hygiene exposure assessment, which serves as the baseline hazards analysis, has been completed and is 7 
followed for current facility operations. 8 

The HASP (with related procedures and work instructions) governs safe performance of routine facility 9 
O&M activities, including facility inspection and surveillance, equipment replacement, maintenance, 10 
housekeeping, and sampling. It also governs personnel safety training requirements; control of recognized 11 
health and safety hazards; use of personal protective equipment; facility access requirements; and 12 
contingencies such as fire, spills, accidents, personnel injuries, and incident reporting. 13 

Regarding construction of the work elements associated with the 200-ZP-1 OU remedy (e.g., wells and 14 
piping), the HASP will draw on the processes and procedures used during previous construction 15 
activities. Access and work activities will be controlled in accordance with the approved HASP and 16 
related work control packages, as required by established internal work requirements and processes. 17 
Work control packages, procedures, and work instructions further control site and task operations, which 18 
include activity-based hazard analyses (e.g., job safety/hazard analyses) and may also reference 19 
applicable radiological control requirements and industrial hygiene monitoring. Any entry into planned 20 
excavation sites will require an additional planning activity. Any subcontractor used for portions of the 21 
work will also have safety submittal documents that become an integral part of site safety expectations. 22 
The construction contractor’s HASP and ongoing job safety/hazard analyses will address the health and 23 
safety hazards during each phase of the construction project.  24 

Project field staff will comply with all aspects of the HASP, work packages, work instructions, and 25 
procedures at all times during construction and equipment operation. Unescorted site visitors will be 26 
required to read and sign the HASP before entering the construction area and must have completed 27 
required training. Escorted visitors will be briefed on health and safety aspects of the work being 28 
observed and will be escorted by the site superintendent (or designee) at all times when they are in the 29 
construction area. 30 

6.5 Emergency Response 31 

During construction and operations, emergency response for project activities is covered by the 32 
project-specific HASP, related health and safety procedures, and work instructions. The HASP, health 33 
and safety procedures, and work instructions contain primary emergency response actions for site 34 
personnel, area alarms, implementation of the emergency action plan, and emergency equipment at each 35 
task site, as well as the emergency coordinators, emergency response procedures, and spill containment. 36 
A copy of the HASP will be kept in the construction field office and in the 200 West P&T control room. 37 
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6.6 Quality Assurance Program 1 

Overall QA for the RD/RAWP will be planned and implemented in accordance with 10 CFR 830, 2 
Subpart A, “Nuclear Safety Management,” “Quality Assurance Requirements”; EPA/240/B-01/003, 3 
EPA Requirements for Quality Assurance Project Plans (EPA QA/R-5); DOE/RL-96-68, 4 
Hanford Analytical Services Quality Assurance Requirements Document; and DOD and DOE, 2017, 5 
Department of Defense (DOD) Department of Energy (DOE) Consolidated Quality Systems Manual 6 
(QSM) for Environmental Laboratories. 7 

The QA activities will use a graded approach based on the potential impact to the environment, safety, 8 
health, reliability, and continuity of operations. Other specific activities will include QA implementation, 9 
responsibilities and authorities, document control, QA records, and audits. 10 

The QA for routine operations-based sampling (as well as compliance and performance monitoring) is 11 
discussed in the 200 West P&T O&M plan (DOE/RL-2009-124), 200-ZP-1 OU PMP 12 
(DOE/RL-2009-115, Rev. 3, Draft A), and associated SAPs, and complies with the above requirements. 13 

All SAPs prepared to support the 200-ZP-1 OU remedial action will contain a QAPjP, which establishes 14 
the quality requirements for environmental data collection, including planning, implementing, and 15 
assessing sampling, field measurements, and laboratory analysis.  16 
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7 Decontamination and Decommissioning 1 

This chapter specifies the plans that will be in place to address D&D of the 200 West P&T, including 2 
specific 200-ZP-1 OU well field and balance-of-plant infrastructure after RAOs have been attained. 3 
D&D of the 200-ZP-1 P&T remedy and anticipated future land use after completion of D&D are 4 
also discussed. 5 

Decontamination is a process whereby contaminants that have accumulated on or in equipment, tools, or 6 
treatment systems are removed or neutralized so the contaminants no longer present a hazard to human 7 
health or the environment. Decontamination efforts associated with 200 West P&T well field and balance 8 
of plant have been grouped into two activities: (1) activities that are interim (i.e., involved with 9 
day-to-day operations or IRMs), and (2) activities that are associated with the final shutdown and 10 
decommissioning of the facility. 11 

Decommissioning is the process of removing a facility that is no longer needed from service and 12 
removing and/or disposing equipment and materials in a manner that protects worker and public health 13 
and the environment. Under authority delegated by Executive Order 12580, Superfund Implementation, 14 
DOE is responsible for evaluating whether conditions at sites under DOE jurisdiction pose a significant 15 
threat of release of hazardous substances, as defined by CERCLA. If a significant threat of release is 16 
identified, DOE is authorized to conduct removal action, remedial action, and any other response 17 
measures consistent with the NCP (40 CFR 300). 18 

In accordance with DOE and EPA, 1995, Policy on Decommissioning of Department of Energy Facilities 19 
Under the Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA), 20 
decommissioning activities at facilities located on DOE sites will be conducted as NTCRAs under 21 
CERCLA, unless circumstances at the facility make it inappropriate. DOE will conduct a removal site 22 
evaluation, as directed by the NCP (40 CFR 300), to assess site conditions and determine whether 23 
a release or substantial threat of release exists at the facility. At any facility where DOE conducts 24 
a removal site evaluation, DOE will consult with EPA and will provide EPA with, as requested, 25 
information necessary for EPA to review such evaluation. At any facility where DOE determines that 26 
a release or substantial threat of release has not occurred, DOE will consult with EPA and provide any 27 
information necessary for EPA to evaluate such determination. DOE G 430.1-4, Decommissioning 28 
Implementation Guide, provides further guidance on decommissioning of DOE facilities. 29 

7.1 Interim Decontamination and Decommissioning 30 

The interim 200-ZP-1 P&T remedy operated until May 2, 2012, prior to transition to the 200 West P&T. 31 
SGW-49761, ZP-1 Pump and Treat Facility Layup Plan, directed D&D of the interim 200-ZP-1 P&T 32 
remedy. Layup activities included the following: 33 

• Isolating 13 interim extraction wells 34 

• Triple rinsing and blowing out extraction well conveyance lines with air to remove residual water 35 

• Incorporating five injection wells into the 200 West P&T injection well field 36 

• Repurposing five interim extraction wells as monitoring wells, and abandoning the remaining interim 37 
extraction wells 38 

• Securing the ends of the well lines and well head piping with caps, plugs, or flanges 39 
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• Recirculating treated water to rinse out all process vessels, piping, storage tanks, sumps, and other 1 
equipment (e.g., stripping tower) to the extent possible 2 

• Injecting all rinsate into 200-ZP-1 OU injection wells, with sufficient volume to dilute as required 3 

• Draining and/or blowing out lines, vessels, pumps, etc., as needed 4 

• Removing and dispositioning any remaining supplies, test materials, trash, and filter cartridges 5 

• Performing appropriate preventative maintenance or equipment layup items (e.g., remove chiller 6 
refrigerant and lubricate pumps, motors, and compressor) 7 

• Shutting down computer control system and heating, ventilation, and air conditioning controls; and 8 
disconnecting power to process equipment (leaving lights, heat, and convenience receptacles 9 
available for operations use of building as storage area) 10 

• Performing radiological surveys 11 

The interim WMA T P&T system was also laid up in a similar manner. 12 

Detailed procedures for equipment decontamination and other miscellaneous items associated with the 13 
200 West P&T will be developed as part of an interim D&D plan. Decontamination of the tanks, 14 
containers, and equipment associated with the 200 West P&T will involve removing and disposing wastes 15 
present in containers and decontaminating the interiors of tanks, containers, and associated ancillary 16 
equipment that were in contact with waste, as necessary. Decontamination and disposal of equipment 17 
and miscellaneous items will be conducted in accordance with the procedures and criteria of the 18 
decontamination plan including, as appropriate, the requirements of WAC 173-303-070, “Designation 19 
of Dangerous Waste”; and 40 CFR 268.45, “Land Disposal Restrictions,” “Treatment Standards for 20 
Hazardous Debris”; as adopted in entirety by WAC 173-303-140, “Land Disposal Restrictions.” 21 

Disposal of waste streams from D&D is discussed in the waste management plan (Appendix B of the 22 
200 West P&T O&M plan [DOE/RL-2009-124]). In general, spent decontamination water and other 23 
liquid waste streams generated during the decontamination process that are compatible with the 200 West 24 
P&T will be reintroduced into the P&T system for treatment. Waste streams that are not compatible for 25 
treatment at the 200 West P&T and all decontamination fluids (i.e., water and/or nonhazardous cleaning 26 
solutions) generated from cleaning equipment, tools, and materials will be contained and transported to 27 
the MSUs or the ETF if waste acceptance criteria can be met. If the waste acceptance criteria cannot be 28 
met, pre-treatment may be necessary or another suitable disposal facility may be identified, as authorized 29 
by EPA. 30 

7.2 Final Decontamination and Decommissioning 31 

Final D&D of the 200 West P&T and balance of plant will be addressed after the Tri-Parties determine 32 
that active remediation is complete or the treatment system is no longer required. The D&D requirements 33 
will be addressed in a final D&D plan, which will be developed and submitted near the end of the active 34 
remediation timeframe. This will likely occur at least 25 years after startup of the 200 West P&T. 35 
Final D&D of the 200 West P&T will be performed in accordance with ARARs and applicable guidance. 36 

Decontamination of the P&T system is expected to include the following activities: 37 

• Remove and dispose liquids from tanks, piping, and process equipment. 38 

• Remove and dispose IX and other resins, filters, and media. 39 
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• Remove and dispose all waste solids. 1 

• Drain transfer piping and dispose the liquid. 2 

• Winterize buildings and leave the facility for evaluation of further use at a later date. Periodic 3 
inspections of the buildings will be necessary for long-term care. 4 

Once a determination is made that no further use of the 200 West P&T is required, decommissioning is 5 
expected to include the following activities: 6 

• Remove and dispose conveyance and process piping. 7 
• Salvage equipment and materials that can be used elsewhere on the Hanford Site. 8 
• Demolish building, tanks, and structures. 9 
• Perform site restoration. 10 

Extraction and injection wells will be evaluated for use as groundwater monitoring wells (sampling and 11 
water levels). Those wells not retained for monitoring purposes will be decommissioned in accordance 12 
with the substantive standards of WAC 173-160-381, “Minimum Standards for Construction and 13 
Maintenance of Wells,” “What Are the Standards for Decommissioning a Well?” 14 

The site will be returned to its pre-operational condition to the extent feasible considering cost and 15 
intended future use (Section 6.3). Waste materials generated as part of D&D activities will be managed 16 
and disposed as addressed in the waste management plan (Appendix B of the 200 West P&T O&M plan 17 
[DOE/RL-2009-124]). 18 
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8 Cost and Schedule 1 

This chapter discusses the cost and schedule associated with the 200-ZP-1 OU remedy, including the 2 
200 West P&T. 3 

8.1 Actual Costs and Projected Cost Estimates 4 

Table 8-1 presents the costs associated with the 200-ZP-1 OU remedy, including the 200 West P&T, 5 
from FY 2009 through FY 2018. Cost projections for FY 2019 through FY 2020, based on historical 6 
remedy costs (including labor, material, equipment, and subcontractor costs) as necessary for 7 
maintenance, equipment improvements, optimization, etc., are also included. The projected costs assume 8 
an annual escalation of 2.3 percent. These costs include estimates of the short-term recommendations 9 
provided in Chapter 4 of this RD/RAWP. Costs associated with optimization activities beyond FY 2020 10 
(e.g., 200 West P&T expansion and cessation of biological treatment) are under development as part of 11 
the 200-ZP-1 OU optimization study and will be updated in the annual P&T reports. 12 

The actual costs are burdened and based on incurred costs for the following categories: 13 

• Design: Consists of labor, equipment, material, and subcontractor costs. Design costs include all 14 
design documentation (drawings, calculations, specifications, and optimization studies), engineering 15 
studies, 30% design for the hypochlorite system, the evaluation of ferric chloride versus alum, 16 
permitting, aquifer response numerical modeling, and associated activities.  17 

• Treatment system capital: Consists of the costs for constructing the remedy, including labor, 18 
equipment, material, and subcontractor costs. Costs are included for installing extraction and injection 19 
wellhead mechanical and electrical racks, pipelines, connections to the treatment facility, associated 20 
equipment and utilities, and acceptance testing prior to turnover to operations (i.e., hypochlorite 21 
system and the 200 West P&T low-energy advanced performance aerated membrane tank cassettes).  22 

• Project Support: Consists of labor, equipment, material, and subcontractor costs for post-23 
construction project management.  24 

• O&M: Consists of labor, equipment, and material costs for operational testing and for O&M of the 25 
remedial systems. O&M costs include extraction wells (including wellheads), injection wells 26 
(including wellheads), and transfer building O&M for the 200-ZP-1 OU groundwater extraction and 27 
injection systems. Treatment system costs are for preventative and corrective measure activities, 28 
chemicals, well realignments, and well development. 29 

• Performance monitoring: Consists of labor, equipment, and material costs for remedy performance 30 
monitoring of the aquifer defined in the 200-ZP-1 OU PMP (DOE/RL-2009-115, Rev. 3, Draft A). 31 
This category addresses the costs for collecting and/or evaluating data to assess changes in 32 
contaminant plume geometry, hydraulic controls (including plume capture or containment), and 33 
effectiveness of natural attenuation processes. It also includes costs for monitoring water levels and 34 
preparing the 200-ZP-1 OU annual report. 35 

• Waste management: Consists of equipment and material costs for the hazardous waste packages. 36 
It also includes costs for managing, inspecting, packaging, and transporting waste to 37 
a permitted facility. 38 
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Table 8-1. 200 West Area P&T Cost Estimate 

WBS 
Title 

Actuals Forecast 

FY 2009 to 
FY 2016 

($ in 1000’s) 
FY 2017 

($ in 1000’s) 
FY 2018 

($ in 1000’s) 
FY 2019 

($ in 1000’s) 
FY 2020 

($ in 1000’s) 
Total 

($ in 1000’s) 

Design 13,938.9 937.1 1,447.4 1,178.7 1,414.3 18,916.4 

Treatment system capital 244,152.7 937.7 281.6 161.9 4,517.4 250,051.3 

Project support 2,072.0 189.6 223.2 298.3 305.4 3,088.5 

Operations and 
maintenance 88,228.6 18,574.5 17,141.4 17,249.5 17,307.9 158,501.9 

Performance monitoring 2,986.1 1,207.2 1,358.6 1,193.9 2,987.3 9,733.1 

Waste management 772.3 8.2 7.0 8.0 8.7 804.2 

Regeneration subcontract 459.1 80.7 165.7 285.6 181.8 1,172.9 

Well installation 24,398.2 2,474.1 4,810.2 6,161.1 6,272.8 44,116.4 

Grand total 377,007.8 24,409.2 25,435.1 26,537.0 32,995.6 486,384.7 

Note: Costs associated with optimization activities (e.g., 200 West P&T expansion and cessation of biological treatment) beyond FY 2020 are under 
development as part of the 200-ZP-1 Optimization Study and will be updated in the annual P&T reports. 
FY = fiscal year 
P&T = pump and treat 
RD/RAWP = remedial design/remedial action work plan 
WBS = work breakdown structure 

 1 
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• Regeneration subcontract: Consists of labor, equipment, and subcontractor costs for managing 1 
the VPGAC used in the off-gas treatment system at the 200 West P&T. This includes costs for 2 
regenerating GAC by a subcontractor, including packaging and shipping. 3 

• Well installation: Includes costs for installing and constructing new CERCLA monitoring, 4 
extraction, and injection wells at the 200-ZP-1 OU. 5 

Current projections for the remedy lifecycle cost are significantly higher than estimated in the 6 
200-ZP-1 OU ROD (EPA et al., 2008). The total nondiscounted remedy cost estimated in the ROD is 7 
$235,033,404 compared the current nondiscounted cost projection of $486,384,700 through 2020. 8 
Total remedy costs through 2137 cannot be accurately estimated at this time because long-term 9 
recommendations for remedy optimization or modifications to meet RAOs present significant uncertainty 10 
in future remedy costs. Cost estimates for the remedy through 2137 will be prepared in support of 11 
regulatory documents used to modify the remedy. These cost estimates will be documented in future 12 
revisions of this RD/RAWP. 13 

8.2 Schedule 14 

Figure 8-1 summarizes the project schedule for the 200-ZP-1 OU remedy for FY 2019 through FY 2032. 15 
The schedule includes preliminary estimates for implementing the tasks recommended in Chapter 4 of 16 
this RD/RAWP, as well as follow-up tasks for potential modification to the remedy decision documents 17 
through the first quarter of FY 2032. The optimization study duration will be determined as part of the 18 
Optimization Study Plan (DOE/RL-2019-38). If the 2-year optimization study supplemental data 19 
collection period is not necessary, the schedule for modification of remedy decision documents may be 20 
shortened. Interim D&D activities are ongoing throughout the remedy lifecycle (e.g., well 21 
decommissioning) and, therefore, are not shown on the schedule. The scheduled date for final D&D of the 22 
200 West P&T and associated infrastructure will be determined based on long-term optimization 23 
measures that will affect pumping durations. Since there is significant uncertainty in future pumping 24 
durations to meet RAOs, final D&D activities are not shown on the schedule provided in Figure 8-1. 25 

No Tri-Party Agreement milestones have been identified for the 200-ZP-1 OU remedy. 26 
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 1 
Note: See the Optimization Study Plan (DOE/RL-2019-38) for determination of the optimization study duration. If the 2-year optimization study supplemental data collection 2 
period is not necessary, the schedule for modification of remedy decision documents may be shortened. Regulatory documents will be updated to reflect current conditions. 3 

Figure 8-1. 200-ZP-1 OU Remedy Schedule 4 
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A1 Nature and Extent of 200-ZP-1 Operable Unit Groundwater Contamination 1 

This appendix summarizes the estimated distribution of groundwater contaminants of concern (COCs) 2 
within the aquifer overlying the basalt in the 200-ZP-1 Groundwater Operable Unit (OU). The estimates 3 
are intended to represent current or fairly recent conditions and are based on sample data obtained in 4 
recent years (referred to as “current extents”).  5 

A1.1 Background 6 

Estimates of the three-dimensional extent of contamination beneath the 200-ZP-1 OU have been prepared 7 
from time to time for a variety of purposes, including remedial investigations, remedy feasibility studies 8 
(FSs), and annual reporting associated within interim and final remedies.  9 

To prepare DOE/RL-2007-28, Feasibility Study Report for the 200-ZP-1 Groundwater Operable Unit 10 
(hereinafter referred to the 200-ZP-1 OU FS), which was issued to evaluate alternate potential remedies 11 
for 200-ZP-1 groundwater, estimates of contaminant extent were obtained by grouping sample results 12 
from monitoring wells with similar vertical screen elevations. Two-dimensional interpolations were then 13 
conducted for several different elevation intervals within groundwater beneath the 200-ZP-1 OU. Since 14 
that time, the number and locations of monitoring wells have increased throughout the 200-ZP-1 OU. 15 
More recent estimates of contaminant extent have been prepared for most of the 200-ZP-1 COCs at 16 
various times using fully three-dimensional interpolation of the sample results obtained from monitoring 17 
wells and characterization samples obtained during drilling throughout and beyond the 200-ZP-1 OU. 18 
As the number and locations of monitoring wells have increased, knowledge of COC distribution has 19 
improved, providing a more detailed understanding of the extent of groundwater contamination that the 20 
remedy must address. 21 

A1.2 Overview 22 

The estimated current three-dimensional extent of contamination beneath the 200-ZP-1 OU is illustrated 23 
in this appendix using a sequence of plan-view and cross-section figures that are “flattened” depictions 24 
extracted from fully three-dimensional interpolations of groundwater sample results primarily 25 
from monitoring wells, as well as characterization samples obtained during drilling. The plan-view 26 
illustrations are updates to earlier COC depictions previously presented in a sequence of Comprehensive 27 
Environmental Response, Compensation, and Liability Act of 1980 documents, including the following: 28 

• 200-ZP-1 OU FS (DOE/RL-2007-28) 29 

• DOE/RL-2007-33, Proposed Plan for Remediation of the 200-ZP-1 Groundwater Operable Unit 30 

• DOE/RL-2008-78, 200 West Area 200-ZP-1 Pump-and-Treat Remedial Design/Remedial Action 31 
Work Plan (hereinafter referred to as Revision 0 of the remedial design/remedial action work plan 32 
[RD/RAWP]) 33 

The most comprehensive assessments and mapping of the spatial extent of COCs in groundwater in the 34 
200-ZP-1 OU are performed to provide input (i.e., initial conditions) for three-dimensional groundwater 35 
flow and contaminant transport modeling, completed primarily using the Central Plateau Groundwater 36 
Model (CPGWM) (CP-47631, Model Package Report: Central Plateau Groundwater Model, 37 
Version 8.4.5). The modeling assessments are used to support the locations, pumping rates, performance 38 
evaluation, and optimization of the 200-ZP-1 pump-and-treat (P&T) extraction and injection wells. 39 
These assessments are discussed in the following documents, in addition to summaries presented in 40 
annual groundwater P&T reports and associated environmental calculation summaries:  41 
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• Estimated extent as of 2008: DOE/RL-2009-38, Description of Modeling Analyses in Support of the 1 
200-ZP-1 Remedial Design/Remedial Action Work Plan (also see PNNL-18100, Spatial Analysis of 2 
Contaminants in 200 West Area Groundwater in Support of the 200-ZP-1 Operable Unit 3 
Pre-Conceptual Remedy Design; and PNNL-18118, Revised Geostatistical Analysis of the Inventory 4 
of Carbon Tetrachloride in the Unconfined Aquifer in the 200 West Area of the Hanford Site); and 5 
SGW-50390, FY 2011 Simulation-Optimization of the 200-ZP-1 Remedy Using the Central Plateau 6 
Model). 7 

• Estimated extent as of 2012: ECF-200ZP1-13-0006, Description of Groundwater Modeling 8 
Calculations for the Calendar Year 2012 (CY2012) 200 Areas Pump-and-Treat Report. 9 

• Estimated extent as of 2015: ECF-200W-16-0092, Calculation of Three-Dimensional Groundwater 10 
Concentration Plumes for 200-West for Calendar Year (CY) 2015; which the analysis was revisited, 11 
updated, and reissued in ECF-200W-16-0092, Calculation of Three-Dimensional Groundwater 12 
Concentration Plumes for 200-West for Calendar Year (CY) 2015. 13 

Most of these analyses used an interpolation method based on ordinary kriging of the groundwater sample 14 
results directly or of a uniform-score transform of those sample results (referred to as quantile kriging). 15 
In addition to these analyses, work was performed during 2017 to support the groundwater P&T remedy 16 
component performance analysis and related 200-ZP-1 groundwater remedy evaluation/optimization and 17 
reporting activities. The performance analysis was used to reassess the extent of carbon tetrachloride and 18 
nitrate contamination, in particular using an alternate method of three-dimensional data interpolation 19 
based on the sequential Gaussian simulation method. The analysis, which revisited and updated 20 
calculations made earlier using the sequential Gaussian simulation technique to support preparation of 21 
Revision 0 of this RD/RAWP, is summarized in the following: 22 

• Estimated extent as of 2015, alternate method: ECF-200W-18-0028, Evaluation of 23 
Three-Dimensional Extent of Carbon Tetrachloride and Nitrate in Groundwater for 200-West for 24 
Calendar Years (CYs) 2015 and 2017. 25 

These intermittent, updated evaluations of contamination extent have collectively provided improved 26 
knowledge and have reduced uncertainty regarding the three-dimensional location and distribution of 27 
COCs throughout the 200-ZP-1 OU. This information is used to further optimize operation of the P&T 28 
component of the 200-ZP-1 remedy and to evaluate progress toward attaining the P&T remedy 29 
component goals and remedial action objectives.  30 

A1.3 Current Extent Plan-View and Cross-Section Figures 31 

The COC depictions presented in this appendix are based principally on calculations presented in 32 
ECF-200W-16-0092, which represents the most recent assessment of the extent of COCs in 33 
the 200-ZP-1 OU. The methods used most recently (in 2017 and early 2018) to obtain these estimated 34 
extents and associated depictions interpolate the COC groundwater sample data in three dimensions using 35 
a combination of kriging and groundwater modeling using the CPGWM. ECF-200W-16-0092 details the 36 
calculations used to prepare the estimated COC extents presented in this appendix. For clarity, some edits 37 
have been made to the figures (not the underlying plumes) presented herein compared to those presented 38 
in ECF-200W-16-0092.  39 



DOE/RL-2008-78, REV. 1, DRAFT A 
SEPTEMBER 2019 

 

A-3 

The Ringold Formation member of Wooded Island – lower mud unit (Rlm) is significant and is located 1 
throughout the 200-ZP-1 OU. The Rlm is a laterally contiguous, semiconfining unit that separates and 2 
distinguishes the conditions and contaminant extents above the unit (upper unconfined aquifer of Ringold 3 
Formation member of Wooded Island – unit E) from those below it (semiconfined aquifer of Ringold 4 
Formation member of Wooded Island – unit A). In some places (in particular, within areas of the eastern 5 
and northeastern portion of the 200-ZP-1 OU), the Rlm is not present. In these areas, the COC extents 6 
above and below the typical elevation of the Rlm tend to commingle. Plan-view depictions presented in 7 
ECF-200W-16-0092 and in this appendix were prepared separately to depict estimated COC extents 8 
above and beneath the Rlm. However, in each case, the depictions above and below the typical elevation 9 
of the Rlm are extracted from a single, three-dimensional interpolation of the sample data.  10 

Cross-section figures are presented for only carbon tetrachloride and nitrate, which are the most laterally 11 
and vertically extensive COCs in the 200-ZP-1 OU. The cross-section figures show the estimated current 12 
vertical and lateral extent of these contaminants based primarily on available depth-discrete groundwater 13 
data. The cross sections are also consistent with (and result from) the calculations presented in 14 
ECF-200W-16-0092 (although the depictions presented in this appendix were not previously presented in 15 
their current form in ECF-200W-16-0092). The vertical extent of the plumes shown in the cross sections 16 
can appear unusually thick compared to the horizontal extent as a result of the vertical exaggeration 17 
required to show the extent of contamination in flattened figures.  18 

A2 Contaminant Summaries 19 

Carbon tetrachloride is the primary COC in the 200-ZP-1 OU, and nitrate is the second most laterally 20 
and vertically extensive COC in the OU. For these reasons, these two COCs are presented first in the 21 
following discussion. Descriptions and depictions of the remaining COCs, which are generally less 22 
laterally or vertically extensive, are presented in later sections of this appendix. Depictions are also 23 
presented for uranium, which is not a COC for the 200-ZP-1 OU but is monitored and treated (when 24 
possible) by the 200 West P&T.  25 

A2.1 Carbon Tetrachloride 26 

Carbon tetrachloride has accumulated in groundwater from multiple past sources but is primarily 27 
associated with Plutonium Finishing Plant facilities in the 200-ZP-1 OU. Carbon tetrachloride extends 28 
throughout much of the 200-ZP-1 OU (both above and below the Rlm) and extends to the south into the 29 
adjacent 200-UP-1 OU. Figures A-1 and A-2 show the current estimated carbon tetrachloride extent 30 
above and below the Rlm, respectively, throughout the 200-ZP-1 OU and the adjacent 200-UP-1 OU 31 
using concentrations of 3.4 µg/L (the cleanup level for the 200-ZP-1 OU); 50 µg/L; 100 µg/L 32 
(the concentration level targeted by the groundwater P&T); 500 µg/L; 1,000 µg/L; and 2,000 µg/L. 33 
In recent years, P&T operations have reduced the carbon tetrachloride footprint that was at higher 34 
concentration levels, so very little (if any) carbon tetrachloride is currently >2,000 µg/L.  35 

Figures A-3 and A-4 depict the approximate vertical and lateral extent of carbon tetrachloride throughout 36 
the 200-ZP-1 OU and within adjacent OUs, as interpreted along broadly north-south and west-east 37 
trending section lines A-A’ and B-B’, respectively. Figures A-1 and A-2 depict section lines A-A’ 38 
and B-B’. At the west side of the 200-ZP-1 OU, carbon tetrachloride is generally found dominantly in the 39 
upper portions of the unconfined aquifer. However, moving from west to east, the vertical extent of 40 
carbon tetrachloride in many places increases, and concentrations exceeding the cleanup standard of 41 
3.4 and the 100 µg/L targeted by groundwater P&T extend throughout the entire aquifer thickness 42 
(including above and below the Rlm). 43 
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Figure A-1. Estimated Extent of Carbon Tetrachloride Above the Rlm, 2015  2 
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Figure A-2. Estimated Extent of Carbon Tetrachloride Below the Rlm, 2015 2 
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Figure A-3. Estimated Extent of Carbon Tetrachloride Along North-South Section Line A-A', 2015 
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Figure A-4. Estimated Extent of Carbon Tetrachloride Along West-East Section Line B-B', 2015 
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Groundwater sample data obtained following completion of the 200-ZP-1 OU FS (DOE/RL-2007-28) 1 
(in particular, during drilling of the eastern line of injection wells, the easternmost extraction wells, and 2 
eastern monitoring wells associated with the final P&T remedy) suggest that carbon tetrachloride is 3 
present over a wider area, particularly in locations further eastward (i.e., downgradient of the known 4 
sources) than anticipated during FS completion. This is most evident at elevations below the Rlm. 5 
Improved knowledge of the carbon tetrachloride extent suggests that a greater proportion of the total 6 
carbon tetrachloride mass may reside at elevations beneath (and possibly within) the Rlm than was 7 
anticipated at that time. 8 

A2.2 Nitrate 9 

Nitrate groundwater contamination is widespread throughout the 200-ZP-1 OU and is sourced from 10 
multiple cribs and other facilities. The nitrate contamination resulting from sources in the 200-ZP-1 OU 11 
commingles in places with nitrate contamination from sources in the 200-UP-1 OU. The large 12 
commingled nitrate plume then extends across the 200-ZP-1 and 200-UP-1 OUs and into the 13 
downgradient 200-PO-1 OU (located to the east). Figures A-5 and A-6 show the current estimated nitrate 14 
extent above and below the Rlm, respectively, throughout both the 200-ZP-1 OU and adjacent 200-UP-1 15 
OU using concentrations of 45 mg/L (the drinking water standard [DWS]); and 450 mg/L (10 times 16 
the DWS). 17 

Figures A-7 and A-8 show the approximate vertical and lateral extent of nitrate throughout the 18 
200-ZP-1 OU and within adjacent OUs, as interpreted along broadly north-south and west-east trending 19 
section lines A-A’ and B-B’, respectively. Figures A-5 and A-6 depict section lines A-A’ and B-B’.  20 

A2.3 Technetium-99 21 

Technetium-99 groundwater contamination is limited in extent to specific source areas within the 22 
200-ZP-1 OU, namely Waste Management Area (WMA) T and the WMA TX-TY Tank Farms. The tank 23 
farms are located in the northwestern portion of the 200-ZP-1 OU. The entire extent of technetium-99 24 
above cleanup standards in the 200-ZP-1 OU appears to be encompassed by the extent of carbon 25 
tetrachloride above the cleanup standard. Technetium-99 is also present in the adjacent 200-UP-1 OU, 26 
located immediately south of the 200-ZP-1 OU (near WMA U, U Plant cribs, and WMA S-SX 27 
single-shell tank farms). Technetium-99 exhibits relatively distinct extents that, in most cases, do not 28 
commingle at concentrations above the applicable groundwater standards. Figures A-9 and A-10 show 29 
the current estimated technetium-99 extent above and below the Rlm, respectively, throughout both the 30 
200-ZP-1 OU and adjacent 200-UP-1 OU using concentrations of 900 pCi/L (the DWS) and 9,000 pCi/L 31 
(10 times the DWS). 32 

Within the 200-ZP-1 OU, technetium-99 concentrations approaching or exceeding the applicable 33 
groundwater standard are present only in the upper portion of the unconfined aquifer, which is consistent 34 
with previous interpretations. For this reason, cross-section depictions are not presented for 35 
technetium-99.  36 
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Figure A-5. Estimated Extent of Nitrate Above the Rlm, 2015 
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Figure A-6. Estimated Extent of Nitrate Below the Rlm, 2015
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Figure A-7. Estimated Extent of Nitrate Along North-South Section Line A-A', 2015 
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Figure A-8. Estimated Extent of Nitrate Along West-East Section Line B-B', 2015 
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Figure A-9. Estimated Extent of Technetium-99 Above the Rlm, 2015 
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Figure A-10. Estimated Extent of Technetium-99 Below the Rlm, 2015 
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A2.4 Chromium 1 

Chromium groundwater contamination (total chromium and hexavalent chromium (Cr(VI)) is found as 2 
localized plumes in the 200-ZP-1 OU, with the highest concentrations near and downgradient of 3 
WMA TX-TY and WMA T. The extent of chromium contamination is similar in size to that of 4 
technetium-99 in this area. Another area of elevated chromium concentrations is found near the 5 
State-Approved Land Disposal Site (SALDS). The extent of chromium above cleanup standards in the 6 
200-ZP-1 OU appears to be encompassed by the extent of carbon tetrachloride above the cleanup 7 
standard. Chromium exceeding applicable groundwater standards is also present in the adjacent 8 
200-UP-1 OU to the south (near WMA S-SX) and extends downgradient of S Plant, beyond the 9 
200-UP-1 OU boundary. Figures A-11 and A-12 show the current estimated extent of chromium 10 
(depicted as Cr(VI)) above and below the Rlm, respectively, throughout both the 200-ZP-1 OU and 11 
adjacent 200-UP-1 OU using concentrations of 48 µg/L (the Washington State groundwater standard for 12 
Cr(VI)) and 100 µg/L (the DWS for total chromium). 13 

In the 200-ZP-1 OU, chromium at concentrations approaching or exceeding the applicable groundwater 14 
standard is present (in most places) only in the upper portion of the unconfined aquifer. This is consistent 15 
with previous interpretations, with the exception of a small area in the north-central portion of the 16 
200-ZP-1 OU with concentrations exceeding cleanup levels. For this reason, cross-section depictions are 17 
not presented for chromium. 18 

A2.5 Tritium 19 

Tritium contamination is present in two locations in the 200-ZP-1 OU: (1) an area extending generally 20 
northeast (downgradient) near WMA T and WMA TX-TY Tank Farms, and (2) an area located near the 21 
SALDS. Tritium contamination near the WMA T and WMA TX-TY Tank Farms represents operational 22 
releases, whereas the SALDS is a permitted disposal facility for tritiated water that is monitored in 23 
accordance with state and other appropriate permits and regulations. The extent of tritium contamination 24 
is similarly located but generally smaller than the technetium-99 and chromium contamination in the area 25 
of the two tank farms. The extent of tritium above cleanup standards in the 200-ZP-1 OU appears to be 26 
encompassed by the extent of carbon tetrachloride above the cleanup standard. Tritium contamination is 27 
more extensive in the adjacent 200-UP-1 OU (located to the south of the 200-ZP-1 OU), resulting in 28 
a commingled plume extending downgradient toward the 200-UP-1 OU boundary. Figures A-13 and 29 
A-14 show the current estimated extent of tritium above and below the Rlm, respectively, throughout both 30 
the 200-ZP-1 OU and adjacent 200-UP-1 OU using concentrations of 20,000 pCi/L (the DWS) and 31 
200,000 pCi/L (10 times the DWS). 32 

Within the 200-ZP-1 OU, tritium concentrations approaching or exceeding the applicable groundwater 33 
standard are present only in the upper portion of the unconfined aquifer, which is consistent with previous 34 
interpretations. For this reason, cross-section depictions are not presented for tritium. 35 
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Figure A-11. Estimated Extent of Chromium Above the Rlm, 2015 
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Figure A-12. Estimated Extent of Chromium Below the Rlm, 2015 
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Figure A-13. Estimated Extent of Tritium Above the Rlm, 2015 
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Figure A-14. Estimated Extent of Tritium Below the Rlm, 2015 



DOE/RL-2008-78, REV. 1, DRAFT A 
SEPTEMBER 2019 

 

A-22 

A2.6 Iodine-129 1 

Iodine-129 groundwater contamination exhibits very limited extents in the 200-ZP-1 OU and occurs 2 
primarily in two areas: (1) exhibiting the highest concentrations, extending downgradient (northeast) of 3 
WMA T; and (2) exhibiting lower concentrations, found east of WMA TX-TY. The iodine-129 4 
contamination exhibits similarly located (but generally smaller) extent compared to technetium-99, 5 
chromium, and tritium in the area of the two tank farms. The entire extent of iodine-129 above cleanup 6 
standards in the 200-ZP-1 OU appears to be encompassed by the extent of carbon tetrachloride above the 7 
cleanup standard. Iodine-129 contamination is much more widespread in the adjacent 200-UP-1 OU 8 
(located to the south of the 200-ZP-1 OU), resulting in a commingled plume extending downgradient 9 
toward and beyond the 200-UP-1 OU boundary, following a similar groundwater flow path across the 10 
OU as with tritium. Figures A-15 and A-16 show the current estimated extent of iodine-129 above and 11 
below the Rlm, respectively, throughout both the 200-ZP-1 OU and adjacent 200-UP-1 OU using 12 
concentrations of 1 pCi/L (the DWS) and 10 pCi/L (10 times the DWS). 13 

Within the 200-ZP-1 OU, iodine-129 concentrations approaching or exceeding the applicable 14 
groundwater standard are present only in the upper portion of the unconfined aquifer, which is consistent 15 
with previous interpretations. For this reason, cross-section depictions are not presented for iodine-129. 16 

A2.7 Uranium 17 

Uranium groundwater contamination has not consistently exceeded applicable cleanup standards in the 18 
200-ZP-1 OU and is not a COC for the OU. However, EPA et al., 2008, Record of Decision Hanford 19 
200 Area 200-ZP-1 Superfund Site, Benton County, Washington, indicates that uranium will be monitored 20 
in groundwater and treated using the 200 West P&T (which also treats water extracted from the 200-UP-1 21 
and 200-BP-5 OUs) where uranium contamination is more prevalent. Figures A-17 and A-18 show the 22 
current estimated uranium extent above and below the Rlm, respectively, throughout both the 23 
200-ZP-1 OU and adjacent 200-UP-1 OU using concentrations of 30 µg/L (the DWS), 300 µg/L 24 
(10 times the DWS), and 3000 µg/L (100 times the DWS). Uranium is only found above the DWS in 25 
isolated locations above the Rlm. 26 

A2.8 Trichloroethene 27 

Trichloroethene (TCE) is detected at levels above the cleanup level (1 µg/L) throughout much of the 28 
200-ZP-1 OU and appears to be collocated with high-concentration areas of the carbon tetrachloride 29 
plume. The apparent extent of TCE contamination increased since 2012, primarily due to obtaining 30 
sample data from the entire aquifer thickness, which includes sample data collected during drilling of new 31 
monitoring, extraction, and injection wells in the eastern portion of the 200-ZP-1 OU that were used to 32 
delineate the plume.  33 

In the 200-ZP-1 OU, TCE contamination is found from the water table to the bottom of the aquifer. 34 
Although the plume extent is quite large, the concentrations are only marginally greater in most places 35 
than the final cleanup level (1 µg/L). Figures A-19 and A-20 show the current estimated TCE extent 36 
above and below the RLM, respectively, throughout both the 200-ZP-1 OU and adjacent 200-UP-1 OU 37 
using a concentration of 1 µg/L (the cleanup level). 38 
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Figure A-15. Estimated Extent of Iodine Above the Rlm, 2015 
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Figure A-16. Estimated Extent of Iodine Below the Rlm, 2015 
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Figure A-17. Estimated Extent of Uranium Above the Rlm, 2015 
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Figure A-18. Estimated Extent of Uranium Below the Rlm, 2015 
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Figure A-19. Estimated Extent of TCE Above the Rlm, 2015 2 
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Figure A-20. Estimated Extent of TCE Below the Rlm, 2015 2 
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A2.9 Cyanide 1 

Cyanide is not a COC for the 200-ZP-1 OU but was detected in several 200-ZP-1 OU wells downgradient 2 
of WMA T-TX-TY (Figure A-21)  3 

Cyanide in groundwater is regulated as free cyanide. The U.S. Environmental Protection Agency (EPA) 4 
established the maximum contaminant level (MCL) as 200 µg/L for free cyanide. EPA allows the use of 5 
total cyanide analytical methods for screening when concentration are <200 µg/L since free cyanide is 6 
known to be <200 µg/L. If total cyanide is >200 µg/L free cyanide, analytical methods must be used for 7 
comparison against the regulatory standard. The groundwater cleanup level of 4.8 µg/L for free cyanide 8 
was calculated using Model Toxics Control Act (MTCA) (WAC 173-340, “Model Toxics Control Act—9 
Cleanup”) Method B. Free cyanide analytical methods are required to achieve the low practical 10 
quantitation limit.  11 

Six monitoring wells are sampled downgradient of WMA T-TX-TY and analyzed for total cyanide and 12 
free cyanide. Most of the recent unfiltered total cyanide data indicate that two wells exceed the federal 13 
MCL of 200 µg/L for free cyanide (analyzed as total cyanide): 299-W10-26 at 469 µg/L, and 14 
299-W14-18 at 374 µg/L. Most of the recent unfiltered results indicate that three wells exceed the 15 
MTCA Method B limit for free cyanide (4.8 µg/L) before blending at the 200 West P&T: 299-W10-26 16 
at 5.71 µg/L, 299-W11-41 at 5.00 µg/L, and 299-W14-11 at 5.72 µg/L.  17 

Pacific Northwest National Laboratory in Sequim, Washington, indicated that test results from the six 18 
monitoring wells in 2018 far exceeded historical trends; however, these results are not believed to be 19 
representative. A path forward has been defined for addressing the questionable laboratory free cyanide 20 
test results by running blind standards through both GEL Laboratories and the Southwest Research 21 
Institute for both total cyanide and free cyanide. Replicate sets of these blind standards will also be sent to 22 
Test America–Denver and Test America–St. Louis laboratories for total cyanide analysis. 23 

Cyanide has also been detected in groundwater at other locations in the Central Plateau (Figures A-21 and 24 
A-22). The area surrounding WMA B-BX-BY in the 200-BP-5 OU is known to contain elevated cyanide 25 
levels in groundwater (Figure A-21). Two 200-BP-5 OU extraction wells (YE-27 and YE-31) are located 26 
within the cyanide plume near WMA B-BX-BY.  27 

Fifteen monitoring wells are sampled quarterly at WMA B-BX-BY and analyzed for total cyanide and 28 
free cyanide. Unfiltered data from February 2018 indicate that three wells exceed the 200 µg/L federal 29 
MCL for free cyanide (analyzed as total cyanide): 299-E33-38 at 282 µg/L, 299-E33-44 at 889 µg/L, and 30 
299-E33-47 at 620 µg/L. The unfiltered free cyanide data from February 2018 indicate that none of the 31 
wells exceed the MTCA Method B limit for free cyanide (4.8 µg/L) before blending at the 32 
200 West P&T. 33 

Groundwater contaminated with cyanide is not currently being extracted near the 216-B-5 reverse well 34 
or WMA C. 35 
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Figure A-21. Cyanide Detected in the T-TX-TY Tank Farms, 200-BP-5 OU, and WMA C 2 
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Source: Figure 9-30 in DOE/RL-2016-67, Rev. 0, Hanford Site Groundwater Monitoring Report for 2016. 2 

Figure A-22. 200-BP-5 OU Total Cyanide Plume, 2016 3 
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When the 200 West P&T began treating extracted groundwater from the 200-BP-5 OU in 2015, cyanide 1 
was added as a constituent for process monitoring at various points throughout the treatment process. 2 
The action memorandum for 200-BP-5 OU groundwater extraction included cyanide (total and free) as 3 
a COC (DOE/RL-2016-41, Action Memorandum for 200-BP-5 Operable Unit Groundwater Extraction). 4 
SGW-61013, Cyanide Sampling at the 200 West Pump and Treat, documents the cyanide results. Total 5 
and free cyanide are monitored and routinely sampled to evaluate if the treated water reinjected into the 6 
aquifer meets the regulatory criteria specified in supporting regulatory documents. Cyanide sampling and 7 
results are documented annually. Concentrations of total cyanide in the 200 West P&T effluent were all 8 
below the free cyanide MCL (DOE/RL-2017-68, Calendar Year 2017 Annual Summary Report for the 9 
200-ZP-1 and 200-UP-1 Operable Unit Pump and Treat Operations). 10 

Beginning in 2017, process samples were analyzed for total, amenable, and free cyanide. Free cyanide 11 
was not detected above the MTCA cleanup value of 4.8 µg/L in any of the effluent samples. Other 12 
process samples revealed that the cyanide is mostly in the form of metal complexed cyanides, specifically 13 
ferrocyanide compounds. Based on sampling results, it was concluded that the metal complexed cyanides 14 
are removed by the ion-exchange resins. The 200 West P&T removes metal complexed and free cyanide 15 
using the ion-exchange. 16 
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B1 Applicable or Relevant and Appropriate Requirements Compliance 1 

Table B-1 provides the implementation strategy for applicable or relevant and appropriate requirements 2 
(ARARs) for the 200-ZP-1 Groundwater Operable Unit (OU). 3 
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Table B-1. Implementation Strategy for ARARs for the 200-ZP-1 Groundwater OU 

Regulation Type Regulatory Requirements Implementation/Action Strategy 

Groundwater 

40 CFR 141.61, “Maximum 
Contaminant Levels for Organics” 
40 CFR 141.62, “Maximum 
Contaminant Levels for Inorganics” 
40 CFR 141.66, “Maximum 
Contaminant Levels 
for Radionuclides” 
WAC 173-340-720(4)(b)(iii)(A) 
and (B), “Standard Method B 
Potable Groundwater 
Cleanup Levels” 
WAC 173-340-720(7)(b), 
“Adjustments to Cleanup Levels” 

Chemical-specific The final cleanup levels identified in the ROD for the 
200-ZP-1 OU groundwater (EPA et al., 2008, Record of 
Decision Hanford 200 Area 200-ZP-1 Superfund Site, 
Benton County, Washington) are federal and state 
drinking water MCLs and state groundwater cleanup 
standards (where more stringent than MCLs). These 
cleanup levels were developed using federal MCLs and 
the criteria and equations in the MTCA Method B cleanup 
levels for potable groundwater and the federal and state 
water standards for radionuclides. 

COC 
Final Cleanup 

Level 

Carbon tetrachloride  3.4 

Chromium (total)  100 

Hexavalent chromium  48 

Nitrate (measured and 
expressed as total nitrogen) 10,000 

Trichloroethene (TCE)  1 

Iodine-129  1 

Technetium-99  900 

Tritium  20,000 

Units are “μg/L” for nonradionuclides and “pCi/L” for 
radionuclides. 
 

 

Groundwater sampling of monitoring wells will be 
performed to collect data to monitor the progress of 
cleaning contaminated groundwater to achieve final 
cleanup levels. Monitoring will begin during the early 
stages of construction and will continue throughout 
treatment and closeout to ensure that cleanup levels have 
been met. Groundwater sampling of extraction wells will 
occur to provide data regarding treatment plant operation. 
Following extraction, the COCs in groundwater (except 
tritium) will be treated to achieve the cleanup levels. 
The treated groundwater will then be returned to the 
aquifer through injection wells. Biological degradation 
products of organic COCs will be treated as part of the 
pump-and-treat component of the remedy and through the 
MNA remedy. 



 
 

 

B-3 

D
O

E/R
L-2008-78, R

EV. 1, D
R

AFT A 
SEPTEM

BER
 2019  

Table B-1. Implementation Strategy for ARARs for the 200-ZP-1 Groundwater OU 

Regulation Type Regulatory Requirements Implementation/Action Strategy 

Groundwater – Underground Injection 

Interim Control of Hazardous 
Waste Injection, 
42 USC 6939b, et seq. 
WAC 173-218-040, “UIC Well 
Classification Including Allowed 
and Prohibited Wells” 
WAC 173-218-120, 
“Decommissioning Injection 
Wells”  

Action-specific Establishes the requirements to allow injection of 
groundwater that contains hazardous waste back into the 
aquifer during implementation of the CERCLA remedy.  
EPA OSWER Directive 9234.1-06, Applicability of Land 
Disposal Restrictions to RCRA and CERCLA Ground 
Water Treatment Injection Superfund Management 
Review: Recommendation No. 26, provides guidance on 
issues regarding whether LDRs apply to injection of 
groundwater. In general, this guidance states that EPA 
construes the provisions of RCRA Section 3020 to be 
applicable instead of LDR provisions. RCRA 
Section 3020(b) exempts injection of treated contaminated 
groundwater withdrawn from an aquifer if the following 
criteria are met: (1) the injection is a CERCLA 
Section 104 or 106 response action or part of a RCRA 
corrective action intended to clean up the contamination, 
(2) the contaminated groundwater is treated to 
substantially reduce hazardous constituents prior to such 
injection, and (3) the response action or corrective action 
is sufficient to protect human health and the environment 
upon completion. In Washington State, Class IV wells 
reinjecting treated groundwater into the same formation 
from where it was drawn is authorized as part of 
a removal or remedial action if such injection is approved 
by EPA in accordance with CERCLA and RCRA. 

Injection wells used in the 200-ZP-1 OU to return treated 
groundwater to the aquifer meet the classification criteria 
of a Class IV well.  
Extracted groundwater will be treated to achieve 
cleanup levels before return to the aquifer through the 
injection wells. 
Injection wells will be decommissioned in a manner that 
prevents movement of fluid containing any contaminant 
into the groundwater. Any soil, gravel, sludge, liquids, or 
other materials removed from or adjacent to the wells will 
be disposed in accordance with these requirements. 
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Table B-1. Implementation Strategy for ARARs for the 200-ZP-1 Groundwater OU 

Regulation Type Regulatory Requirements Implementation/Action Strategy 

Groundwater – Minimum Standards for Construction and Maintenance of Wells 

WAC 173-160-161, “How Shall 
Each Water Well Be Planned 
and Constructed?”  

Action-specific Identifies well planning and construction requirements. All monitoring, injection, and extraction wells completed 
for the 200-ZP-1 OU remediation activities will meet the 
substantive requirements of these regulations. Well 
construction will be consistent with DOE/RL-2008-57, 
Sampling and Analysis Plan for the First Set of Remedial 
Action Wells in the 200-ZP-1 Groundwater Operable 
Unit, approved by EPA. 

WAC 173-160-171, “What Are the 
Requirements for the Location of 
the Well Site and Access to 
the Well?” 

Identifies the requirements for locating a well. 

WAC 173-160-181, “What Are the 
Requirements for Preserving the 
Natural Barriers to Groundwater 
Movement Between Aquifers?” 

Identifies the requirements for preserving natural barriers 
to groundwater movement between aquifers. 

WAC 173-160-400, “What Are the 
Minimum Standards for Resource 
Protection Wells and Geotechnical 
Soil Borings?” 

Identifies the minimum standards for resource protection 
wells and geotechnical soil borings. 

WAC 173-160-420, “What Are the 
General Construction Requirements 
for Resource Protection Wells?” 

Identifies the general construction requirements for 
resource protection wells. 

WAC 173-160-430, “What Are the 
Minimum Casing Standards?” 

Identifies the minimum casing standards. 

WAC 173-160-440, “What Are the 
Equipment Cleaning Standards?” 

Identifies the equipment cleaning standards. 

WAC 173-160-450, “What Are the 
Well Sealing Requirements?” 

Identifies the well sealing requirements. 

WAC 173-160-460, “What Is the 
Decommissioning Process for 
Resource Protection Wells?” 

Identifies the decommissioning process for resource 
protection wells. 
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Table B-1. Implementation Strategy for ARARs for the 200-ZP-1 Groundwater OU 

Regulation Type Regulatory Requirements Implementation/Action Strategy 

Air – Radiation/Radionuclides 

WAC 246-247-035(1)(a)(ii), 
“National Emissions Standards 
Adopted by Reference for Sources 
of Radionuclide Emissions” 

Action-specific Incorporates the requirements of 40 CFR 61, Subpart H, 
by reference. Requires that emissions of radionuclides to 
the ambient air from DOE facilities shall not exceed 
amounts that would cause any member of the public to 
receive in any year an effective dose equivalent of 
>10 mrem/yr. 

This is a risk-based standard for the purposes of 
protecting human health and the environment. 
The regulations require a comparison of potential 
emissions from remedial point sources to the emission 
threshold. The 200-ZP-1 OU remediation will be 
evaluated with respect to determining its potential to emit 
radionuclides from any point source or diffuse/fugitive 
source. To accomplish this, the total unabated potential 
release (in curies) will be determined and the annual dose 
to the maximally exposed individual calculated using 
DOE/RL-2006-29, Calculating Potential-to-Emit 
Radiological Releases and Doses, or modeled using the 
CAP-88PC computer model. Control and monitoring 
requirements for potential radiological air emissions will 
be based on the calculated/modeled value of the potential 
to emit. 

WAC 246-247-040, “General 
Standards” 
WAC 246-247-040(3)  
WAC 246-247-040(4)  
WAC 246-247-075 (1)(2)(3)(4)(8), 
“Monitoring, Testing and 
Quality Assurance” 

Action-specific Requires that emissions be controlled to ensure that 
radiation emission standards are not exceeded. 
New construction and significant modifications of 
emission units. 
Existing emission units and nonsignificant modifications. 
Establishes the monitoring, testing, and quality assurance 
requirements for radioactive air emissions. 

These regulations require an evaluation of potential 
radiation emissions from new remedial sources using best 
available radionuclide control technology or from existing 
sources using as low as reasonably achievable control 
technology. Following evaluation of potential emissions, 
an air monitoring plan specifying any required monitoring 
for non-point and fugitive radioactive airborne emissions 
will be documented in and issued with the O&M plan 
(DOE/RL-2009-124, 200 West Pump and Treat 
Operations and Maintenance Plan). The total unabated 
potential release (in curies) will be determined, and the 
annual dose to the maximally exposed individual 
calculated using DOE/RL-2006-29, Calculating 
Potential-to-Emit Radiological Releases and Doses, or 
modeled using the CAP-88PC computer model. Control 
and monitoring requirements for potential radiological air 
emissions will be based on the calculated/modeled value 
of the potential to emit. The potential-to-emit calculation, 
emissions controls, and monitoring will be described in 
the air emissions section of the O&M plan. 
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Table B-1. Implementation Strategy for ARARs for the 200-ZP-1 Groundwater OU 

Regulation Type Regulatory Requirements Implementation/Action Strategy 

WAC 173-480-050(1), 
“General Standards for Maximum 
Permissible Emissions” 
WAC 173-480-070(2), 
“Emission Monitoring and 
Compliance Procedures”  

Action-specific Determine compliance with the public dose standard by 
calculating exposure at the point of maximum annual air 
concentration in an unrestricted area where any member 
of the public may be. This state regulation is as (or 
more) stringent than the equivalent federal 
program requirement. 

The total unabated potential release (in curies) will be 
determined, and the annual dose to the maximally 
exposed individual calculated using DOE/RL-2006-29 or 
modeled using the CAP-88PC computer model. Control 
and monitoring requirements for potential radiological air 
emissions will be based on the calculated/modeled value 
of the potential to emit. The potential-to-emit calculation, 
emissions controls and monitoring will be described in 
the air emissions section of the O&M plan. 

Air – General Regulations for Air Pollution Sources 

WAC 173-400-040, 
“General Standards for 
Maximum Emissions” 
WAC 173-400-113, “New Sources 
in Attainment or Unclassifiable 
Areas—Review for Compliance 
with Regulations” 

Action-specific Requires all sources of air contaminants to meet emission 
standards for visible, particulate, fugitive, odors, and 
hazardous air emissions. Requires use of reasonably 
available control technology. This state regulation is 
as (or more) stringent than the equivalent federal 
program requirement. 

If remedial actions in the 200-ZP-1 OU result in visible, 
particulate, fugitive, and hazardous air emissions and 
odors, then applicable control technology is required. 
This will be described in the air emissions section of the 
O&M plan. 

Air – Controls for New Sources of Toxic Air Pollutants 

WAC 173-460, “General Standards 
for Maximum Emissions” 
Specific subsections: 
  WAC 173-460-030, 
  “Applicability” and 
  WAC 173-460-060, “Control 
  Technology Requirements” 
WAC 173-460-070, “Ambient 
Impact Requirement” 

Action-specific Requires that new sources of air emissions meet emission 
requirements identified in this regulation. This state 
regulation is as, or more, stringent than the equivalent 
federal program requirement. 
The owner/operator of a new toxic air pollutant source 
that is likely to increase toxic air pollutant emissions shall 
demonstrate that emissions from the source are 
sufficiently low to protect human health and safety from 
potential carcinogenic and/or other toxic effects. This 
state regulation is as, or more, stringent than the 
equivalent federal program requirement. 

If there is the potential for toxic air pollutants to become 
airborne as a result of remedial activities, applicable 
emission standards must be met. To demonstrate 
compliance with applicable and relevant or appropriate 
requirements of WAC 173-400 and WAC 173-460, 
an acceptable source impact analysis will be completed. 
The analysis will demonstrate that, after application of 
best available control technologies for toxics, the new 
source’s maximum incremental ambient air impact levels 
do not exceed the WAC 173-460 Class A or Class B 
acceptable source impact levels at the nearest site 
boundary; or, if applicable, that the new source toxic air 
pollutant emission rates do not exceed the small quantity 
emission rates specified in WAC 173-460 at the stack. 
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Table B-1. Implementation Strategy for ARARs for the 200-ZP-1 Groundwater OU 

Regulation Type Regulatory Requirements Implementation/Action Strategy 

Solid Waste – Minimum Functional Standards for Solid Waste Handling and Management 

WAC 173-304, “Minimum 
Functional Standards for Solid 
Waste Handling” 
 Specific subsections: 
  WAC 173-304-190, “Owner 
  Responsibilities for Solid Waste” 
  WAC 173-304-200(2), “On-Site 
  Containerized Storage, Collection 
  and Transportation Standards for 
  Solid Waste” 
  WAC 173-304-460, “Landfilling 
  Standards” 
RCW 70.95, “Solid Waste 
Management – Reduction 
and Recycling”  

Action-specific Establishes requirements for the onsite storage of solid 
waste that is not radioactive or dangerous waste. 

Nondangerous, nonradioactive solid waste that is stored 
onsite will be managed in leak-proof containers that meet 
the requirements of this standard. Waste destined for solid 
waste landfills shall also meet applicable requirements. 

WAC 173-350-300, “On-Site 
Storage, Collection and 
Transportation Standards” 

Location-specific Establishes the requirements for managing temporary 
storage of solid waste in onsite containers and the 
collection and transportation of solid waste. 

Safe and sanitary storage of all containerized solid wastes 
accumulated at the site is required. 

Solid Waste – Dangerous Waste Regulations 

WAC 173-303-016, “Identifying 
Solid Waste”  

Action-specific Identifies criteria for determining if material is 
solid waste. 

Waste materials generated during the 200-ZP-1 OU 
remedial action will be compared to these criteria. Those 
materials that are determined to be solid waste and are 
also dangerous waste will be subject to applicable and 
substantive waste management requirements of 
WAC 173-303, “Dangerous Waste Regulations.” 

WAC 173-303-017, “Recycling 
Process Involving Solid Waste”  

Action-specific Identifies material that is and is not solid waste 
when recycled. 

Waste materials generated during the 200-ZP-1 OU 
remedial action will be compared to these criteria. Those 
categories of waste that are not solid waste are not subject 
to these requirements. If any meet this requirement and 
are also solid waste, they are subject to requirements of 
WAC 173-303. 
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Table B-1. Implementation Strategy for ARARs for the 200-ZP-1 Groundwater OU 

Regulation Type Regulatory Requirements Implementation/Action Strategy 

WAC 173-303-070(3), 
“Designation of Dangerous Waste”  

Action-specific Establishes whether a solid waste is, or is not, a dangerous 
waste or an extremely hazardous waste. 

The designation procedures to determine if a solid waste 
meets any dangerous waste criteria apply to remediation 
waste generated from 200-ZP-1 OU remediation 
activities. Remediation waste, including media and 
treatment residuals generated from the 200-ZP-1 OU, will 
be designated according to the procedures identified in 
WAC 173-303. The generator will determine if waste is 
a characteristic or listed dangerous waste by applying 
knowledge or by testing the material. 
The following approach shall be applied to identify 
possible “F”-listed waste codes for groundwater, vadose 
zone soil, and treatment residuals. The COCs that may be 
extracted/encountered during remediation include carbon 
tetrachloride, 1,1,1-trichloroethane, 2-methylphenol 
(cresol o-), 4-methylphenol (cresol p-), tetrachloroethene, 
trichloroethene (TCE), acetone, and methylene chloride. 

1. Carbon tetrachloride will be designated based on 
available knowledge and EPA guidance. A generator 
evaluation will be conducted to determine if the “F001” 
dangerous waste listed code should be applied to carbon 
tetrachloride (solid waste and media). The generator will 
review available information to determine if the source 
was from “large-scale degreasing processes” intended by 
EPA for the “F001” listing. If the solid waste or media is 
determined to not be “F001,” then the concentrations of 
carbon tetrachloride will be compared to the TCLP 
maximum threshold of 0.5 mg/L (500 µg/L). Exceedances 
of the TCLP threshold and will be identified as dangerous 
waste #D019. 
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Table B-1. Implementation Strategy for ARARs for the 200-ZP-1 Groundwater OU 

Regulation Type Regulatory Requirements Implementation/Action Strategy 

2. For the other COCs that may represent listed waste 
codes, the generator shall review validated analytical data 
to review detected concentrations, method detection 
limits, and possible laboratory interferents to confirm the 
presence or absence of the COC of interest. Breakdown 
products, possible source areas, and available 
facility/process documentation shall also be evaluated to 
determine if a COC is from a listed waste source. If the 
generator cannot make a good-faith determination that the 
waste or media is a listed dangerous waste because 
documentation or other evidence is inconclusive, then 
(consistent with EPA 530-F-98-026, Management of 
Remediation Waste Under RCRA) the generator may 
assume that the waste or media is not listed dangerous 
waste, provided that the material does not exhibit 
a characteristic of dangerous waste. If the generator 
determines that the waste is a listed dangerous waste, it 
must be managed accordingly. 

3. Waste residuals and media that designate as listed 
dangerous waste must be treated to meet UTS or meet 
alternative treatment standards for RCRA hazardous soils 
(e.g., from soil borings). Media with concentrations 
below health-based standards (i.e., MTCA Method B 
cleanup levels) may be eligible for a contained-out 
determination subject to EPA approval. 

WAC 173-303-071, “Excluded 
Categories of Waste” 

Action-specific Describes those categories of waste that are excluded 
from the requirements of WAC 173-303 (excluding 
WAC 173-303-050, “Department of Ecology Cleanup 
Authority”) because they are generally not dangerous, or 
are regulated under other state and federal programs, or 
are recycled in ways that do not threaten public health or 
the environment. 

Waste generated from the 200-ZP-1 OU remedial action 
(e.g., laboratory and treatability samples) will be 
reviewed against the categories identified in 
WAC 173-303-071. 
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Table B-1. Implementation Strategy for ARARs for the 200-ZP-1 Groundwater OU 

Regulation Type Regulatory Requirements Implementation/Action Strategy 

WAC 173-303-073, “Conditional 
Exclusion of Special Wastes”  

Action-specific Establishes the conditional exclusions and the 
management requirements of special wastes, as defined 
in WAC 173-303-040, “Definitions.” 

Waste generated during the remedial action (i.e., waste 
that is state-only dangerous waste and is solid [nonliquid, 
nonaqueous, and nongaseous]) will be reviewed against 
these exclusions. For example, waste that is corrosive 
waste or toxic waste with Category D toxicity may be 
eligible for this conditional exclusion. 

WAC 173-303-077, “Requirements 
for Universal Waste” 

Action-specific Identifies those wastes exempted from regulation under 
WAC 173-303-140, “Land Disposal Restrictions”; and 
WAC 173-303-170, “Requirements for Generators of 
Dangerous Waste,” through WAC 173-303-9906, 
“Special Waste Bill of Lading” (excluding 
WAC 173-303-960). The waste is subject to regulation 
under WAC 173-303-573, “Standards for Universal 
Waste Management.” 

Waste generated from the 200-ZP-1 OU remedial action 
will be reviewed against universal waste criteria. For 
example, if batteries, thermostats, fluorescent lamps, and 
mercury-containing equipment are generated, their 
handling, accumulation, labeling, shipping, and 
management will comply with the requirements provided 
in WAC 173-303-573. 

WAC 173-303-120, “Recycled, 
Reclaimed, and Recovered Wastes”  
Specific subsections: 
   WAC 173-303-120(3) 
   WAC 173-303-120(5) 

Action-specific These regulations define the requirements for recycling 
materials that are solid and dangerous waste. Specifically, 
WAC 173-303-120(3) provides for the management of 
certain recyclable materials. 

Waste generated from the 200-ZP-1 OU remedial action 
will be reviewed against the requirements for recyclable 
materials. If recyclable materials (e.g., spent refrigerants, 
antifreeze, lead-acid batteries, and used oil) are generated, 
they will be managed according to the requirements of 
WAC 173-303-120(3). Eligible recyclable materials can 
be recycled and/or conditionally excluded from certain 
dangerous waste requirements. 
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Table B-1. Implementation Strategy for ARARs for the 200-ZP-1 Groundwater OU 

Regulation Type Regulatory Requirements Implementation/Action Strategy 

WAC 173-303-140(4), “Land 
Disposal Restrictions” 

Action-specific This regulation establishes state standards for land 
disposal of dangerous waste and incorporates, by 
reference, the federal restrictions of 40 CFR 268, “Land 
Disposal Restrictions,” that are relevant and appropriate to 
solid waste that is designated as dangerous or mixed 
waste. The requirements prohibit the placement of 
restricted RCRA hazardous waste in land-based units such 
as landfills, surface impoundments, and waste piles until 
treated to standards considered protective for disposal. 
Specific treatment standards are included in requirements. 

The 200-ZP-1 OU remediation dangerous waste destined 
for onsite land disposal will be managed in accordance 
with the following restrictions. 
Cuttings generated as a result of well installation will 
be tested for indicator COCs. If soil characterizes as 
dangerous waste for RCRA-listed and/or characteristic 
criteria, it will be compared to corresponding LDRs/UTS. 
Soil (e.g., from borings) that designates as listed 
dangerous waste must be treated to meet UTS or meet 
alternative treatment standards for RCRA hazardous soils. 
Generator certification is required to verify that the 
treatment standard has been achieved and the waste has 
not been diluted. Media with concentrations below 
health-based standards (i.e., MTCA Method B cleanup, 
levels) may be eligible for a contained-out determination 
subject to Ecology approval. 
Treatment residuals (e.g., spent resin and tank sludge) 
will be tested for indicator COCs and will be compared 
to LDR treatment standards prior to land disposal. If 
waste exceeds applicable LDRs/UTS, it must be treated 
using the technology specified in 40 CFR 268.40, 
“Applicability of Treatment Standards,” prior to disposal. 
If restricted waste is shipped to ERDF or to an offsite 
treatment, storage, or disposal facility, notification must 
accompany the waste. Generator certification is required 
to verify that the treatment standard has been achieved 
and the waste has not been diluted. 
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Table B-1. Implementation Strategy for ARARs for the 200-ZP-1 Groundwater OU 

Regulation Type Regulatory Requirements Implementation/Action Strategy 

WAC 173-303-170, “Requirements 
for Generators of 
Dangerous Waste” 

Action-specific Establishes the requirements for dangerous waste 
generators. For purposes of this remedial action, 
WAC 173-303-170(3) includes the substantive provisions 
of WAC 173-303-200, “Accumulating Dangerous Waste 
On-Site,” by reference. WAC 173-303-200 further 
includes certain substantive standards from 
WAC 173-303-630, “Use and Management of 
Containers”; and WAC 173-303-640, “Tanks Systems,” 
by reference. 

These requirements include the substantive portions of 
WAC 173-303-630, “Use and Management of 
Containers”; and WAC 173-303-640, “Tank Systems.” 
Dangerous waste will be treated by the selected remedy. 
Thus, the substantive portions of WAC 173-303-640(4) 
apply to key design and operational requirements. 
Secondary containment for new tank systems and 
ancillary equipment, which includes the collection piping, 
must be provided with secondary containment, except for 
the following: 
• Aboveground piping that is visually inspected for 

leaks daily 
• A variance from daily inspections may be obtained 

per the requirements of WAC 173-304-640(4)(g), and 
as approved by EPA 

WAC 173-303-64620(4), 
“Requirements” 

Action-specific Establishes requirements for corrective action for releases 
of dangerous waste and dangerous constituents, including 
releases from solid waste management units. 

These requirements include the investigation and 
remediation of dangerous waste and dangerous 
constituents from solid waste management units and 
spill sites. 
The Washington State RCRA-authorized Hazardous 
Waste Management Act (RCW 70.105, “Hazardous Waste 
Management”) and dangerous waste regulations give 
Ecology corrective action jurisdiction over the 
200-ZP-1 OU, concurrent with CERCLA. As documented 
in the ROD (EPA et al., 2008), Ecology supports and 
accepts the 200-ZP-1 OU remedy under the Tri-Party 
Agreement (Ecology et al., 1989, Hanford Federal 
Facility Agreement and Consent Order) and the 
CERCLA program as satisfying corrective 
action requirements.  
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Table B-1. Implementation Strategy for ARARs for the 200-ZP-1 Groundwater OU 

Regulation Type Regulatory Requirements Implementation/Action Strategy 

Special Historic and Ecological Resources 

Endangered Species Act of 1973, 
16 USC 1531(a), et seq., 
16 USC 1536(c) 

Location-specific Prohibits actions by federal agencies that are likely to 
jeopardize the continued existence of listed species or 
result in the destruction or adverse modification of habitat 
critical to these listed species. Mitigation measures must 
be applied to actions that occur within critical habitats or 
surrounding buffer zones of listed species in order to 
protect the resource. 

Siting of the treatment facility, extraction wells, and 
aboveground piping shall be coordinated with available 
ecological site data and surveys to ensure that adverse 
impacts to critical habitats will not occur. Prior to 
disturbing the earth (e.g., drilling, surface grubbing, and 
excavating), a survey will be completed and documented 
by the MSC. The survey will look for threatened or 
endangered species and critical habitat, and it will 
document such with respect to the areas included in this 
remedial action where there would be disturbance of the 
earth. Any restrictions regarding disturbance of the earth 
or otherwise will be identified in a letter report to the 
DOE remediation contractor. 

Native American Graves Protection 
and Repatriation Act of 1990, 
25 USC 3001, et seq. 

Location-specific Establishes federal agency responsibility for discovery of 
human remains, associated and unassociated funerary 
objects, sacred objects, and items of cultural patrimony. 
Requires Native American Tribal consultation in the event 
of discovery. 

In 1987 and 1988, a comprehensive archaeological 
resources review of the Central Plateau was conducted 
that included examining samples collected from 
undisturbed portions of the 200 West Area. The inventory 
reported that significant surface archaeological sites were 
not encountered. The siting of remedial actions and 
facilities shall be coordinated with available site data, 
surveys, and consultants to ensure that adverse impacts do 
not occur. Prior to disturbing the earth (e.g., drilling, 
surface grubbing, and excavating), a survey will be 
completed and documented by the MSC. The survey will 
look for culturally significant items and will document 
such with respect to the areas included in this remedial 
action where there would be disturbance of the earth. 
Any restrictions regarding disturbance of the earth or 
otherwise will be identified in a letter report to the DOE 
remediation contractor. 
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Table B-1. Implementation Strategy for ARARs for the 200-ZP-1 Groundwater OU 

Regulation Type Regulatory Requirements Implementation/Action Strategy 

Archaeological and Historic 
Preservation Act of 1974,  
16 USC 469 aa-mm, et seq. 

Action-specific Requires that remedial actions at the 200-ZP-1 OU do not 
cause the loss of any archaeological or historical data. 
This act mandated preservation of data and does not 
require protection of the actual historical sites 

In 1987 and 1988, a comprehensive archaeological 
resources review of the Central Plateau was conducted 
that included examining samples collected from 
undisturbed portions of the 200 West Area. The inventory 
reported that significant surface archaeological sites were 
not encountered. Siting of remedial actions and facilities 
shall be coordinated with available site data, surveys, and 
consultants to ensure that adverse impacts do not occur. 
Prior to disturbing the earth (e.g., drilling, surface 
grubbing, and excavating), a survey will be completed 
and documented by the MSC. The survey will look for 
culturally significant items and will document such with 
respect to the areas included in this remedial action where 
there would be disturbance of the earth. Any restrictions 
regarding disturbance of the earth or otherwise will 
be identified in a letter report to the DOE 
remediation contractor. 

National Historic Preservation Act 
of 1966, 16 USC 470, 
Section 106, et seq. 

Location-specific Requires federal agencies to consider the impacts of their 
undertaking on cultural properties through identification, 
evaluation, and mitigation processes. 

In 1987 and 1988, a comprehensive archaeological 
resources review of the Central Plateau was conducted 
that included examining samples collected from 
undisturbed portions of the 200 West Area. The inventory 
reported that significant surface archaeological sites were 
not encountered. Siting of remedial actions and facilities 
shall be coordinated with available site data, surveys, and 
consultants to ensure that adverse impacts do not occur. 
Prior to disturbing the earth (e.g., drilling, surface 
grubbing, and excavating), a survey will be completed 
and documented by the MSC. The survey will look for 
culturally significant items and will document such with 
respect to the areas included in this remedial action where 
there would be disturbance of the earth. Any restrictions 
regarding disturbance of the earth or otherwise will 
be identified in a letter report to the DOE 
remediation contractor. 
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Table B-1. Implementation Strategy for ARARs for the 200-ZP-1 Groundwater OU 

Regulation Type Regulatory Requirements Implementation/Action Strategy 

Note: The references cited in this table are provided in the reference chapter of this appendix. 

CERCLA = Comprehensive Environmental Response, Compensation 
and Liability Act of 1980 

COC = contaminant of concern 
DOE = U.S. Department of Energy 
Ecology = Washington State Department of Ecology 
EPA = U.S. Environmental Protection Agency 
ERDF = Environmental Restoration Disposal Facility 
LDR = land disposal restriction 
MCL = maximum contaminant level 
MNA = monitored natural attenuation 

MSC = Mission Support Contractor 
MTCA = Model Toxics Control Act 
O&M = operations and maintenance 
OU = operable unit 
RCRA = Resource Conservation and Recovery Act of 1976 
ROD = Record of Decision 
TCLP = toxicity characteristic leaching procedures 
Tri-Party Agreement = Hanford Federal Facility Agreement and Consent Order 
UTS = universal treatment standard 

 1 
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C1 Summary of Regulatory Requirements 1 

The remedial design/remedial action work plan provides the plan and schedule for implementing all of 2 
the tasks for the design, installation, and operation of the remedy set forth in EPA et al., 2008, Record of 3 
Decision Hanford 200 Area 200-ZP-1 Superfund Site, Benton County, Washington (hereinafter referred 4 
to as the 200-ZP-1 Operable Unit [OU] Record of Decision [ROD]). This appendix provides a list of 5 
regulatory requirements for the 200-ZP-1 OU. Table C-1 includes the 200-ZP-1 OU ROD requirements 6 
and provides a crosswalk of the requirement locations (e.g., applicable sections of the ROD), where the 7 
requirements have been met (e.g., applicable documents and sections), and the status of the requirements. 8 
The status is one (or a combination) of three following categories: 9 

• Complete: Requirements that have been completed. 10 
• Ongoing: Requirements that are currently being implemented and are not completed. 11 
• Not started: Requirements for which the activity has yet to be started. 12 

C1.1 Methodology 13 

To create Table C-1, all of the text and tables of the 200-ZP-1 OU ROD (EPA et al., 2008) were copied 14 
verbatim from the ROD into a requirements matrix. The requirements were reviewed for obligatory 15 
statements or language (e.g., searches for statements containing “will,” “shall,” or “must be”). Any text 16 
describing a requirement was identified, and singular requirements were parsed from the paragraph 17 
(e.g., “samples will be analyzed for nitrates, chromium, and uranium” became three singular 18 
requirements.). Each singular requirement was reviewed, and the documents/sections where the 19 
requirement is implemented were identified. This process ensures compliance with other associated 20 
decision and implementing documents such as remedial design/remedial action work plans, sampling and 21 
analysis plans, performance monitoring plans, and operations and maintenance plans. 22 

C1.2 Organization 23 

The requirements listed in Table C-1 are numbered sequentially and were sorted by the section in which 24 
they are presented in the 200-ZP-1 OU ROD (EPA et al., 2008). The requirements have been grouped 25 
into general categories based on whether the item was related to a plan or document, a cleanup level, 26 
design, performance monitoring, institutional controls, notification, resource preservation, waste 27 
management, well construction/decommissioning, or emission controls. Not all requirements “fit” cleanly 28 
into one of the categories, and assignment to a category may be judged arbitrarily.  29 
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Table C-1. Summary of Requirements from the Record of Decision Hanford 200 Area 200-ZP-1 Superfund Site, Benton County, Washington 
Number Category ROD Section Requirement How Requirement is Met Implementing Document Status Location 

1 Plans/Documents 4.3.1, Groundwater 
Extraction and Treatment 
(Pump-and-Treat) Component 

A groundwater P&T system will be designed, installed, 
and operated in accordance with an approved 
RD/RAWP. 

Current practice. A groundwater P&T system has 
been designed, installed and operated in accordance 
with the approved RD/RAWP. 

DOE/RL-2008-78, 200 West Area 
200-ZP-1 Pump-and-Treat Remedial 
Design/Remedial Action Work Plan, 
Rev. 1, Draft A 

Design 
completed; 
ongoing 

Section 1.1, Purpose 

2 Cleanup Levels 4.3.1, Groundwater 
Extraction and Treatment 
(Pump-and-Treat) Component 

Following extraction, the COCs in groundwater 
(except tritium) will be treated to achieve the cleanup 
levels listed in Table 11 of the ROD. 

Current practice. Following extraction, the COCs in 
groundwater (except tritium) are treated to achieve 
the cleanup levels. 

DOE/RL-2009-115, Performance 
Monitoring Plan for the 200-ZP-1 
Groundwater Operable Unit 
Remedial Action, Rev. 3, Draft A 

Ongoing Section 1.2.1, 
Pump-and-Treat Component 

3 Design 4.3.1, Groundwater 
Extraction and Treatment 
(Pump-and-Treat) Component 

The treated groundwater will then be returned to the 
aquifer through injection wells. 

Current practice. The treated groundwater is returned 
to the aquifer through injection wells. 

DOE/RL-2009-115, Performance 
Monitoring Plan for the 200-ZP-1 
Groundwater Operable Unit 
Remedial Action, Rev. 3, Draft A 

Ongoing Section 1.2.1, 
Pump-and-Treat Component 

4 Design 4.3.1, Groundwater 
Extraction and Treatment 
(Pump-and-Treat) Component 

Specific extraction and injection well locations, 
treatment equipment design, operational requirements, 
and other system details will be determined during the 
remedial design phase and will be documented in the 
RD/RAWP and its accompanying remedial design (the 
“RD/RA documents”). 

Current practice. Specific extraction and injection 
well locations, treatment equipment design, 
operational requirements, and other system details 
were determined during the remedial design phase 
and are documented in the RD/RAWP and its 
accompanying remedial design documents. 

DOE/RL-2008-78, 200 West Area 
200-ZP-1 Pump-and-Treat Remedial 
Design/Remedial Action Work Plan, 
Rev. 1, Draft A, 

Completed Section 3.2, Well Network 
Design and Implementation 

5 Plans/Documents 4.3.1, Groundwater 
Extraction and Treatment 
(Pump-and-Treat) Component 

The RD/RA documents will be reviewed and approved 
by EPA. 

Current practice. The RD/RA documents were 
reviewed and approved by EPA. 

DOE/RL-2008-78, 200 West Area 
200-ZP-1 Pump-and-Treat Remedial 
Design/Remedial Action Work Plan, 
Rev. 1, Draft A 

Completed Section 1.1, Purpose 

6 Design 4.3.1, Groundwater 
Extraction and Treatment 
(Pump-and-Treat) Component 

The remedial design will also consider, as necessary, 
the need for treatment of other constituents 
(e.g., uranium) that may be captured by the 
200-ZP-1 OU extraction wells. 

Current practice. The remedial design includes the 
need for treatment of other constituents that may be 
captured by the 200-ZP-1 OU extraction wells. 

DOE/RL-2008-78, 200 West Area 
200-ZP-1 Pump-and-Treat Remedial 
Design/Remedial Action Work Plan, 
Rev. 1, Draft A 

Completed; 
ongoing 

Section 2.1.1, Groundwater 
Extraction and Treatment 
Component 

7 Performance Monitoring 4.3.2, Monitored Natural 
Attenuation (MNA) 
Component 

Monitoring is required to be conducted over the life of 
the action to evaluate its performance and optimize 
its effectiveness. 

Current practice. Monitoring will be conducted over 
the life of the action to evaluate performance and 
optimize its effectiveness. 

DOE/RL-2009-115, Performance 
Monitoring Plan for the 200-ZP-1 
Groundwater Operable Unit 
Remedial Action, Rev. 3, Draft A 

Ongoing Section 1.2, 200-ZP-1 
Operable Unit 
Selected Remedy 

8 Performance Monitoring 4.3.2, Monitored Natural 
Attenuation (MNA) 
Component 

Monitoring shall be conducted in accordance with the 
approved RD/RA documents. 

Current practice. Monitoring is conducted in 
accordance with the approved RD/RA documents. 

DOE/RL-2009-115, Performance 
Monitoring Plan for the 200-ZP-1 
Groundwater Operable Unit 
Remedial Action, Rev. 3, Draft A 

Ongoing Section 1, Introduction 

9 Performance Monitoring 4.3.2, Monitored Natural 
Attenuation (MNA) 
Component 

For the MNA component, monitoring locations, points 
of compliance, and specifications will be developed as 
part of the RD/RA documents that will provide data on 
performance, including data indicating whether the key 
mechanisms of natural attenuation are performing in 
a manner to satisfy selected remedy requirements 
and schedule. 

Current practice. For the MNA component, 
monitoring locations, points of compliance, and 
specifications were developed as part of the RD/RA 
documents to provide data indicating whether the 
key mechanisms of natural attenuation are 
performing in a manner to satisfy selected remedy 
requirements and schedule. 

DOE/RL-2009-115, Performance 
Monitoring Plan for the 200-ZP-1 
Groundwater Operable Unit 
Remedial Action, Rev. 3, Draft A 

Completed; 
ongoing 

Section 1.2.2, Monitored 
Natural Attenuation 
Component 

10 Cleanup Levels 4.3.2, Monitored Natural 
Attenuation (MNA) 
Component 

The overarching requirement is to meet the 
groundwater cleanup levels identified in the ROD 
within 125 years. 

Current practice. The requirement is to meet the 
groundwater cleanup levels within 125 years. 

DOE/RL-2009-115, Performance 
Monitoring Plan for the 200-ZP-1 
Groundwater Operable Unit 
Remedial Action, Rev. 3, Draft A 

Ongoing Section 1.1, Remedial 
Action Objectives 
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11 Performance Monitoring 4.3.2, Monitored Natural 
Attenuation (MNA) 
Component 

Monitoring shall be conducted to evaluate the 
performance of P&T system, flow-path control, 
and MNA. 

Current practice. Monitoring is conducted to 
evaluate the performance of the P&T system, 
flow-path control, and MNA. 

DOE/RL-2009-115, Performance 
Monitoring Plan for the 200-ZP-1 
Groundwater Operable Unit 
Remedial Action, Rev. 3, Draft A 

Ongoing for 
P&T 
performance 
and flow-path 
control; not 
started to 
evaluate MNA 

Section 1.2, 200-ZP-1 
Operable Unit Selected 
Remedy 

12 Performance Monitoring 4.3.2, Monitored Natural 
Attenuation (MNA) 
Component 

Monitoring shall be designed and operated to 
demonstrate whether the P&T system will remove 
at least 95% of the mass of COCs in 25 years or less. 

Current practice. Monitoring is designed and 
operated to demonstrate whether the P&T system 
will remove at least 95% of the mass of COCs in 
25 years or less. 

DOE/RL-2009-115, Performance 
Monitoring Plan for the 200-ZP-1 
Groundwater Operable Unit 
Remedial Action, Rev. 3, Draft A 

Ongoing Section 1.2.1, Pump and 
Treat Component 

13 Performance Monitoring 4.3.2, Monitored Natural 
Attenuation (MNA) 
Component 

Monitoring shall be designed and operated to 
demonstrate whether the remedial action being taken, 
including natural attenuation, will achieve cleanup 
levels for all COCs within 125 years. 

Current practice. Monitoring is designed and 
operated to demonstrate whether the remedial action 
being taken, including natural attenuation, will 
achieve cleanup levels for all COCs within 
125 years. 

DOE/RL-2009-115, Performance 
Monitoring Plan for the 200-ZP-1 
Groundwater Operable Unit 
Remedial Action, Rev. 3, Draft A 

Ongoing Section 1.2.1, Pump and 
Treat Component 

14 Performance Monitoring 4.3.2, Monitored Natural 
Attenuation (MNA) 
Component 

Monitoring shall be designed and operated to 
detect changes in environmental conditions 
(e.g., hydrogeological, geochemical, microbiological, 
or other changes) that may reduce the efficacy of the 
P&T system, natural attenuation processes, and the 
flow-path control actions. 

Current practice. Monitoring is designed and 
operated to detect changes in environmental 
conditions that may reduce the efficacy of the P&T 
system, natural attenuation processes, and the 
flow-path control actions. 

DOE/RL-2009-115, Performance 
Monitoring Plan for the 200-ZP-1 
Groundwater Operable Unit 
Remedial Action, Rev. 3, Draft A 

Ongoing Section 4.1.1, Contaminant 
Monitoring Network 

15 Performance Monitoring 4.3.2, Monitored Natural 
Attenuation (MNA) 
Component 

Monitoring shall be designed and operated to 
identify any potentially toxic and/or mobile 
transformation products. 

Current practice. Monitoring is designed and 
operated to identify any potentially toxic and/or 
mobile transformation products. 

DOE/RL-2009-115, Performance 
Monitoring Plan for the 200-ZP-1 
Groundwater Operable Unit 
Remedial Action, Rev. 3, Draft A 

Ongoing Section 4.1.1, Contaminant 
Monitoring Network 

16 Performance Monitoring 4.3.2, Monitored Natural 
Attenuation (MNA) 
Component 

Monitoring shall be designed and operated to verify 
that the contamination is not expanding downgradient, 
laterally or vertically, subsequent to the period of time 
over which the P&T component has been functional. 

Current practice. Monitoring is designed and 
operated to verify that the contamination is not 
expanding downgradient, laterally or vertically, 
subsequent to the period of time over which the P&T 
component has been functional. 

DOE/RL-2009-115, Performance 
Monitoring Plan for the 200-ZP-1 
Groundwater Operable Unit 
Remedial Action, Rev. 3, Draft A 

Ongoing Section 4.1.1, Contaminant 
Monitoring Network 

17 Performance Monitoring 4.3.2, Monitored Natural 
Attenuation (MNA) 
Component 

Monitoring shall be designed and operated to detect 
new releases of COCs to the environment that could 
impact the effectiveness of the remedy. 

Current practice. Monitoring is designed and 
operated to detect new releases of COCs to the 
environment that could impact the effectiveness of 
the remedy. 

DOE/RL-2009-115, Performance 
Monitoring Plan for the 200-ZP-1 
Groundwater Operable Unit 
Remedial Action, Rev. 3, Draft A 

Ongoing Section 4.1.1, Contaminant 
Monitoring Network 

18 Performance Monitoring 4.3.2, Monitored Natural 
Attenuation (MNA) 
Component 

Monitoring shall be designed and operated to verify 
attainment of remediation requirements. 

Current practice. Monitoring is designed 
and operated to verify attainment of 
remediation requirements. 

DOE/RL-2009-115, Performance 
Monitoring Plan for the 200-ZP-1 
Groundwater Operable Unit 
Remedial Action, Rev. 3, Draft A 

Ongoing Section 1.2, 200-ZP-1 
Operable Unit Selected 
Remedy 

19 Design 4.3.3, Flow-Path Control 
Component 

Flow-path control is also required and shall be 
achieved by injecting the treated groundwater into the 
aquifer to the northeast and east of the groundwater 
contamination so the treated injected water in these 
locations will slow the natural eastward flow of most 
of the groundwater and, as a result, keep COCs within 
the capture zone, as well as increase the time available 
for natural attenuation processes to reduce the 
contaminant concentrations not captured by the 
extraction wells. 

Current practice. Flow-path control is achieved by 
injecting the treated groundwater into the aquifer 
to the northeast and east of the groundwater 
contamination such that the treated injected water in 
these locations will slow the natural eastward flow of 
most of the groundwater. 

DOE/RL-2008-78, 200 West Area 
200-ZP-1 Pump-and-Treat Remedial 
Design/Remedial Action Work Plan, 
Rev. 1, Draft A 

Ongoing Section 2.1.3, Flow-Path 
Control Component 
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20 Design 4.3.3, Flow-Path Control 
Component 

Flow-path control shall also be used to minimize the 
potential for groundwater in the northern portion of the 
aquifer to flow northward through Gable Gap and 
toward the Columbia River. 

Current practice. Flow-path control is used to 
minimize the potential for groundwater in the 
northern portion of the aquifer to flow northward 
through Gable Gap and toward the Columbia River. 

DOE/RL-2008-78, 200 West Area 
200-ZP-1 Pump-and-Treat Remedial 
Design/Remedial Action Work Plan, 
Rev. 1, Draft A 

Ongoing Section 2.1.3, Flow-Path 
Control Component 

21 Design 4.3.3, Flow-Path Control 
Component 

Injection wells will be located to redirect the 
groundwater flow to the east, which is the longest 
groundwater flow path to the river (about 26 km 
[16 mi]). 

Current practice. Injection wells are located to 
redirect the groundwater flow to the east. 

DOE/RL-2008-78, 200 West Area 
200-ZP-1 Pump-and-Treat Remedial 
Design/Remedial Action Work Plan, 
Rev. 1, Draft A 

Complete; 
ongoing 

Section 2.1.3, Flow-Path 
Control Component 

22 Design 4.3.3, Flow-Path Control 
Component 

Groundwater modeling is required to locate injection 
and extraction wells and to estimate required injection 
and extraction rates. 

Current practice. Groundwater modeling is 
conducted to locate injection and extraction wells 
and to estimate required injection and 
extraction rates. 

DOE/RL-2008-78, 200 West Area 
200-ZP-1 Pump-and-Treat Remedial 
Design/Remedial Action Work Plan, 
Rev. 1, Draft A 

Ongoing Section 3.2, Well Network 
Design and Implementation 

23 Design 4.3.3, Flow-Path Control 
Component 

Groundwater modeling is required to determine the 
location of injection wells for flow-path control. 

Current practice. Groundwater modeling is 
conducted to determine the location of injection 
wells for flow-path control. 

DOE/RL-2008-78, 200 West Area 
200-ZP-1 Pump-and-Treat Remedial 
Design/Remedial Action Work Plan, 
Rev. 1, Draft A 

Ongoing Section 3.2, Well Network 
Design and Implementation 

24 Plans/Documents 4.3.3, Flow-Path Control 
Component 

This modeling and the design, installation, and 
implementation of the flow-path controls shall be 
conducted in accordance with the approved 
RD/RA documents. 

Current practice. Modeling and the design, 
installation, and implementation of the flow-path 
controls are conducted in accordance with the 
approved RD/RA documents. 

DOE/RL-2008-78, 200 West Area 
200-ZP-1 Pump-and-Treat Remedial 
Design/Remedial Action Work Plan, 
Rev. 1, Draft A 

Ongoing Section 2.1.3 Flow-Path 
Control Component  

25 Institutional Controls 4.3.4, Institutional Controls 
Component 

Use of 200-ZP-1 OU groundwater will be restricted 
through ICs and land-use controls for the foreseeable 
future until cleanup levels are achieved. 

Current practice. Use of 200-ZP-1 OU groundwater 
is restricted through ICs and land-use controls until 
cleanup levels are achieved. 

DOE/RL-2008-78, 200 West Area 
200-ZP-1 Pump-and-Treat Remedial 
Design/Remedial Action Work Plan, 
Rev. 1, Draft A 

Ongoing Section 2.1.4, Institutional 
Controls Component 

26 Institutional Controls 4.3.4, Institutional Controls 
Component 

DOE is responsible for implementing, maintaining, 
reporting on, and enforcing the ICs and land-use 
controls required under the ROD. 

Current practice. DOE is implementing, maintaining, 
reporting on, and enforcing the ICs and land-use 
controls. 

DOE/RL-2001-41, Sitewide Institutional 
Controls Plan for Hanford CERCLA 
Response Actions and RCRA Corrective 
Actions 

Ongoing Section 4.1, Key Parties and 
Their Roles 

27 Institutional Controls 4.3.4, Institutional Controls 
Component 

Although DOE may later transfer these procedural 
responsibilities to another party by contract, property 
transfer agreement, or through other means, DOE shall 
retain ultimate responsibility for remedy integrity 
and ICs.  

Current practice. DOE retains responsibility for 
remedy integrity and ICs. 

DOE/RL-2001-41, Sitewide Institutional 
Controls Plan for Hanford CERCLA 
Response Actions and RCRA Corrective 
Actions 

Ongoing Section 4.1, Key Parties and 
Their Roles 

28 Notifications 4.3.4, Institutional Controls 
Component 

One requirement listed in the Sitewide IC plan is the 
commitment to notify EPA and Ecology immediately 
upon discovery of any activity that is inconsistent with 
the land-use designation of a site. 

Current practice. EPA and Ecology are notified upon 
discovery of any activity that is inconsistent with the 
land-use designation of a site. 

DOE/RL-2001-41, Sitewide Institutional 
Controls Plan for Hanford CERCLA 
Response Actions and RCRA Corrective 
Actions 

Ongoing Section 3.4, Sitewide 
Institutional Controls 
Requirements 

29 Institutional Controls 4.3.4, Institutional Controls 
Component 

No later than 180 days after the ROD is signed, DOE 
shall update the Sitewide IC plan to include the ICs 
required by the ROD and specify the implementation 
and maintenance actions that will be taken, including 
periodic inspections.  

DOE updated the Sitewide IC plan to include the ICs 
and specify the implementation and maintenance 
actions that will be taken, including periodic 
inspections. 

DOE/RL-2001-41, Sitewide Institutional 
Controls Plan for Hanford CERCLA 
Response Actions and RCRA Corrective 
Actions 

Completed Section 3.6, Implementation 
of Institutional Controls at 
the Hanford Site 

30 Plans/Documents 4.3.4, Institutional Controls 
Component 

The revised Sitewide IC plan shall be submitted to 
EPA and Ecology for review and approval as 
a Tri-Party Agreement primary document. 

The revised Sitewide IC plan was submitted to EPA 
and Ecology for review and approval as a Tri-Party 
Agreement primary document. 

DOE/RL-2001-41, Sitewide Institutional 
Controls Plan for Hanford CERCLA 
Response Actions and RCRA Corrective 
Actions 

Completed Section 3.4, Sitewide 
Institutional Controls 
Requirements 
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31 Plans/Documents 4.3.4, Institutional Controls 
Component 

DOE shall comply with the Sitewide IC plan, as 
updated and approved by EPA and Ecology. 

Current practice. DOE complies with the Sitewide 
IC plan, as updated and approved by EPA 
and Ecology. 

DOE/RL-2001-41, Sitewide Institutional 
Controls Plan for Hanford CERCLA 
Response Actions and RCRA Corrective 
Actions 

Ongoing Section 4.1, Key Parties and 
Their Roles 

32 Institutional Controls 4.3.4, Institutional Controls 
Component 

Land-use controls will be maintained until cleanup 
levels are achieved and the concentrations of 
hazardous substances in groundwater are at such levels 
to allow for unrestricted use and EPA authorizes the 
removal of restrictions. 

Current practice. Land-use controls are maintained 
until cleanup levels are achieved and the 
concentrations of hazardous substances in 
groundwater are at such levels to allow for 
unrestricted use and EPA authorizes the removal 
of restrictions. 

DOE/RL-2008-78, 200 West Area 
200-ZP-1 Pump-and-Treat Remedial 
Design/Remedial Action Work Plan, 
Rev. 1, Draft A 

Ongoing Section 2.1.4, Institutional 
Controls Component 

33 Institutional Controls 4.3.4, Institutional Controls 
Component 

DOE shall control access to prevent unacceptable 
exposure of humans to contaminants in 200-ZP-1 OU 
groundwater addressed in the scope of the ROD until 
the remedy is complete. 

Current practice. DOE controls access to prevent 
unacceptable exposure of humans to contaminants in 
200-ZP-1 OU groundwater until the remedy 
is complete. 

DOE/RL-2008-78, 200 West Area 
200-ZP-1 Pump-and-Treat Remedial 
Design/Remedial Action Work Plan, 
Rev. 1, Draft A 

Ongoing Section 2.1.4, Institutional 
Controls Component 

34 Institutional Controls 4.3.4, Institutional Controls 
Component 

Visitors entering any site areas of the 200-ZP-1 OU 
will be required to be badged and escorted at all times. 

Current practice. Visitors entering any site areas of 
the 200-ZP1 OU are required to be badged and 
escorted at all times. 

DOE/RL-2008-78, 200 West Area 
200-ZP-1 Pump-and-Treat Remedial 
Design/Remedial Action Work Plan, 
Rev. 1, Draft A 

Ongoing Section 2.1.4, Institutional 
Controls Component 

35 Institutional Controls 4.3.4, Institutional Controls 
Component 

No intrusive work shall be allowed in the 
200-ZP-1 OU unless EPA has approved the plan for 
such work and that plan is followed. 

Current practice. No intrusive work is allowed in the 
200-ZP-1 OU unless EPA has approved the plan for 
such work. 

DOE/RL-2008-78, 200 West Area 
200-ZP-1 Pump-and-Treat Remedial 
Design/Remedial Action Work Plan, 
Rev. 1, Draft A 

Ongoing Section 2.1.4, Institutional 
Controls Component 

36 Institutional Controls 4.3.4, Institutional Controls 
Component 

DOE shall prohibit well drilling in the 200-ZP-1 OU, 
except for monitoring, characterization, or remediation 
wells authorized in EPA-approved documents. 

Current practice. DOE prohibits well drilling in 
the 200-ZP-1 OU, except for monitoring, 
characterization, or remediation wells authorized 
in EPA-approved documents. 

DOE/RL-2008-78, 200 West Area 
200-ZP-1 Pump-and-Treat Remedial 
Design/Remedial Action Work Plan, 
Rev. 1, Draft A 

Ongoing Section 2.1.4, Institutional 
Controls Component 

37 Institutional Controls 4.3.4, Institutional Controls 
Component 

Groundwater use in the 200-ZP-1 OU is prohibited, 
except for limited research purposes, monitoring, and 
treatment authorized in EPA-approved documents. 

Current practice. Groundwater use in the 
200-ZP-1 OU is prohibited, except for limited 
research purposes, monitoring, and treatment 
authorized in EPA-approved documents. 

DOE/RL-2008-78, 200 West Area 
200-ZP-1 Pump-and-Treat Remedial 
Design/Remedial Action Work Plan, 
Rev. 1, Draft A 

Ongoing Section 2.1.4, Institutional 
Controls Component 

38 Plans/Documents 4.3.4, Institutional Controls 
Component 

The Sitewide IC plan will contain the ICs and 
implementing details prohibiting well drilling and 
groundwater use in the 200-ZP-1 OU, as defined in the 
decision document for the 200-ZP-1 OU. 

Current practice. The Sitewide IC plan contains the 
ICs and implementing details prohibiting well 
drilling and groundwater use in the 200-ZP-1 OU. 

DOE/RL-2001-41, Sitewide Institutional 
Controls Plan for Hanford CERCLA 
Response Actions and RCRA Corrective 
Actions 

Ongoing Section 3.4, Sitewide 
Institutional Controls 
Requirements 

39 Institutional Controls 4.3.4, Institutional Controls 
Component 

DOE shall post and maintain warning signs along 
pipelines conveying untreated groundwater that 
caution site visitors and workers of potential hazards 
from the 200-ZP-1 OU groundwater. 

Current practice. DOE posts and maintains warning 
signs along pipelines conveying untreated 
groundwater that caution site visitors and workers 
of potential hazards from the 200-ZP-1 OU 
groundwater. 

DOE/RL-2008-78, 200 West Area 
200-ZP-1 Pump-and-Treat Remedial 
Design/Remedial Action Work Plan, 
Rev. 1, Draft A 

Ongoing Section 2.1.4, Institutional 
Controls Component 

40 Notifications 4.3.4, Institutional Controls 
Component 

In the event of any unauthorized access to the site 
(e.g., trespassing), DOE shall report such incidents to 
the Benton County Sheriff’s Office for investigation 
and evaluation of possible prosecution. 

Current practice. DOE reports any unauthorized 
access to the site such incidents to the Benton 
County Sheriff’s Office for investigation and 
evaluation of possible prosecution. 

DOE/RL-2008-78, 200 West Area 
200-ZP-1 Pump-and-Treat Remedial 
Design/Remedial Action Work Plan, 
Rev. 1, Draft A 

Ongoing Section 2.1.4, Institutional 
Controls Component 

41 Institutional Controls 4.3.4, Institutional Controls 
Component 

Activities that would disrupt or lessen the performance 
of the P&T, MNA, and flow-path control components 
of the remedy are to be prohibited. 

Current practice. Activities that would disrupt or 
lessen the performance of the P&T, MNA, and 
flow-path control components of the remedy 
are prohibited. 

DOE/RL-2008-78, 200 West Area 
200-ZP-1 Pump-and-Treat Remedial 
Design/Remedial Action Work Plan, 
Rev. 1, Draft A 

Ongoing Section 2.1.4, Institutional 
Controls Component 
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42 Institutional Controls 4.3.4, Institutional Controls 
Component 

DOE shall prohibit activities that would damage the 
P&T, MNA, and flow-path control components 
(e.g., extraction wells, injection wells, piping, 
treatment plant, or monitoring wells). 

Current practice. DOE prohibits activities that 
would damage the P&T, MNA, and flow-path 
control components. 

DOE/RL-2008-78, 200 West Area 
200-ZP-1 Pump-and-Treat Remedial 
Design/Remedial Action Work Plan, 
Rev. 1, Draft A 

Ongoing Section 2.1.4, Institutional 
Controls Component 

43 Plans/Documents 4.3.4, Institutional Controls 
Component 

DOE shall report on the effectiveness of ICs for the 
200-ZP-1 OU remedy in an annual report or on 
an alternative reporting frequency specified by EPA. 
Such reporting may be for this OU alone or may be 
part of a Hanford Sitewide report. 

Current practice. DOE reports on the effectiveness of 
ICs for the 200-ZP-1 OU remedy. 

DOE/RL-2001-41, Sitewide Institutional 
Controls Plan for Hanford CERCLA 
Response Actions and RCRA Corrective 
Actions 

Ongoing Section 4.2, Assessment and 
Reporting 

44 Notifications 4.3.4, Institutional Controls 
Component 

DOE will provide notice to EPA at least 6 months 
prior to any transfer or sale of the any land above the 
200-ZP-1 OU so EPA can be involved in discussions 
to ensure that appropriate provisions are included in 
the transfer terms or conveyance documents to 
maintain effective ICs. 

Current practice. DOE provides notice to EPA prior 
to any transfer or sale of the any land above the 
200-ZP-1 OU. 

DOE/RL-2001-41, Sitewide Institutional 
Controls Plan for Hanford CERCLA 
Response Actions and RCRA Corrective 
Actions 

Ongoing Section 3.4, Sitewide 
Institutional Controls 
Requirements 

45 Notifications 4.3.4, Institutional Controls 
Component 

If it is not possible for DOE to notify EPA at least 
6 months prior to any transfer or sale, then DOE will 
notify EPA as soon as possible but no later than 
60 days prior to the transfer or sale of any property 
subject to ICs. 

Current practice. DOE notifies EPA as soon as 
possible but no later than 60 days prior to the 
transfer or sale of any property subject to ICs. 

DOE/RL-2001-41, Sitewide Institutional 
Controls Plan for Hanford CERCLA 
Response Actions and RCRA Corrective 
Actions 

Ongoing Section 3.4, Sitewide 
Institutional Controls 
Requirements 

46 Notifications 4.3.4, Institutional Controls 
Component 

In addition to the land transfer notice and discussion 
provisions above, DOE further agrees to provide EPA 
with similar notice, within the same time frames, as to 
federal-to-federal transfer of property. 

Current practice. DOE will notify EPA as to 
federal-to-federal transfer of property. 

DOE/RL-2001-41, Sitewide Institutional 
Controls Plan for Hanford CERCLA 
Response Actions and RCRA Corrective 
Actions 

Ongoing Section 3.4, Sitewide 
Institutional Controls 
Requirements 

47 Plans/Documents 4.3.4, Institutional Controls 
Component 

DOE shall provide a copy of executed deed or transfer 
assembly to EPA. 

Current practice. DOE will provide a copy of 
executed deed or transfer assembly to EPA. 

DOE/RL-2001-41, Sitewide Institutional 
Controls Plan for Hanford CERCLA 
Response Actions and RCRA Corrective 
Actions 

Ongoing Section 3.4, Sitewide 
Institutional Controls 
Requirements 

48 Institutional Controls 4.3.4, Institutional Controls 
Component 

DOE will prevent the development and use of property 
above the 200-ZP-1 OU for residential housing, 
elementary and secondary schools, childcare facilities, 
and playgrounds. 

Current practice. DOE prevents the development and 
use of property above the 200-ZP-1 OU for 
residential housing, elementary and secondary 
schools, childcare facilities, and playgrounds. 

DOE/RL-2008-78, 200 West Area 
200-ZP-1 Pump-and-Treat Remedial 
Design/Remedial Action Work Plan, 
Rev. 1, Draft A 

Ongoing Section 2.1.4, Institutional 
Controls Component 

49 Institutional Controls 4.3.4, Institutional Controls 
Component 

Land-use controls will be maintained until cleanup 
levels are achieved and the concentrations of 
hazardous substances in groundwater are at such levels 
to allow for unrestricted use and exposure and EPA 
authorizes the removal of restrictions. 

Current practice. Land-use controls are being 
maintained until cleanup levels are achieved and the 
concentrations of hazardous substances in 
groundwater are at such levels to allow for 
unrestricted use and exposure and EPA authorizes 
the removal of restrictions. 

DOE/RL-2008-78, 200 West Area 
200-ZP-1 Pump-and-Treat Remedial 
Design/Remedial Action Work Plan, 
Rev. 1, Draft A 

Ongoing Section 2.1.4, Institutional 
Controls Component 

50 Tests/Evaluations 5.0, Statutory Determinations A review (in accordance with 
40 CFR 300.430(f)(4)(ii)) is required at a minimum 
every 5 years if a remedy is selected that results in 
hazardous substances, pollutants, or contaminants 
remaining at the site above levels that allow for 
unlimited use and unrestricted exposure.  

Current practice. A review (in accordance with 
40 CFR 300.430(f)(4)(ii)) is conducted at 
a minimum every 5 years. 

DOE/RL-2009-124, 200 West Pump and 
Treat Operations and Maintenance Plan, 
Rev. 6, Draft A 

Ongoing Section 5.2, CERCLA 
Five-Year Review 
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51 Tests/Evaluations 5.0, Statutory Determinations Because the selected remedy will not achieve levels 
that allow for unlimited use and unrestricted exposure 
within 5 years, DOE and EPA have agreed to conduct 
5-year reviews in accordance with EPA policy until 
COCs are reduced below the cleanup levels established 
in the ROD. 

Current practice. DOE and EPA conduct 5-year 
reviews in accordance with EPA policy until COCs 
are reduced below the cleanup levels established in 
the ROD. 

DOE/RL-2009-124, 200 West Pump and 
Treat Operations and Maintenance Plan, 
Rev. 6, Draft A 

Ongoing Section 5.2, CERCLA 
Five-Year Review 

52 Tests/Evaluations 5.0, Statutory Determinations Reviews begin 5 years after initiation of the remedial 
action to ensure that the selected remedy is protective 
of human health and the environment. 

Current practice. Reviews began within 5 years after 
initiation of the remedial action to ensure that the 
selected remedy is protective of human health and 
the environment. 

DOE/RL-2009-124, 200 West Pump and 
Treat Operations and Maintenance Plan, 
Rev. 6, Draft A 

Ongoing Section 5.2, CERCLA 
Five-Year Review 

53 Cleanup Levels 8.2, Specific Remedial 
Action Objectives 

RAO #1: Return the 200-ZP-1 OU groundwater to 
beneficial use (restore groundwater to achieve 
domestic drinking water levels) by achieving the 
cleanup levels (provided in Table 11). 

Current practice. The project objective is to return 
the 200-ZP-1 OU groundwater to beneficial use 
(restore groundwater to achieve domestic drinking 
water levels) by achieving the cleanup levels. 

DOE/RL-2009-115, Performance 
Monitoring Plan for the 200-ZP-1 
Groundwater Operable Unit 
Remedial Action, Rev. 3, Draft A 

Ongoing Section 1.1, Remedial 
Action Objectives 

54 Cleanup Levels 8.2, Specific Remedial 
Action Objectives 

This objective is to be achieved within the entire 
200-ZP-1 OU groundwater plumes. 

Current practice. The objective is to be achieved 
within the entire 200-ZP-1 OU groundwater plumes. 

DOE/RL-2009-115, Performance 
Monitoring Plan for the 200-ZP-1 
Groundwater Operable Unit 
Remedial Action, Rev. 3, Draft A 

Ongoing Section 1.1, Remedial 
Action Objectives 

55 Institutional Controls 8.2, Specific Remedial 
Action Objectives 

RAO #2: Apply ICs to prevent the use of groundwater 
until the cleanup levels (provided later in Table 11) 
have been achieved. 

Current practice. The project objective is to apply 
ICs to prevent the use of groundwater until the 
cleanup levels have been achieved. 

DOE/RL-2009-115, Performance 
Monitoring Plan for the 200-ZP-1 
Groundwater Operable Unit 
Remedial Action, Rev. 3, Draft A 

Ongoing Section 1.1, Remedial 
Action Objectives 

56 Institutional Controls 8.2, Specific Remedial 
Action Objectives 

Within the entire OU groundwater plumes, ICs must be 
maintained and enforced until the cleanup levels are 
achieved, which is estimated to be within 150 years. 

Current practice. Within the entire OU groundwater 
plumes, ICs are being maintained and enforced until 
the cleanup levels are achieved. 

DOE/RL-2008-78, 200 West Area 
200-ZP-1 Pump-and-Treat Remedial 
Design/Remedial Action Work Plan, 
Rev. 1, Draft A 

Ongoing Section 2.2, Remedial 
Action Objectives 

57 Resource Preservation 8.2, Specific Remedial 
Action Objectives 

RAO #3: Protect the Columbia River and its ecological 
resources from degradation and unacceptable impact 
caused by contaminants originating from the 
200-ZP-1 OU. 

Current practice. The project objective is to protect 
the Columbia River and its ecological resources from 
degradation and unacceptable impact caused by 
contaminants originating from the 200-ZP-1 OU. 

DOE/RL-2008-78, 200 West Area 
200-ZP-1 Pump-and-Treat Remedial 
Design/Remedial Action Work Plan, 
Rev. 1, Draft A 

Ongoing Section 2.2, Remedial 
Action Objectives 

58 Resource Preservation 8.2, Specific Remedial 
Action Objectives 

This final objective is applicable to the entire 
200-ZP-1 OU groundwater plume.  

Current practice. The objective is applicable to the 
entire 200-ZP-1 OU groundwater plume. 

DOE/RL-2008-78, 200 West Area 
200-ZP-1 Pump-and-Treat Remedial 
Design/Remedial Action Work Plan, 
Rev. 1, Draft A 

Ongoing Section 2.2, Remedial 
Action Objectives 

59 Plans/Documents 9.1.1, No Action Alternative The NCP (40 CFR 300) requires that a “no action” 
alternative be evaluated as a baseline for comparison 
with other remedial alternatives. 

Current practice. A “no action” alternative was 
evaluated as a baseline for comparison with other 
remedial alternatives. 

DOE/RL-2008-78, 200 West Area 
200-ZP-1 Pump-and-Treat Remedial 
Design/Remedial Action Work Plan, 
Rev. 1, Draft A 

Ongoing Section 1, Introduction 

60 Design 9.1.3.2, Monitored Natural 
Attenuation (MNA) 
Component 

For the remaining portion of the carbon tetrachloride 
and nitrate not captured by the P&T component (the 
remaining 5% of the mass), natural attenuation 
processes will be used to reduce concentrations to the 
cleanup levels. 

Current practice. For the remaining portion of the 
carbon tetrachloride and nitrate not captured by the 
P&T component (the remaining 5% of the mass), 
natural attenuation processes are being used to 
reduce concentrations to the cleanup levels. 

DOE/RL-2008-78, 200 West Area 
200-ZP-1 Pump-and-Treat Remedial 
Design/Remedial Action Work Plan, 
Rev. 1, Draft A 

Ongoing Section 2.1.2, Monitored 
Natural Attenuation 
Component 

61 Design 9.1.3.2, Monitored Natural 
Attenuation (MNA) 
Component 

The process of MNA will also be used to reduce 
tritium concentrations in the aquifer to the 
cleanup level. 

Current practice. The process of MNA is being used 
to reduce tritium concentrations in the aquifer to the 
cleanup level. 

DOE/RL-2008-78, 200 West Area 
200-ZP-1 Pump-and-Treat Remedial 
Design/Remedial Action Work Plan, 
Rev. 1, Draft A 

Ongoing Section 2.1.2, Monitored 
Natural Attenuation 
Component 
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62 Design 9.1.3.2, Monitored Natural 
Attenuation (MNA) 
Component 

The other COCs will be treated as part of P&T 
component of this remedy. 

Current practice. The other COCs are being treated 
as part of the P&T component of this remedy. 

DOE/RL-2008-78, 200 West Area 
200-ZP-1 Pump-and-Treat Remedial 
Design/Remedial Action Work Plan, 
Rev. 1, Draft A 

Ongoing Section 2.1.1, Groundwater 
Extraction and Treatment 
Component 

63 Cleanup Levels 10.8, State Acceptance Compliance monitoring must be addressed in 
corrective action, and Ecology notes that the ROD 
requires the development of a monitoring plan for the 
CERCLA action. 

Current practice. Compliance monitoring is 
addressed in corrective action and monitoring plan 
was developed. 

DOE/RL-2009-115, Performance 
Monitoring Plan for the 200-ZP-1 
Groundwater Operable Unit 
Remedial Action, Rev. 3, Draft A 

Ongoing Section 1, Introduction 

64 Performance Monitoring 10.8, State Acceptance In addition, independent of any corrective action 
requirements, Ecology must regulate groundwater 
compliance and closure/post-closure for TSD units. 

Current practice. Ecology regulated groundwater 
compliance and closure/post-closure for the 
TSD units. 

DOE/RL-2008-78, 200 West Area 
200-ZP-1 Pump-and-Treat Remedial 
Design/Remedial Action Work Plan, 
Rev. 1, Draft A 

Ongoing Section 2.4.4, Integrated 
Groundwater Monitoring 

65 Plans/Documents 12.2.1, Pump-and-Treat 
Component 

A groundwater P&T system will be designed, installed, 
and operated in accordance with an approved 
RD/RAWP.  

Current practice. A groundwater P&T system was 
designed and installed and is operated in accordance 
with an approved RD/RAWP. 

DOE/RL-2008-78, 200 West Area 
200-ZP-1 Pump-and-Treat Remedial 
Design/Remedial Action Work Plan, 
Rev. 1, Draft A 

Ongoing Section 1.1, Purpose 

66 Design 12.2.1, Pump-and-Treat 
Component 

Following extraction, the COCs in groundwater will be 
treated to achieve the cleanup levels listed in Table 11 
of the ROD. 

Current practice. Following extraction, the COCs 
in groundwater are treated to achieve the 
cleanup levels. 

DOE/RL-2008-78, 200 West Area 
200-ZP-1 Pump-and-Treat Remedial 
Design/Remedial Action Work Plan, 
Rev. 1, Draft A 

Ongoing Section 2.1.1, Groundwater 
Extraction and Treatment 
Component 

67 Design 12.2.1, Pump-and-Treat 
Component 

Specific extraction and injection well locations, 
treatment equipment design, operation requirements, 
and other system details will be determined during the 
remedial design phase and will be documented in the 
RD/RA documents. 

Current practice. Specific extraction and injection 
well locations, treatment equipment design, 
operation requirements, and other system details 
were determined during the remedial design phase 
and are documented in the RD/RA documents. 

DOE/RL-2008-78, 200 West Area 
200-ZP-1 Pump-and-Treat Remedial 
Design/Remedial Action Work Plan, 
Rev. 1, Draft A 

Ongoing Section 3.2, Well Network 
Design and Implementation 

68 Design 12.2.2, Monitored Natural 
Attenuation (MNA) 
Component 

In addition to the P&T system, natural attenuation 
processes will be used to reduce concentrations to 
below the cleanup levels. 

Current practice. Natural attenuation processes are 
used to reduce concentrations to below the 
cleanup levels. 

DOE/RL-2008-78, 200 West Area 
200-ZP-1 Pump-and-Treat Remedial 
Design/Remedial Action Work Plan, 
Rev. 1, Draft A 

Ongoing Section 2.1.2, Monitored 
Natural Attenuation 
Component 

69 Performance Monitoring 12.2.2, Monitored Natural 
Attenuation (MNA) 
Component 

Monitoring will be performed in accordance with the 
approved RD/RA documents to evaluate the 
effectiveness of the P&T system and natural 
attenuation processes. 

Current practice. Monitoring is performed in 
accordance with the approved RD/RA documents to 
evaluate the effectiveness of the P&T system and 
natural attenuation processes. 

DOE/RL-2009-115, Performance 
Monitoring Plan for the 200-ZP-1 
Groundwater Operable Unit 
Remedial Action, Rev. 3, Draft A 

Ongoing Section 1, Introduction 

70 Performance Monitoring 12.2.2, Monitored Natural 
Attenuation (MNA) 
Component 

Monitoring is required to be conducted over the life of 
the action to evaluate its performance and optimize 
its effectiveness. 

Current practice. Monitoring is conducted to 
evaluate remedy performance and optimize 
its effectiveness. 

DOE/RL-2009-115, Performance 
Monitoring Plan for the 200-ZP-1 
Groundwater Operable Unit 
Remedial Action, Rev. 3, Draft A 

Ongoing Section 1.2, 200-ZP-1 
Operable Unit Selected 
Remedy 

71 Performance Monitoring 12.2.2, Monitored Natural 
Attenuation (MNA) 
Component 

Monitoring shall be conducted in accordance with the 
approved RD/RA documents. 

Current practice. Monitoring is conducted in 
accordance with the approved RD/RA documents. 

DOE/RL-2009-115, Performance 
Monitoring Plan for the 200-ZP-1 
Groundwater Operable Unit 
Remedial Action, Rev. 3, Draft A 

Ongoing Section 1, Introduction 

72 Cleanup Levels 12.2.2, Monitored Natural 
Attenuation (MNA) 
Component 

The overarching requirement is to meet the 
groundwater cleanup levels identified in the ROD 
within 125 years. 

Current practice. The requirement of the remedy is to 
meet the groundwater cleanup levels identified in the 
ROD within 125 years. 

DOE/RL-2009-115, Performance 
Monitoring Plan for the 200-ZP-1 
Groundwater Operable Unit 
Remedial Action, Rev. 3, Draft A 

Ongoing Section 1.1, Remedial 
Action Objectives 
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73 Performance Monitoring 12.2.2, Monitored Natural 
Attenuation (MNA) 
Component 

Monitoring shall be designed and operated to 
demonstrate whether the P&T system will remove at 
least 95% of the mass of COCs in 25 years or less. 

Current practice. Monitoring is designed and 
operated to demonstrate whether the P&T system is 
removing at least 95% of the mass of COCs in 
25 years or less. 

DOE/RL-2009-115, Performance 
Monitoring Plan for the 200-ZP-1 
Groundwater Operable Unit 
Remedial Action, Rev. 3, Draft A 

Ongoing Section 1.2.1, Pump and 
Treat Component 

74 Performance Monitoring 12.2.2, Monitored Natural 
Attenuation (MNA) 
Component 

Monitoring shall be designed and operated to 
demonstrate whether the remedial action being taken, 
including natural attenuation, will achieve cleanup 
levels for all COCs within 125 years. 

Current practice. Monitoring is designed and 
operated to demonstrate whether the remedial action 
being taken, including natural attenuation, will 
achieve cleanup levels for all COCs within 
125 years. 

DOE/RL-2009-115, Performance 
Monitoring Plan for the 200-ZP-1 
Groundwater Operable Unit 
Remedial Action, Rev. 3, Draft A 

Ongoing Section 1.2.1, Pump and 
Treat Component 

75 Performance Monitoring 12.2.2, Monitored Natural 
Attenuation (MNA) 
Component 

Monitoring shall be designed and operated to 
detect changes in environmental conditions 
(e.g., hydrogeological, geochemical, microbiological, 
or other changes) that may reduce the efficacy of the 
P&T system, natural attenuation processes, and the 
flow-path control actions. 

Current practice. Monitoring is designed and 
operated to detect changes in environmental 
conditions that may reduce the efficacy of the P&T 
system, natural attenuation processes, and the 
flow-path control actions. 

DOE/RL-2009-115, Performance 
Monitoring Plan for the 200-ZP-1 
Groundwater Operable Unit 
Remedial Action, Rev. 3, Draft A 

Ongoing Section 4.1.1, Contaminant 
Monitoring Network 

76 Performance Monitoring 12.2.2, Monitored Natural 
Attenuation (MNA) 
Component 

Monitoring shall be designed and operated to 
identify any potentially toxic and/or mobile 
transformation products. 

Current practice. Monitoring is designed and 
operated to identify any potentially toxic and/or 
mobile transformation products. 

DOE/RL-2009-115, Performance 
Monitoring Plan for the 200-ZP-1 
Groundwater Operable Unit 
Remedial Action, Rev. 3, Draft A 

Ongoing Section 4.1.1, Contaminant 
Monitoring Network 

77 Performance Monitoring 12.2.2, Monitored Natural 
Attenuation (MNA) 
Component 

Monitoring shall be designed and operated to verify 
that the contamination is not expanding downgradient, 
laterally or vertically, subsequent to the period of time 
over which the P&T component has been functional. 

Current practice. Monitoring is designed and 
operated to verify that the contamination is not 
expanding downgradient, laterally or vertically. 

DOE/RL-2009-115, Performance 
Monitoring Plan for the 200-ZP-1 
Groundwater Operable Unit 
Remedial Action, Rev. 3, Draft A 

Ongoing Section 4.1.1, Contaminant 
Monitoring Network 

78 Performance Monitoring 12.2.2, Monitored Natural 
Attenuation (MNA) 
Component 

Monitoring shall be designed and operated to detect 
new releases of COCs to the environment that could 
impact the effectiveness of the remedy. 

Current practice. Monitoring is designed and 
operated to detect new releases of COCs to the 
environment that could impact the effectiveness of 
the remedy. 

DOE/RL-2009-115, Performance 
Monitoring Plan for the 200-ZP-1 
Groundwater Operable Unit 
Remedial Action, Rev. 3, Draft A 

Ongoing Section 4.1.1, Contaminant 
Monitoring Network 

79 Performance Monitoring 12.2.2, Monitored Natural 
Attenuation (MNA) 
Component 

Monitoring shall be designed and operated to verify 
attainment of remediation requirements. 

Current practice. Monitoring is designed and 
operated to verify attainment of remediation 
requirements. 

DOE/RL-2009-115, Performance 
Monitoring Plan for the 200-ZP-1 
Groundwater Operable Unit 
Remedial Action, Rev. 3, Draft A 

Ongoing Section 1.2, 200-ZP-1 
Operable Unit Selected 
Remedy 

80 Design 12.2.3, Flow-Path Control 
Component 

Flow-path control is also required and shall be 
achieved by injecting the treated groundwater into the 
aquifer to the northeast and east of the groundwater 
contamination such that the treated injected water in 
these locations will slow the natural eastward flow of 
most of the groundwater and, as a result, keep COCs 
within the capture zone, as well as increase the time 
available for natural attenuation processes to reduce 
the contaminant concentrations not captured by the 
extraction wells. 

Current practice. Flow-path control is achieved by 
injecting the treated groundwater into the aquifer to 
the northeast and east of the groundwater 
contamination such that the treated injected water in 
these locations will slow the natural eastward flow of 
most of the groundwater. 

DOE/RL-2009-115, Performance 
Monitoring Plan for the 200-ZP-1 
Groundwater Operable Unit 
Remedial Action, Rev. 3, Draft A 

Ongoing Section 1.2.3, Flow-Path 
Control Component 

81 Design 12.2.3, Flow-Path Control 
Component 

Flow-path control shall also be used to minimize the 
potential for groundwater in the northern portion of the 
aquifer to flow northward through Gable Gap and 
toward the Columbia River. 

Current practice. Flow-path control is used to 
minimize the potential for groundwater in the 
northern portion of the aquifer to flow northward 
through Gable Gap and toward the Columbia River. 

DOE/RL-2009-115, Performance 
Monitoring Plan for the 200-ZP-1 
Groundwater Operable Unit 
Remedial Action, Rev. 3, Draft A 

Ongoing Section 1.2.3, Flow-Path 
Control Component 

82 Design 12.2.3, Flow-Path Control 
Component 

Groundwater modeling is required to locate injection 
and extraction wells. 

Current practice. Groundwater modeling is used to 
locate injection and extraction wells. 

DOE/RL-2009-115, Performance 
Monitoring Plan for the 200-ZP-1 
Groundwater Operable Unit 
Remedial Action, Rev. 3, Draft A 

Ongoing Section 2.4, Contaminant 
Distribution 
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83 Design 12.2.3, Flow-Path Control 
Component 

Groundwater modeling is required to estimate required 
injection and extraction rates. 

Current practice. Groundwater modeling is used to 
estimate required injection and extraction rates. 

DOE/RL-2008-78, 200 West Area 
200-ZP-1 Pump-and-Treat Remedial 
Design/Remedial Action Work Plan, 
Rev. 1, Draft A 

Ongoing Section 3.2, Well Network 
Design and Implementation 

84 Design 12.2.3, Flow-Path Control 
Component 

Groundwater modeling is required to determine the 
location of injection wells for flow-path control. 

Current practice. Groundwater modeling is used to 
determine the location of injection wells for 
flow-path control. 

DOE/RL-2008-78, 200 West Area 
200-ZP-1 Pump-and-Treat Remedial 
Design/Remedial Action Work Plan, 
Rev. 1, Draft A 

Ongoing Section 3.2, Well Network 
Design and Implementation  

85 Institutional Controls 12.2.4, Institutional Controls 
Component 

Groundwater use at the 200-ZP-1 OU will be restricted 
for the foreseeable future until cleanup levels 
are achieved. 

Current practice. Groundwater use at the 
200-ZP-1 OU is restricted for the foreseeable future 
until cleanup levels are achieved. 

DOE/RL-2008-78, 200 West Area 
200-ZP-1 Pump-and-Treat Remedial 
Design/Remedial Action Work Plan, 
Rev. 1, Draft A 

Ongoing Section 2.1.4, Institutional 
Controls Component 

86 Institutional Controls 12.2.4, Institutional Controls 
Component 

DOE is responsible for implementing, maintaining, 
reporting on, and enforcing the ICs and land-use 
controls required under the ROD.  

Current practice. DOE is responsible for 
implementing, maintaining, reporting on, and 
enforcing the ICs and land-use controls required 
under the ROD. 

DOE/RL-2001-41, Sitewide Institutional 
Controls Plan for Hanford CERCLA 
Response Actions and RCRA Corrective 
Actions 

Ongoing Section 4.1, Key Parties and 
Their Roles 

87 Institutional Controls 12.2.4, Institutional Controls 
Component 

No later than 180 days after the ROD issuance. 
The Sitewide IC plan is to include the ICs required by 
the ROD and specify the implementation and 
maintenance actions that will be taken, including 
periodic inspections. 

Current practice. DOE updated the Sitewide IC plan 
to include the ICs required by the ROD and specify 
the implementation and maintenance actions that 
will be taken, including periodic inspections. 

DOE/RL-2001-41, Sitewide Institutional 
Controls Plan for Hanford CERCLA 
Response Actions and RCRA Corrective 
Actions 

Ongoing Section 3.6, Implementation 
of Institutional Controls at 
the Hanford Site 

88 Plans/Documents 12.2.4, Institutional Controls 
Component 

The revised Sitewide IC plan shall be submitted to 
EPA and Ecology for review and approval as 
a Tri-Party Agreement primary document. 

Current practice. The Sitewide IC plan is submitted 
to EPA and Ecology for review and approval as 
a Tri-Party Agreement primary document. 

DOE/RL-2001-41, Sitewide Institutional 
Controls Plan for Hanford CERCLA 
Response Actions and RCRA Corrective 
Actions 

Ongoing Section 3.4, Sitewide 
Institutional Controls 
Requirements 

89 Plans/Documents 12.2.4, Institutional Controls 
Component 

DOE shall comply with the Sitewide IC plan, as 
updated and approved by EPA and Ecology. 

Current practice. DOE complies with the Sitewide 
IC plan, as updated and approved by EPA 
and Ecology. 

DOE/RL-2001-41, Sitewide Institutional 
Controls Plan for Hanford CERCLA 
Response Actions and RCRA Corrective 
Actions 

Ongoing Section 4.1, Key Parties and 
Their Roles 

90 Institutional Controls 12.2.4, Institutional Controls 
Component 

Land-use controls will be maintained until cleanup 
levels are achieved and the concentrations of 
hazardous substances in groundwater are at such levels 
to allow for unrestricted use and EPA authorizes the 
removal of restrictions. 

Current practice. Land-use controls are maintained 
until cleanup levels are achieved and the 
concentrations of hazardous substances in 
groundwater are at such levels to allow for 
unrestricted use and EPA authorizes the removal 
of restrictions. 

DOE/RL-2008-78, 200 West Area 
200-ZP-1 Pump-and-Treat Remedial 
Design/Remedial Action Work Plan, 
Rev. 1, Draft A 

Ongoing Section 2.1.4, Institutional 
Controls Component 

91 Institutional Controls 12.2.4, Institutional Controls 
Component 

DOE shall control access to prevent unacceptable 
exposure of humans to contaminants in 200-ZP-1 OU 
groundwater addressed in the scope of the ROD until 
the remedy is complete.  

Current practice. DOE controls access to prevent 
unacceptable exposure of humans to contaminants 
in 200-ZP-1 OU groundwater. 

DOE/RL-2008-78, 200 West Area 
200-ZP-1 Pump-and-Treat Remedial 
Design/Remedial Action Work Plan, 
Rev. 1, Draft A 

Ongoing Section 2.1.4, Institutional 
Controls Component 

92 Institutional Controls 12.2.4, Institutional Controls 
Component 

Visitors entering any site areas of 200-ZP-1 OU will be 
required to be badged and escorted at all times. 

Current practice. Visitors entering any site areas of 
200-ZP-1 OU are required to be badged and escorted 
at all times. 

DOE/RL-2008-78, 200 West Area 
200-ZP-1 Pump-and-Treat Remedial 
Design/Remedial Action Work Plan, 
Rev. 1, Draft A 

Ongoing Section 2.1.4, Institutional 
Controls Component 

93 Institutional Controls 12.2.4, Institutional Controls 
Component 

No intrusive work shall be allowed in the 
200-ZP-1 OU unless EPA has approved the plan for 
such work and that plan is followed. 

Current practice. No intrusive work is allowed in the 
200-ZP-1 OU unless EPA has approved the plan for 
such work. 

DOE/RL-2008-78, 200 West Area 
200-ZP-1 Pump-and-Treat Remedial 
Design/Remedial Action Work Plan, 
Rev. 1, Draft A 

Ongoing Section 2.1.4, Institutional 
Controls Component 
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94 Institutional Controls 12.2.4, Institutional Controls 
Component 

DOE shall prohibit well drilling in the 200-ZP-1 OU, 
except for monitoring, characterization, or remediation 
wells authorized in EPA-approved documents. 

Current practice. DOE prohibits well drilling in 
the 200-ZP-1 OU, except for monitoring, 
characterization, or remediation wells authorized in 
EPA-approved documents. 

DOE/RL-2008-78, 200 West Area 
200-ZP-1 Pump-and-Treat Remedial 
Design/Remedial Action Work Plan, 
Rev. 1, Draft A 

Ongoing Section 2.1.4, Institutional 
Controls Component 

95 Institutional Controls 12.2.4, Institutional Controls 
Component 

Groundwater use in the 200-ZP-1 OU is prohibited, 
except for limited research purposes, monitoring, and 
treatment authorized in EPA-approved documents. 

Current practice. Groundwater use in the 
200-ZP-1 OU is prohibited, except for limited 
research purposes, monitoring, and treatment 
authorized in EPA-approved documents. 

DOE/RL-2008-78, 200 West Area 
200-ZP-1 Pump-and-Treat Remedial 
Design/Remedial Action Work Plan, 
Rev. 1, Draft ADOE/RL-2008-78, 
200 West Area 200-ZP-1 Pump-and-Treat 
Remedial Design/Remedial Action 
Work Plan, Rev. 1, Draft A 

Ongoing Section 2.1.4, Institutional 
Controls Component 

96 Plans/Documents 12.2.4, Institutional Controls 
Component 

The Sitewide IC plan will contain the ICs and 
implementing details prohibiting well drilling and 
groundwater use in the 200-ZP1 OU, as defined in the 
decision document for the 200-ZP-1 OU. 

Current practice. The Sitewide IC plan contains the 
ICs and implementing details prohibiting well 
drilling and groundwater use in the 200-ZP1 OU. 

DOE/RL-2008-78, 200 West Area 
200-ZP-1 Pump-and-Treat Remedial 
Design/Remedial Action Work Plan, 
Rev. 1, Draft A 

Ongoing Section 3.4, Sitewide 
Institutional Controls 
Requirements 

97 Institutional Controls 12.2.4, Institutional Controls 
Component 

DOE shall post and maintain warning signs along 
pipelines conveying untreated groundwater that 
caution site visitors and workers of potential hazards 
from the 200-ZP-1 OU groundwater. 

Current practice. DOE posts and maintains warning 
signs along pipelines conveying untreated 
groundwater that caution site visitors and workers 
of potential hazards from the 200-ZP-1 OU 
groundwater. 

DOE/RL-2008-78, 200 West Area 
200-ZP-1 Pump-and-Treat Remedial 
Design/Remedial Action Work Plan, 
Rev. 1, Draft A 

Ongoing Section 2.1.4, Institutional 
Controls Component 

98 Notifications 12.2.4, Institutional Controls 
Component 

In the event of any unauthorized access to the site 
(e.g., trespassing), DOE shall report such incidents to 
the Benton County Sheriff’s Office for investigation 
and evaluation of possible prosecution. 

Current practice. DOE reports unauthorized access to 
the site to the Benton County Sheriff’s Office for 
investigation and evaluation of possible prosecution. 

DOE/RL-2008-78, 200 West Area 
200-ZP-1 Pump-and-Treat Remedial 
Design/Remedial Action Work Plan, 
Rev. 1, Draft A 

Ongoing Section 2.1.4, Institutional 
Controls Component 

99 Institutional Controls 12.2.4, Institutional Controls 
Component 

Activities that would disrupt or lessen the performance 
of the P&T, MNA, and flow-path control components 
of the remedy are to be prohibited. 

Current practice. Activities that would disrupt or 
lessen the performance of the P&T, MNA, and 
flow-path control components of the remedy 
are prohibited. 

DOE/RL-2008-78, 200 West Area 
200-ZP-1 Pump-and-Treat Remedial 
Design/Remedial Action Work Plan, 
Rev. 1, Draft A 

Ongoing Section 2.1.4, Institutional 
Controls Component 

100 Institutional Controls 12.2.4, Institutional Controls 
Component 

DOE shall prohibit activities that would damage the 
P&T, MNA, and flow-path control components 
(e.g., extraction wells, injection wells, piping, 
treatment plant, and monitoring wells). 

Current practice. DOE prohibits activities that 
would damage the P&T, MNA, and flow-path 
control components. 

DOE/RL-2008-78, 200 West Area 
200-ZP-1 Pump-and-Treat Remedial 
Design/Remedial Action Work Plan, 
Rev. 1, Draft A 

Ongoing Section 2.1.4, Institutional 
Controls Component 

101 Plans/Documents 12.2.4, Institutional Controls 
Component 

DOE shall report on the effectiveness of ICs for the 
200-ZP-1 OU remedy in an annual report or on an 
alternative reporting frequency specified by EPA. 

Current practice. DOE reports on the effectiveness of 
ICs for the 200-ZP-1 OU remedy. 

DOE/RL-2001-41, Sitewide Institutional 
Controls Plan for Hanford CERCLA 
Response Actions and RCRA Corrective 
Actions 

Ongoing Section 4.2, Assessment and 
Reporting 

102 Notifications 12.2.4, Institutional Controls 
Component 

DOE will provide notice to EPA at least 6 months 
prior to any transfer or sale of the any land above the 
200-ZP-1 OU so EPA can be involved in discussions 
to ensure that appropriate provisions are included in 
the transfer terms or conveyance documents to 
maintain effective ICs. 

Current practice. DOE will provide notice to EPA at 
least 6 months prior to any transfer or sale of the any 
land above the 200-ZP-1 OU. 

DOE/RL-2001-41, Sitewide Institutional 
Controls Plan for Hanford CERCLA 
Response Actions and RCRA Corrective 
Actions 

Ongoing Section 3.4, Sitewide 
Institutional Controls 
Requirements 

103 Notifications 12.2.4, Institutional Controls 
Component 

If it is not possible for DOE to notify EPA at least 
6 months prior to any transfer or sale, then DOE will 
notify EPA as soon as possible but no later than 6 days 
prior to the transfer or sale of any property subject 
to ICs. 

Current practice. DOE will notify EPA as soon as 
possible but no later than 60 days prior to the 
transfer or sale of any property subject to ICs. 

DOE/RL-2001-41, Sitewide Institutional 
Controls Plan for Hanford CERCLA 
Response Actions and RCRA Corrective 
Actions 

Ongoing Section 3.4, Sitewide 
Institutional Controls 
Requirements 
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104 Notifications 12.2.4, Institutional Controls 
Component 

In addition to the land transfer notice and discussion 
provisions above, DOE further agrees to provide EPA 
with similar notice, within the same time frames, as to 
federal-to-federal transfer of property. 

Current practice. DOE agrees to provide EPA with 
notice as to federal-to-federal transfer of property. 

DOE/RL-2001-41, Sitewide Institutional 
Controls Plan for Hanford CERCLA 
Response Actions and RCRA Corrective 
Actions 

Ongoing Section 3.4, Sitewide 
Institutional Controls 
Requirements 

105 Plans/Documents 12.2.4, Institutional Controls 
Component 

DOE shall provide a copy of executed deed or transfer 
assembly to EPA. 

Current practice. DOE shall provide a copy of 
executed deed or transfer assembly to EPA. 

DOE/RL-2001-41, Sitewide Institutional 
Controls Plan for Hanford CERCLA 
Response Actions and RCRA Corrective 
Actions 

Ongoing Section 3.4, Sitewide 
Institutional Controls 
Requirements 

106 Institutional Controls 12.2.4, Institutional Controls 
Component 

DOE will prevent the development and use of property 
above the 200-ZP-1 OU for residential housing, 
elementary and secondary schools, childcare facilities, 
and playgrounds. 

Current practice. DOE will prevent the development 
and use of property above the 200-ZP-1 OU for 
residential housing, elementary and secondary 
schools, childcare facilities, and playgrounds. 

DOE/RL-2008-78, 200 West Area 
200-ZP-1 Pump-and-Treat Remedial 
Design/Remedial Action Work Plan, 
Rev. 1, Draft A 

Ongoing Section 2.1.4, Institutional 
Controls Component 

107 Institutional Controls 12.2.4, Institutional Controls 
Component 

Land-use controls will be maintained until cleanup 
levels are achieved and the concentrations of 
hazardous substances in groundwater are at such levels 
to allow for unrestricted use and exposure and EPA 
authorizes the removal of restrictions. 

Current practice. Land-use controls are maintained 
until cleanup levels are achieved and the 
concentrations of hazardous substances in 
groundwater are at such levels to allow for 
unrestricted use and exposure and EPA authorizes 
the removal of restrictions. 

DOE/RL-2008-78, 200 West Area 
200-ZP-1 Pump-and-Treat Remedial 
Design/Remedial Action Work Plan, 
Rev. 1, Draft A 

Ongoing Section 2.1.4, Institutional 
Controls Component 

108 Tests/Evaluations 12.2.6, Five-Year Review 
Component for the 
Selected Remedy 

A review (in accordance with 
40 CFR 300.430[f][4][ii]) is required at a minimum of 
every 5 years if a remedy is selected that results in 
hazardous substances, pollutants, or contaminants 
remaining at the site above levels that allow for 
unlimited use and unrestricted exposure. 

Current practice. Reviews (in accordance with 
40 CFR 300.430(f)(4)(ii)) are conducted at 
a minimum of every 5 years. 

DOE/RL-2009-124, 200 West Pump and 
Treat Operations and Maintenance Plan, 
Rev. 6, Draft A 

Ongoing Section 5.2, CERCLA 
Five-Year Review 

109 Tests/Evaluations 12.2.6, Five-Year Review 
Component for the 
Selected Remedy 

Reviews will begin 5 years after initiation of the 
remedial action to help ensure that the selected remedy 
is protective of human health and the environment. 

Current practice. Reviews began no more than 
5 years after initiation of the remedial action. 

DOE/RL-2009-124, 200 West Pump and 
Treat Operations and Maintenance Plan, 
Rev. 6, Draft A 

Ongoing Section 5.2, CERCLA 
Five-Year Review 

110 Institutional Controls 12.2.6, Five-Year Review 
Component for the 
Selected Remedy 

Figure 12. Land-Use Control Boundary for the 
200-ZP-1 Operable Unit. 

Current practice. The land-use control boundaries for 
the 200-ZP-1 OU are established. 

DOE/RL-2001-41, Sitewide Institutional 
Controls Plan for Hanford CERCLA 
Response Actions and RCRA Corrective 
Actions 

Completed Appendix A, Figure A2-2 

111 Cleanup Levels 12.4, Expected Outcome for 
the Selected Remedy 

Carbon tetrachloride: 
Federal MCL: 5 µg/L 
State MCL: 5 µg/L 
Model Toxics Control Act Method B Cleanup Levels 
Noncarcinogens: 5.6 µg/L 
Carcinogens at 10-5 Risk Level: 3.4 µg/L 
Final Cleanup Level: 3.4c µg/L 
c DOE will clean up COCs for the 200-ZP-1 OU 
subject to WAC 173-340, “Model Toxics Control Act 
– Cleanup” (carbon tetrachloride and TCE), so the 
excess lifetime cancer risk does not exceed 1×10-5 at 
the conclusion of the remedy. 

Current practice. Carbon tetrachloride cleanup level 
is 3.4 µg/L. 

DOE/RL-2009-115, Performance 
Monitoring Plan for the 200-ZP-1 
Groundwater Operable Unit 
Remedial Action, Rev. 3, Draft A 

Ongoing Section 1.1, Remedial 
Action Objectives 
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112 Cleanup Levels 12.4, Expected Outcome for 
the Selected Remedy 

Chromium (total): 
Federal MCL: 100 µg/L 
State MCL: 100 µg/L 
Model Toxics Control Act Method B Cleanup Levels 
Noncarcinogens: 24,000 µg/L 
Carcinogens at 10-5 Risk Level: -- 
Final Cleanup Level: 100 µg/L 

Current practice. Chromium (total) cleanup level is 
100 µg/L. 

DOE/RL-2009-115, Performance 
Monitoring Plan for the 200-ZP-1 
Groundwater Operable Unit 
Remedial Action, Rev. 3, Draft A 

Ongoing Section 1.1, Remedial 
Action Objectives 

113 Cleanup Levels 12.4, Expected Outcome for 
the Selected Remedy 

Hexavalent chromium: 
Federal MCL: N/Aa 
State MCL: N/Aa 
Model Toxics Control Act Method B Cleanup Levels 
Noncarcinogens: 48 µg/L 
Carcinogens at 10-5 Risk Level: -- 
Final Cleanup Level: 48 µg/L 
a There is no MCL specific to hexavalent chromium. 

Current practice. Hexavalent chromium cleanup 
level is 48 µg/L. 

DOE/RL-2009-115, Performance 
Monitoring Plan for the 200-ZP-1 
Groundwater Operable Unit 
Remedial Action, Rev. 3, Draft A 

Ongoing Section 1.1, Remedial 
Action Objectives 

114 Cleanup Levels 12.4, Expected Outcome for 
the Selected Remedy 

Nitrate: 
Federal MCL: 10,000 µg/L 
State MCL: 10,000 µg/L 
Model Toxics Control Act Method B Cleanup Levels 
Noncarcinogens: 25,600 µg/L 
Carcinogens at 10-5 Risk Level: -- 
Final Cleanup Level: 10,000 µg/L 

Current practice. Nitrate cleanup level is 
10,000 µg/L (expressed as N). 

DOE/RL-2009-115, Performance 
Monitoring Plan for the 200-ZP-1 
Groundwater Operable Unit 
Remedial Action, Rev. 3, Draft A 

Ongoing Section 1.1, Remedial 
Action Objectives 

115 Cleanup Levels 12.4, Expected Outcome for 
the Selected Remedy 

Trichloroethene (TCE): 
Federal MCL: 5 µg/L 
State MCL: 5 µg/L 
Model Toxics Control Act Method B Cleanup Levels 
Noncarcinogens: 2.4 µg/L 
Carcinogens at 10-5 Risk Level: 1b 
Final Cleanup Level: 1c µg/L 
b The Model Toxics Control Act Method B cleanup 
levels for carbon tetrachloride and TCE are from 
Ecology’s Cleanup Levels and Risk Calculations 
(CLARC) table current as of September 25, 2008. 
c The DOE will clean up COCs for the 200-ZP-1 OU 
subject to WAC 173-340, “Model Toxics Control Act 
– Cleanup” (carbon tetrachloride and TCE), so the 
excess lifetime cancer risk does not exceed 1×10-5 at 
the conclusion of the remedy. 

Current practice. Trichloroethene (TCE) cleanup 
level is 1 µg/L. 

DOE/RL-2009-115, Performance 
Monitoring Plan for the 200-ZP-1 
Groundwater Operable Unit 
Remedial Action, Rev. 3, Draft A 

Ongoing Section 1.1, Remedial 
Action Objectives 

116 Cleanup Levels 12.4, Expected Outcome for 
the Selected Remedy 

Iodine-129: 
90th Percentile Concentration: 1.2 pCi/L 
Federal MCL: 1 pCi/L 
State MCL: 1 pCi/L 
Model Toxics Control Act Method B Cleanup Levels 
Noncarcinogens: -- 
Carcinogens at 10-5 Risk Level: -- 
Final Cleanup Level: 1 pCi/L 

Current practice. Iodine-129 cleanup level is 
1 pCi/L. However, currently identified groundwater 
treatment technology is insufficient to reach the 
1 pCi/L DWS. 

DOE/RL-2009-115, Performance 
Monitoring Plan for the 200-ZP-1 
Groundwater Operable Unit 
Remedial Action, Rev. 3, Draft A 

Ongoing Section 1.1, Remedial 
Action Objectives 
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117 Cleanup Levels 12.4, Expected Outcome for 
the Selected Remedy 

Technetium-99: 
Federal MCL: 900 pCi/L 
State MCL: 900 pCi/L 
Model Toxics Control Act Method B Cleanup Levels 
Noncarcinogens: -- 
Carcinogens at 10-5 Risk Level: -- 
Final Cleanup Level: 900 pCi/L 

Current practice. Technetium-99 cleanup level is 
900 pCi/L. 

DOE/RL-2009-115, Performance 
Monitoring Plan for the 200-ZP-1 
Groundwater Operable Unit 
Remedial Action, Rev. 3, Draft A 

Ongoing Section 1.1, Remedial 
Action Objectives 

118 Cleanup Levels 12.4, Expected Outcome for 
the Selected Remedy 

Tritium: 
Federal MCL: 20,000 pCi/L 
State MCL: 20,000 pCi/L 
Model Toxics Control Act Method B Cleanup Levels 
Noncarcinogens: -- 
Carcinogens at 10-5 Risk Level: -- 
Final Cleanup Level: 20,000 pCi/L 

Current practice. Tritium cleanup level is 
20,000 pCi/L. 

DOE/RL-2009-115, Performance 
Monitoring Plan for the 200-ZP-1 
Groundwater Operable Unit 
Remedial Action, Rev. 3, Draft A 

Ongoing Section 1.1, Remedial 
Action Objectives 

119 Cleanup Levels A-1 40 CFR 141.61, “Maximum Contaminant Levels for 
Organic Contaminants” 
Requirement: Establishes MCLs for drinking water 
that are designed to protect human health from the 
potential adverse effects of organic contaminants in 
drinking water. The substantive requirements in 
40 CFR 141.61 for organic constituents are applicable. 

Current practice. Compliance with substantive 
requirements of the ARARs. 

DOE/RL-2009-115, Performance 
Monitoring Plan for the 200-ZP-1 
Groundwater Operable Unit 
Remedial Action, Rev. 3, Draft A 

Ongoing Section 1.1, Remedial 
Action Objectives 

120 Cleanup Levels A-1 40 CFR 141.62, “Maximum Contaminant Levels for 
Inorganic Contaminants”  
Requirement: Establishes MCLs for drinking water 
that are designed to protect human health from the 
potential adverse effects of inorganic contaminants 
in drinking water. The substantive requirements 
in 40 CFR 141.62 for inorganic constituents 
are applicable. 

Current practice. Compliance with substantive 
requirements of the ARARs. 

DOE/RL-2009-115, Performance 
Monitoring Plan for the 200-ZP-1 
Groundwater Operable Unit 
Remedial Action, Rev. 3, Draft A 

Ongoing Section 1.1, Remedial 
Action Objectives 

121 Cleanup Levels A-1 40 CFR 141.66 “Maximum Contaminant Levels 
for Radionuclides”  
Requirement: Establishes MCLs for drinking water 
that are designed to protect human health from the 
potential adverse effects of radionuclides in drinking 
water. The substantive requirements in 40 CFR 141.66 
for radionuclides are applicable. 

Current practice. Compliance with substantive 
requirements of the ARARs. 

DOE/RL-2009-115, Performance 
Monitoring Plan for the 200-ZP-1 
Groundwater Operable Unit 
Remedial Action, Rev. 3, Draft A 

Ongoing Section 1.1, Remedial 
Action Objectives 

122 Resource Preservation A-1 Archeological and Historic Preservation Act, 
16 USC 469aa-mm, et seq. 
Requirement: Requires that remedial actions at the 
200-ZP-1 OU do not cause the loss of any 
archaeological or historical data. This act mandates 
preservation of the data and does not require protection 
of the actual historical sites. The substantive 
requirements of this act are applicable to actions that 
might disturb these sites. 

Current practice. Compliance with substantive 
requirements of the ARARs. 

DOE/RL-2009-124, 200 West Pump and 
Treat Operations and Maintenance Plan, 
Rev. 6, Draft A 

Ongoing Section 4.5, 
Cultural/Ecological 
Resources 
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123 Resource Preservation A-1 National Historic Preservation Act of 1966, 
16 USC 470, Section 106, et seq. 
Requirement: Requires federal agencies to consider the 
impacts of their undertaking on cultural properties 
through identification, evaluation, and mitigation 
processes. The substantive requirements of this act are 
applicable to actions that might disturb these types 
of sites. 

Current practice. Compliance with substantive 
requirements of the ARARs. 

DOE/RL-2009-124, 200 West Pump and 
Treat Operations and Maintenance Plan, 
Rev. 6, Draft A 

Ongoing Section 4.5, 
Cultural/Ecological 
Resources 

124 Resource Preservation A-2 Native American Graves Protection and Repatriation 
Act, 25 USC 3001, et seq. 
Requirement: Establishes federal agency responsibility 
for discovery of human remains, associated and 
unassociated funerary objects, sacred objects, and 
items of cultural patrimony. Substantive requirements 
of this act are applicable if remains and sacred objects 
are found during remediation. 

Current practice. Compliance with substantive 
requirements of the ARARs. 

DOE/RL-2009-124, 200 West Pump and 
Treat Operations and Maintenance Plan, 
Rev. 6, Draft A 

Ongoing Section 4.5, 
Cultural/Ecological 
Resources 

125 Resource Preservation A-2 Endangered Species Act of 1973, 16 USC 1531, 
et seq., sec. 1536(c) 
Requirement: Establishes requirements for actions by 
federal agencies that are likely to jeopardize the 
continued existence of listed species or result in the 
destruction or adverse modification of critical habitat. 
If remediation is within critical habitat or buffer zones 
surrounding threatened or endangered species, 
mitigation measures must be taken to protect the 
resource. Substantive requirements of this act are 
applicable if threatened or endangered species are 
identified in areas where remedial actions will occur. 
This is a location-specific requirement. 

Current practice. Compliance with substantive 
requirements of the ARARs. 

DOE/RL-2009-124, 200 West Pump and 
Treat Operations and Maintenance Plan, 
Rev. 6, Draft A 

Ongoing Section 4.5, 
Cultural/Ecological 
Resources 

126 Waste Management A-2 Interim Control of Hazardous Waste Injection, 
42 USC 6939b sec. 3020(b) 
Requirement: Establishes requirements to allow 
injection of groundwater that contains hazardous waste 
back into the aquifer during implementation of the 
CERCLA remedy. Substantive requirements of the 
section are applicable to the injection of contaminated 
groundwater to the aquifer during the remedy. 

Current practice. Compliance with substantive 
requirements of the ARARs. 

DOE/RL-2009-124, 200 West Pump and 
Treat Operations and Maintenance Plan, 
Rev. 6, Draft A 

Ongoing Appendix D, 200 West 
Pump and Treat Sampling 
and Analysis Plan, 
Section D1, Introduction 

127 Emission Controls A-2 40 CFR 61, “National Emission Standards for 
Hazardous Air Pollutants,” Subpart H, “National 
Emission Standards for Emissions of Radionuclides 
Other Than Radon from Department of 
Energy Facilities” 
Requirement: Radionuclide airborne emissions from 
the facility shall be controlled so as not to exceed 
amounts that would cause an exposure to any member 
of the public of greater than 10 mrem/yr effective dose 
equivalent. Substantive requirements of this standard 
are applicable because this remedial action may 
provide airborne emissions of radioactive particulates 
to unrestricted areas. 

Current practice. Compliance with substantive 
requirements of the ARARs. 

DOE/RL-2009-124, 200 West Pump and 
Treat Operations and Maintenance Plan, 
Rev. 6, Draft A 

Ongoing Appendix C, Air Monitoring 
Plan for the 200 West Pump 
and Treat, Section C2.1, 
Radiological Air Emissions 
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128 Cleanup Levels A-3 WAC 173-340-720(4)(b)(iii)(A) and (B), “Standard 
Method B Potable Ground Water Cleanup Levels”  
Requirement: Use of Method B, Equations 720-1 and 
720-2, to calculate groundwater cleanup levels for 
noncarcinogens and carcinogens, respectively. 
The substantive requirements are 
WAC 173-340-720(4)(b)(iii)(A) and (B). 

Current practice. Compliance with substantive 
requirements of the ARARs. 

DOE/RL-2009-115, Performance 
Monitoring Plan for the 200-ZP-1 
Groundwater Operable Unit 
Remedial Action, Rev. 3, Draft A 

Ongoing Section 1.1, Remedial 
Action Objectives 

129 Cleanup Levels A-3 WAC 173-340-720(7)(b), “Adjustments to 
Cleanup Levels” 
Requirement: Requires an adjustment downward of 
Method B groundwater cleanup levels based on 
an existing state or federal cleanup standard so the total 
excess cancer risk does not exceed 1×10-5 and the 
hazard index does not exceed 1. The substantive 
requirement is WAC 173-340-720(7)(b). 

Current practice. Compliance with substantive 
requirements of the ARARs. 

DOE/RL-2009-115, Performance 
Monitoring Plan for the 200-ZP-1 
Groundwater Operable Unit 
Remedial Action, Rev. 3, Draft A 

Ongoing Section 1.1, Remedial 
Action Objectives 

130 Waste Management A-3 WAC 173-303-016, “Identifying Solid Waste”  
Requirement: Identifies those materials that are and are 
not solid wastes. Substantive requirements of these 
regulations are applicable because they define which 
materials are subject to the designation regulations. 

Current practice. Compliance with substantive 
requirements of the ARARs. 

DOE/RL-2009-124, 200 West Pump and 
Treat Operations and Maintenance Plan, 
Rev. 6, Draft A 

Ongoing Appendix B, Waste 
Management Plan for the 
200 West Pump and Treat, 
Section B3, Waste 
Management Requirements 

131 Waste Management A-3 WAC 173-303-017, “Recycling Processes Involving 
Solid Waste”  
Requirement: Identifies materials that are and are not 
solid wastes when recycled. Substantive requirements 
of these regulations are applicable because they 
define which materials are subject to the 
designation regulations. 

Current practice. Compliance with substantive 
requirements of the ARARs. 

DOE/RL-2009-124, 200 West Pump and 
Treat Operations and Maintenance Plan, 
Rev. 6, Draft A 

Ongoing Appendix B, Waste 
Management Plan for the 
200 West Pump and Treat, 
Section B3, Waste 
Management Requirements 

132 Waste Management A-3 WAC 173-303-070(3), “Designation of 
Dangerous Waste” 
Requirement: Establishes whether a solid waste is or is 
not a dangerous waste or an extremely hazardous 
waste. Substantive requirements of these regulations 
are applicable to materials generated during the 
remedial action. 

Current practice. Compliance with substantive 
requirements of the ARARs. 

DOE/RL-2009-124, 200 West Pump and 
Treat Operations and Maintenance Plan, 
Rev. 6, Draft A 

Ongoing Appendix B, Waste 
Management Plan for the 
200 West Pump and Treat, 
Section B3, Waste 
Management Requirements 

133 Waste Management A-4 WAC 173-303-071, “Excluded Categories of Waste”  
Requirement: Describes those categories of wastes that 
are excluded from the requirements of WAC 173-303 
(excluding WAC 173-303-050). This regulation 
is applicable to remedial actions in the 
200-ZP-1 Groundwater OU, should wastes identified 
in WAC 173-303-071 be generated. 

Current practice. Compliance with substantive 
requirements of the ARARs. 

DOE/RL-2009-124, 200 West Pump and 
Treat Operations and Maintenance Plan, 
Rev. 6, Draft A 

Ongoing Appendix B, Waste 
Management Plan for the 
200 West Pump and Treat, 
Section B3, Waste 
Management Requirements 

134 Waste Management A-4 WAC 173-303-073, “Conditional Exclusion of 
Special Wastes” 
Requirement: Establishes the conditional exclusion and 
the management requirements of special wastes, as 
defined in WAC 173-303-040. Substantive 
requirements of these regulations are applicable to 
special wastes generated during the remedial action. 

Current practice. Compliance with substantive 
requirements of the ARARs. 

DOE/RL-2009-124, 200 West Pump and 
Treat Operations and Maintenance Plan, 
Rev. 6, Draft A 

Ongoing Appendix B, Waste 
Management Plan for the 
200 West Pump and Treat, 
Section B3, Waste 
Management Requirements 
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135 Waste Management A-4 WAC 173-303-077, “Requirements for 
Universal Waste” 
Requirement: Identifies those wastes exempted from 
regulation under WAC 173-303-140, “Land Disposal 
Restrictions”; and WAC 173-303-170 173-303-170, 
“Requirements for Generators of Dangerous Waste,” 
through 173-303-9906, “Special Waste Bill of Lading” 
(excluding WAC 173-303-960). These wastes are 
subject to regulation under WAC 173-303-573. 
Substantive requirements of these regulations are 
applicable to universal waste generated during the 
remedial action. 

Current practice. Compliance with substantive 
requirements of the ARARs. 

DOE/RL-2009-124, 200 West Pump and 
Treat Operations and Maintenance Plan, 
Rev. 6, Draft A 

Ongoing Appendix B, Waste 
Management Plan for the 
200 West Pump and Treat, 
Section B3, Waste 
Management Requirements 

136 Waste Management A-4 WAC 173-303-120, “Recycled, Reclaimed, and 
Recovered Wastes,” specific subsections 
WAC 173-303-120(3) and WAC 173-303-120(5) 
Requirement: These regulations define the 
requirements for recycling materials that are solid and 
dangerous waste. Specifically, WAC 173-303-120(3) 
provides for management of certain recyclable 
materials, including spent refrigerants, antifreeze, and 
lead-acid batteries. WAC 173-303-120(5) provides for 
the recycling of used oil. Substantive requirements of 
these regulations are applicable to certain materials 
that might be generated during the remedial action. 

Current practice. Compliance with substantive 
requirements of the ARARs. 

DOE/RL-2009-124, 200 West Pump and 
Treat Operations and Maintenance Plan, 
Rev. 6, Draft A 

Ongoing Appendix B, Waste 
Management Plan for the 
200 West Pump and Treat, 
Section B3, Waste 
Management Requirements 

137 Waste Management A-4 WAC 173-303-140(4) “Land Disposal Restrictions”  
Requirement: This regulation establishes state 
standards for land disposal of dangerous waste and 
incorporates, by reference, federal land disposal 
restrictions of 40 CFR 268 that are relevant and 
appropriate to solid waste that is designated as 
dangerous or mixed waste in accordance with 
WAC 173-303-070(3). The substantive requirements 
of this regulation are applicable to materials generated 
during the remedial action. 

Current practice. Compliance with substantive 
requirements of the ARARs. 

DOE/RL-2009-124, 200 West Pump and 
Treat Operations and Maintenance Plan, 
Rev. 6, Draft A 

Ongoing Appendix B, Waste 
Management Plan for the 
200 West Pump and Treat, 
Section B3, Waste 
Management Requirements 

138 Waste Management A-5 WAC 173-303-170, “Requirements for Generators of 
Dangerous Waste”  
Requirement: Establishes the requirements for 
dangerous waste generators. Substantive requirements 
of these regulations are applicable to materials 
generated during the remedial action. Specifically, the 
substantive standards for management of 
dangerous/mixed waste are relevant and appropriate to 
the management of dangerous waste that will be 
generated during the remedial action. For purposes of 
this remedial action, WAC 173-303-170(3) includes 
the substantive provisions of WAC 173-303-200, by 
reference. WAC 173-303-200 further includes certain 
substantive standards from WAC 173-303-630 
and WAC 173-303-640, by reference. 

Current practice. Compliance with substantive 
requirements of the ARARs. 

DOE/RL-2009-124, 200 West Pump and 
Treat Operations and Maintenance Plan, 
Rev. 6, Draft A 

Ongoing Appendix B, Waste 
Management Plan for the 
200 West Pump and Treat, 
Section B3, Waste 
Management Requirements 
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139 Waste Management A-5 WAC 173-303-64620(4), “Corrective Action 
Dangerous Waste Regulation Requirements”  
Requirement: Requires corrective action to be 
“consistent with” specified section in WAC 173-340. 
The substantive portions of this regulation establish 
minimum requirements for Hazardous Waste 
Management Act (RCW 70.105, “Hazardous Waste 
Management”) corrective action. 

Current practice. Compliance with substantive 
requirements of the ARARs. 

DOE/RL-2009-124, 200 West Pump and 
Treat Operations and Maintenance Plan, 
Rev. 6, Draft A 

Ongoing Appendix B, Waste 
Management Plan for the 
200 West Pump and Treat, 
Section B3, Waste 
Management Requirements 

140 Waste Management A-5 WAC 173-304, “Minimum Functional Standards for 
Solid Waste Handling,” specific subsections  
WAC 173-304-190, “Owner Responsibilities for 
Solid Waste”; WAC 173-304-200(2), “On-Site 
Containerized Storage, Collection and Transportation 
Standards for Solid Waste”; WAC 173-304-460, 
“Landfilling Standards”; and RCW 70.95, “Solid 
Waste Management—Reduction and Recycling” 
Requirement: Establishes the requirements for onsite 
storage of solid wastes that are not radioactive or 
dangerous wastes. Substantive requirements of these 
regulations are applicable to materials generated 
during the remedial action.  

Current practice. Compliance with substantive 
requirements of the ARARs. 

DOE/RL-2009-124, 200 West Pump and 
Treat Operations and Maintenance Plan, 
Rev. 6, Draft A 

Ongoing Appendix B, Waste 
Management Plan for the 
200 West Pump and Treat, 
Section B3, Waste 
Management Requirements 

141 Waste Management A-6 WAC 173-350-300, “On-Site Storage, Collection and 
Transportation Standards”  
Requirement: Establishes the requirements for 
temporary storage of solid waste in a container onsite 
and for collecting and transporting the solid waste. 
The substantive requirements of this newly 
promulgated rule are applicable to the onsite collection 
and temporary storage of solid wastes for 200-ZP-1 
Groundwater OU remediation activities. 

Current practice. Compliance with substantive 
requirements of the ARARs. 

DOE/RL-2009-124, 200 West Pump and 
Treat Operations and Maintenance Plan, 
Rev. 6, Draft A 

Ongoing Appendix B, Waste 
Management Plan for the 
200 West Pump and Treat, 
Section B3, Waste 
Management Requirements 

142 Well Construction/ 
Decommissioning 

A-6 WAC 173-160-161, “How Shall Each Water Well Be 
Planned and Constructed?” 
Requirement: Identifies well planning and construction 
requirements. The substantive requirements of these 
regulations are ARARs to actions that include 
construction of wells used for groundwater extraction, 
monitoring, or injection of treated groundwater 
or wastes. 

Current practice. Compliance with substantive 
requirements of the ARARs. 

DOE/RL-2010-78, 200 West Area 
Groundwater Pump-and-Treat Facility 
Extraction and Injection Well 
Maintenance Plan 

Ongoing Section 2, System 
Components 

143 Well Construction/ 
Decommissioning 

A-6 WAC 173-160-171, “What Are the Requirements for 
the Location of the Well Site and Access to the Well?” 
Requirement: Identifies the requirements for locating 
a well. The substantive requirements of these 
regulations are ARARs to actions that include 
construction of wells used for groundwater extraction, 
monitoring, or injecting treated groundwater or wastes. 

Current practice. Compliance with substantive 
requirements of the ARARs. 

DOE/RL-2010-78, 200 West Area 
Groundwater Pump-and-Treat Facility 
Extraction and Injection Well 
Maintenance Plan  

Ongoing Section 1, Introduction 
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144 Well Construction/ 
Decommissioning 

A-6 WAC 173-160-181, “What Are the Requirements for 
Preserving the Natural Barriers to Groundwater 
Movement Between Aquifers?” 
Requirement: Identifies the requirements for 
preserving natural barriers to groundwater movement 
between aquifers. The substantive requirements of 
these regulations are ARARs to actions that include 
construction of wells used for groundwater extraction, 
monitoring, or injecting treated groundwater or wastes. 

Current practice. Compliance with substantive 
requirements of the ARARs. 

DOE/RL-2010-78, 200 West Area 
Groundwater Pump-and-Treat Facility 
Extraction and Injection Well 
Maintenance Plan  

Ongoing Section 2, System 
Components 
Section 5, Maintenance 

145 Well Construction/ 
Decommissioning 

A-6 WAC 173-160-400, “What Are the Minimum 
Standards for Resource Protection Wells and 
Geotechnical Soil Borings?” 
Requirement: Identifies the minimum standards for 
resource protection wells and geotechnical soil 
borings. The substantive requirements of these 
regulations are ARARs to actions that include 
construction of wells used for groundwater extraction, 
monitoring, or injecting treated groundwater or waste. 

Current practice. Compliance with substantive 
requirements of the ARARs. 

DOE/RL-2010-78, 200 West Area 
Groundwater Pump-and-Treat Facility 
Extraction and Injection Well 
Maintenance Plan 

Ongoing Section 2, System 
Components 
Section 5, Maintenance 

146 Well Construction/ 
Decommissioning 

A-6 WAC 173-160-420, “What Are the General 
Construction Requirements for Resource 
Protection Wells?” 
Requirement: Identifies the general construction 
requirements for resource protection wells. 
The substantive requirements of these regulations are 
ARARs to actions that include construction of wells 
used for groundwater extraction, monitoring, or 
injecting treated groundwater or wastes. 

Current practice. Compliance with substantive 
requirements of the ARARs. 

DOE/RL-2010-78, 200 West Area 
Groundwater Pump-and-Treat Facility 
Extraction and Injection Well 
Maintenance Plan  

Ongoing Section 2, System 
Components 
Section 5, Maintenance 

147 Well Construction/ 
Decommissioning 

A-6 WAC 173-160-430, “What Are the Minimum 
Casing Standards?” 
Requirement: Identifies the minimum casing standards. 
The substantive requirements of these regulations are 
ARARs to actions that include construction of wells 
used for groundwater extraction, monitoring, or 
injecting treated groundwater or wastes. 

Current practice. Compliance with substantive 
requirements of the ARARs. 

DOE/RL-2010-78, 200 West Area 
Groundwater Pump-and-Treat Facility 
Extraction and Injection Well 
Maintenance Plan 
DOE/RL-2003-13, Hanford Site Well 
Management Plan 

Ongoing Section 2, System 
Components 
Section 5, Maintenance  
Appendix C, Well 
Decommissioning 

148 Well Construction/ 
Decommissioning 

A-6 WAC 173-160-440, “What Are the Equipment 
Cleaning Standards?” 
Requirement: Identifies the equipment cleaning 
standards. The substantive requirements of these 
regulations are ARARs to actions that include 
construction of wells used for groundwater extraction, 
monitoring, or injecting treated groundwater or wastes. 

Current practice. Compliance with substantive 
requirements of the ARARs. 

DOE/RL-2010-78, 200 West Area 
Groundwater Pump-and-Treat Facility 
Extraction and Injection Well 
Maintenance Plan 

Ongoing Section 2, System 
Components 
Section 5, Maintenance 

149 Well Construction/ 
Decommissioning 

A-6 WAC 173-160-450, “What Are the Well 
Sealing Requirements?” 
Requirement: Identifies the well sealing requirements. 
The substantive requirements of these regulations are 
ARARs to actions that include construction of wells 
used for groundwater extraction, monitoring, or 
injecting treated groundwater or wastes. 

Current practice. Compliance with substantive 
requirements of the ARARs. 

DOE/RL-2010-78, 200 West Area 
Groundwater Pump-and-Treat Facility 
Extraction and Injection Well 
Maintenance Plan 

Ongoing Section 2, System 
Components 
Section 5, Maintenance 
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150 Well Construction/ 
Decommissioning 

A-6 WAC 173-160-460, “What Is the Decommissioning 
Process for Resource Protection Wells?” 
Requirement: Identifies the decommissioning process 
for resource protection wells. The substantive 
requirements of these regulations are ARARs to 
actions that include construction of wells used for 
groundwater extraction, monitoring, or injecting 
treated groundwater or wastes. 

Current practice. Compliance with substantive 
requirements of the ARARs. 

DOE/RL-2009-124, 200 West Pump and 
Treat Operations and Maintenance Plan, 
Rev. 6, Draft A 

Ongoing Section 6.2, Final 
Decontamination and 
Decommissioning 

151 Waste Management A-7 WAC 173-218, “Underground Injection Control”  
Requirement: Identifies what an injection well is and 
types of prohibited wells. The substantive requirements 
of these regulations are ARARs to actions that 
discharge liquid effluents to injection wells. 

Current practice. Compliance with substantive 
requirements of the ARARs. 

DOE/RL-2009-124, 200 West Pump and 
Treat Operations and Maintenance Plan, 
Rev. 6, Draft A 

Ongoing Appendix D, 200 West 
Pump and Treat Sampling 
and Analysis Plan, 
Section D1, Introduction  
Section D1.6, Treated 
Water Quality 

152 Waste Management A-7 WAC 173-218, “Underground Injection Control”  
Requirement: Identifies the requirements for 
decommissioning a UIC well. Periodically, over the 
course of the remedy injection wells will need to be 
removed from service and decommissioned. 

Current practice. Compliance with substantive 
requirements of the ARARs. 

DOE/RL-2010-78, 200 West Area 
Groundwater Pump-and-Treat Facility 
Extraction and Injection Well 
Maintenance Plan 

Ongoing Section 2, Maintenance 

153 Emission Controls A-7 WAC 173-400, “General Regulations for Air Pollution 
Sources,” “General Standards for Maximum 
Emissions,” specific subsections WAC 173-400-040, 
“General Standards for Maximum Emissions”; and 
WAC 173-400-113, “New Sources in Attainment or 
Unclassifiable Areas—Review for Compliance 
with Regulations” 
Requirement: Requires all sources of air contaminants 
to meet emission standards for visible, particulate, 
fugitive, odors, and hazardous air emissions. Requires 
use of reasonably available control technology. This 
state regulation is as, or more, stringent than the 
equivalent federal program requirement. Substantive 
requirements of these standards are ARARs to this 
remedial action because there may be visible, 
particulate, fugitive, and hazardous air emissions and 
odors resulting from remedial activities. 

Current practice. Compliance with substantive 
requirements of the ARARs. 

DOE/RL-2009-124, 200 West Pump and 
Treat Operations and Maintenance Plan, 
Rev. 6, Draft A 

Ongoing Appendix C, Air Monitoring 
Plan for the 200 West Pump 
and Treat, Section C3, 
Emission Controls 

154 Emission Controls A-7 WAC 173-460, “Controls for New Sources of 
Toxic Air Pollutants,” specific subsections  
WAC 173-460-030, “Applicability”; and 
WAC 173-460-060, “Control Technology 
Requirements” 
Requirement: Requires that new sources of air 
emissions meet emission requirements identified in 
this regulation. This state regulation is as, or more, 
stringent than the equivalent federal program 
requirement. Substantive requirements of these 
standards are ARARs to this remedial action because 
there is the potential for toxic air pollutants to become 
airborne as a result of remedial activities. 

Current practice. Compliance with substantive 
requirements of the ARARs. 

DOE/RL-2009-124, 200 West Pump and 
Treat Operations and Maintenance Plan, 
Rev. 6, Draft A 

Ongoing Appendix C, Air Monitoring 
Plan for the 200 West Pump 
and Treat, Section C3, 
Emission Controls 
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155 Emission Controls A-8 WAC 173-460-070, “Ambient Impact Requirement”  
Requirement: The owner/operator of a new toxic air 
pollutant source that is likely to increase toxic air 
pollutant emissions shall demonstrate that emissions 
from the source are sufficiently low to protect human 
health and safety from potential carcinogenic and/or 
other toxic effects. This state regulation is as, or more, 
stringent than the equivalent federal program 
requirement. The substantive requirements of this 
standard are ARARs to remedial actions in the 
200-ZP-1 OU, should the remedial action result in the 
treatment of the soil or debris that contains COCs 
identified in the regulation as a toxic air pollutant. 

Current practice. Compliance with substantive 
requirements of the ARARs. 

DOE/RL-2009-124, 200 West Pump and 
Treat Operations and Maintenance Plan, 
Rev. 6, Draft A 

Ongoing Appendix C, Air Monitoring 
Plan for the 200 West Pump 
and Treat, Section C3, 
Emission Controls 

156 Emission Controls A-8 WAC 173-480-050(1), “General Standards for 
Maximum Permissible Emissions”  
Requirement: Determine compliance with the public 
dose standard by calculating exposure at the point of 
maximum annual air concentration in an unrestricted 
area where any member of the public may be. This 
state regulation is as, or more, stringent than the 
equivalent federal program requirement. Substantive 
requirements are ARARs when fugitive and diffuse 
emissions resulting from excavation occur and related 
activities will require assessment and reporting. 

Current practice. Compliance with substantive 
requirements of the ARARs. 

DOE/RL-2009-124, 200 West Pump and 
Treat Operations and Maintenance Plan, 
Rev. 6, Draft A 

Ongoing Appendix C, Air Monitoring 
Plan for the 200 West Pump 
and Treat, Section C2.1, 
Radiological Air Emissions 

157 Emission Controls A-8 WAC 173-480-070(2), “Emission Monitoring and 
Compliance Procedures”  
Requirement: Requires that radionuclide emissions 
compliance shall be determined by calculating the dose 
to members of the public at the point of maximum 
annual air concentration in an unrestricted area where 
any member of the public may be. This state regulation 
is as, or more, stringent than the equivalent federal 
program requirement. The substantive requirements of 
this standard are ARARs to remedial actions involving 
disturbance or ventilation of radioactively 
contaminated areas or structures, because airborne 
radionuclides may be emitted to unrestricted areas 
where any member of the public may be. This 
requirement is action-specific. 

Current practice. Compliance with substantive 
requirements of the ARARs. 

DOE/RL-2009-124, 200 West Pump and 
Treat Operations and Maintenance Plan, 
Rev. 6, Draft A 

Ongoing Appendix C, Air Monitoring 
Plan for the 200 West Pump 
and Treat, Section C2.1, 
Radiological Air Emissions 
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158 Emission Controls A-8 WAC 246-247-035(1)(a)(ii), “National Emission 
Standards for Emissions of Radionuclides Other Than 
Radon From Department of Energy Facilities”  
Requirement: This regulation incorporates the 
requirements of 40 CFR 61, Subpart H, by reference. 
Radionuclide airborne emissions from the facility shall 
be controlled so as not to exceed amounts that would 
cause an exposure to any member of the public of 
greater than 10 mrem/yr effective dose equivalent. 
This state regulation is as, or more, stringent than the 
equivalent federal program requirement. Substantive 
requirements of this standard are ARARs because this 
remedial action may provide airborne emissions of 
radioactive particulates to unrestricted areas. 

Current practice. Compliance with substantive 
requirements of the ARARs. 

DOE/RL-2009-124, 200 West Pump and 
Treat Operations and Maintenance Plan, 
Rev. 6, Draft A 

Ongoing Appendix C, Air Monitoring 
Plan for the 200 West Pump 
and Treat, Section C2.1, 
Radiological Air Emissions 

159 Emission Controls A-9 WAC 246-247-040(3) and (4), “General Standards”  
Requirement: Emissions shall be controlled to ensure 
that emission standards are not exceeded. Actions 
creating new sources or significantly modified sources 
shall apply best available controls. All other actions 
shall apply reasonably achievable controls. This state 
regulation is as, or more, stringent than the equivalent 
federal program requirement. Substantive requirements 
of this standard are ARARs because fugitive, diffuse 
and point source emissions of radionuclides to the 
ambient air may result from remedial activities, such as 
excavation of contaminated soils and operation of 
exhauster and vacuums, performed during the 
remedial action. 

Current practice. Compliance with substantive 
requirements of the ARARs. 

DOE/RL-2009-124, 200 West Pump and 
Treat Operations and Maintenance Plan, 
Rev. 6, Draft A 

Ongoing Appendix C, Air Monitoring 
Plan for the 200 West Pump 
and Treat, Section C1, 
Introduction 

160 Emission Controls A-9 WAC 246-247-075(1), (2), (3), and (4) “Monitoring, 
Testing, and Quality Assurance”  
Requirement: Emissions from nonpoint and fugitive 
sources of airborne radioactive material shall be 
measured. Measurement techniques may include, but 
are not limited to, sampling, calculation, smears, or 
other reasonable method for identifying emissions as 
determined by the lead agency. This state regulation is 
as, or more, stringent than the equivalent federal 
program requirement. Substantive requirements of this 
standard are ARARs when fugitive and non-point 
source emissions of radionuclides to the ambient air 
may result from activities, such as operation of 
exhauster and vacuums, performed during 
a remedial action. 

Current practice. Compliance with substantive 
requirements of the ARARs. 

DOE/RL-2009-124, 200 West Pump and 
Treat Operations and Maintenance Plan, 
Rev. 6, Draft A 

Ongoing Appendix C, Air Monitoring 
Plan for the 200 West Pump 
and Treat, Section C2.1, 
Radiological Air Emissions 
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161 Emission Controls A-9 WAC 246-247-075(8) “Monitoring, Testing, and 
Quality Assurance”  
Requirement: Facility (site) emissions resulting from 
non-point and fugitive sources of airborne radioactive 
material shall be measured. Measurement techniques 
may include ambient air measurements, or in-line 
radiation detector or withdrawal of representative 
samples from the effluent stream, or other methods as 
determined by the lead agency. This state regulation is 
as, or more, stringent than the equivalent federal 
program requirement. Substantive requirements are 
ARARs when fugitive and diffuse emissions of 
airborne radioactive material due to excavation and 
related activities occur and will require measurement. 

Current practice. Compliance with substantive 
requirements of the ARARs. 

DOE/RL-2009-124, 200 West Pump and 
Treat Operations and Maintenance Plan, 
Rev. 6, Draft A 

Ongoing Appendix C, Air Monitoring 
Plan for the 200 West Pump 
and Treat, Section C2.1, 
Radiological Air Emissions 

Note: The references cited in this table are provided in the reference chapter of this appendix. 

ARAR = applicable or relevant and appropriate requirement 
CERCLA = Comprehensive Environmental Response, Compensation, and Liability Act of 1980 
COC = contaminant of concern 
DOE = U.S. Department of Energy 
DWS = drinking water standard 
Ecology = Washington State Department of Ecology 
EPA = U.S. Environmental Protection Agency 
IC = institutional control 
MNA = monitored natural attenuation 

NCP = National Contingency Plan 
OU = operable unit 
P&T = pump and treat 
RD/RA = remedial design/remedial action 
RD/RAWP = remedial design/remedial action work plan 
ROD = Record of Decision 
TCE = trichloroethene 
Tri-Party Agreement  =  Hanford Federal Facility Agreement and Consent Order (Ecology et al., 1989) 
UIC = underground injection control 

 1 
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D 200-ZP-1 Operable Unit Remedy Performance Evaluation 1 

This appendix summarizes 200-ZP-1 Operable Unit (OU) remedy performance during the initial 2 

operational period from 2012 through 2017, and it compares progress to date against the near-term 3 

targets, interim goals, and ultimately the remedial action objectives (RAOs) specified in the 200-ZP-1 OU 4 

Record of Decision (ROD) (EPA et al., 2008, Record of Decision Hanford 200 Area 200-ZP-1 Superfund 5 

Site, Benton County, Washington). This evaluation provides information to support recommendations 6 

to optimize or modify the 200-ZP-1 OU remedy to better meet near-term targets, interim goals, and 7 

RAOs where there are likely or anticipated performance issues. This evaluation also identifies issues and 8 

data needs that require further study and data collection activities to support the regulatory 9 

decision-making process. 10 

 Remedy Performance Evaluation Methodology 11 

Evaluation of remedy performance is key to understanding the progress toward meeting near-term targets, 12 

interim goals, and the RAOs within the cleanup timeframe specified in the 200-ZP-1 OU ROD 13 

(EPA et al., 2008). The first 5 years of operation (through 2017) of the 200-ZP-1 OU remedy represents 14 

approximately one-fifth of the operating lifecycle that is proposed in the 200-ZP-1 OU ROD. Progress 15 

toward attaining the targets and most of the goals for this remedial action can, to a large extent, be 16 

assessed at this time by evaluating and interpreting the performance monitoring data. Where possible, the 17 

direct interpretation of performance monitoring data is the preferred method for evaluation, supplemented 18 

with simulations using the Central Plateau Groundwater Model (CPGWM) (CP-47631, Model Package 19 

Report: Central Plateau Model, Version 8.4.5), which is used to support the Comprehensive 20 

Environmental Response, Compensation, and Liability Act of 1980; the Resource Conservation and 21 

Recovery Act of 1976; and other decisions across the Central Plateau (with emphasis in the 200 West 22 

Area). However, because assessing progress toward attaining the mass recovery goal and the ultimate 23 

cleanup levels in groundwater requires predictions of future conditions, these analyses explicitly require 24 

the use of the CPGWM. 25 

Section D2 provides a summary of the performance monitoring data evaluation, including an evaluation 26 

of contaminant and hydraulic data. Section D3 discusses the current progress toward achieving near-term 27 

targets, interim goals, and ultimately the RAOs within the cleanup timeframe, with the latter based 28 

primarily on groundwater modeling analysis. The following sections discuss the various uses of 29 

performance monitoring data and groundwater modeling to assess remedy performance. 30 

D1.1 Performance Monitoring Data 31 

Groundwater quality sampling data are used to evaluate concentration trends for 200-ZP-1 OU 32 

contaminants of concern (COCs) within the aquifer, and hydraulic monitoring data are used to evaluate 33 

hydraulic containment and flow-path control. Collectively, the data can be used on a regular basis to 34 

make assessments. However, due to the anticipated future duration of the remedy, it is necessary to use 35 

additional methods (in particular, groundwater flow and contaminant transport modeling) in conjunction 36 

with direct evaluation of performance monitoring data to predict likely long-term remedy performance. 37 

D1.2 Groundwater Modeling 38 

Groundwater modeling using the updated CPGWM supplements performance analysis using the 39 

monitoring data and assists in predicting future performance of the remedy as currently configured. 40 

The CPGWM is also used to evaluate the likely performance of alternate remedy scenarios during 41 
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optimization studies that will help accelerate progress toward attaining RAOs. In this context, the 1 

CPGWM is used for two related but contrasting purposes:  2 

 To compare modeled and measured quantities from performance monitoring data collected in 3 

previous years, including groundwater levels, concentrations, and derived interpretation of those 4 

quantities (e.g., estimates of hydraulic containment) 5 

 To provide projections of likely future conditions and progress toward attaining short-term targets, 6 

intermediate-term goals, and final RAOs 7 

The CPGWM is a transient, three-dimensional, seven-layer model that was used to simulate Central 8 

Plateau groundwater conditions for the period of 1944 through September 2016. The model consists of 9 

two parts: (1) a hydraulic model to simulate groundwater flow, and (2) a transport model to determine 10 

contaminant migration and fate. The hydraulic model is implemented using MODFLOW 2000, a finite 11 

difference groundwater-flow model code developed by the U.S. Geological Survey that solves Darcy’s 12 

law subject to mass balance constraints (Harbaugh et al., 2000, MODFLOW-2000, the U.S. Geological 13 

Survey Modular Ground-Water Model – User Guide to Modularization Concepts and the Ground-Water 14 

Flow Process). The transport model is implemented using MT3DMS, a three-dimensional transport 15 

model code simulating advection, dispersion, and chemical reactions by numerically solving the 16 

advection-dispersion equation for solute transport in a porous medium (Zheng and Wang, 1999, 17 

MT3DMS: A Modular Three-Dimensional Multispecies Transport Model for Simulation of Advection, 18 

Dispersion, and Chemical Reactions of Contaminants in Groundwater Systems; Documentation and 19 

User’s Guide). Past effluent discharges from Central Plateau waste sites are incorporated into 20 

the groundwater flow component of the CPGWM as anthropogenic recharge to the unconfined aquifer.  21 

The CPGWM encompasses the 200 East and 200 West Areas and covers an area of 13.4 km (8.3 mi) 22 

north-south and 25.6 km (15.9 mi) east-west (Figure D-1). The southwest corner of the model domain 23 

has coordinates of 555,650 m east and 129,850 m north (Washington State Plane, South Zone [4602]). 24 

The lateral discretization of the model grid is uniform with 100 m by 100 m (328.1 ft by 328.1 ft) 25 

model cells. 26 

D1.2.1 Updated Central Plateau Groundwater Model 27 

Many of the calculations performed to design the 200-ZP-1 OU remedy and to evaluate and optimize 28 

remedy performance relied upon three-dimensional depictions of the extent of groundwater contaminated 29 

above the cleanup levels established in the 200-ZP-1 OU ROD (EPA et al., 2008). Sample data are used 30 

to construct three-dimensional plume shells as initial conditions for contaminant fate and transport (F&T) 31 

calculations conducted using the CPGWM. The CPGWM is then used to make projections of the likely 32 

effectiveness of the 200-ZP-1 OU remedy to achieve the RAOs set forth in the ROD and to identify 33 

changes to extraction and injection rates that should accelerate attainment of these goals. 34 
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 1 

Figure D-1. CPGWM Domain 2 

During 2012, the approximate extent of carbon tetrachloride and other COCs in groundwater 3 

in the 200 West Area was mapped in three dimensions using ordinary kriging (ECF-200ZP1-13-0006, 4 

Description of Groundwater Modeling Calculations for the Calendar Year 2012 (CY2012) 200 Areas 5 

Pump-and-Treat Report). At that time, groundwater quality results obtained from well samples, in 6 

addition to characterization data obtained between 2002 and 2011, were used as input for mapping. 7 

The combination of recent information on carbon tetrachloride concentrations (i.e., recent well samples) 8 

and less current but vertically detailed information provided insight regarding the vertical distribution of 9 

carbon tetrachloride at the time of drilling (characterization data). These calculated three-dimensional 10 

contamination extents provided the baseline for performance evaluations. Because some of the data used 11 

to prepare the three-dimensional extents during 2012 are now several years old, the three-dimensional 12 

depictions were updated using data obtained through 2015 to provide new depictions of the approximate 13 

extent of the COCs in groundwater and to provide more current initial conditions for modeling purposes. 14 

This process is detailed in ECF-200ZP1-16-0076, Description of Groundwater Calculations and 15 

Assessments for the Calendar Year 2015 (CY 2015) 200 Areas Pump and Treat Report; and 16 

ECF-200W-16-0092, Calculation of Three-Dimensional Groundwater Concentration Plumes for 17 

200-West for Calendar Year (CY) 2015. As discussed in Section D2, the extent of contamination was 18 

further evaluated during 2017 as part of the performance monitoring and remedy optimization assessment. 19 

During fiscal years 2017 and 2018, conceptual and numerical updates were made to the CPGWM. 20 

The updated CPGWM (Version 8.4.5) is documented in CP-47631. The underlying three-dimensional 21 
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geological model that forms the basis for the layering and initial parameterization of the aquifer properties 1 

simulated by the CPGWM was updated based on a current sitewide geologic framework model that 2 

incorporates stratigraphic information obtained from wells installed in recent years throughout the Central 3 

Plateau. Following this structural update, values for the CPGWM aquifer parameters and boundary 4 

conditions were updated using manual and automated parameter estimation (calibration) techniques to 5 

achieve correspondence between both simulated and measured groundwater elevations, as well as the 6 

simulated and measured hydraulic gradient directions and magnitudes. The calibration focused on two 7 

periods: (1) the complete historical period comprising both Hanford Site plutonium-production operations 8 

and recent post-production conditions (from 1944 to 2016); and (2) a more recent historical period (from 9 

2008 to 2016), during which time higher frequency data have been available on the response of 10 

groundwater elevations and hydraulic gradients to the known rates of applied extraction and injection 11 

associated with the 200 West pump and treat (P&T). The updated, recalibrated CPGWM (Version 8.4.5) 12 

improves the computation representation of the Central Plateau and 200 Area groundwater OUs for 13 

predictive purposes. Additional optimization measures may result from the conclusions and 14 

recommendations based on the updated CPGWM. The updated conceptual site model and groundwater 15 

model, as well as new monitoring data, can be used to update and refine cleanup predictions. 16 

D1.2.2 Predictive Modeling Calculations Using the Central Plateau Groundwater Model 17 

ECF-200W-17-0029, Description of Groundwater Calculations and Assessments for the Calendar Year 18 

2016 (CY 2016) 200 Areas Pump and Treat Report, demonstrates calculation methods using the CPGWM 19 

that were developed for predicting the likely future performance of the 200-ZP-1 remedy. 20 

These predictions focus on (1) likely rates of mass recovery at individual extraction wells and for the 21 

P&T remedy in its entirety, (2) the proportion that the projected mass recovery represents of the initial 22 

mass of contaminants present at startup of the remedy, and (3) progress toward attaining the ultimate 23 

cleanup levels for groundwater. Details of the analyses completed using the CPGWM for calendar year 24 

(CY) 2017 are included as part of the overall calculation results provided in ECF-HANFORD-18-0030, 25 

Description of Groundwater Calculations and Assessments for the Calendar Year 2017 (CY2017) 26 

200 Areas Pump-and-Treat Report. Rates simulated for each 200-ZP-1 and 200-UP-1 extraction and 27 

injection well are specified in ECF-HANFORD-18-0030 and are based on monthly operational rates 28 

observed from startup of the P&T remedies through December 2017 (as discussed in DOE/RL-2017-68, 29 

Calendar Year 2017 Annual Summary Report for the 200-ZP-1 and 200-UP-1 Operable Unit 30 

Pump-and-Treat Operations). Simulated mass recovery projections presented therein are based on 31 

assumed operating rates that have not recently been subject to optimization to maximize mass recovery, 32 

and which assume that difficulties will not be encountered with maintaining operating extraction and 33 

injection rates that are close to the design rates. 34 

Projections of likely mass recovery and cleanup level attainment assume that the CPGWM (1) reasonably 35 

represents subsurface conditions and the operations of the remedy, (2) that the initial conditions 36 

(i.e., plumes) reasonably represent the actual distribution of contamination at the beginning of the model 37 

predictions, and (3) that the simulations conducted using the groundwater model and initial conditions 38 

reasonably represent actual conditions. The most recent release of the CPGWM (Version 8.4.5) was used 39 

as the basis for predicting future conditions in this document. 40 

D1.2.3 Carbon Tetrachloride Degradation Half-Life 41 

The design of the final 200-ZP-1 groundwater remedy selected in the 200-ZP-1 OU ROD 42 

(EPA et al., 2008) is based, in large part, on calculations made to support the feasibility study (FS) 43 

(DOE/RL-2007-28, Feasibility Study Report for the 200-ZP-1 Groundwater Operable Unit), which was 44 

issued in 2008. Values used to represent the primarily abiotic degradation of carbon tetrachloride at that 45 
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time were derived from reviewing the limited published literature, as well as the initial findings of a study 1 

being conducted by Pacific Northwest National Laboratory (PNNL). Two degradation rate constants 2 

derived from these various documents and studies (which correspond with degradation half-lives of 3 

41.3 and 100 years, respectively) were used in contaminant F&T modeling studies conducted in the FS 4 

and subsequent reports. 5 

In December 2012, approximately 3 years following the issuance of Revision 0 of the remedial 6 

design/remedial action work plan (RD/RAWP) (DOE/RL-2008-78, 200 West Area 7 

200-ZP-1 Pump-and-Treat Remedial Design/Remedial Action Work Plan), the final report on the study of 8 

carbon tetrachloride degradation was issued (PNNL-22062, Abiotic Degradation Rates for Carbon 9 

Tetrachloride and Chloroform: Final Report). The report concluded that rates of hydrolysis at 10 

groundwater temperatures are significantly slower than predicted by extrapolations from high-temperature 11 

studies, and that the half-life may also be strongly dependent on pH and temperature. The report 12 

concluded that the best estimate for the half-life of carbon tetrachloride via abiotic processes in aqueous 13 

systems (including that encountered at the Hanford Site) is approximately 630 years. This half-life is 14 

greater by a factor of between 6 and 15 than the half-lives previously assumed in the carbon tetrachloride 15 

F&T simulation for the 200-ZP-1 OU. Because the 630-year half-life estimate does not explicitly consider 16 

biotic/reductive degradation rates for carbon tetrachloride, it is considered a worst-case estimate. 17 

This increase in the estimated half-life of carbon tetrachloride has important implications for the 18 

200-ZP-1 groundwater remedy. For this reason, performance evaluation and optimization activities were 19 

performed during 2016 and 2017 to reassess the likely fate of carbon tetrachloride, the progress of 20 

remediation, and the design and operation of the groundwater remedy using the longer half-life estimate. 21 

The biotic/reductive degradation rates for carbon tetrachloride are not well understood for the 22 

Hanford Site. Further study has been proposed to evaluate biotic processes to better define the combined 23 

abiotic and biotic degradation rates. Pending completion of the study, the evaluation and presentation of 24 

remedy performance provided in the CY 2017 annual P&T report (DOE/RL-2017-68) and summarized in 25 

this RD/RAWP revision will reflect the change in the worst-case estimate of carbon tetrachloride 26 

degradation based on abiotic degradation alone.  27 

 Performance Data Evaluation 28 

This section discusses evaluations of contaminant sampling data and hydraulic monitoring data.  29 

D2.1 Evaluation of Contaminant Data 30 

The following sections present evaluations of the contaminant data obtained from wells throughout the 31 

200-ZP-1 OU and, where appropriate, the adjacent 200-UP-1 OU. Most analyses focus on data obtained 32 

from wells included in the 200-ZP-1 OU performance monitoring plan (PMP) (DOE/RL-2009-115, 33 

Performance Monitoring Plan for the 200-ZP-1 Groundwater Operable Unit Remedial Action, Rev. 3, 34 

Draft A). The data and associated analyses provide valuable information on the contamination extent in 35 

groundwater, concentration trends at individual wells and throughout the OU, and the overall impact of 36 

groundwater extraction on concentration trends for 200-ZP-1 OU COCs. These assessments are critical to 37 

understanding how the remedy is performing to meet near-term targets and interim goals. Because the 38 

remedy is anticipated to operate for decades to allow the groundwater P&T and natural attenuation 39 

processes to reduce concentrations, it is difficult to accurately predict the rate of progress toward attaining 40 

the final groundwater cleanup levels based on groundwater concentration trends alone. 41 
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D2.2 Two-Dimensional and Three-Dimensional Plume Maps 1 

Calculations performed to design the groundwater remedy and to evaluate and optimize remedy 2 

performance rely on depictions of the extent of groundwater contaminated above cleanup levels, as 3 

established in the 200-ZP-1 OU ROD (EPA et al., 2008) and then updated in Revision 0 of the 4 

RD/RAWP. Sample data are used to construct two-dimensional depictions of the contamination extent for 5 

all 200-ZP-1 OU COCs for use in annual sitewide monitoring reports, showing the general extent of 6 

contamination. In addition to these two-dimensional maps, three-dimensional “plume shells” are 7 

constructed from time to time to use as initial conditions for contaminant F&T calculations, and to 8 

provide a more comprehensive depiction of the three-dimensional contamination extent to evaluate 9 

remedy performance. The plume shells also provide mass estimates for carbon tetrachloride and other 10 

COCs to help evaluate progress toward mass removal objectives, to make projections of the likely 11 

effectiveness of the remedy in achieving the RAOs, and to identify changes to extraction and injection 12 

rates that should accelerate attainment of these goals.  13 

To prepare Revision 0 of the RD/RAWP, three-dimensional depictions of the extent of carbon 14 

tetrachloride and other COCs were prepared using a combination of ordinary kriging of a uniform-score 15 

transform of the sample data (referred to as quantile kriging), and sequential Gaussian simulation 16 

(SGSIM) techniques (DOE/RL-2009-38, Description of Modeling Analyses in Support of the 17 

200-ZP-1 Remedial Design/Remedial Action Work Plan). The estimated extent and mass of 18 

contamination in the groundwater resulting from applying these techniques varied, reflecting uncertainty 19 

in the contamination extent at that time and differences between the interpolation methods used. 20 

In particular, the extent and mass estimated using SGSIM were substantially higher than estimated using 21 

ordinary or quantile kriging. Since 2009, drilling of new injection wells downgradient of sources has 22 

revealed the presence of carbon tetrachloride beneath the Ringold Formation member of Wooded Island – 23 

lower mud unit (Rlm) and into the lower portion of the aquifer in areas where the Rlm is missing in the 24 

stratigraphic sequence. Extraction wells have since been constructed to the top of basalt where the Rlm is 25 

absent to provide for flow-path control, hydraulic containment, and capture of contamination that 26 

migrated into these deeper parts of the aquifer.  27 

During 2012, the extent of carbon tetrachloride and other COCs in groundwater in the 200 West Area was 28 

mapped in three dimensions (ECF-200ZP1-13-0006) using a variant of the quantile kriging technique. 29 

Groundwater quality results obtained from well samples, in addition to characterization data obtained 30 

between 2002 and 2011, were used as input for mapping to provide an updated baseline for remedy 31 

performance evaluation. The three-dimensional depictions were again updated for the CY 2015 P&T 32 

report (DOE/RL-2016-20, Calendar Year 2015 Annual Summary Report for the 200-ZP-1 and 33 

200-UP-1 Operable Unit Pump and Treat Operations), using a variant of the quantile kriging technique 34 

and data obtained through 2015, to provide an updated approximate extent of COCs in groundwater and 35 

more current initial conditions for modeling purposes (ECF-200ZP1-16-0076).  36 

During 2017, the three-dimensional extents of carbon tetrachloride and nitrate (the most geographically 37 

widespread contaminants in the 200-ZP-1 OU) were again revisited, this time using both the variant of 38 

the quantile kriging technique and the SGSIM originally used when preparing Revision 0 of the 39 

RD/RAWP. Details on preparing the three-dimensional plume shells (shown in figures presented in 40 

this section for carbon tetrachloride and nitrate only) are provided in ECF-200W-18-0028, Evaluation of 41 

Three-Dimensional Extent of Carbon Tetrachloride and Nitrate in Groundwater for 200-West for 42 

Calendar Years (CYs) 2015 and 2017; and ECF-200W-16-0092, Calculation of Three-Dimensional 43 

Groundwater Concentration Plumes for 200-West for Calendar Year (CY) 2015. The two-dimensional 44 

contamination plume maps presented in this section for the remaining COCs are detailed in 45 
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ECF-Hanford-18-0013, Calculation and Depiction of Groundwater Contamination for the Calendar Year 1 

2017 Hanford Site Groundwater Monitoring Report. 2 

For carbon tetrachloride and nitrate, the three-dimensional extents were estimated using sample data 3 

obtained for two periods: (1) average sample results obtained from 2014 through 2015, and (2) average 4 

sample results obtained during 2017. The three-dimensional extents estimated using data from 2014 5 

through 2015 were used to obtain an understanding of the contamination extent at that time and as initial 6 

conditions for predictive contaminant F&T modeling using the approach described in Section D1.2.2. 7 

This provided a period (2016 through 2017) to compare simulated with measured concentrations and 8 

mass recovery in wells and for the 200 West P&T. Three-dimensional extents estimated using the 2017 9 

data were used to obtain an understanding of the current contamination extent and for the additional 10 

depictions presented in ECF-Hanford-18-0013.  11 

As detailed in ECF-200W-18-0028 and ECF-Hanford-18-0013, the quantile kriging technique results in 12 

a single depiction of contamination (plume shell), whereas the SGSIM technique results in multiple 13 

realizations (in this case, 100 realizations each for carbon tetrachloride and nitrate) of the contamination 14 

(plume shells). When multiple realizations were generated using SGSIM to prepare Revision 0 of the 15 

RD/RAWP, the mass contained in the default best-estimate plume (the expected average, or “EType”) 16 

was substantially larger than that generated using ordinary kriging and likely overstated the carbon 17 

tetrachloride mass present due to the difficulty encountered in constraining the plume realizations. Since 18 

that time, several years of mass recovery data have been recorded from individual extraction wells and for 19 

the entire 200 West P&T system that are available to help constrain the likely mass of carbon 20 

tetrachloride and nitrate present in groundwater. As a result, to evaluate the three-dimensional depictions 21 

obtained from the 2014 through 2015 data prior to their use as initial conditions in transport simulations, 22 

the mass recovery simulated for each COC using each plume was compared with the measured mass 23 

recovery during the period from 2016 through 2017. This process (detailed in ECF-200W-18-0028 and 24 

ECF-Hanford-18-0013) resulted in development of mass- and concentration-based, weighted-average 25 

carbon tetrachloride and nitrate plumes from the 100 SGSIM realizations. Combining the SGSIM 26 

realizations with the representation derived from the quantile kriging method represents the current 27 

understanding of the likely extent of carbon tetrachloride and nitrate in groundwater. Section D3 28 

discusses implications of the updated plume estimates for remedy performance evaluation and attainment 29 

of short-term targets, interim goals, and long-term RAOs. 30 

D2.2.1 Carbon Tetrachloride Summary 31 

DOE/RL-2013-14, Calendar Year 2012 Annual Summary Report for the 200-ZP-1 and 200-UP-1 32 

Operable Unit Pump-and-Treat Operations, provides historical carbon tetrachloride plume maps showing 33 

gradual reduction and elimination (between 1995 and 2004) of the >4,000 µg/L area around the 34 

Plutonium Finishing Plant. In 2017, none of the monitoring locations exhibited carbon tetrachloride 35 

concentrations >2,000 µg/L. However, when using sample data obtained throughout the entire aquifer 36 

thickness, the estimated extent of the carbon tetrachloride plume above the 3.4 µg/L cleanup level was 37 

revised from approximately 10.8 km2 (4.2 mi2) in 2010 to 14.0 km2 (5.4 mi2) in 2011.  38 
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Figure D-2 shows the approximate carbon tetrachloride footprint above the Rlm (inset a) and below 1 

the Rlm (inset b), as derived from the three-dimensional quantile kriging used to prepare initial conditions 2 

for transport modeling. To produce Figure D-2 (inset a and inset b), the results of the three-dimensional 3 

quantile kriging were post-processed to identify and then contour the maximum concentrations in any of 4 

the layers in the three-dimensional grid above and below the Rlm, respectively. The plume maps show 5 

carbon tetrachloride extending east, north, and south of documented source areas. The area of the carbon 6 

tetrachloride plume at >3.4 µg/L is approximately 20 km2 (7.7 mi2), extending from the western border of 7 

the 200 West Area to approximately 1 km (0.6 mi) east of Route 3, and from the southern edge of the 8 

200-UP-1 OU, northward to nearly Route 11A. Because carbon tetrachloride in the 200-UP-1 OU is 9 

attributed to contamination migrating from the 200-ZP-1 OU, carbon tetrachloride concentrations are 10 

monitored in 47 wells in the 200-UP-1 OU (DOE/RL-2009-115, Rev. 3, Draft A).  11 

Figure D-3 shows the approximate carbon tetrachloride footprint above the Rlm (inset a) and below 12 

the Rlm (inset b) using the weighted-average SGSIM plume (ECF-200W-18-0028). To produce the 13 

Figure D-3 (inset a and inset b), the weighted-average SGSIM plume was post-processed to identify and 14 

then contour the maximum concentrations in any of the layers in the three-dimensional grid above and 15 

below the Rlm, respectively. In general, the extent and geometry are similar to that shown using quantile 16 

kriging. However, two characteristics differ between the maps produced using quantile kriging and 17 

SGSIM: (1) the core of the quantile plume is more focused and highly concentrated than that generated 18 

using SGSIM, and (2) the plume footprint is larger in most places for the plume prepared using SGSIM 19 

than that generated using quantile kriging. These differences reflect, in part, remaining uncertainty 20 

regarding the carbon tetrachloride extent.  21 

Figures D-4 and D-5 provide cross-sectional views through the three-dimensional interpolated carbon 22 

tetrachloride plume prepared using quantile kriging and SGSIM, respectively. Figures D-4 and D-5 show 23 

the carbon tetrachloride plume as extending to the east and vertically, downward from the documented 24 

source areas, entering the Ringold Formation member of Wooded Island – unit A (Rwia) beneath the Rlm 25 

where the Rlm appears to be absent. Sample data obtained during 2017 from most monitoring wells and 26 

extraction wells indicated that COC concentrations are declining. Exceptions include some monitoring 27 

wells in proximity to extraction wells that are pulling contamination from the surrounding area. 28 

D2.2.2 Chromium Summary 29 

Figure D-6 shows the inferred extent of the dissolved chromium plume in the unconfined aquifer. 30 

The dissolved chromium plume is migrating eastward in the 200-ZP-1 OU and (discussed later in this 31 

section) and is within the capture zone of the 200 West P&T extraction wells. A comparison of sampling 32 

results from 2012 and 2017 for dissolved chromium indicates that concentrations are declining in 33 

a majority of locations. 34 

D2.2.3 Iodine Summary 35 

Figure D-7 shows the extent of the iodine-129 plume in the unconfined aquifer. The iodine-129 plume 36 

is migrating eastward (as with other contaminant plumes in the OU) and is within the capture zone of the 37 

200 West P&T extraction wells (discussed later in this section). Concentrations declined in the 38 

monitoring wells sampled in 2012 and 2017.  39 
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 1 

Figure D-2. Contaminant Plume Map for Carbon Tetrachloride, 2017: 2 

(a) Above the Rlm and (b) Below the Rlm (Quantile Method) 3 
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Figure D-3. Contaminant Plume Map for Carbon Tetrachloride, 2017: 2 

(a) Above the Rlm and (b) Below the Rlm (SGSIM Method) 3 
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Figure D-4. 200-ZP-1 OU Carbon Tetrachloride Plume Cross-Section A to A’ (Quantile Method) 2 
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Figure D-5. 200-ZP-1 OU Carbon Tetrachloride Plume Cross-Section A to A’ (SGSIM Method) 2 
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 1 

Figure D-6. Two-Dimensional Contaminant Plume Map for Dissolved Chromium, 2017 2 
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Figure D-7. Two-Dimensional Contaminant Plume Map for Iodine-129, 2017 2 
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D2.2.4 Nitrate Summary 1 

Results of the three-dimensional interpolation of nitrate (described in ECF-200W-18-0028) using quantile 2 

kriging and SGSIM are not provided in this section. Instead, the results are used as initial conditions in 3 

simulations completed using the CPGWM to project likely future influent concentrations of nitrate to the 4 

200 West P&T and to estimate whether, at some point in the future, those concentrations will be 5 

sufficiently low and no longer require treatment. 6 

The results of two-dimensional interpolation suggest that there was little change from 2016 to 2017 in 7 

the interpreted extent and area of the nitrate plume at concentrations >45 mg/L for the 200-ZP-1 OU 8 

(Figure D-8). Three discrete, high-concentration locations (>450 mg/L, which is 10 times the maximum 9 

contaminant level) within the plume include (1) an area beneath Waste Management Area (WMA) T and 10 

WMA TX-TY at well 299-W14-16, (2) a plume observed at well 299-W18-16 (near the 216-Z Cribs and 11 

Trenches), and (3) a plume observed at well 299-W5-2. These plumes appear to merge above the 45 mg/L 12 

contour, extending from the 216-Z Cribs and Trenches to beyond the 200 West Area boundary to 13 

the northeast. The high-concentration nitrate plume beneath WMA T, WMA TX-TY, and the 216-Z Cribs 14 

and Trenches is located within the extent of hydraulic containment of the 200 West P&T extraction wells. 15 

 16 

Figure D-8. Two-Dimensional Contaminant Plume Map for Nitrate, 2017  17 
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D2.2.5 Technetium-99 Summary 1 

Figure D-9 shows two distinct technetium-99 plumes above the 900 pCi/L cleanup standard centered at 2 

the northern end of WMA TX-TY and beneath WMA T. The technetium-99 plumes are migrating 3 

eastward (as are other contaminant plumes in the OU) and are within the capture zones of the 200 West 4 

P&T extraction wells. 5 

D2.2.6 Trichloroethene Summary 6 

Figure D-10 shows the trichloroethene (TCE) plume extent in the unconfined aquifer. Although the plume 7 

extent is quite large, the concentrations are only marginally greater in most places than the final cleanup 8 

level (1 µg/L).  9 

D2.2.7 Tritium Summary 10 

Figure D-11 shows the tritium plume extent in the unconfined aquifer. The tritium plume is migrating 11 

eastward in the OU and is within the capture zone of the 200 West P&T extraction wells (discussed later 12 

in this section). 13 

D2.2.8 Contaminant of Concern Trends and Summary Statistics 14 

Previous sections in this appendix presented depictions of contaminant extents and qualitative summaries 15 

of concentration changes for 200-ZP-1 OU COCs from initiation of the 200 West P&T in 2012 through 16 

the end of 2017. This section presents two quantitative assessments of contaminant concentration changes 17 

over time for the years following startup of the 200-ZP-1 P&T remedy (i.e., 2012 and forward). 18 

First, concentrations measured at individual monitoring wells are evaluated independently of other 19 

monitoring wells to estimate intrawell trends and summary statistics, including upper confidence limits 20 

(UCLs) on the mean. For this evaluation, emphasis is placed on individual monitoring wells listed in 21 

the 200-ZP-1 OU PMP (DOE/RL-2009-115, Rev. 3, Draft A). This evaluation enables location-specific 22 

evaluations of progress but does not provide an overall depiction of progress. Intrawell trends were 23 

calculated for two periods in ECF-200ZP1-17-0124, Calculation of Concentration Trends, Means, and 24 

Confidence Limits for the 200-ZP-1 Operable Unit Contaminants of Concern Before and After 200 West 25 

Pump and Treat Startup (prior to and following startup of the 200-ZP-1 P&T remedy).  26 

Next, concentrations measured at multiple monitoring wells are collected and evaluated for each year 27 

independently to estimate summary statistics (including UCLs on the mean) and changes in the 28 

network-wide summary statistics over time. For this evaluation, emphasis is placed on the most regularly 29 

sampled wells listed in the 200-ZP-1 OU PMP (DOE/RL-2009-115, Rev. 3, Draft A). In contrast to the 30 

intrawell calculations, this evaluation does provide an overall depiction of progress but does not readily 31 

enable location-specific progress evaluations. 32 

ECF-200ZP1-17-0124 presents detailed time-series plots of COC concentrations at each monitoring well 33 

listed in the 200-ZP-1 OU PMP (DOE/RL-2009-115, Rev. 3, Draft A). In addition to these plots, 34 

ECF-200ZP1-17-0124 describes the methods used to calculate concentration trends. The number of wells 35 

listed in the PMP network sampled for the other COCs varies, depending upon the specific COC. Trends 36 

could not be determined in several wells for certain COCs at this time, but the number of locations and 37 

COCs for which trends cannot be determined will decrease over time as additional sample results 38 

are obtained.  39 
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Figure D-9. Two-Dimensional Contaminant Plume Map for Technetium-99, 2017 2 
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Figure D-10. Two-Dimensional Contaminant Plume Map for TCE, 2017 2 



DOE/RL-2008-78, REV. 1, DRAFT A 
SEPTEMBER 2019 

 

D-19 

 1 

Figure D-11. Two-Dimensional Contaminant Plume Map for Tritium, 2017 2 
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Most wells listed in the 200-ZP-1 OU PMP (DOE/RL-2009-115, Rev. 3, Draft A) network are sampled 1 

for carbon tetrachloride. Figure D-12 shows the trend calculation results for carbon tetrachloride using the 2 

intermediate target concentration of 100 µg/L as a threshold concentration value for visualization 3 

purposes. Figure D-13 shows the trend calculation results for carbon tetrachloride using the final cleanup 4 

concentration of 3.4 µg/L as a threshold concentration value for visualization purposes. These figures 5 

suggest that several wells exceed 100 µg/L, and a larger number of wells exceed 3.4 µg/L; however, most 6 

discernible trends are downward (there are few discernible upward trends for the period evaluated). 7 

Figures D-14 through D-19 summarize the results of intrawell trend calculations for the other 8 

200-ZP-1 OU COCs. The intrawell analyses help support detailed evaluation of P&T system performance 9 

at the local scale (e.g., well-specific or small groups of wells). Over time, these results will help 10 

support P&T remedy optimization, including modifications to pumping rates and locations, as attainment 11 

of cleanup levels occurs on a well-by-well basis following U.S. Environmental Protection Agency 12 

guidance for demonstrating cleanup (EPA 230-R-92-014, Methods for Evaluating the Attainment of 13 

Cleanup Standards, Volume 2: Ground Water). 14 

Plume and OU-wide concentration changes over time are assessed using summary statistics calculated 15 

each year since the P&T system began operating throughout the entire network of wells to help 16 

evaluate remedy performance and for only the network of wells specifically designated in 17 

the 200-ZP-1 OU PMP (DOE/RL-2009-115, Rev. 3, Draft A). ECF-200ZP1-18-0029, Calculation of 18 

Concentration Summary Statistics for Monitoring Wells of the 200-ZP-1 Performance Monitoring Plan 19 

(PMP), details the summary statistic calculations for all of the 200-ZP-1 OU COCs. Figure D-20 shows 20 

the summary statistics calculated for carbon tetrachloride using all wells in the 200 West Area with 21 

sample results that are used to help evaluate performance of the 200-ZP-1 remedy, regardless of whether 22 

each well was sampled every year (as a result, the number of wells in the analysis changes from year to 23 

year). In Figure D-20, the inset presents carbon tetrachloride concentration results on a linear scale, and 24 

on a logarithmic scale. Figure D-21 presents the same suite of summary statistics for carbon tetrachloride 25 

(using both linear and logarithmic concentration scales) computed for wells that are formally listed in the 26 

200-ZP-1 OU PMP and for which sample results are available for every year of the analysis (i.e., 2011 27 

through 2017) (as a result, the number of wells in the analysis is constant from year to year). Figures D-20 28 

and D-21 show that carbon tetrachloride concentrations have exhibited a fairly systematic and monotonic 29 

decline since startup of the P&T system. ECF-200ZP1-18-0029 provides figures summarizing the results 30 

of network-wide summary statistic calculations for the other 200-ZP-1 OU COCs and, in most cases, 31 

show similar declines over time. 32 

D2.3 Evaluation of Hydraulic Data 33 

Estimates of the hydraulic containment extent developed by the P&T system are based on water-level 34 

mapping and on groundwater modeling using the CPGWM. This section discusses the estimated extent 35 

of hydraulic containment developed by the P&T system and the degree to which the primary COC 36 

(carbon tetrachloride) is encompassed by that capture zone, using the extent of hydraulic containment 37 

simulated with the CPGWM. ECF-HANFORD-18-0030 presents the results obtained using 38 

groundwater-level mapping. The hydraulic containment extent is also one aspect of flow-path control that 39 

illustrates the ability of the 200 West P&T to achieve hydraulic control of the area targeted for 40 

containment and to recover these contaminants via extraction. Because the P&T component of the 41 

remedy is anticipated to operate for decades to reduce concentrations to levels amenable to the natural 42 

attenuation processes, it is difficult to accurately predict the rate of progress toward attaining final 43 

groundwater cleanup levels. 44 
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Figure D-12. Map of Trend Calculation Results: Carbon Tetrachloride Using 100 µg/L Target Concentration 2 
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Figure D-13. Map of Trend Calculation Results: Carbon Tetrachloride Using 3.4 µg/L Target Concentration 2 
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Figure D-14. Map of Trend Calculation Results for Hexavalent Chromium 2 
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Figure D-15. Map of Trend Calculation Results for Nitrate 2 
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Figure D-16. Map of Trend Calculation Results for TCE 2 
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Figure D-17. Map of Trend Calculation Results for Iodine-129 2 
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Figure D-18. Map of Trend Calculation Results for Technetium-99 2 
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Figure D-19. Map of Trend Calculation Results for Tritium 2 
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Figure D-20. Summary Statistics for Carbon Tetrachloride for Wells with Samples in Any Year: Linear Scale and Logarithmic Scale  2 
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Figure D-21. Summary Statistics for Carbon Tetrachloride for Wells with Samples in All Years: Linear Scale and Logarithmic Scale 2 
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Figure D-22 shows the extent of hydraulic containment calculated using the CPGWM. In Figure D-22, 1 

inset a shows the extent of containment simulated above the Rlm, and inset b shows the extent of 2 

containment simulated below the Rlm. The light-gray shading indicates regions of the aquifer (above and 3 

below the Rlm) that are likely to be contained and ultimately captured by 200-ZP-1 OU extraction wells. 4 

Darker gray shading indicates regions of the aquifer (above the Rlm) that are likely to be contained and 5 

captured by 200-UP-1 OU P&T extraction wells. Figure D-22 also shows the estimated extent of the 6 

carbon tetrachloride plume at concentrations >100 µg/L and 3.4 µg/L (as determined using quantile 7 

kriging) above and below the Rlm. 8 

The estimated hydraulic containment extents shown above the Rlm in Figure D-22 (inset a) suggest 9 

that groundwater extraction is containing the majority of the area with carbon tetrachloride 10 

at concentrations >100 µg/L. Figure D-22 (inset b; below the Rlm) suggests that the entire area with 11 

concentrations >100 µg/L is hydraulically contained; however, the extent of contamination below the 12 

Rlm is subject to greater uncertainty and is a focus area for further investigation along the leading 13 

(downgradient) edges of the plume. Section D3.2 discusses the degree to which carbon tetrachloride at 14 

concentrations >100 µg/L and other concentration levels are contained. 15 

 Progress Toward Meeting Targets, Goals, and Remedial Action Objectives 16 

Data described in this section provide a technical basis for addressing three of the four components of the 17 

selected remedy to assess success in meeting the RAOs: P&T, flow-path control, and monitored natural 18 

attenuation. The fourth component, institutional controls (ICs), is addressed in DOE/RL-2001-41, 19 

Sitewide Institutional Controls Plan for Hanford CERCLA Response Actions and RCRA Corrective 20 

Actions (hereinafter referred to as the Sitewide IC plan). 21 

D3.1 Near-Term Targets 22 

Near-term targets for the P&T component of the 200-ZP-1 remedy are as follows: 23 

 Attaining specified (i.e., target) total system-wide operating rates and specified rates at individual 24 

extraction and injection wells (this target is evaluated in this section) 25 

 Achieving desirable reinjected treated water quality 26 

The near-term targets are not RAOs but are indicative of effective P&T system operation. 27 

D3.1.1 Flow Rate Targets 28 

Targeted system-wide operating rates and rates at individual extraction and injection wells were 29 

developed primarily on the basis of groundwater modeling to meet near-term flow-path control and 30 

hydraulic containment goals. To achieve the mass removal goal identified in the 200-ZP-1 OU ROD 31 

(EPA et al., 2008), a phased implementation was identified for the RD/RAWP (see Chapter 3 in the main 32 

text) that included an initial 3-year phase with the P&T system operating at a nominal rate of 3,785 L/min 33 

(1,000 gal/min), followed by 22 years of operation at a nominal rate of 7,571 L/min (2,000 gal/min). 34 

As described in Chapter 3, initial construction of the 200 West P&T included two treatment trains capable 35 

of a nominal combined flow rate of 7,571 L/min (2,000 gal/min), including downtime. This initial 36 

capacity allowed installation of additional extraction and injection wells (with higher total flow rates) 37 

earlier than originally planned. 38 
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 1 

Figure D-22. Extent of Hydraulic Containment Computed for December 2017 2 

Using the Central Plateau Model: (a) Above the Rlm and (b) Below the Rlm  3 
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Figure D-23 shows the actual cumulative volume that has been extracted and treated compared to the 1 

design basis expectation for groundwater extraction and treatment. The majority of the treated volume is 2 

groundwater extracted from the 200-ZP-1 OU; however, the 200 West P&T also treats contaminated 3 

groundwater from other OUs (e.g., 200-UP-1, 200-DV-1, and 200-BP-5). Through the end of 2018, the 4 

cumulative volume of 200-ZP-1 OU extracted groundwater treated was above the projected design 5 

throughput, resulting largely from accelerated construction and implementation of the P&T system 6 

(discussed in Chapter 3). However, because the 200 West P&T was designed with a finite nominal 7 

capacity of 7,571 L/min (2,000 gal/min), achieving flow targets for the 200-ZP-1 OU and treating water 8 

from other sources presents a challenge. Future projections based on 2017 flow rates indicate that the 9 

cumulative combined volume throughput for the 200 West P&T and WMA S-SX system will fall below 10 

the volume calculated using a 7,571 L/min (2,000 gal/min) nominal target flow rate in mid-2019. 11 

 12 

Figure D- 23. 200 West P&T Actual Cumulative Volume Treated Compared to Design Capacity Throughput 13 

Injection well fouling has also been a concern that has limited injection capacity at times, which has 14 

limited extraction rate and treatment system throughput. Chapter 4 of this RD/RAWP provides 15 

recommendations to minimize biofouling issues and improve injection well capacity. These actions, along 16 

with ongoing 200 West P&T optimization activities, are being conducted to achieve operating at the 17 

facility design throughput established in Revision 0 of the RD/RAWP. 18 
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D3.1.2 Treated Water Quality Targets 1 

The achievements for treated water quality for reinjection is evaluated in the CY 2017 annual P&T report 2 

(DOE/RL-2017-68). The annual report concluded that, in general, the 200 West P&T is treating 3 

contaminated water to meet the injection criteria prior to reinjection. 4 

D3.2 Intermediate-Term Goals 5 

The intermediate-term goals for the P&T component of the 200-ZP-1 remedy established by the 200-ZP-1 6 

OU ROD (EPA et al., 2008) and Revision 0 of the RD/RAWP are as follows:  7 

 Achieving hydraulic containment of the carbon tetrachloride plume at concentrations >100 µg/L 8 

 Achieving flow-path control 9 

 Reducing the contaminant mass throughout the 200-ZP-1 OU by 95% (this goal is designed to be 10 

achieved after 25 years of P&T operations) 11 

Progress toward attaining these goals is evaluated in the following sections. 12 

D3.2.1 Evaluation of Hydraulic Containment of the 100 µg/L Carbon Tetrachloride Boundary 13 

As described in the 200-ZP-1 OU ROD (EPA et al., 2008), carbon tetrachloride concentrations in 14 

groundwater >100 μg/L correspond to approximately 95% of the dissolved carbon tetrachloride mass 15 

currently in the aquifer. This region is targeted for removal using P&T. The locations and rates of the 16 

200 West P&T extraction and injection wells were selected to encompass the area defined by carbon 17 

tetrachloride concentrations >100 µg/L to maximize the mass recovery efficiency. 18 

The hydraulic containment maps provided in this appendix provide snapshots (or instantaneous extents) 19 

representing conditions for one month in 2017 (December 2017). When similar instantaneous depictions 20 

are prepared for each month of the year (resulting in 12 depictions), these can be combined to prepare 21 

a capture frequency map (CFM) (Karanovic et al., 2009, “KT3D_H2O: A Program for Kriging Water 22 

Level Data Using Hydrologic Drift Terms”), as detailed in ECF-HANFORD-18-0030. The resulting 23 

CFM shows the frequency (valued between zero and one) during which groundwater in a region is 24 

hydraulically contained by the P&T remedy over a one-year period. A value of one indicates that the 25 

region was contained throughout all 12 months, and a value of <1 indicates that for at least some months, 26 

the region was not hydraulically contained.  27 

Figures D-24 and D-25 show the hydraulic containment extent above and below the Rlm, respectively, 28 

with CFMs calculated using the CPGWM. A similar depiction obtained using water-level mapping 29 

(presented in ECF-HANFORD-18-0030) compares well in most areas. In each case, the CFM 30 

is overlaid with the estimated extent carbon tetrachloride in groundwater at concentrations >3.4 µg/L 31 

(the cleanup level) and 100 µg/L (the level targeted for hydraulic containment and focused mass 32 

recovery). The hydraulic containment extent shown in these figures reflects groundwater extraction at 33 

a typical rate of approximately 6,800 L/min (1,800 gal/min) for 200-ZP-1 OU extraction wells, combined 34 

with additional groundwater recovery by the 200-UP-1 OU extraction wells. In these figures, 35 

green shading indicates a frequency of capture of one, red shading indicates a frequency of capture 36 

of zero, and intermediate shades of orange and blue indicate intermediate capture frequencies.  37 
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Figure D-24. Simulated CFM Above the Rlm, 2017 2 
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Figure D-25. Simulated CFM for Below the Rlm, 2017 2 
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Figures D-24 and D-25 indicate that the region defined by the 100 µg/L concentration was largely 1 

contained by pumping in the 200 West Area as of 2017, during months in which sustained pumping 2 

approached design rates. The exception above the Rlm is located northeast of the area of focused 3 

groundwater extraction, where concentrations >100 µg/L appear to extend in a “thumb” beyond the 4 

hydraulic containment zone. The exception below the Rlm is located along the eastern boundary of the 5 

100 µg/L concentration, where the carbon tetrachloride extent is also uncertain and subject to 6 

further investigation. 7 

Figures D-26 and D-27 provide alternate interpretations of the degree to which various carbon 8 

tetrachloride isoconcentration contours are hydraulically contained by the 200 West P&T. Figure D-28 9 

compares the simulated hydraulic containment extent above the Rlm (using the CFM approach) to the 10 

carbon tetrachloride extent across a range of concentrations, including 3.4 and 100 µg/L. The color 11 

scheme is identical to that used in Figures D-24 and D-25 (i.e., green shading indicates a capture 12 

frequency of one, red shading indicates a capture frequency of zero, and intermediate shades of orange 13 

and blue indicate intermediate capture frequencies). Using the same color scheme, Figure D-27 compares 14 

the simulated hydraulic containment extent below the Rlm (using the CFM approach) to the extent of 15 

carbon tetrachloride across a range of concentrations, including 3.4 and 100 µg/L.  16 

 17 

Figure D-26. Percent Containment of Targeted Concentrations of Carbon Tetrachloride 18 

Above the Rlm Computed Using the CPGWM 19 

Concentration Cut-off 3.4 10 25 50 100 500 1000

Percent of Plume area 25% 25% 13% 11% 16% 6% 4%

Capture Frequency

0.10 65% 72% 86% 94% 96% 100% 100%

0.20 65% 71% 86% 94% 96% 100% 100%

0.30 64% 71% 86% 94% 96% 100% 100%

0.40 64% 71% 85% 94% 96% 100% 100%

0.50 63% 70% 85% 94% 96% 100% 100%

0.60 62% 70% 85% 94% 96% 100% 100%

0.70 62% 70% 85% 93% 96% 100% 100%

0.80 62% 70% 85% 93% 96% 100% 100%

0.90 61% 69% 85% 93% 96% 100% 100%

1.00 61% 69% 84% 93% 96% 100% 100%
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 1 

Figure D-27. Percent Containment of Targeted Concentrations 2 

of Carbon Tetrachloride Below the Rlm Computed Using the CPGWM 3 

These comparisons of the hydraulic containment extent with the carbon tetrachloride contamination 4 

extent suggest that if the 200 West P&T can sustain rates near or exceeding design rates, the P&T system 5 

can produce a region of hydraulic containment that is equal to or larger than the area mapped at 6 

concentrations >100 µg/L, and it can also contain a substantial area of groundwater exhibiting 7 

concentrations >50 µg/L or even 25 µg/L. Planned rate increases and rebalancing of groundwater 8 

extraction and reinjection are anticipated to improve hydraulic containment in the upcoming year in 9 

those limited areas where the capture frequency for concentrations >100 µg/L is less than one, with 10 

particular focus on the “thumb” area to the northeast. 11 

Concentration Cut-off 3.4 10 25 50 100 500 1000

Percent of Plume area 12% 22% 19% 13% 23% 7% 3%

Capture Frequency

0.10 65% 68% 81% 97% 100% 100% 100%

0.20 65% 68% 80% 97% 100% 100% 100%

0.30 64% 67% 80% 96% 100% 100% 100%

0.40 63% 66% 78% 95% 100% 100% 100%

0.50 63% 65% 78% 95% 100% 100% 100%

0.60 62% 65% 77% 94% 100% 100% 100%

0.70 61% 64% 77% 94% 100% 100% 100%

0.80 61% 63% 76% 93% 99% 100% 100%

0.90 60% 63% 75% 92% 99% 100% 100%

1.00 60% 63% 75% 92% 99% 100% 100%
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Figure D-28. Simulated Gradient Changes Along Line of Control Above the Rlm: (a) Baseline and (b) Current 2 
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D3.2.2 Evaluation of Flow-Path Control 1 

Flow-path control considers, first and foremost, hydraulic containment extent. In addition, development 2 

of reduced hydraulic gradients in downgradient directions to the northeast and southeast of the 3 

200-ZP-1 OU is also considered. Evaluation of flow-path control integrates the understanding of the 4 

contamination extent (emphasizing carbon tetrachloride), the hydraulic containment extent, and the region 5 

over which hydraulic gradients are reduced by the 200 West P&T. Methods used to evaluate and depict 6 

the status of flow-path control were first detailed in ECF-200ZP1-15-0002, Description of Groundwater 7 

Calculations and Assessments for the Calendar Year 2014 (CY2014) 200 Areas Pump-and-Treat Report. 8 

The methods were revised during 2017 to provide visual depictions that are more easily interpreted, as 9 

described in ECF-200W-17-0029 and ECF-HANFORD-18-0030. 10 

Figure D-28 shows simulated hydraulic gradients above the Rlm (a similar depiction using water-level 11 

mapping is presented in ECF-HANFORD-18-0030 and compares well in most areas). Figure D-29 shows 12 

simulated hydraulic gradients below the Rlm. In Figures D-28 and D-29, the orientation of the arrows 13 

indicates the gradient direction, and the arrow length indicates gradient magnitude. Because natural 14 

gradients in this area would be toward the east, the hydraulic gradient without the 200 West P&T would 15 

produce arrows pointing toward the east (inset a of each figure). The gradient direction and magnitude 16 

under current conditions are shown by arrow orientation and length (inset b of each figure). Larger 17 

changes in gradient direction and magnitude due to P&T operations are shown by larger differences in 18 

arrow direction and length between figure insets (a) and (b). The greatest gradient magnitude and 19 

direction changes are observed between the extraction and injection wells. Gradient magnitude changes 20 

are shown in inset b of each figure by coloring; a decrease in the gradient magnitude from west to east is 21 

shown in red shading, and an increase in gradient magnitude in the same direction is shown in green 22 

shading. The gradient changes are less evident moving farther away from the extraction and injection 23 

wells to the northeast and southeast of the 200-ZP-1 OU (i.e., to the north and to the south of the eastern 24 

[downgradient] line of injection wells). 25 

The combination of color-coded gradient changes and the outline of the simulated hydraulic containment 26 

extent above the Rlm suggests that flow-path control is being maintained in the central region of carbon 27 

tetrachloride concentrations >100 µg/L, preventing or greatly reducing eastward migration. However, in 28 

the area north of the eastern (downgradient) line of injection wells, a region of contamination >100 µg/L 29 

(i.e., the “thumb”) is not being hydraulically contained, although the influence of extraction and injection 30 

has reduced hydraulic gradients. Conditions are somewhat similar in the Rwia, below the Rlm. However, 31 

the extent of contamination >100 µg/L is inferred as smaller and not extending as far to the north; as 32 

a result, flow-path control appears to be more effective. 33 

The number of wells to characterize the contamination extent below the Rlm is substantially smaller than 34 

that above the Rlm. SGW-61350, Data Gaps Evaluation in Groundwater Monitoring at the Hanford 35 

200-ZP-1 Groundwater Operable Unit, identified the area along the north end of the eastern 36 

(downgradient) injection well line as an area for additional investigation and characterization. 37 

The additional investigation and characterization area was identified, in part, due to the relatively low 38 

density of monitoring locations in this area and because predictions made using the CPGWM suggest that 39 

contamination in this area could migrate to the 200 East Area (Figure D-30). 40 
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Figure D-29. Simulated Gradient Changes Along Line of Control Below the Rlm: (a) Baseline and (b) Current 2 
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Source: Figure modified from SGW-61350, Data Gaps Evaluation in Groundwater Monitoring at the Hanford 200 ZP-1 Groundwater Operable Unit. 2 

Figure D-30. Example of Results of Data Gap Study Highlighting Areas Prioritized for Investigation3 
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D3.2.3 Evaluation of Contaminant of Concern Mass Removal 1 

Figure D-31 shows the measured carbon tetrachloride recovery since 200-ZP-1 groundwater remedy 2 

operations began in 2012 (from 2012 through 2017) compared to the mass recovery simulated using 3 

the CPGWM (with the initial conditions obtained using quantile kriging), assuming a half-life of 4 

100 years. (Results using the 41.3-year half-life used in earlier analyses are not presented because 5 

the 2012 PNNL study [PNNL-22062] suggests that this value is unlikely.) Figure D-31 also projects mass 6 

recovery through 2037, which is the year proposed in the 200-ZP-1 OU ROD (EPA et al., 2008) for 7 

cessation of P&T operations. Figure D-32 provides a similar plot, comparing measured mass recovery 8 

from 2012 through 2017 with simulated mass recovery and projecting into the future, but assuming the 9 

worst-case half-life of 630 years.  10 

Figures D-31 and D-32 illustrate the following: 11 

 The change in half-life assumption from 100 to 630 years results in a greatly reduced contribution of 12 

degradation to mass reduction (and related reductions in concentrations) over the lifecycle of the 13 

P&T remedy. 14 

 Although pumping can recover some of this difference, it cannot recover and compensate for all of 15 

the difference. As a result, the projected fraction of the initial mass remaining in groundwater when 16 

assuming a 630-year half-life is larger than when assuming a 100-year half-life.  17 

 In either scenario, the projected proportion of the initial mass that will be recovered or degraded 18 

by 2037 is <90% (i.e., approximately 84% for the 100-year half-life, and approximately 2% for the 19 

630-year half-life). 20 

Figure D-33 shows the effect of half-life alone on changes in concentrations over time. In this figure, 21 

concentration changes from an initial unit value (starting value of 1.0) are calculated over a period 22 

of 100 years using three half-lives: 41.3 years and 100 years, which was assumed in the 200-ZP-1 OU FS 23 

(DOE/RL-2007-28) and the 200-ZP-1 OU ROD (EPA et al., 2008) for carbon tetrachloride; and 24 

630 years, which is currently the best available number for (solely abiotic) degradation of 25 

carbon tetrachloride. 26 

Combining the effects of groundwater P&T with concurrent natural attenuation processes and alternate 27 

representations of the carbon tetrachloride extent in groundwater, Figures D-34 and D-35 present the 28 

estimated cumulative fraction of the initial carbon tetrachloride mass projected to be remediated 29 

(i.e., recovered and treated, or degraded in the subsurface) assuming 100- and 630-year half-lives, 30 

respectively. In each plot, the results obtained using three alternate initial conditions are presented using 31 

the following: 32 

 Initial conditions obtained using quantile kriging. This initial condition is currently considered to 33 

represent the base case for predictive purposes.  34 

 The weighted-average initial conditions obtained using SGSIM calculations. This initial condition is 35 

considered to represent a reasonable alternate case for predictive purposes within the convex hull of 36 

the sample data and region from which the groundwater extraction wells have recovered contaminants 37 

since 2012. 38 

 The EType average initial conditions obtained from the updated SGSIM calculations. This initial 39 

condition is included for comparison with projections provided in the modeling analyses presented 40 

in DOE/RL-2009-38, supporting Revision 0 of this RD/RAWP. As detailed in ECF-200W-18-0028, 41 

the EType likely overestimates the mass present in groundwater.  42 
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Figure D-31. Actual Carbon Tetrachloride Mass Recovery Compared to Projected Mass Recovery: 2 

100-Year Half-Life, Initial Plume from Quantile Kriging 3 
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Figure D-32. Actual Carbon Tetrachloride Mass Recovery Compared to Projected Mass Recovery: 2 

630-Year Half-Life, Initial Plume from Quantile Kriging 3 
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 1 

Figure D-33. Illustration of Effect of Degradation Half-Life on Cleanup Time 2 

For the 100-year half-life, the simulated mass removed over the 25-year P&T period is slightly over 3 

80% of the calculated initial mass for either the quantile kriging plume or the weighted-average 4 

SGSIM plume (Figure D-34). The simulated mass removed for the EType average SGSIM plume is 5 

approximately 65% (which is similar to that indicated in Revision 0 of the RD/RAWP). However, as 6 

noted herein and in ECF-200W-18-0028, the EType average is considered to potentially overstate the 7 

initial carbon tetrachloride plume mass and was the justification for performing the analysis to develop 8 

the weighted-average SGSIM plume. For the 630-year half-life (based on PNNL-22062, this is considered 9 

the most likely abiotic degradation half-life), the simulated mass removed over the 25-year P&T 10 

period is between 75% and 80% of the calculated initial mass for the quantile kriging plume or the 11 

weighted-average SGSIM plume (Figure D-35). Comparison of the actual to projected mass removed by 12 

the 200 West P&T through 2017 (Figures D-31 and D-32) and the projections presented in Figures D-34 13 

and D-35 indicates that although the cumulative mass removal to date meets that anticipated by 14 

Revision 0 of the RD/RAWP, attaining the 95% mass removal target within the proposed 25-year 15 

timeframe is unlikely at current pumping rates. 16 

The updated contamination extent evaluations completed from 2012 through 2017 (most recently 17 

using both quantile kriging and SGSIM) provided improved knowledge and reduced uncertainty 18 

regarding the contaminant distribution throughout the 200-ZP-1 OU. The extent and mass of carbon 19 

tetrachloride estimated in groundwater from recent studies is similar in many respects to the estimates 20 

used for Revision 0 of the RD/RAWP. However, the following differences are noted. First, although 21 

similar, recent carbon tetrachloride mass estimates are generally smaller than the estimates developed for 22 

use in Revision 0 of the RD/RAWP. However, this apparent difference is anticipated and results, at least 23 

in part, from the following: 24 

 Substantially lowering of concentrations in the areas targeted by the P&T extraction wells, which was 25 

anticipated to occur in response to pumping 26 
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 1 

Figure D-34. Percent Carbon Tetrachloride Mass Removal Range: 2 

100-Year Half-Life, for Alternate Initial Plumes 3 

 4 

Figure D-35. Percent Carbon Tetrachloride Mass Removal Range: 5 

630-Year Half-Life, for Alternate Initial Plumes 6 
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 Recovery of substantial contaminant mass by the P&T system over the same time period, which is 1 

estimated for carbon tetrachloride, is as follows: 2 

 From system startup through December 2015: approximately 9,250 kg 3 

 From system startup through December 2017: approximately 12,900 kg 4 

When the mass recovered by the P&T system is added back into the estimates of mass in groundwater 5 

obtained during 2015 and 2017, the resulting groundwater mass estimates corresponding to the 2012 6 

startup of the P&T system are much closer to (i.e., within a few percent of) the estimates obtained from 7 

the three-dimensional plume analysis at that time.  8 

Second, the carbon tetrachloride mass estimates obtained using the weighted average of the SGSIM 9 

realizations versus quantile kriging (or best estimate) using the 2015 study are more similar than was the 10 

case when Revision 0 of the RD/RAWP was issued. This reflects increased knowledge derived from 11 

additional monitoring wells and characterization data, as well as the use of measured P&T system mass 12 

recovery data to help constrain the mass estimates. However, the estimate of both mass and spatial 13 

distribution using the weighted average of the SGSIM results still differs from best estimate obtained 14 

using quantile kriging, reflecting remaining uncertainty about contaminant distribution and mass. 15 

Third, the contaminant mass fraction that resides below (and potentially within) the Rlm is believed to be 16 

greater than was anticipated when Revision 0 of the RD/RAWP was issued. The percentage of carbon 17 

tetrachloride mass in the Rwia was originally estimated at about 12% of the total, whereas current 18 

estimates approximate that 25% of the total carbon tetrachloride mass resides in the Rwia. The carbon 19 

tetrachloride extent present below and potentially within the Rlm is the focus of further characterization 20 

efforts identified in SGW-61350. 21 

Although many features of the extent and mass of contamination are similar to those provided when 22 

Revision 0 of the RD/RAWP was issued, the differences impact future remedy operations and 23 

optimization. These differences, combined with the substantially lower best estimate of the abiotic 24 

half-life for carbon tetrachloride and other factors, suggest that conditions are not as favorable as those 25 

that resulted in the upper-bound mass recovery estimate (of nearly 100%) presented in Revision 0 of the 26 

RD/RAWP; however, neither are conditions as unfavorable as those that resulted in the lower-bound mass 27 

recovery estimate (i.e., 57%). Table D-1 summarizes current estimates of the likely mass that may be 28 

remediated over 25 years of operation using three alternate plumes and two half-lives (100 years and 29 

630 years). These estimates range from approximately 62% to 89%, which is smaller than the range 30 

presented in Revision 0 of the RD/RAWP. Furthermore, studies completed in 2017 and 2018 suggest that 31 

the lowest of these estimates (obtained using the EType average initial conditions) are unlikely. 32 

Therefore, the likely range is estimated to lie between approximately 81% and 89% of the initial 33 

dissolved mass, with lower percentages associated with the longer half-life of 630 years. These results 34 

suggest that if the P&T system operates in the future at rates similar to those maintained during 2017, the 35 

intermediate-term 95% mass remediation goal will not be achieved within the planned 25-year operating 36 

period. Therefore, further optimization efforts are necessary. 37 
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Table D-1. Estimated Range of Fractions of Initial Carbon Tetrachloride Mass Remediated Over 25 Years of Operation 
Based on Quantile Kriging, Weighted Stochastic Average, and Stochastic EType 
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1 Quantile kriging 100 30,111 4,229 34,340 24,331 2,542 26,872 

9,314 

83% 89% 

2 
Stochastic 

average weighted 
100 30,789 4,324 35,112 23,504 2,741 26,244 80% 85% 

3 Stochastic EType 100 45,563 6,399 51,962 26,627 4,929 31,557 67% 69% 

1 Quantile kriging 630 30,111 4,229 34,340 25,440 424 25,864 

9,314 

81% 86% 

2 
Stochastic 

average weighted 
630 30,789 4,324 35,112 24,594 458 25,052 77% 81% 

3 Stochastic EType 630 45,563 6,399 51,962 27,920 828 28,748 62% 63% 

Note: This table combines groundwater modeling results with recorded mass recovered by the pump-and-treat system and estimates of the initial carbon tetrachloride mass in 

the subsurface in dissolved and sorbed phases. Model calculations were completed using the Central Plateau Groundwater Model with a distribution coefficient of 0.011, aquifer 

porosity of 0.15, and retardation rate of 1.1404.  

CY = calendar year 

 1 
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D3.3 Progress Toward Meeting Remedial Action Objectives 1 

The RAOs identified in the 200-ZP-1 OU ROD (EPA et al., 2008) are site-specific goals that define the 2 

extent of cleanup necessary to achieve the specific level of remediation at the site. Measurable progress 3 

was made during the reporting period to meet specific RAOs, with the following results: 4 

 RAO #1: Return the 200-ZP-1 OU groundwater to beneficial use (restore groundwater to achieve 5 

domestic drinking water levels) by achieving the cleanup levels (Table 2-2). This objective is to be 6 

achieved within the entire 200-ZP-1 OU groundwater plumes. The estimated period to achieve 7 

cleanup levels is within 150 years.1 8 

Conclusions: The interim 200-ZP-1 P&T system and the final 200 West P&T remedy have made 9 

progress toward this objective. The shallow portion of the aquifer (upper 15 m [50 ft]) with the 10 

carbon tetrachloride plume was captured by the interim 200-ZP-1 P&T system until operations were 11 

terminated in May 2012. Since remediation efforts began in 1996, the area with carbon tetrachloride 12 

concentrations >2,000 µg/L have decreased in size from 0.53 to 0.0 km2 (0.2 to 0.0 mi2). From 1996 13 

to May 2012, the interim system removed 13,718 kg of carbon tetrachloride from groundwater. 14 

During 5.5 years of operation (since startup in July 2012), the 200 West P&T system effluent met 15 

cleanup levels for all COCs while removing 12,891 kg of carbon tetrachloride, 1,524,760 kg of nitrate 16 

as nitrate (344,284 kg of nitrate as nitrogen), 409 kg of chromium, 56 kg of TCE, and 600 g of 17 

technetium-99. 18 

Trends in concentrations depicted in this revised RD/RAWP indicate reductions for most COCs at 19 

most wells over time. However, projections completed using the CPGWM with newly constructed 20 

initial plumes and recent estimates of the worst-case abiotic degradation rate of carbon tetrachloride 21 

suggest that conditions are not favorable for achieving the cleanup levels for carbon tetrachloride in 22 

the timeframe proposed in the 200-ZP-1 OU ROD (EPA et al., 2008) with the current well field and 23 

operational parameters.  24 

 RAO #2: Apply ICs to prevent the use of groundwater until cleanup levels (Table 2-2) have been 25 

achieved. Within the entire OU groundwater plumes, ICs must be maintained and enforced until the 26 

cleanup levels are achieved, which is estimated to be within 150 years. 27 

Conclusions: The Sitewide IC plan (DOE/RL-2001-41) has been implemented to prevent the use of 28 

groundwater until cleanup levels have been achieved, which is estimated to be within 150 years. 29 

 RAO #3: Protect the Columbia River and its ecological resources from degradation and unacceptable 30 

impact caused by contaminants originating from the 200-ZP-1 OU. This final objective is applicable 31 

to the entire 200-ZP-1 OU groundwater plume. Protection of the Columbia River from impacts 32 

caused by the 200-ZP-1 OU contaminants must continue until cleanup levels are achieved, which is 33 

estimated to be within 150 years. 34 

Conclusions: The P&T and flow-path control components of the 200-ZP-1 remedy are concurrently 35 

implemented to protect the Columbia River and its ecological resources from degradation and 36 

unacceptable impacts caused by contaminants from the 200-ZP-1 OU. Treated effluent from the 37 

200 West P&T is reinjected into the aquifer to the west to direct groundwater flow eastward toward 38 

the extraction wells and to the east to help maintain hydraulic containment and flow-path control. 39 

For example, calculations for carbon tetrachloride using data through 2017 suggest that the extent of 40 

                                                      
1 The RAOs identify the estimated timeframe to achieve cleanup levels as 150 years. Further requirements in the 
200-ZP-1 OU ROD (EPA et al., 2008) identify this timeframe as 125 years, which is more conservative than 
the RAOs. 
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carbon tetrachloride >100 µg/L is almost entirely contained by the P&T system, and wide areas 1 

(>50% of the region) exhibiting concentrations >50 µg/L (and even 25 µg/L) are also hydraulically 2 

contained and prevented from migrating toward the Columbia River. Remedy optimization activities 3 

are underway to improve containment in focus areas to the east and northeast.  4 
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1 Introduction 1 

This revision of the performance monitoring plan (PMP) guides groundwater monitoring data collection 2 

activities and reflects necessary changes subsequent to implementing the 200-ZP-1 Groundwater 3 

Operable Unit (OU) remedial action. The selected remedy is described in EPA et al., 2008, Record of 4 

Decision Hanford 200 Area 200-ZP-1 Superfund Site, Benton County, Washington (hereinafter referred 5 

to as the 200-ZP-1 OU Record of Decision [ROD]). Operations at the 200 West pump and treat (P&T) 6 

began in July 2012, and all timeframes for meeting goals for the 200-ZP-1 OU are with respect to this 7 

starting date. This PMP presents the types of data to be collected, the well networks to be monitored, the 8 

data collection frequency, and analysis of the data to satisfy the 200-ZP-1 OU ROD requirements.  9 

In addition to the sampling and analysis plan (SAP) for monitoring the 200-ZP-1 OU remedy 10 

(Appendix B of this PMP), this PMP revision also includes data collection and installation details for 11 

proposed 200-ZP-1 OU injection, extraction, and monitoring wells in the remediation well installation 12 

SAP (Appendix G of this PMP). The well installation SAP supersedes the three previous standalone SAPs 13 

issued for drilling and installing extraction, injection, and monitoring wells: 14 

 DOE/RL-2008-57, Sampling and Analysis Plan for the First Set of Remedial Action Wells in the 15 

200-ZP-1 Groundwater Operable Unit 16 

 DOE/RL-2009-95, Sampling Analysis Plan for Eleven ARRA Wells to Support the 200 West 17 

Groundwater Treatment System in Fiscal Year 2010 18 

 DOE/RL-2010-72, Sampling and Analysis Plan for Remediation Wells in the 200-ZP-1 19 

Operable Unit 20 

A major update to the data quality objectives (DQOs) for this PMP was undertaken as part of this PMP 21 

revision, as presented in Appendix A. The updated DQOs are the basis for data collection and analysis, 22 

as well as the reporting efforts performed under this PMP. Sections 1.4 and 4.3 summarize the updated 23 

DQOs. The updated DQOs have resulted in a new, formalized, multistage decision-making process 24 

linked to the first three remedy components (excluding institutional controls [ICs]). The first stage, 25 

P&T operations, includes the active remedy components of groundwater P&T and flow-path control. 26 

The second stage involves evaluating the P&T shutdown and rebound studies prior to proceeding with 27 

monitored natural attenuation (MNA). The third stage includes the MNA remedy component. The fourth 28 

stage, attainment demonstration, involves evaluating and determining whether the 200-ZP-1 OU ROD 29 

(EPA et al., 2008) requirements have been met. Section 4.3 further discusses this multistage 30 

decision-making process and the associated performance monitoring analysis and reporting requirements. 31 

For this PMP revision, the sampling schedule for the contaminant monitoring network was evaluated for 32 

potential spatial and temporal monitoring redundancies, as presented in SGW-60527, CR-2016-1543 – 33 

Redundancy Analysis for the 200-ZP-1 Groundwater Monitoring Network (hereinafter referred to as the 34 

200-ZP-1 OU redundancy analysis). The redundancy analysis focused solely on 200-ZP-1 OU monitoring 35 

wells and associated sampling schedules, and Sections 4.1.3 and 4.1.4 discuss the resulting changes to the 36 

sampling schedule. The redundancy analysis did not evaluate any of the 200-UP-1 OU wells that are 37 

included in the volatile organic compound (VOC) monitoring network in this PMP, so no changes were 38 

made to the sampling schedule for these 200-UP-1 OU wells. 39 
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This PMP revision also introduces a new systematic process to evaluate the presence of potential data 1 

gaps for the 200-ZP-1 OU monitoring well network, as presented in SGW-61350, Data Gaps Evaluation 2 

in Groundwater Monitoring at the Hanford 200-ZP-1 Groundwater Operable Unit (hereinafter referred to 3 

as the 200-ZP-1 OU data gap analysis). The new systematic data gap analysis process and methodology, 4 

in combination with professional judgment and more conventional methods, will be used to develop 5 

a prioritized list of proposed monitoring well locations to supplement the monitoring network and fill 6 

unresolved data gaps. Section 4.1.2 provides further discussion on this new evaluation methodology and 7 

how it will be used. 8 

This PMP is not designed to monitor the progress or the effectiveness of the 200 West P&T, nor does it 9 

serve as a compliance monitoring program for the treated effluent discharge from the treatment plant, 10 

both of which are included in DOE/RL-2009-124, Rev. 6, Draft A, 200 West Pump and Treat Operations 11 

and Maintenance Plan (hereinafter referred to as the 200 West P&T operations and maintenance [O&M] 12 

plan). In addition, it is not used to monitor the performance of any remedial activities for the 13 

200-UP-1 OU. The 200-UP-1 OU monitoring activities are described in DOE/RL-2015-14, Performance 14 

Monitoring Plan for the 200-UP-1 Groundwater Operable Unit Remedial Action. 15 

This PMP is a flexible, living document that may be modified based on changing hydraulic and 16 

contaminant distribution conditions at the 200-ZP-1 OU. Frequent network modifications are probable 17 

due to changing conditions (e.g., some wells in the PMP monitoring network will go dry due to P&T 18 

operations). Also, improvements to the conceptual site model (CSM), groundwater flow model, and 19 

three-dimensional contaminant distributions based on information from newly drilled extraction, 20 

injection, and monitoring wells could influence this PMP. Therefore, the PMP must be adaptable enough 21 

to specify performance monitoring routines in regard to the changing state of the site. If necessary, 22 

changes made to this PMP will be in accordance with Ecology et al., 1989, Hanford Federal Facility 23 

Agreement and Consent Order Action Plan. 24 

The 200-ZP-1 OU includes several groundwater plumes that span 13 km2 (5 mi2) beneath the 200 West 25 

Area of the Hanford Site (Figure 1). The 200 Areas, which include the 200 East and 200 West Areas, 26 

contain permitted waste management facilities and former reprocessing facilities associated with 27 

plutonium concentration and recovery operations. The remedial investigation and feasibility studies 28 

(DOE/RL-2006-24, Remedial Investigation Report for the 200-ZP-1 Groundwater Operable Unit; 29 

DOE/RL-2007-28, Feasibility Study Report for the 200-ZP-1 Groundwater Operable Unit) concluded 30 

that without remedial action, 200-ZP-1 OU groundwater contaminants would exceed risk threshold 31 

values for future industrial workers and residents using the groundwater as a drinking water source. 32 

The contaminant concentrations also exceed federal and state maximum contaminant levels and state 33 

groundwater cleanup standards for using the groundwater as a drinking water source. As stated in the 34 

200-ZP-1 OU ROD (EPA et al., 2008), the major contaminant of concern (COC) for the OU is carbon 35 

tetrachloride. Other COCs include total chromium, hexavalent chromium (Cr(VI)), nitrate, trichloroethene 36 

(TCE), iodine-129, technetium-99, and tritium. 37 

The 200-ZP-1 OU ROD (EPA et al., 2008) presents the selected groundwater remedial action 38 

for restoring the aquifer and the cleanup levels for the COCs. DOE/RL-2008-78, Rev. 1, Draft A, 39 

200 West Area 200-ZP-1 Pump-and-Treat Remedial Design/Remedial Action Work Plan (hereinafter 40 

referred to as the 200-ZP-1 P&T remedial design/remedial action work plan [RD/RAWP]), describes the 41 

design and implementation of the remedial action process required by the 200-ZP-1 OU ROD. This PMP 42 

is an enforceable part of the RD/RAWP and describes the monitoring activities associated with the 43 

remedial action process, the remedial action objectives (RAOs), and the preferred remedial action 44 

selected to meet the RAOs.  45 
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 1 

Figure 1. Site Location 2 

The following appendices are included to support this PMP: 3 

 Appendix A presents the updated DQOs used to develop the sampling approaches captured in the 4 

SAP for monitoring performance of the 200-ZP-1 OU remedy (Appendix B). 5 

 Appendix B provides the SAP for monitoring performance of the 200-ZP-1 OU remedy. 6 

 Appendix C presents the sampling schedule and the performance monitoring network, including well 7 

construction details. 8 
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 Appendix D includes maps of carbon tetrachloride kriging error variances (a factor that reflects the 1 

uncertainty associated with concentration interpolations) supporting the data gap analysis. 2 

 Appendix E discusses the hydraulic monitoring well network and well construction details. 3 

 Appendix F provides sampling interval depth information for the 200-ZP-1 OU wells. 4 

 Appendix G provides the SAP for installing remediation wells for P&T and monitoring to support the 5 

200-ZP-1 OU remedy. 6 

1.1 Remedial Action Objectives 7 

Through its groundwater protection program, the state of Washington determined that the aquifer within 8 

which the 200-ZP-1 OU lies meets the Washington Administrative Code definition for potable 9 

groundwater and has recognized it as a potential source of domestic drinking water. Consistent with the 10 

state’s beneficial-use determination, the contaminated groundwater will be restored to support future use 11 

as a potential domestic drinking water source. In accordance with this goal, the RAOs for remediating 12 

contaminated 200-ZP-1 OU groundwater are as follows: 13 

 RAO #1: Return the 200-ZP-1 OU groundwater to beneficial use (restore groundwater to achieve 14 

domestic drinking water levels) by achieving cleanup levels (Table 1). This objective is to be 15 

achieved within the entire 200-ZP-1 OU groundwater plume area. The estimated timeframe to 16 

achieve cleanup levels is within 125 years. 17 

 RAO #2: Apply ICs to prevent groundwater use until cleanup levels (Table 1) are achieved. Within 18 

the entire OU groundwater plume area, ICs must be maintained and enforced until cleanup levels are 19 

achieved, which is estimated to be within 125 years. 20 

Table 1. Cleanup Levels for 200-ZP-1 OU Groundwater 

COC Cleanup Level Units 

Carbon tetrachloride 3.4* µg/L 

Chromium (total) 100 µg/L 

Hexavalent chromium 48 µg/L 

Nitrate (as N) 10,000 µg/L 

Trichloroethene 1* µg/L 

Iodine-129 1 pCi/L 

Technetium-99 900 pCi/L 

Tritium 20,000 pCi/L 

*The U.S. Department of Energy will clean up COCs for the 200-ZP-1 OU subject to WAC 173-340, “Model 

Toxics Control Act—Cleanup” (carbon tetrachloride and trichloroethene), so the excess lifetime cancer risk 

does not exceed 110-5 at the conclusion of the remedy. Groundwater standards are applicable or relevant and 

appropriate requirements that are used in the Comprehensive Environmental Response, Compensation, and 

Liability Act of 1980 cleanup process to select cleanup levels. 

COC = contaminant of concern 

OU  =  operable unit 

 21 
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 RAO #3: Protect the Columbia River and its ecological resources from degradation and unacceptable 1 

impact caused by 200-ZP-1 OU contaminants. This objective is applicable to the entire 200-ZP-1 OU 2 

groundwater plume area. Columbia River protection from 200-ZP-1 OU contaminants must continue 3 

until the cleanup levels are achieved, which is estimated to be within 125 years. 4 

The timeframes for achieving these RAOs are with respect to start of 200 West P&T operations in 2012; 5 

therefore, the RAOs are expected to be achieved in 2137. 6 

1.2 200-ZP-1 Operable Unit Selected Remedy 7 

The selected remedy for the 200-ZP-1 OU has four components: groundwater P&T, MNA, flow-path 8 

control, and ICs (EPA et al., 2008). The first three components, which are the subject of this PMP, require 9 

periodic groundwater monitoring and data evaluation to assess remedy performance and to determine 10 

when remedial action is complete. The fourth component does not require groundwater monitoring and is 11 

addressed separately in DOE/RL-2001-41, Sitewide Institutional Controls Plan for Hanford CERCLA 12 

Response Actions and RCRA Corrective Actions. The first three components are described in the 13 

following sections. 14 

1.2.1 Pump and Treat Component 15 

The 200 West P&T design, well installations, and operations capture and treat contaminated groundwater 16 

to reduce the 200-ZP-1 COC mass by a minimum of 95% within 25 years of the startup of P&T 17 

operations in 2012 (by the year 2037). The P&T component is being implemented in combination with 18 

MNA to achieve the cleanup levels listed in Table 1. 19 

Following extraction, the COCs in groundwater (except for tritium) will be treated to achieve the cleanup 20 

levels listed in Table 1. The treated groundwater will then be returned to the aquifer through injection 21 

wells. There is no cost-effective treatment technology to remove tritium from groundwater. However, the 22 

short half-life of tritium (12.3 years) will result in its decay below the cleanup standard before it naturally 23 

migrates from the 200 West Area industrial land-use zone. 24 

The 200-ZP-1 P&T RD/RAWP (DOE/RL-2008-78) considers the need for treating other constituents 25 

(e.g., uranium and cyanide) that may be captured by 200-ZP-1 OU extraction wells. While not 200-ZP-1 26 

COCs, these constituents may be encountered from sources within the footprint of the 200-ZP-1 OU and 27 

from other adjacent OUs. 28 

1.2.2 Monitored Natural Attenuation Component 29 

In addition to the 200 West P&T, natural attenuation processes will help reduce COC concentrations to 30 

cleanup levels (Table 1). During the early stages of remedy implementation, the 200 West P&T accounts 31 

for the majority of the contaminant mass removal. In the outer regions of the plume, and during the latter 32 

stages of P&T operation, natural attenuation will play an increasing role in reducing COC concentrations. 33 

Natural attenuation processes expected to contribute to reduced COC concentrations include abiotic 34 

degradation, volatilization (for TCE and carbon tetrachloride), dispersion, sorption, and natural 35 

radioactive decay (for tritium). As presented in the 200-ZP-1 OU ROD (EPA et al., 2008), it is estimated 36 

that natural attenuation processes will reduce COC concentrations to the ROD cleanup levels within 37 

100 years of final 200 West P&T operations. The overarching requirement is to meet the groundwater 38 

cleanup levels listed in Table 1 within 125 years (by the year 2137). 39 
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1.2.3 Flow-Path Control Component 1 

Flow-path control will be achieved during the P&T operational period by injecting treated groundwater 2 

into the aquifer to the northeast and east (downgradient) of the groundwater contamination (Figure 2). 3 

Injecting treated water at these locations will slow the natural eastward flow of most of the groundwater 4 

and will help to retain the 200-ZP-1 COCs within the hydraulic capture zone of the extraction wells. 5 

Injection wells installed to the west (upgradient) and northwest will redirect groundwater flow to the east 6 

and southeast (toward the extraction wells), minimizing the potential for groundwater in the northern 7 

portion of the aquifer to flow northward toward the Columbia River. Flow-path control during the P&T 8 

operational period also increases the time available for natural attenuation processes to reduce COC 9 

concentrations in areas not captured by the extraction wells. 10 

1.3 Implementation of the Selected Remedy 11 

Since the 200-ZP-1 OU ROD (EPA et al., 2008) was issued in 2008, the 200 West P&T was constructed, 12 

30 new extraction wells and 25 new injection wells were installed, and the 5 interim P&T system 13 

injection wells were connected to the 200 West P&T system. The 200 West P&T, with a maximum 14 

hydraulic capacity of 9,464 L/min (2,500 gal/min), began operations in 2012 after interim facility 15 

operations ended. The design of the new 200 West P&T extraction, injection, and monitoring well field 16 

continues to evolve based on data collected and analyzed from drilling, sampling, and testing of 17 

new wells.  18 

Following the issuance of the 200-ZP-1 OU ROD (EPA et al., 2008), drilling and sampling has identified 19 

that the extent of contamination beneath the Ringold Formation member of Wooded Island – lower mud 20 

unit (Rlm) is larger than was anticipated, particularly in the downgradient (i.e., eastward) direction. 21 

As a result, additional sampling results over time for contamination below the Rlm may result in changes 22 

to well designs and locations to meet the ROD cleanup levels. These changes may include constructing 23 

additional injection, extraction, and monitoring wells below the Rlm.  24 

The extraction wells installed following issuance of the 200-ZP-1 OU ROD (EPA et al., 2008) are located 25 

in areas with carbon tetrachloride concentrations >100 µg/L (Figure 2). This design focuses active 26 

groundwater pumping and mass recovery treatment on the most contaminated groundwater in this large 27 

plume. The injection wells are located upgradient and downgradient of the extraction wells to help 28 

capture the plume and enhance the contaminant extraction rate (Figure 2). Groundwater contaminated 29 

above cleanup levels downgradient of the eastern injection wells will be addressed by natural attenuation. 30 

Three categories of monitoring well networks have been defined for the 200-ZP-1 OU: 31 

 A VOC monitoring well network is used to monitor carbon tetrachloride, TCE, and other VOCs 32 

throughout the entire 200 West Area. 33 

 Contaminant-specific monitoring well networks are used for total chromium and Cr(VI), iodine-129, 34 

nitrate, tritium, technetium-99, and uranium (uranium is a 200-UP-1 OU COC that is monitored in the 35 

200-ZP-1 OU for tracking purposes only).  36 

 Other combinations of the 200-ZP-1 OU well network are used for non-COC constituent monitoring 37 

that support evaluations related to degradation products and natural attenuation, sources from other 38 

OUs supplying influent to the 200 West P&T, biofouling, and stainless-steel corrosion. 39 
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Figure 2. 200 West P&T Well Field and Pipeline Routes Overlying the 2017 Contaminant Plumes 2 
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The carbon tetrachloride plume shown with other contaminant plumes (Figure 2) represents the plume 1 

condition in 2017, approximately 4 years after P&T startup in 2012. ECF-200W-17-0029, Description 2 

of Groundwater Calculations and Assessments for the Calendar Year 2016 (CY2016) 200 Areas 3 

Pump and Treat Report, documents the carbon tetrachloride plume depictions, as well as the 4 

concentration profiles from the transport model. 5 

1.3.1 Remedy Implementation Documentation 6 

As discussed in Section 5.5 of the 200-ZP-1 P&T RD/RAWP (DOE/RL-2008-78, Rev. 1, Draft A), 7 

remedy implementation documents include the RD/RAWP; the PMP; the 200 West P&T O&M plan 8 

(DOE/RL-2009-124); DOE/RL-2019-23, 200-ZP-1 Operable Unit Ringold Formation A Characterization 9 

Sampling and Analysis Plan (hereinafter referred to as the 200-ZP-1 OU Ringold A SAP); and 10 

DOE/RL-2019-38, 200-ZP-1 Operable Unit Optimization Study Plan (hereinafter referred to as the 11 

200-ZP-1 OU optimization study plan). Reporting activities are provided through annual P&T reports; 12 

quarterly briefings; annual P&T remedy progress assessment reports; annual sitewide groundwater 13 

monitoring reports; and Comprehensive Environmental Response, Compensation, and Liability Act 14 

of 1980 (CERCLA) 5-year reviews. 15 

Figure 3 depicts the relationship between 200-ZP-1 OU remedy implementation documents and their 16 

relation to remedy reporting, optimization, decisions, and management. As shown in the figure, the 17 

RD/RAWP describes the remedy tasks and provides the overall direction for remedy implementation to 18 

meet ROD requirements. The PMP and O&M plan guide the approach for remedy implementation.  19 

Specifically, the PMP describes data collection and interpretation to conduct remedy performance 20 

assessment and support remedy implementation decisions. The O&M plan guides operation and data 21 

collection for the 200 West P&T and the injection and extraction well networks. The PMP provides 22 

requirements that the O&M plan must incorporate to meet plume remediation needs. The O&M plan 23 

activities provide data to the PMP for use in performance assessment. All three documents include 24 

reporting requirements that are documented in the annual P&T report that analyzes the remedy 25 

performance based on the collected data and evaluates the overall extraction, injection, and monitoring 26 

well network needs. 27 

The purpose of the 200-ZP-1 OU Ringold A SAP (DOE/RL-2019-23) is to refine the understanding of the 28 

nature and extent of contamination, hydrogeologic properties, hydraulic properties, and contaminant 29 

transport parameters within the Rlm and Ringold Formation member of Wooded Island – unit A (Rwia) 30 

to support decision making regarding the need for remedy modifications to address contamination below 31 

the Ringold Formation member of Wooded Island – unit E (Rwie). The purpose of the 200-ZP-1 OU 32 

optimization study (DOE/RL-2019-38) is to collect and interpret data on changing the 200-ZP-1 OU 33 

remedy configuration to optimize remedy performance for carbon tetrachloride removal to ensure that the 34 

remedy achieves the goals specified in the 200-ZP-1 OU ROD (EPA et al., 2008) or future ROD 35 

modifications. Both of these studies will provide supplemental data to support the performance 36 

evaluation, reporting, and decision-making processes outlined in this PMP. 37 

Additional information about the remedy implementation documents is provided in Section 5.5.1 of the 38 

200-ZP-1 P&T RD/RAWP (DOE/RL-2008-78, Rev. 1, Draft A). 39 
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Figure 3. 200-ZP-1 OU Remedy Implementation Documentation 
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1.4 Data Quality Objectives Summary 1 

In conjunction with revising this PMP, the DQO process was updated to support the identification 2 

of data collection, analysis, and reporting requirements to evaluate and optimize performance of the 3 

200-ZP-1 OU remedy effectively. Appendix A presents the updated DQOs from this process. 4 

The principal study questions that the data collection must address and the alternative actions that may 5 

result from the analysis of collected data (as detailed in Appendix A) are combined in the following 6 

reworded and reordered decision statements (DSs) (when compared to the DQOs presented in the 7 

previous version of this PMP): 8 

 DS #1: Determine if the P&T system will remove at least 95% of the mass of COCs in 25 years or 9 

less and meet other conditions relevant to transitioning to MNA, and thereby achieve remedy goals 10 

for the P&T phase of the remedy; otherwise, evaluate modifications to the P&T system that could 11 

achieve the stated goal for the P&T phase of the remedy. 12 

 DS #2: Determine if certain areas of the contaminant plumes are not responding to P&T remediation 13 

as expected, and therefore require the evaluation of P&T modifications or other remedy options; 14 

otherwise, continue the remedy with no new action required. 15 

 DS #3: Determine if there are any newly identified contaminants that could impact the effectiveness 16 

of the remedy and necessitate evaluation of P&T modifications or other remedy options; otherwise, 17 

continue the remedy with no new action required. 18 

 DS #4: Determine if potentially toxic or mobile transformation products are being generated at 19 

concentrations high enough to justify their inclusion in the list of COCs with associated cleanup 20 

levels; otherwise, continue the remedy with the current list of COCs and associated cleanup levels 21 

and evaluate remedy implications. 22 

 DS #5: Determine if changes are occurring in environmental conditions that may reduce the efficacy 23 

of the P&T system, natural attenuation processes, and flow-path control actions, thereby necessitating 24 

evaluation of P&T modifications or other remedy options; otherwise, continue the remedy with no 25 

new action required. 26 

 DS #6: Once 95% of the mass of COCs has been removed and other conditions relevant to 27 

transitioning to MNA have been met, determine if there is rebound in COC groundwater 28 

concentrations, which would require the P&T system to be turned back on; otherwise, transition to 29 

the MNA phase of the remedy. 30 

 DS #7: Determine if the current remedy design is predicted to achieve cleanup levels for all COCs 31 

within 125 years, and thereby achieve the overall remedial goal; otherwise, evaluate modifications 32 

to the remedial action that could achieve the stated goal for the overall remedy. 33 

 DS #8: Determine if contamination is expanding downgradient laterally or vertically after the P&T 34 

component has been turned off, thereby necessitating an evaluation of the predicted success of the 35 

remedial action; otherwise, continue the remedy with no new action required. 36 

 DS #9: Determine if remediation has been successfully completed and a recommendation can be 37 

made for no further action; otherwise, evaluate continuing the current remedy, other remedy options, 38 

or a technical impracticability waiver. 39 
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The data and information that may be needed to resolve the DSs include contaminant and hydraulic data 1 

for the contaminant monitoring network and the hydraulic monitoring network. Additional primary data 2 

include various remedial system monitoring data (collected as described in the 200 West P&T O&M plan 3 

[DOE/RL-2009-124]) and contaminant sampling data, hydraulic monitoring data, and remedial system 4 

monitoring data collected under the 200-ZP-1 optimization study plan (DOE/RL-2019-38) and/or the 5 

associated SAPs. Table 2 summarizes the types of data inputs to resolve the DSs. 6 

Table 2. Summary of Data Inputs to Resolve DSs 

Data Inputs DSs 

Data Used Directly in Calculations 

Water quality (contaminants and transformation products) sample results from 

monitoring wells 

1, 2, 3, 4, 5, 6, 

7, 8, and 9 

Water quality (contaminants and transformation products) sample results from quiescent 

extraction and injection wells (post-P&T extraction and injection wells converted to 

monitoring wells) 

1, 2, 3, 4, 5, 6, 

7, 8, and 9 

Combined treatment plant influent flow rates (collected via the 200 West P&T O&M plan 

[DOE/RL-2009-124]) 
1 

Combined treatment plant influent water quality (contaminant) sample results (collected via 

the 200 West P&T O&M plan [DOE/RL-2009-124]) 
1 and 5 

Combined treatment plant effluent water quality (contaminants and transformation products) 

sample results (collected via the 200 West P&T O&M plan [DOE/RL-2009-124]) 

1, 3, 4, 5, 7, 

and 8 

Groundwater elevations measured in monitoring wells using both manual (depth-to-water) and 

automated (transducer/data logger) methods, and groundwater elevation maps (contour maps) 

prepared using these data 

1, 2, 3, 4, 5, 6, 

7, 8, and 9 

Water levels measured in extraction and injection wells as recorded by the P&T system 

Supervisory Control and Data Acquisition system and human/machine interface (collected via 

the 200 West P&T O&M plan [DOE/RL-2009-124]) 

1, 2, 3, 4, 5, 

and 6 

Data Used Primarily as Input to the Model 

The most current three-dimensional contaminant plume depictions constructed from the 

groundwater contaminant sampling data for each COC 

1, 2, 3, 4, 5, 

6, 7, and 8 

Data Used Directly in Calculations and as Input to the Model 

Extraction well and injection well flow rate data (collected via the 200 West P&T O&M plan 

[DOE/RL-2009-124]) 
1, 2, 3, 4, and 5 

Current and anticipated extraction and injection well flow rates (identified via the 200 West 

P&T O&M plan [DOE/RL-2009-124]) 
1, 2, 3, 4, and 5 

Additional Data 

Sample results for contaminants and their transformation products that arise from outside the 

200-ZP-1 OU and that are treated in the 200 West P&T system (identified via the 200 West 

P&T O&M plan [DOE/RL-2009-124], and corresponding sampling and analysis plans, 

performance monitoring plans, etc., for the contributing groundwater OUs.) 

3, 4, 5, 7, and 8 

Contaminant sampling data, hydraulic monitoring data, and remedial system monitoring data 

collected under the 200-ZP-1 optimization study plan (DOE/RL-2019-38) 
1, 2, 3, 4, 5, and 7 
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Table 2. Summary of Data Inputs to Resolve DSs 

Data Inputs DSs 

References: 

DOE/RL-2009-124, Rev. 6, Draft A, 200 West Pump and Treat Operations and Maintenance Plan. 

DOE/RL-2019-38, 200-ZP-1 Operable Unit Optimization Study Plan. 

COC = contaminant of concern 

DS = decision statement 

O&M = operations and maintenance 

OU = operable unit 

P&T = pump and treat 

 1 

Monitoring as part of the 200-ZP-1 OU PMP must rely on a monitoring network able to verify that 2 

cleanup levels have been achieved in all of the OU groundwater plume areas. This encompasses an area 3 

from the western line of injection wells to the eastern leading edges of the plumes. Elevations range from 4 

the top of the basalt bedrock to the water table interface. The current CSM for the 200-ZP-1 OU does not 5 

include any COC concentrations greater than cleanup levels in the basalt bedrock. The PMP requires 6 

monitoring to continue until cleanup levels have been achieved, which is estimated to be 25 years or less 7 

for active P&T (by the year 2037) and an additional 100 years for MNA (by the year 2137). 8 

As part of this DQO process update, new decision rules (DRs) and analytical approaches were developed 9 

to outline how the performance monitoring data will be used to make decisions regarding progress of 10 

the selected remedy. The DRs for each DS provide clear requirements that guide the decision-making 11 

process. Table 3 presents the DRs and summaries of the analytical approaches to resolve each of the DSs. 12 

The performance or acceptance criteria that the collected data must achieve to minimize the possibility of 13 

either making erroneous conclusions or failing to keep uncertainty in estimates within acceptable levels 14 

are provided in detail in Section A7 of Appendix A and in the quality assurance project plan provided in 15 

Section B2 of Appendix B.  16 

In conjunction with the data generated under the 200 West P&T O&M plan (DOE/RL-2009-124) and the 17 

200-ZP-1 OU optimization study plan (DOE/RL-2019-38), the performance monitoring SAP (presented 18 

in Appendix B) is designed to generate the data needed to address the nine DSs and effectively monitor 19 

and optimize the performance of the 200-ZP-1 OU remedy. 20 

The decision-making process is multistage and linked to the first three remedy components (excluding 21 

ICs) in order of logical progression. Section 4.3 further describes this multistage decision-making process 22 

and the associated analytical approach. 23 
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Table 3. DRs and Summary of Analytical Approach 

DSs DRs Summary of Analytical Approach* 

DS #1: Determine if the P&T system will 

remove at least 95% of the mass of COCs in 

25 years or less and meet other conditions 

relevant to transitioning to MNA, and thereby 

achieve remedy goals for the P&T phase of 

the remedy. 

DR #1: If the remedy has removed 95% of the mass of COCs and 

no individual well is >100 µg/L carbon tetrachloride, then 

perform rebound study as an initial step in transition to MNA. 

Otherwise, continue P&T operations at nonconforming portions 

of the plume. 

For each COC, the predicted contaminant mass removal, mass degradation, and plume volume (including selected plume contour shells) changes over time from the onset of 

P&T through the 25-year or less operational period will be plotted for the lower pre-P&T plume configuration and for the alternative higher pre-P&T plume mass estimate. 

This DS will be evaluated based on a composite assessment of all inputs and analyses (not on a single metric). 

For each COC at each extraction well and for monitoring wells within the individual extraction well capture zone, the predicted contaminant mass removal, mass degradation, 

monitoring well concentrations, and hydraulic head distribution over time from the onset of P&T through the 25-year or less operational period will be plotted for the lower 

pre-P&T plume configuration and for the alternative higher pre-P&T plume mass estimate. Because the P&T system is operated dynamically, some variations in measured and 

actual capture zones may occur and may lead to the need to update the predicted capture zones over time. 

Questions to be answered: 

 Are changes to the modeling configuration used for predicted performance needed based on observed plume responses indicating a plume condition is different than the 

lower or alternative higher plumes? 

 What P&T system optimization can be applied to adjust performance overall or for individual capture zones to better meet the 25-year or less performance target? 

 What changes to the monitoring well network (horizontal or vertical) or sampling frequency would improve evaluation of P&T performance or be more efficient? 

DS #2: Determine if certain areas of the 

contaminant plumes are not responding 

to P&T remediation as expected, and therefore 

require the evaluation of P&T modifications 

or other remedy options. 

DR #2A: If the measured monitoring well COC concentration 

trends are performing as predicted when compared to the 200-ZP-

1 OU groundwater model, then continue operation. Otherwise, 

implement P&T modifications to address deficiencies. 

DR #2B: If the measured hydraulic head trends indicate plume 

capture and flow-path control are performing as predicted when 

compared to the 200-ZP-1 OU groundwater model, then continue 

operation. Otherwise, implement P&T modifications to 

address deficiencies. 

DR #2C: If measured COC mass recovery is performing as 

predicted using the 200-ZP-1 OU groundwater model and the 

initial mass basis defined in the 200-ZP-1 P&T RD/RAWP 

(DOE/RL-2008-78), then continue operation. Otherwise, 

implement P&T modifications to address deficiencies. 

For each COC at each extraction well and for monitoring wells within the individual extraction well capture zone, the predicted contaminant mass removal, mass degradation, 

monitoring well concentrations, and hydraulic head distribution over time from the onset of P&T through the 25-year or less operational period will be plotted for the lower 

pre-P&T plume configuration and for the alternative higher pre-P&T plume mass estimate. 

Questions to be answered: 

 What are the factors inhibiting P&T performance in zones of plume persistence, and are these best addressed by P&T optimization or use of another approach? 

 What changes to the monitoring well network (horizontal or vertical) or sampling frequency would improve evaluation of hot spots or be more efficient? 

DS #3: Determine if there are any newly 

identified contaminants that could impact the 

effectiveness of the remedy and necessitate 

evaluation of P&T modifications or other 

remedy options. 

DR #3A: If a newly identified contaminant within the 200 West 

P&T process stream meets the requirements for reinjection into 

the 200-ZP-1 OU, as defined in the 200-ZP-1 P&T RD/RAWP 

(DOE/RL-2008-78), then continue operations. Otherwise, 

implement P&T modifications to ensure P&T effluent meets 

discharge requirements. 

DR #3B: If a newly identified contaminant is determined to be a 

new 200-ZP-1 OU COC, then a ROD modification, RD/RAWP 

revision, and implementation of a modified remedy are required. 

For each COC (e.g., to assess continuing sources) at each extraction well and for monitoring wells within the individual extraction well capture zone, the predicted contaminant 

mass removal, mass degradation, monitoring well concentrations, and hydraulic head distribution over time from the onset of P&T through the 25-year or less operational period 

will be plotted for the lower pre-P&T plume configuration and for the alternative higher pre-P&T plume mass estimate. In addition, a list of potential new contaminants will be 

evaluated based on the 200-WA-1 OU and 200-DV-1 OU efforts to select any additional monitored constituents and the appropriate locations for monitoring. 

Questions to be answered: 

 Are zones of persistence or increases coincident with original source zones identified for each 200-ZP-1 OU plume? 

 Are zones of persistence or increases coincident with vadose zone waste disposal zones that are not original plume sources and are these zones estimated by the 

200-WA-1 OU or 200-DV-1 OU as having the potential for groundwater impact based on disposal inventory, expected vadose zone transport, and vadose zone 

characterization results? 

 What are the characteristics of the continuing source, and are these best addressed by P&T to meet P&T performance targets or will these require use of another approach/remedy? 

 What changes to the monitoring well network (horizontal or vertical) or sampling frequency would improve identification and evaluation of new contaminants or be more efficient? 

DS #4: Determine if potentially toxic or 

mobile transformation products are being 

generated at concentrations high enough to 

justify their inclusion in the list of COCs with 

associated cleanup levels. 

DR #4A: If a potentially toxic or mobile transformation product 

within the 200 West P&T process stream meets the requirement 

for reinjection into 200-ZP-1 OU, as defined in the 200-ZP-1 

P&T RD/RAWP (DOE/RL-2008-78), then continue operations. 

Otherwise, implement P&T modifications to ensure P&T effluent 

meets discharge requirements. 

DR #4B: If a potentially toxic or mobile transformation product is 

determined to be new 200-ZP-1 OU COC, then a ROD 

modification, RD/RAWP revision, and implementation of 

a modified remedy are required. 

For each COC at each extraction well and for monitoring wells within the individual extraction well capture zone, the predicted contaminant mass removal, mass degradation, 

monitoring well concentrations of COCs and transformation products, and hydraulic head distribution over time from the onset of P&T through the 25-year or less operational 

period will be plotted for the lower pre-P&T plume configuration and for the alternative higher pre-P&T plume mass estimate. 

Question to be answered: 

 What changes to the monitoring well network (horizontal or vertical) or sampling frequency would improve evaluation of transformation products or be more efficient? 
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Table 3. DRs and Summary of Analytical Approach 

DSs DRs Summary of Analytical Approach* 

DS #5: Determine if changes are occurring in 

environmental conditions that may reduce the 

efficacy of the P&T system, natural 

attenuation processes, and flow-path control 

actions, thereby necessitating evaluation of 

P&T modifications or other remedy options. 

DR #5: If environmental conditions do not reduce the efficacy of 

the remedy, then continue with remedy. Otherwise, modify the 

remedy to accommodate the changes. 

For each COC at each extraction well and for monitoring wells within the individual extraction well capture zone, the predicted contaminant mass removal, mass degradation, 

monitoring well concentrations of COC and environmental indicators, and hydraulic head distribution over time from the onset of P&T through the 25-year or less operational 

period will be plotted for the lower pre-P&T plume configuration and for the alternative higher pre-P&T plume mass estimate. 

Question to be answered: 

 What changes to the monitoring well network (horizontal or vertical) or sampling frequency would improve evaluation of environmental conditions or be more efficient? 

DS #6: Once 95% of the mass of COCs has 

been removed and other conditions relevant to 

transitioning to MNA have been met, 

determine if there is rebound in COC 

groundwater concentrations. 

DR #6: If the rebound study confirms that 95% of the mass 

removal of COCs and individual well concentrations of 

<100 µg/L carbon tetrachloride are sustained, then transition to 

MNA. Otherwise, restart P&T operations for nonconforming 

portions of the plume. 

For each COC at each extraction well and for monitoring wells within the individual extraction well capture zone, the predicted contaminant mass removal, mass degradation, 

monitoring well concentrations, and hydraulic head distribution over time from the onset of P&T through the 25-year or less operational period will be plotted for the lower 

pre-P&T plume configuration and for the alternative higher pre-P&T plume mass estimate. 

Questions to be answered: 

 Are rebound concentrations acceptable with respect to transitioning to MNA (e.g., at or below concentrations and plume volumes predicted to enable meeting 

MNA objectives)? 

 If present, are zones of persistence or increases coincident with original source zones identified for each 200-ZP-1 OU plume? 

 If present, are zones of persistence or increases coincident with vadose zone waste disposal zones that are not original plume sources and are these zones estimated by 

the 200-WA-1 or 200-DV-1 OUs as having the potential for groundwater impact based on disposal inventory, expected vadose zone transport, and vadose zone 

characterization results? 

 If present, what are the characteristics of the continuing source and are these best addressed by P&T to meet the P&T performance targets or will these require use of another 

approach/remedy? 

 What changes to the monitoring well network (horizontal or vertical) or sampling frequency would improve evaluation of contaminant rebound or be more efficient? 

DS #7: Determine if the current remedy 

design is predicted to achieve cleanup levels 

for all COCs within 125 years, and thereby 

achieve the overall remedial goal. 

DR #7: If the measured monitoring well COC concentration 

trends are performing as predicted within 125 years when 

compared to the 200-ZP-1 OU groundwater model, then continue 

remedy. Otherwise, modify the remedy to address deficiencies. 

For each COC, the predicted contaminant plume volume and mass, plume location, mass degradation, monitoring well concentrations, and hydraulic head distribution over time 

from the onset of MNA through the 125-year MNA period will be plotted starting with the post-P&T plume configuration considering a lower and alternative higher pre-P&T 

plume mass estimate. In addition, a list of potential newly identified contaminants will be evaluated based on the 200-WA-1 OU and 200-DV-1 OU efforts to select any 

additional monitored constituents and the appropriate locations for monitoring. 

Questions to be answered: 

 1Are changes to the modeling configuration used for predicted performance needed based on observed plume responses indicating a plume condition different than the lower 

or alternative higher plumes? 

 What changes to the monitoring well network (horizontal or vertical) or sampling frequency would improve evaluation of MNA or be more efficient? 

DS #8: Determine if contamination 

is expanding downgradient (laterally 

or vertically) after the P&T component has 

been turned off, thereby necessitating an 

evaluation of the predicted success of the 

remedial action. 

DR #8: If during MNA the plume at COC 

concentrations exceeding cleanup levels remains within the 

200-ZP-1 OU, then continue remedy. Otherwise, identify the 

alternative points of compliance within the inner area and/or 

Central Plateau boundaries. 

For each COC, the predicted contaminant plume volume and mass, plume location, mass degradation, monitoring well concentrations, and hydraulic head distribution over time 

from the onset of MNA through the 125-year MNA period will be plotted starting with the post-P&T plume configuration considering a lower and alternative higher pre-P&T 

plume mass estimate. In addition, a list of potential newly identified contaminants will be evaluated based on the 200-WA-1 OU and 200-DV-1 OU efforts to select any 

additional monitored constituents and the appropriate locations for monitoring. 

Questions to be answered: 

 Are changes to the modeling configuration used for predicted performance needed based on observed plume responses indicating a plume condition is different than the 

lower or alternative higher plumes? 

 What changes to the monitoring well network (horizontal or vertical) or sampling frequency would improve evaluation of MNA or be more efficient? 

DS #9: Determine if remediation has been 

successfully completed and a recommendation 

can be made for no further action. 

DR #9: If the measured monitoring well COC concentrations at 

the points of compliance meet the remedial action objectives 

within 125 years, then recommend no further action. Otherwise, 

evaluate other remedial options or pursue a technical 

impracticability waiver. 

Define compliance well network in conjunction with the regulatory agencies considering the existing monitoring wells and the data trends at these wells. The following inputs 

and analyses support this evaluation: Demonstrate that the concentrations at compliance wells are at or below the target and the trends in concentrations on a well-by-well basis 

are not increasing (i.e., in accordance with OSWER 9283.1-44 guidelines). 

References:  

DOE/RL-2008-78, Rev. 1, Draft A, 200 West Area 200-ZP-1 Pump-and-Treat Remedial Design/Remedial Action Work Plan. 

OSWER 9283.1-44, Recommended Approach for Evaluating Completion of Groundwater Restoration Remedial Actions at a Groundwater Monitoring Well. 

*A detailed explanation of the analytical approach included in this table is provided in Appendix A.  

COC = contaminant of concern 

DR = decision rule 

DS = decision statement 

MNA = monitored natural attenuation 

OU = operable unit 

P&T = pump and treat 

RD/RAWP = remedial action/remedial design work plan 

ROD = Record of Decision 

 1 
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2 Conceptual Site Model 1 

This chapter summarizes the 200 West Area geology, hydrogeology, and groundwater information from 2 

the 200-ZP-1 OU ROD (EPA et al., 2008) and is not intended to cover other aspects of the CSM for the 3 

200-ZP-1 OU. 4 

2.1 Local Geology 5 

The Hanford Site lies in a sediment-filled basin on the Columbia Plateau in southeastern Washington 6 

State. The 200-ZP-1 OU underlies the northern portion of the 200 West Area, which is at the western end 7 

of the Central Plateau, near the center of the Hanford Site (Figure 1). The Columbia River Basalt Group 8 

and a sequence of overlying sediments comprise the local geology. The overlying sediments are about 9 

169 m (555 ft) thick and primarily consist of the Ringold Formation and Hanford formation, which 10 

consist of sand and gravel with some silt layers. Surface elevations range from 200 to 217 m (660 to 11 

712 ft) above mean sea level. 12 

2.2 Local Hydrogeology 13 

The sediment thickness above the water table (the vadose zone) ranges from 40 to 75 m (132 to 246 ft). 14 

Sediments in the vadose zone are the Ringold Formation (the uppermost portion Rwie and the Ringold 15 

Formation member of Taylor Flat), the Cold Creek unit (CCU), and the Hanford formation. Erosion 16 

during cataclysmic flooding removed some of the Ringold Formation and the CCU. Perched water 17 

(i.e., water above the water table) has historically been documented above the CCU at some 200 Area 18 

locations. However, since most area liquid waste discharges were stopped in 1995, perched water is now 19 

infrequently encountered in the 200 Areas. 20 

Recharge to the 200 West Area unconfined aquifer is from artificial and natural sources. Natural recharge 21 

originates from precipitation, with recharge estimates ranging from 0.4 to 4.4 cm/yr (0.2 to 1.7 in./yr), 22 

largely depending upon soil texture and the type and density of vegetation. Artificial recharge historically 23 

occurred when effluents such as cooling water and process wastewater were disposed to the ground. 24 

The largest sources of artificial recharge ceased in 1995, with continuing Central Plateau artificial 25 

recharge largely due to sanitary sewage treatment and disposal systems; leaks from potable and raw water 26 

lines; two state-approved land disposal structures (Low-Level Waste Management Areas 3 and 4); and 27 

small-volume, uncontaminated, miscellaneous liquid waste streams. Small volumes of uncontaminated 28 

water may still be used for dust suppression and contamination control during waste site excavation and 29 

facility construction activities. 30 

2.3 Groundwater 31 

Groundwater is found in an upper primarily unconfined aquifer and in a deeper confined to semiconfined 32 

aquifer within the Ringold Formation and confined sedimentary interbeds in the basalt. The Columbia 33 

River is the primary discharge area for the unconfined and confined aquifers. The 200 West Area is 34 

located about 8 km (5 mi) south of the Columbia River. The 200-ZP-1 OU unconfined aquifer occurs in 35 

the Rwia and the Rwie, which are separated by the Rlm throughout much of the 200-ZP-1 OU. 36 

Groundwater in the unconfined aquifer flows from areas where the water table is higher (west of the 37 

Hanford Site) to areas where it is lower (the Columbia River). In general, the direction of groundwater 38 

flow through the Central Plateau is easterly (from the 200 West Area to the 200 East Area). 39 
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Historical discharges to the ground greatly altered the groundwater flow regime, especially around the 1 

216-U-10 Pond in the 200 West Area and the 216-B-3 Pond in the 200 East Area. Discharges to the 2 

216-U-10 Pond resulted in a groundwater mound >26 m (85 ft) above the aquifer. Discharges to 3 

the 216-B-3 Pond created a hydraulic barrier to groundwater flow coming from the 200 West Area, 4 

deflecting it north through Gable Gap (between Gable Mountain and Gable Butte) or south of the 5 

216-B-3 Pond (Figure 4). As the hydraulic effects of these two discharge sites diminish, groundwater 6 

is expected to flow east through the Central Plateau, with some flow continuing through Gable Gap. 7 

 8 

Figure 4. Aerial View of Gable Butte, Gable Gap, Gable Mountain, 9 

and the 200 Areas, Including U Pond and B Pond 10 

The depth to the water table in the 200 West Area varies from about 50 m (164 ft) in the southwest 11 

corner near the former 216-U-10 Pond to >100 m (328 ft) in the north. The groundwater flow is 12 

primarily to the east, except in the northern portion of the 200 West Area where the flow is to the 13 

east-northeast. Groundwater flow is locally influenced by the 200 West P&T and permitted effluent 14 

discharges at Low-Level Waste Management Areas 3 and 4. The groundwater flow rates demonstrate 15 

large variation, typically ranging from 0.0001 to 0.5 m/d (0.00033 to 1.64 ft/d) across the 200-ZP-1 OU 16 

(EPA et al., 2008). The water table continues to decline because the large artificial recharge that created 17 

the elevated water table was eliminated when production ceased at the Hanford Site. 18 
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2.4 Contaminant Distribution 1 

Groundwater COCs identified in the 200-ZP-1 OU include carbon tetrachloride, total chromium, Cr(VI), 2 

iodine-129, nitrate, technetium-99, TCE, and tritium. Carbon tetrachloride is the main COC in 3 

groundwater, forming a plume about 13 km2 (5 mi2) in area that extends north, south, and east from the 4 

source areas. Figures 5 and 6 present graded representations of the 2015 modeled maximum carbon 5 

tetrachloride plume above and below the Rlm, respectively. Figures 7 and 8 show cross sections of the 6 

carbon tetrachloride concentrations in the 200 West Area (as modeled in 2015) that depict slices of the 7 

three-dimensional model of the plume in 2015. The 2015 depictions were used because the plumes 8 

created using data through 2015 can then be run through the Central Plateau Groundwater Model and 9 

calibrated to ensure that comparable simulated mass recovery amounts are produced when compared to 10 

the data observed in the 2-year period since 2015 (through 2017). The downward migration of the plume 11 

is limited by the relatively fine-grained Rlm, which acts as a hydraulic barrier to vertical groundwater 12 

flow. However, the Rlm is discontinuous and relatively thin in places, which allows the carbon 13 

tetrachloride plume to migrate downward to the basalt bedrock in those areas where the Rlm is not 14 

present. The carbon tetrachloride plume is not understood to have extended into the basalt bedrock that 15 

defines the bottom of the unconfined aquifer system. Both the basalt bedrock and the Rlm rise to the 16 

northeast and force the carbon tetrachloride plume to gradually rise toward the surface as it migrates 17 

eastward and as the saturated thickness of the aquifer decreases. 18 

3 Conceptual Site Model Uncertainties 19 

Several uncertainties associated with the current CSM could impact the success of the 200-ZP-1 OU 20 

remedial action: (1) the configuration of the Rlm with respect to interconnection of the Rwie and Rwia 21 

and the associated migration pathways of the contaminant plumes; (2) the distribution of contaminants in 22 

the Rwia (especially for carbon tetrachloride); and (3) the hydrogeologic structure of the aquifer at the 23 

transition between the 200 West Area and 200 East Area, where the Rwia is believed to pinch out and 24 

where the higher permeability paleochannel affects groundwater flow conditions. Section 4.1.2 discusses 25 

the data gap analysis that was applied to further describe these CSM uncertainties. 26 

4 Design of the Performance Monitoring Program 27 

This chapter presents the groundwater monitoring activities associated with implementing the 28 

200-ZP-1 OU remedial action. The program for collecting contaminant and hydraulic performance 29 

monitoring data is presented in this discussion, as well as guidance on how the monitoring data will be 30 

used to evaluate the success of the selected remedial action. The associated DQOs for monitoring 31 

performance of the 200-ZP-1 OU remedy (Appendix A) are the basis for this performance monitoring 32 

program. Sections 1.4 and 4.3 summarize the DQOs. The groundwater monitoring activities are further 33 

detailed in the performance monitoring SAP (Appendix B). The P&T remedial system data collection 34 

efforts are detailed in the 200 West P&T O&M plan (DOE/RL-2009-124) and are specifically excluded 35 

from the PMP and the performance monitoring SAP (Appendix B). 36 
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Figure 5. Carbon Tetrachloride Plume Above the Rlm and Location of Three-Dimensional Model Cross Sections, 2015  2 
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Figure 6. Carbon Tetrachloride Plume Below the Rlm and Location of Three-Dimensional Model Cross Sections, 2015 2 
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4.1 Contaminant Monitoring 1 

Contaminant monitoring data will be collected over the projected 125-year lifetime of the remedial action 2 

to evaluate performance, optimize effectiveness, and determine when the remedial action is complete. 3 

The selection of the contaminant monitoring well network, sampling frequency, and analytical parameters 4 

is discussed in the following sections. More detailed information is provided in the 200-ZP-1 OU 5 

performance monitoring SAP (Appendix B). 6 

4.1.1 Contaminant Monitoring Network 7 

The 200-ZP-1 OU contaminant-specific well networks are presented in this PMP. The VOC and other 8 

well networks are scheduled to be sampled annually, biennially, or every 5 years for specific constituents 9 

(Appendix C). This schedule will support CERCLA 5-year reviews and generate sufficient data for 10 

quantitative analyses to address the nine DSs (Section 1.4), including three-dimensional depictions of the 11 

extent of contamination and contaminant transport modeling. Sampling will also provide data to address 12 

DSs #3, #4, and #8, with analyses to include determining if new releases have occurred, evaluating trends 13 

in high-concentration plume areas, and determining if contamination is expanding downgradient (laterally 14 

or vertically). 15 

The monitoring networks shown in Figures 9 through 15 will evolve as the 200 West P&T and natural 16 

attenuation processes reduce contaminant concentrations and plume sizes. Some plume areas will be cleaned 17 

up more quickly than others, and extraction wells will likely be shut down in stages as contaminant 18 

concentrations are reduced and as the extraction wells’ contribution to hydraulic containment and mass 19 

recovery becomes less important to achieving remedial goals. Additionally, many shallow monitoring wells 20 

may go dry in areas furthest from the east and west injection wells. Therefore, while the 200 West P&T is 21 

operating, monitoring well networks and constituent analyses will be evaluated annually, consider lateral 22 

and vertical coverage, and ultimately determine if monitoring wells will be dropped or if new wells should 23 

be added. Well network or COC analysis changes resulting from annual reviews will be made in 24 

concurrence with the U.S. Department of Energy (DOE) and U.S. Environmental Protection Agency (EPA). 25 

After the 200 West P&T is shut down, DOE and EPA may refine the DQOs (if necessary) and establish 26 

a monitoring scheme consistent with accepted technologies and techniques. At a minimum, the contaminant 27 

monitoring networks would be evaluated twice every 5 years in accordance with the CERCLA 5-year 28 

review process. 29 

The contaminant monitoring well network was initially established during fiscal year (FY)/calendar year 30 

(CY) 2012 baseline sampling (before the July 2012 startup of the 200 West P&T). When developing the 31 

initial list of monitoring wells for the VOC network, a master list of available monitoring wells was 32 

queried from well reports in the Environmental Dashboard Application database for the 200-ZP-1 and 33 

200-UP-1 OUs. This query included well coordinates, construction information, and historical well 34 

purposes. Many of the well query results had missing information, especially the older wells. This master 35 

list of monitoring wells was then reduced by determining if wells were missing crucial information, were 36 

found to be dry, or were located outside the performance monitoring area of interest. Many wells on the 37 

master list were missing screen top and screen bottom elevation data; however, this information was 38 

included in the 2008 carbon tetrachloride three-dimensional plume depictions data set. For these wells, 39 

the mid-screen elevation was included in Appendix C from the 2008 carbon tetrachloride data set. 40 
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 1 

Figure 7. Hydrogeologic Three-Dimensional Model Cross Section of 2015 Carbon Tetrachloride Plume, North to South (A to A′)  2 
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 1 

Figure 8. Hydrogeologic Three-Dimensional Model Cross Section of 2015 Carbon Tetrachloride Plume, West to East (B to B′) 2 
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Figure 9. Contaminant-Specific Monitoring Well Network (VOCs)  2 
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Figure 10. Contaminant-Specific Monitoring Well Network (Chromium)  2 
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Figure 11. Contaminant-Specific Monitoring Well Network (Iodine-129)  2 
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Figure 12. Contaminant-Specific Monitoring Well Network (Nitrate)  2 
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Figure 13. Contaminant-Specific Monitoring Well Network (Technetium-99)  2 
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Figure 14. Contaminant-Specific Monitoring Well Network (Tritium)  2 
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Figure 15. Contaminant-Specific Well Monitoring Network (Uranium) 2 
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The candidate monitoring wells were then imported into the latest carbon tetrachloride plume depiction 1 

grid and compared to the 2008 three-dimensional carbon tetrachloride plume depictions to qualitatively 2 

evaluate their redundancy. At this stage of the evaluation, there was a relatively dense network of shallow 3 

monitoring wells (i.e., well separation ranging from 40 to 260 m [131 to 853 ft]) in the tank farm areas 4 

and a much more widely spaced network of monitoring wells (i.e., well separation ranges from 500 to 5 

1,900 m [1,640 to 6,234 ft]) further to the east or deeper in the aquifer. Closely spaced monitoring wells 6 

were reduced by considering their three-dimensional spatial proximity to other monitoring wells and their 7 

carbon tetrachloride concentrations. Monitoring wells that defined the high- and low-concentration areas 8 

were maintained, while wells that provided little added definition to the three-dimensional carbon 9 

tetrachloride plume depictions were excluded. The goal of this evaluation was to improve future carbon 10 

tetrachloride plume depictions. The evaluation provided a more spatially consistent and complete network 11 

of wells for monitoring carbon tetrachloride concentrations at elevations from the basalt bedrock to the 12 

water table and provided a more appropriate density of carbon tetrachloride data relative to the large scale 13 

of the plume. In addition, this evaluation reduced the number of wells that provided redundant 14 

information (i.e., information also provided by other wells). 15 

After the potential monitoring well network was reduced by considering the usefulness of each well for 16 

defining the carbon tetrachloride plume, other COCs were similarly considered. Monitoring wells that 17 

defined the high-concentration portions of other COC plumes or were otherwise important to their plume 18 

definitions were added back into the network. This step added some wells in the tank farm areas and also 19 

wells that were potentially downgradient of the carbon tetrachloride plume leading edge (because other 20 

COCs such as nitrate have plume leading edges that extend further east). 21 

Following new monitoring well installations in 2019, the current contaminant monitoring well network is 22 

comprised of 98 wells. The current VOC monitoring network includes 94 wells (Figure 9), and the wells 23 

and associated construction details are presented in Table C-1 in Appendix C. The VOC network covers 24 

the entire 200 West Area, and 47 of the wells in the 200-UP-1 OU were not considered for monitoring the 25 

other 200-ZP-1 COCs. Sampling coordination between the 200-UP-1 and 200-ZP-1 OUs reduces 26 

redundancy and costs and is part of the sampling integration performed under the Resource Conservation 27 

and Recovery Act of 1976, CERCLA, and the Atomic Energy Act of 1954. The monitoring network for the 28 

remaining 200-ZP-1 OU COCs (other than VOCs) is comprised of 51 wells and associated construction 29 

details (Table C-2 in Appendix C). The individual contaminant-specific well networks include a variable 30 

numbers of wells (Figures 10 through 15) depending on the sampling schedule (Table C-3 in 31 

Appendix C), which was modified in 2017 based on recommendations provided in the 200-ZP-1 OU 32 

redundancy analysis (SGW-60527). Sections 4.1.3 and 4.1.4 discuss the associated changes. 33 

4.1.2 Data Gaps in Monitoring Well Coverage 34 

A new systematic process to evaluate the presence of potential data gaps in monitoring well coverage was 35 

developed in 2017 for the 200-ZP-1 OU monitoring well network. The 200-ZP-1 OU data gap analysis 36 

(SGW-61350) followed established and industry standard methods to combine spatial statistics with an 37 

evaluation of hydraulics and modeling using the Central Plateau Groundwater Model, as documented in 38 

CP-47631, Model Package Report: Central Plateau Groundwater Model, Version 8.3.4. The existing 39 

monitoring network was evaluated based on four primary factors: 40 

 Proximity to active monitoring wells 41 

 Kriging error variances (a factor that reflects the uncertainty associated with concentration 42 

interpolations) 43 
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 Capture frequency predictions (for extraction wells) 1 

 Predicted concentrations over time 2 

These primary factors are assessed independently, and the associated results are combined to identify and 3 

score potential monitoring well locations. The kriged carbon tetrachloride error variance maps were 4 

updated in 2017 (using 2016 data), as presented in Appendix D. The updated maps show the areas in the 5 

kriged three-dimensional carbon tetrachloride plume depiction with the greatest error variance or relative 6 

uncertainty and were used in conjunction with the other elements to conduct the data gap analysis. 7 

Kriging error variances are generally low within areas of the monitoring network with more wells, and the 8 

variances increase approaching the network boundary where fewer wells and data are available (although 9 

beyond the monitoring network boundary, kriging error variances are not usually informative). High error 10 

variance scores equate to areas of higher uncertainty where additional characterization may be needed 11 

(i.e., rank highly for new well installation) to reduce uncertainty in plume delineation. Appendix D 12 

provides further discussion on the development and use of the kriging error variance maps. 13 

The 200-ZP-1 OU data gap analysis (SGW-61350) provides additional information on the systematic 14 

process used to score potential locations for new monitoring wells above and below the Rlm, and 15 

Figures 16 and 17 provide spatial representations of the resulting scores. The higher score locations 16 

shown in the figures generally indicate areas with the highest potential need for new monitoring wells 17 

based on this process.  18 

In addition to using the systematic process of the 200-ZP-1 OU data gap analysis (SGW-61350), 19 

professional judgment and a conventional process were used to evaluate potential data gaps in the 20 

monitoring well coverage for the 200-ZP-1 OU. A comparison of available monitoring wells for the 21 

CY 2016 three-dimensional carbon tetrachloride plume depiction revealed several areas that lack 22 

coverage (DOE/RL-2016-67, Hanford Site Groundwater Monitoring Report for 2016). These data gaps 23 

resulted in areas of relatively large uncertainty in the inferred carbon tetrachloride plume extents. 24 

Expansion of the 200-ZP-1 OU monitoring well network is planned over the next 5 years to meet several 25 

objectives. The objectives are linked to remedy management but also consider the needs associated with 26 

remedy decisions, as discussed in the 200-ZP-1 P&T RD/RAWP (DOE/RL-2008-78). The objectives are 27 

described below and were used to develop a priority for monitoring well installation, considering the 28 

contribution of the well to meet the objective and the timing of data needs to support remedy management 29 

and activities identified in the RD/RAWP. The following objectives are associated with remediation of 30 

the carbon tetrachloride plume because this plume controls the P&T and MNA remedy design at the large 31 

scale for the 200-ZP-1 OU remedy: 32 

 Objective #1 – Refine the knowledge of the current carbon tetrachloride plume distribution: 33 

The 200-ZP-1 OU data gap analysis (SGW-61350) was conducted to identify locations with the 34 

highest priority for providing plume information in the near term and as the plume migrates during 35 

the MNA phase of the remedy. Near-term data gaps associated with the P&T targeted treatment zone 36 

(approximately identified as the zone within the 100 µg/L contour) were identified. Data gap scores 37 

were higher (indicating a stronger need for information) in the Rwia aquifer compared to the Rwie 38 

aquifer. Addressing these near-term data gaps and refining the understanding of the plume supports 39 

evaluating the remedy approach for the Rwia contamination and optimizing the P&T system well 40 

network in the Rwie and the Rwia. This information also supports improving remedy performance 41 

estimates for the P&T phase and for transition between the P&T and MNA phases of the remedy.  42 



 

 

32 

D
O

E/R
L-2009-115, R

EV. 3, D
R

AFT A 
SEPTEM

BER
 2019 

 1 
Source: SGW-61350, Data Gaps Evaluation in Groundwater Monitoring at the Hanford 200-ZP-1 Groundwater Operable Unit. 2 

Figure 16. Data Gap Analysis Scores for Potential Monitoring Well Locations Above the Rlm 3 
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Source: SGW-61350, Data Gaps Evaluation in Groundwater Monitoring at the Hanford 200-ZP-1 Groundwater Operable Unit. 2 

Figure 17. Data Gap Analysis Scores for Potential Monitoring Well Locations Below the Rlm 3 
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 Objective #2 – Refine the CSM for the Central Plateau aquifer: The data gap study element 1 

associated with long-term plume migration, numerical modeling results in the 200-ZP-1 P&T 2 

RD/RAWP (DOE/RL-2008-78), and assessment of the Central Plateau geologic model identified data 3 

gaps associated with the plume flow path, interaction of the Rwia and Rwie aquifers, and the nature 4 

of the paleochannel between the 200 West and 200 East Areas. In particular, resolving flow paths and 5 

associated geology near well 299-48-71 (zone of insufficient plume containment in 2017) and east of 6 

the downgradient injection well line were shown to be important in predicting long-term plume 7 

migration. Addressing the data gaps associated with refining the CSM supports improving the 8 

numerical modeling for plume migration and remediation predictions, and provides information that 9 

will be needed for RD/RAWP actions associated with long-term remedy decisions. 10 

 Objective #3 – Provide monitoring locations for trend analysis: Plume composite and single-well 11 

trend data are used to support remedy performance monitoring. Trend analyses are also used for 12 

comparison to predict plume behavior to support evaluating the model configuration used for remedy 13 

optimization and remedy decision. Any new monitoring well location provides additional information 14 

for trend analysis, but this objective drives optimizing well placement to improve the usefulness of 15 

monitoring data to support numerical modeling used for developing the P&T well network and 16 

numerical modeling results in the 200-ZP-1 P&T RD/RAWP (DOE/RL-2008-78). 17 

As a result of these combined analyses, a total of 17 monitoring wells are proposed for installation over 18 

the next 5 years, at an estimated installation rate of three to four monitoring wells per year (Appendix G). 19 

Initial characterization work will be conducted as part of the well installation process (specified in 20 

Appendix G). Eleven specific monitoring well locations were selected as a first step to reduce some of the 21 

more significant uncertainty regarding the carbon tetrachloride plume delineation. Figure 18 shows the 22 

11 proposed wells at 7 locations, with collocated wells at many of the locations shown. These clustered 23 

locations, with collocated wells screened at different depths, provide long-term vertical distribution 24 

monitoring, not just one-time vertical characterization data collected during drilling. 25 

Table 4 lists the 11 proposed monitoring well locations and estimated mid-screen elevations. Some of the 26 

data gaps may be temporarily filled by initial characterization sampling as the proposed new monitoring 27 

wells are drilled. However, data gaps will remain and add uncertainty to future plume depictions and 28 

transport simulations if these wells are not installed. Routine sampling and analysis requirements will be 29 

developed for each new monitoring well after the well is installed and initial characterization data are 30 

fully evaluated. 31 

Table 4 also shows the recommended priority for monitoring well installation. The recommended priority 32 

(highest priority is 1, lowest priority is 7) for each well cluster is based on balancing the need to improve 33 

the understanding of plume distribution in the Rwia within the core of the plume, the needs for P&T 34 

remedy optimization in the Rwie, and longer term needs for CSM refinement and support of the 200-ZP-1 35 

P&T RD/RAWP (DOE/RL-2008-78) actions associated with remedy decisions. Prioritization also 36 

considered the usefulness of data collected during well installation as a means to augment the monitoring 37 

well data set with respect to evaluating plume distribution. Thus, initial monitoring wells are located 38 

within the plume core where information relevant to the plume distribution in the Rwie and Rwia are 39 

obtained during drilling. These initial wells for continued monitoring are placed in the Rwia to improve 40 

the monitoring well network.  41 
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Figure 18. Proposed New 200-ZP-1 OU Monitoring Wells 2 
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Table 4. Proposed New Monitoring Wells 

Well 

Priority 

Well 

Name 

Easting 

(m) 

Northing 

(m) 

Estimated 

Mid-Screen 

Elevation 

(m amsl) 

1 

MW3A 567578 136476 73 

MW3B 567578 136476 92 

MW3C 567578 136476 112 

2 
MW4A 566752 137093 80 

MW4B 566752 137093 100 

3 
MW5A 567147 135774 70 

MW5B 567147 135774 110 

4 MW9A 568833 135819 83 

5 MW10A 570000 137365 106 

6 MW8B 568670 136810 120 

7 MW6B 571432 137442 106 

amsl = above mean sea level 

 1 

Current P&T optimization and operations are adequately served by the more extensive well network in 2 

the Rwie within the captured plume zone. New data obtained during well installation will be used to 3 

select locations for additional Rwie monitoring wells to support refined P&T optimization and operational 4 

needs. The activities to enhance the CSM near well 699-48-71 (zone of insufficient plume containment 5 

in 2017) address a primary near-term CSM need. While the CSM associated with the aquifer east of the 6 

downgradient injection well line will not be needed for plume monitoring in the near term, data from this 7 

location are important to support RD/RAWP activities and associated remedy decisions related to 8 

long-term plume fate. Thus, there is a priority to obtain information for this area within the next 9 

2 to 3 years. 10 

Proposed new monitoring wells MW3A, MW3B, and MW3C (screened at three intervals) will fill the gap 11 

in the monitoring network between upgradient wells 299-W10-33 and 299-W14-11 and downgradient 12 

wells 299-W11-86 and 299-W11-87. This data gap represents about 1,325 m (4,347 ft) in the middle of 13 

the 200 West P&T extraction well field with upgradient and downgradient carbon tetrachloride 14 

concentrations >1,000 µg/L. The screen for well MW3A should be completed below the Rlm to help 15 

delineate the northern extent of the deep carbon tetrachloride found at well 299-W13-1. The screens for 16 

wells MW3B and MW3C should be completed above the Rlm. 17 

Proposed new monitoring wells MW4A and MW4B (screened at two intervals) will improve monitoring 18 

coverage near the source areas (north of the TX-TY Tank Farms) and will better delineate areas with 19 

concentrations >100 µg/L. These proposed wells are located between nearby injection wells 299-W6-14 20 

and 299-W6-16 and extraction well 299-W11-50. The screens for wells MW4A and MW4B should be 21 

completed above the Rlm. 22 
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Proposed new monitoring wells MW5A and MW5B (screened at two intervals) will provide monitoring 1 

coverage above and below the existing monitoring well screen at well 299-W14-72 (mid-screen elevation 2 

of 88 m [289 ft] above mean sea level). As with proposed new monitoring wells MW3A, MW3B, 3 

and MW3C, these proposed new wells are located in the middle of the new 200 West P&T extraction well 4 

field, upgradient of well 299-W13-1, which monitors deep aquifer carbon tetrachloride concentrations 5 

>500 µg/L. The screen for well MW5A is intended to be completed below the Rlm; the screen for 6 

well MW5B should be completed above the Rlm. 7 

In 2016, previously proposed monitoring well MW7 (299-W13-2) was drilled and constructed above 8 

the Rlm. Proposed new monitoring well MW9A is collocated with well 299-W13-2, and the screen will 9 

be completed below the Rlm. The proposed well will help fill the data gap in deep-confined to 10 

semiconfined aquifer coverage between monitoring wells 299-W13-1 and 699-40-65 and below 11 

well 299-W13-2. The proposed new monitoring well is located upgradient of the 200 West P&T eastern 12 

injection wells and downgradient of the extraction wells. Additionally, groundwater head values are 13 

necessary for containment evaluation and to understand the effectiveness of the P&T capture system. 14 

Monitoring below the Rlm will provide valuable information for assessing P&T effectiveness. 15 

Proposed new monitoring well MW10A would be located to the east of the 200 West P&T eastern 16 

injection wells, and the screen would be completed below the Rlm (if present). This proposed well will 17 

help fill the data gap in deep-confined to semiconfined aquifer coverage (below the Rlm) to the northeast 18 

of the 200 West Area and will help delineate the carbon tetrachloride plume below the Rlm, downgradient 19 

of the 200 West P&T eastern injection wells. This location was primarily identified as a result of the 20 

200-ZP-1 OU data gap analysis (SGW-61350). 21 

In 2019, previously proposed monitoring well MW8A (699-44-70B) was drilled and constructed below 22 

the Rlm. Proposed new monitoring well MW8B, collocated with recently installed well 699-44-70B, will 23 

help to further delineate the downgradient extent of contamination at well 299-W11-87 and help fill the 24 

1,880 m (6,168 ft) data gap in monitoring coverage between wells 299-W11-87 and 699-44-64 in the 25 

unconfined aquifer. The proposed new monitoring well is located upgradient of the 200 West P&T eastern 26 

injection wells and downgradient of the extraction wells. With collocated well 699-44-70B screened in the 27 

confined aquifer, the screen for well MW6B should be completed in the unconfined aquifer. 28 

In 2019, previously proposed monitoring well MW6A (699-46-61) was drilled and constructed above the 29 

basalt in the lower unconfined aquifer (the Rlm is not present at this location). Proposed new monitoring 30 

well MW6B, collocated with recently installed well 699-46-61, will provide additional monitoring 31 

coverage east and northeast of the currently estimated boundary of the carbon tetrachloride plume at 32 

3.4 µg/L. This proposed well and the collocated well will help delineate the low-concentration eastern to 33 

northeastern carbon tetrachloride plume boundary. This proposed location was further confirmed when 34 

compared to the 200-ZP-1 OU data gap analysis (SGW-61350) for wells above the Rlm (although the 35 

Rlm is not present in this area). With collocated well 699-46-61 screened in the lower unconfined aquifer, 36 

the screen for well MW6B should be completed in the upper or middle unconfined aquifer. 37 

Additional deep monitoring wells are proposed separately under the 200-ZP-1 OU Ringold A SAP 38 

(DOE/RL-2019-23), described in Section 1.3. These proposed deep monitoring wells are primarily 39 

intended to further characterize the Rlm and Rwia. Similarly, additional monitoring wells may be 40 

proposed to support the 200-ZP-1 OU optimization study (DOE/RL-2019-38), also described in 41 

Section 1.3. Details for the sampling and installation of these additionally proposed wells are not provided 42 

in this PMP and the remediation well installation SAP (provided in Appendix G), but the data collected 43 

during the installation of these additional monitoring wells will be used to fill data gaps and support 44 

this PMP. 45 
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As data are obtained from these new monitoring wells, P&T operations, and 200-ZP-1 P&T RD/RAWP 1 

(DOE/RL-2008-78) activities, the order of installation may need to be varied. Thus, the list provided in 2 

Table 4 should be viewed as a recommendation but not a requirement. Monitoring well installation for 3 

each year will be determined using Table 4 as a baseline recommendation, with modifications identified 4 

based on RD/RAWP activity progress and annual P&T optimization efforts. The systematic data gap 5 

analysis process (described in SGW-61350) will be periodically implemented as new concentration data 6 

are collected from newly installed and existing wells. The analysis results will be combined with 7 

professional judgment and conventional methods to develop a new prioritized list of locations for the 8 

remaining two proposed monitoring wells to supplement the monitoring network and fill unresolved gaps 9 

over time as additional data are collected. 10 

All new monitoring wells, whether installed under this PMP, the 200-ZP-1OU Ringold A SAP 11 

(DOE/RL-2019-23), or the 200-ZP-1 OU optimization study (DOE/RL-2019-38), will be incorporated 12 

into the 200-ZP-1 OU monitoring well network to support the performance evaluation, reporting, and 13 

decision-making processes described in this PMP. 14 

4.1.3 Contaminant Monitoring Frequency 15 

An initial baseline sampling round was conducted using the VOC well network for all COCs and uranium 16 

during FY/CY 2012. This was followed by another sampling round of the VOC well network for all 17 

COCs and uranium in FY/CY 2013 to generate data after the first year of 200 West P&T operations. 18 

The data collected from this sampling event, in addition to the data collected from drilling and sampling 19 

the new extraction and injection wells, were used to construct baseline three-dimensional contaminant 20 

plume depictions for each COC. This data set is the most comprehensive sampling data available and 21 

represents the most accurate initial masses and plume volumes for each COC (DOE/RL-2013-14, 22 

Calendar Year 2012 Annual Summary Report for the 200-ZP-1 and 200-UP-1 Operable Unit 23 

Pump-and-Treat Operations). The initial masses were used to calculate the mass removal statistics for 24 

each COC and will be used over the lifetime of the 200 West P&T remedial system operation to support 25 

DS #1, or until new information regarding the mass of the plumes is identified. 26 

During early operation of the 200 West P&T, groundwater samples have been collected from the 27 

VOC and contaminant-specific monitoring well networks on an annual basis. The groundwater flow 28 

velocities typically range from 0.0001 to 0.5 m/d (0.00033 to 1.64 ft/d) across the 200-ZP-1 OU, with the 29 

upper-bound value of 0.5 m/d (1.64 ft/d) corresponding to a maximum groundwater flow rate of 30 

about 180 m/yr (591 ft/yr). For the closely spaced, shallow monitoring wells in the tank farm areas (well 31 

separation ranging from 40 to 260 m [131 to 853 ft]), the minimum time for groundwater at one well to 32 

reach the next downgradient well ranges from 0.2 to 1.4 years. For the more widely spaced monitoring 33 

locations (well separation ranging from 500 to 1,900 m [1,640 to 6,234 ft]), the minimum time for 34 

groundwater at one well to reach the next downgradient well ranges from 2.7 to 10.5 years. Minimal 35 

recharge of the aquifer occurs from precipitation, and there are no signs of seasonal fluctuations in 36 

groundwater flow. Thus, annual contaminant sampling and subsequent delineation of contaminant 37 

distributions is appropriate for many analytes based on the size of the plumes, groundwater flow 38 

velocities, and well spacing within the available monitoring well network. 39 

With this revision of the PMP, the sampling schedule for the contaminant monitoring network was 40 

evaluated for redundancy in 2017 as part of the 200-ZP-1 OU redundancy analysis (SGW-60527). This 41 

groundwater monitoring optimization study was performed to identify potentially redundant locations, 42 

analytes, and sampling frequencies in the 200-ZP-1 OU contaminant monitoring network and sampling 43 

schedule. The results of the redundancy analysis provide extensive recommendations for reducing 44 

redundant sampling activities under this PMP. 45 
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The redundancy analysis focused solely on 200-ZP-1 OU monitoring wells and associated sampling 1 

schedules (SGW-60527). Many, but not all, of the recommendations of the redundancy analysis were 2 

incorporated into the sampling schedule (presented in Table C-3 in Appendix C), resulting in reduced 3 

contaminant monitoring frequencies for many wells. The redundancy analysis did not evaluate any of the 4 

200-UP-1 OU wells that are included in the VOC monitoring network, so changes were not made to the 5 

sampling schedule for the 200-UP-1 OU wells. 6 

As a result of the sampling schedule revisions (Table C-3, Appendix C), sampling of the entire monitoring 7 

well network for all COCs on a 5-year basis will no longer occur. The revised schedule for sampling 8 

annually, biennially, and every 5 years from the contaminant-specific well list will provide sufficient data 9 

for addressing all nine DSs and will support the preparation of the CERCLA 5-year review. 10 

In summary, 42 wells in the 200-ZP-1 OU were affected by these changes. Specific analytes were 11 

removed from the analyte list for some wells, and sampling frequencies were reduced from annually to 12 

every 2 years at other wells. A summary of these changes for each of the 200-ZP-1 OU COCs is 13 

as follows: 14 

 Four wells removed carbon tetrachloride and TCE from the list of analytes to be sampled, and 15 

17 wells reduced the sampling frequency for these analytes. 16 

 Thirteen wells removed chromium and Cr(VI) from the list of analytes to be sampled, and 11 wells 17 

reduced the sampling frequency of these analytes. 18 

 Eighteen wells removed iodine-129 from the list of analytes to be sampled, and six wells reduced the 19 

sampling frequency for this analyte. 20 

 Sixteen wells removed nitrate from the list of analytes to be sampled, and 12 wells reduced the 21 

sampling frequency for this analyte. 22 

 Six wells removed technetium-99 from the list of analytes to be sampled, and 14 wells reduced the 23 

sampling frequency for this analyte. 24 

 Seven wells removed tritium from the list of analytes to be sampled, and 13 wells reduced the 25 

sampling frequency for this analyte. 26 

All newly installed monitoring wells will be sampled on a monthly basis for the first year following 27 

installation. After the first year of monthly sampling is completed, the newly installed monitoring wells 28 

will be sampled on an annual basis until other sampling recommendations are made and are approved. 29 

The new wells will be incorporated into performance monitoring SAP provided in Appendix B. 30 

In future 200 West P&T operations, when contaminant concentrations change less rapidly, the annual 31 

sampling frequency of the monitoring well networks will be re-evaluated following a method similar to 32 

that used in the 200-ZP-1 OU redundancy analysis (SGW-60527). 33 

After the P&T system is shut down, the frequency of contaminant monitoring will be evaluated based on 34 

the observed change rate in the contaminant plumes. The contaminant monitoring frequency for 35 

monitoring wells near the last extraction wells shut down should be adequate to monitor possible 36 

contaminant rebound in the years following well shutdown. Some contaminant monitoring network 37 

sampling will continue to coincide with CERCLA 5-year review preparations to provide a comprehensive 38 

data set to assess the progress of the remedial action against the RAOs and the DSs during the 125-year 39 

MNA period. 40 
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In conjunction with the data collected under the performance monitoring SAP (Appendix B), 1 

200 West P&T remedial system data collection efforts are detailed in the 200 West P&T O&M plan 2 

(DOE/RL-2009-124). Each extraction well is currently sampled quarterly, but new extraction wells or 3 

those that have been out of service for an extended period will be sampled more frequently. In addition, 4 

new injection and extraction wells are initially sampled following final well development (during the 5 

well construction process), prior to use in the P&T system, in accordance with the remediation well 6 

installation SAP (Appendix G). The combined treatment plant influent and combined treatment plant 7 

effluent are sampled monthly. The data are needed to track contaminant mass removal, calibrate COC 8 

plume depictions, and optimize mass removal performance for each extraction well.  9 

While extraction well contaminant concentrations are needed only every other year for plume depiction 10 

calibration purposes, it is prudent to monitor extraction well concentrations quarterly. It is anticipated that 11 

once installed and operational, each extraction well will be capable of recovering approximately 12 

378.5 L/min (100 gal/min) on a sustainable basis. The pumping rates and effective screen intervals for 13 

each extraction well are used to optimize the contaminant mass removed per volume of groundwater 14 

extracted. Quarterly data are also needed to track contaminant mass removal during the remedial action. 15 

Some COCs may be detectable above cleanup levels in samples from individual extraction wells but may 16 

not be detectable in combined treatment plant influent samples. Therefore, without individual extraction 17 

well sampling results, mass removal for COCs cannot be tracked using only combined treatment plant 18 

influent samples. Once contaminant distributions and system operations have stabilized, the extraction 19 

well sampling frequency will be evaluated and possibly changed with DOE and EPA concurrence. When 20 

200 West P&T operations cease, the sampling frequency will be re-evaluated. 21 

4.1.4 Contaminant Monitoring Analytical Parameters 22 

During the initial baseline sampling, contaminant samples collected from the monitoring wells 23 

were analyzed for COCs and various other constituents of interest. The constituents monitored were then 24 

reviewed, and a reduced list of constituents was developed for each monitoring well to analyze for the 25 

entire suite of contaminants and parameters listed in Tables A-1 in Appendix A every 5 years to coincide 26 

with CERCLA 5-year reviews. The review of constituents assessed data trends in the Hanford 27 

Environmental Information System database from 1990 through 2013 for each well. The review also 28 

considered constituents for elimination with respect to the baseline plumes prepared for the CY 2012 29 

200-ZP-1 and 200-UP-1 P&T annual summary report (DOE/RL-2013-14). At that time, the review 30 

determined that the analytical parameters analyzed for each monitoring well were sufficient to delineate 31 

each contaminant plume in three-dimensional space, with sub-cleanup level concentrations surrounding 32 

each contaminant plume to define their boundaries. 33 

The initial Hanford Environmental Information System database query was limited to tritium, total 34 

chromium and Cr(VI), iodine-129, technetium-99, and uranium0F

1 in 200-ZP-1 OU monitoring wells only. 35 

Carbon tetrachloride, nitrate, and TCE were not considered for the reduction analysis because these COCs 36 

are found throughout the 200-ZP-1 OU. Data with specific laboratory and review qualifiers were omitted 37 

from the data set, as well as initial characterization data collected during drilling and other vertical profile 38 

data. Data were also omitted if they were considered inconclusive, such as data points with minimum 39 

detection limits or minimum detectable activities greater than the 200-ZP-1 OU ROD (EPA et al., 2008) 40 

cleanup levels. Undetected qualified data for radiological constituents were also replaced with one-half of 41 

the minimum detectable activity. 42 

                                                      
1 Uranium is included for tracking purposes only and is not a COC in the 200-ZP-1 OU. 
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The data for each constituent were assembled to show the number of samples collected from 1990 1 

through 2013, with sub-data categories for the number of nondetects, the number of nondetects greater 2 

than the cleanup level, the number of detections, the number of detections greater than the cleanup level 3 

with the associated years, the first year sampled, the latest year sampled, and data trends (in context of the 4 

cleanup level). Each constituent and well were then evaluated against appropriate plume maps to 5 

determine if reduced analysis frequencies were appropriate. This evaluation considered the geographic 6 

location of the well with respect to the plume and data trends. Wells within the plume (with 7 

concentrations above the cleanup level) that had increasing trends, were recently above the cleanup level, 8 

or were the first well downgradient from plumes were not considered for reduced monitoring. In some 9 

cases, the first well downgradient (the sentinel well) was an extraction well on a quarterly monitoring 10 

schedule. The wells considered for reduced monitoring frequency did not have detections above cleanup 11 

levels and were either stable or downward-trending below the cleanup level. 12 

Beginning in FY 2014, the frequency of sampling for biogeochemical parameters (analyzed to track 13 

natural attenuation processes) was reduced to once every 5 years in conjunction with CERCLA 5-year 14 

reviews. Annual sampling for the biogeochemical and field parameters listed in Table A-1 in Appendix A 15 

was part of the remedial system baseline sampling, but the annual sampling frequency was reduced to 16 

once every 5 years due to active P&T operations beginning in FY 2014.  17 

With this PMP revision, the analytical lists for each well in the contaminant monitoring networks were 18 

evaluated for redundancy, as presented in the 200-ZP-1 OU redundancy analysis (SGW-60527). 19 

Although no wells were entirely removed from the 200-ZP-1 OU contaminant monitoring network based on 20 

the recommendations in the redundancy analysis, many wells were removed from one or more of the 21 

contaminant-specific monitoring networks associated with each 200-ZP-1 OU COC and uranium. 22 

As a result of the sampling schedule revisions, sampling the entire monitoring well network (i.e., all wells) 23 

for all COCs on a 5-year basis will no longer occur. Section 4.1.3 further summarizes these changes. 24 

All newly installed monitoring wells will be sampled for all 200-ZP-1 OU COCs and other identified 25 

constituents of interest for the first 2 years following installation. After the first 2 years of sampling is 26 

complete, data from the newly installed monitoring wells will be evaluated, and the constituents 27 

monitored may be modified following approval of recommended changes. The new wells will be 28 

incorporated into the performance monitoring SAP provided in Appendix B. 29 

Contaminant monitoring samples collected from the extraction wells and the combined treatment plant 30 

influent and effluent will be analyzed for the COCs and a selection of the other constituents listed in 31 

Table A-1 in Appendix A, as specified in the 200 West P&T O&M plan (DOE/RL-2009-124). While the 32 

P&T system is operating, the list of plume and constituent-specific analyses for all wells will be reviewed 33 

annually to determine if analyses should be added or discontinued for each well. When 200 West P&T 34 

operations cease, the frequency of all sampling parameters will be re-evaluated. 35 

4.2 Hydraulic Monitoring 36 

Hydraulic monitoring data will be collected over the projected 125-year lifetime of the remedial action to 37 

evaluate performance and optimize effectiveness. The selection of the hydraulic monitoring well network 38 

and measurement frequency are described in the following sections. 39 
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4.2.1 Hydraulic Monitoring Network 1 

Figure 19 depicts the hydraulic monitoring well network, and Appendix E lists the wells and the available 2 

well construction details. Hydraulic monitoring will be conducted for the duration of 200 West P&T 3 

operations. The hydraulic monitoring well network was derived using the same master list of available 4 

monitoring wells previously described for developing the contaminant monitoring network. This list was 5 

reduced to provide a more consistently spaced network of well screens, covering elevations ranging from 6 

the top of basalt bedrock to the water table. Since hydraulic stresses are more homogeneous than 7 

contaminant concentrations, this network is less dense and more regularly spaced than the COC 8 

monitoring network. A few monitoring wells near the new 200 West P&T extraction wells were added to 9 

the network to provide data regarding extraction well influence on local aquifer hydraulic conditions. 10 

The monitoring wells cover a spatial area exceeding the plume boundaries and the 200 West P&T so the 11 

hydraulic monitoring data can provide useful model calibration data. This allows capture frequency maps 12 

to be prepared of the approximate the extent of hydraulic containment. 13 

Many of the hydraulic monitoring wells have transducers and data loggers to semicontinuously measure 14 

groundwater elevations. The wells with transducers installed are identified in Appendix E. The rationale 15 

for choosing the hydraulic monitoring well locations is as follows: 16 

 Around the margins of the plumes, the wells help to confirm inward or reduced gradients. 17 

 In the core of the plumes, near the extraction wells, the wells collectively identify the magnitude and 18 

shape of the groundwater depression caused by pumping. 19 

 Between the 200-ZP-1 and 200-UP-1 OUs, the wells help to identify flow directions, which will 20 

become more important over time. 21 

When 200 West P&T operations cease, the hydraulic monitoring network will be re-evaluated. 22 

The density of the monitoring well network will likely be reduced to reflect the return of hydraulic 23 

gradients to a more regional groundwater flow pattern. 24 

4.2.2 Hydraulic Monitoring Frequency 25 

While the 200 West P&T is operating, a synoptic (concurrent) set of hydraulic monitoring data will be 26 

collected annually from the hydraulic monitoring well network, which will be coordinated with the annual 27 

sitewide water table mapping task to avoid duplication of effort. Pre-remedial system startup data were 28 

also collected from the network to provide baseline 200-ZP-1 OU hydraulic data. Changing remedial 29 

system groundwater extraction and injection rates result in changes to the three-dimensional groundwater 30 

head field, which can affect extraction well performance and plume capture success. The 200-ZP-1 OU 31 

water table continues to decline due to eliminating the historical large influx of artificial recharge that 32 

created the elevated water table. Therefore, annual hydraulic monitoring is prudent to ensure that the 33 

remedial system is operating optimally. 34 

As discussed in Section 4.2.1, many of the hydraulic monitoring wells are instrumented with transducers 35 

and data loggers to measure semicontinuous groundwater elevations. The aggressive pumping rates, low 36 

aerial recharge, and limited lateral inflow could cause some extraction well pumping rates to become 37 

unsustainable. Thus, the transient data logger groundwater elevation data will be evaluated to monitor 38 

sustainability of the extraction well field and to optimize pumping, possibly by rebalancing upgradient 39 

and downgradient injection to ensure implementation of a sustainable remedy. 40 
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Figure 19. Hydraulic Monitoring Well Network 2 
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In addition, while the 200 West P&T is operating, flow rates are measured on a semicontinuous basis in 1 

each extraction and injection well and also for the combined treatment plant influent in accordance with 2 

the 200 West P&T O&M plan (DOE/RL-2009-124).  3 

When 200 West P&T operations cease, the frequency of hydraulic monitoring for monitoring wells will 4 

be evaluated based on how rapidly the water table stabilizes. At a minimum, a synoptic set of hydraulic 5 

monitoring data will be collected from the hydraulic monitoring well network every 5 years, coordinated 6 

with the annual sitewide water table mapping task, and in compliance with CERCLA 5-year reviews. 7 

4.3 Performance Monitoring Analysis and Reporting 8 

Performance monitoring conducted under this PMP is intended to support the DQOs presented in 9 

Appendix A by providing necessary information to resolve the DSs, address the DRs, and support the 10 

overall decision-making process. 11 

The decision-making process is multistage. The first stage, P&T operations, includes the active remedy 12 

components of groundwater P&T and flow-path control. The second stage involves evaluating P&T 13 

shutdown and rebound studies prior to proceeding with MNA. The third stage includes the MNA remedy 14 

component. The fourth stage, attainment demonstration, involves evaluating and determining whether the 15 

200-ZP-1 OU ROD (EPA et al., 2008) requirements have been met and site closure can be pursued. 16 

Figure 20 provides a summary of the multistage 200-ZP-1 OU remedy decision-making process. 17 

The first three stages of the decision-making process include workflow components necessary to 18 

successfully monitor and improve performance and to ultimately make decisions before proceeding to the 19 

next stage. These workflow components are summarized as collecting primary data (monitor); analyzing 20 

primary data (calculate); modeling for predicting success and for evaluating potential changes (predict); 21 

reporting the monitoring, analysis, and predications (report); and making necessary changes to the system 22 

to improve remedy performance (optimize). The fourth and final stage of the decision-making process, 23 

attainment demonstration, includes three primary workflow components: (1) collecting primary data 24 

(monitor), (2) analyzing the primary data (calculate), and (3) reporting the monitoring and analysis and 25 

the recommended decision (report/decision). Figures 21 through 24 provide summary representations of 26 

the four stages of the 200-ZP-1 OU remedy decision-making process, including the associated 27 

workflow components. 28 

The general approach to resolve the DSs and manage the remedy uses a combination of several types of 29 

primary data (Table 2) and associated data analysis, as well as a comparison of data to fate and transport 30 

model predictions. The approach uses these multiple lines of evidence (not a single metric) in 31 

an integrated remedy performance evaluation. Each primary and derived element of the approach 32 

provides essential information to be used in the decision-making process, but limitations of each element 33 

exist and must be considered. Integrating each element with other elements is necessary to successfully 34 

and efficiently support the decision-making process. Table 5 provides a list of the derived data and 35 

simulation elements of the approach, as well as a description of the information provided by each 36 

element, its limitations, and how it is integrated with other elements to support remedy performance 37 

evaluation and management. 38 
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Figure 20. 200-ZP-1 OU Remedy Decision-Making Process Stages 2 
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While some of these elements are evaluated annually, some types of data analysis and modeling are 1 

evaluated less frequently. During the P&T period, trend analyses will be conducted twice per 5-year 2 

review period, although the new data will be plotted and compared to trend confidence and prediction 3 

intervals annually. Significant deviations from confidence or prediction intervals will be used to initiate 4 

more frequent evaluation or data collection. Similarly, model prediction updates would occur at the same 5 

frequency. During the MNA period, these frequencies may be lengthened based on expected slow rates of 6 

change. The approach will also consider three-dimensional aspects of the plume, especially when 7 

evaluating plume configuration and mass changes over time and when determining whether the 8 

monitoring network needs to be updated either laterally or vertically. 9 

Each stage of the decision-making process will require a combination of the general approach elements 10 

listed in Table 5. While Table 2 provides a summary of the data inputs to resolve the DSs and Table 3 11 

provides additional details on the analytical approach to resolve these DSs and address the DRs, the 12 

following sections discuss the analysis and reporting requirements associated with each of the four stages 13 

of the remedy decision-making process. This may include multiple DSs and DRs related to each stage. 14 

4.3.1 Pump and Treat Operations Stage of the Remedy Decision-Making Process 15 

While the 200 West P&T is operating, the P&T operations stage of the decision-making process will be in 16 

effect, and the following abbreviated DSs (adapted from Section 1.4) will be the focus of the analysis and 17 

reporting activities: 18 

 DS #1: Determine if the P&T system will remove at least 95% of the mass of COCs in 25 years or 19 

less and meet other conditions relevant to transitioning to MNA, and thereby achieve remedy goals 20 

for the P&T phase of the remedy. 21 

 DS #2: Determine if certain areas of the contaminant plumes are not responding to P&T remediation 22 

as expected and, therefore, require the evaluation of P&T modifications or other remedy options. 23 

 DS #3: Determine if any newly identified contaminants could impact the effectiveness of the remedy 24 

and necessitate evaluation of P&T modifications or other remedy options. 25 

 DS #4: Determine if potentially toxic or mobile transformation products are being generated at 26 

concentrations high enough to justify their inclusion in the list of COCs with associated 27 

cleanup levels. 28 

 DS #5: Determine if changes are occurring in environmental conditions which may reduce the 29 

efficacy of the P&T system, natural attenuation processes, and flow-path control actions, thereby 30 

necessitating evaluation of P&T modifications or other remedy options. 31 

To effectively resolve these DSs and address the associated DRs (Table 3), detailed composite 32 

assessments combined from the analytical approaches for each of the applicable DSs (Sections A6.1 33 

through A6.5 in Appendix A) will be required. The composite assessments will use various primary data 34 

listed in Table 2 and the derived data and simulated elements described in Table 5. 35 



DOE/RL-2009-115, REV. 3, DRAFT A 
SEPTEMBER 2019 

 

47 

 1 

Figure 21. P&T Operations Stage of the Remedy Decision-Making Process  2 
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Figure 22. Rebound Studies Stage of the Remedy Decision-Making Process  2 
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Figure 23. MNA Stage of the Remedy Decision-Making Process  2 
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Figure 24. Attainment Demonstration Stage of the Remedy Decision-Making Process 2 
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Table 5. Derived Data and Simulation Elements 

Element Information Limitations Integration 

Plume concentration 

trends (95% upper 

confidence limit of 

combined monitoring 

well data) 

Changes in time over three-dimensional spatial 

distribution of the concentration of COCs in 

groundwater at monitoring locations, based on 

measurement and observation and extrapolated 

through computational approaches to the 

overall plume. 

Most substantial limitation is extrapolation over 

distance (horizontal and vertical) between points of 

measurement, especially when under dynamic 

treatment conditions (e.g., P&T) where measured 

conditions may be transient in the short term. 

Individual measurements are subject to limitations 

driven by measurement DQOs (i.e., precision, 

accuracy, representativeness, completeness, 

and comparability). 

Opportunity for integrated 

data collection efforts with 

neighboring OUs 

(e.g., 200-UP-1 and 

200-BP-5). 

Monitoring well 

concentration trends 

Time series of COC concentration in groundwater 

at monitoring locations based on measurement 

and observation. 

Limitations are driven by measurement DQOs 

(i.e., precision, accuracy, representativeness, 

completeness, and comparability) for individual 

location measurements. 

Opportunity for integrated 

data collection efforts with 

neighboring OUs 

(e.g., 200-UP-1 and 

200-BP-5). 

Contaminant mass 

removal over time 

(plume and 

individual well) 

Time series of COC concentrations in extracted 

groundwater and post-treatment effluent, based on 

measurement and observation for individual locations 

and extrapolated via computation to represent the 

plume overall (P&T operational data, collected via 

the 200 West P&T O&M plan [DOE/RL-2009-124]). 

Most substantial limitation is in extrapolation over 

distance (horizontal and vertical) between points of 

measurement and over time (where measurements are 

relatively infrequent), especially true under dynamic 

treatment conditions (e.g., P&T) where measured 

conditions may be transient in the short term. 

Individual measurements are subject to limitations 

driven by measurement DQOs (i.e., precision, 

accuracy, representativeness, completeness, 

and comparability). 

Opportunity for integrated 

data collection efforts with 

all (or any) OUs providing 

feed stock to the treatment 

plant (e.g., 200-UP-1 and 

200-BP-5). 

Mass degradation 

over time (plume and 

individual well) 

Estimation of COC mass degradation requires 

information based on measurement and observation 

of concentrations in groundwater at monitoring 

locations, in extracted water, and in post-treatment 

effluent water (P&T operational data, collected via 

the 200 West P&T O&M plan [DOE/RL-2009-124]). 

This can provide an inference of the degraded mass. 

Refinement of the inferred degraded mass requires 

calculation based on knowledge of biological and 

abiotic COC decay rates under site conditions. 

Estimation of degradation by difference has inherent 

uncertainty due to variability in measurements, 

uncertainty in estimated extrapolation of mass in the 

aquifer, and uncertainties in understanding of the 

degradation processes. 

Not applicable; mass 

degradation estimates are 

largely confined to use by 

the target OU. 
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Table 5. Derived Data and Simulation Elements 

Element Information Limitations Integration 

Plume volume 

changes over time 

(including selected 

plume contour shells) 

Changes in time over three-dimensional spatial 

distribution of the concentration of COCs in 

groundwater at monitoring locations, based on 

measurement and observation, and extrapolated 

through computational approaches to the 

overall plume. 

Most substantial limitation is in extrapolation over 

distance (horizontal and vertical) between points of 

measurement, especially under dynamic treatment 

conditions (e.g., P&T) where measured conditions 

may be transient in the short term. The monitoring 

location densities decrease with depth in the target 

aquifer, which also adds uncertainty to the 

extrapolation calculations. Individual measurements 

are subject to limitations driven by measurement 

DQOs (i.e., precision, accuracy, representativeness, 

completeness, and comparability). 

Opportunity for integrated 

data collection efforts with 

neighboring OUs 

(e.g., 200-UP-1 and 

200-BP-5). 

Hydraulic heads and 

capture zones (plume 

and individual well) 

This requires information describing the hydraulic 

conditions within the aquifer based on measurement 

and observation, as well as an understanding of 

aquifer properties to extrapolate groundwater 

movement relative to dynamic well conditions 

(i.e., extraction and injection). Additional information 

includes P&T operational data, collected via the 

200 West P&T O&M plan (DOE/RL-2009-124). 

Subject to limitations in data collection (e.g., accuracy, 

precision, and representativeness of water-level 

measurement) and computational capability 

(e.g., representativeness of selected aquifer hydraulic 

properties with respect to actual site conditions). 

Extrapolations of individual dynamic well conditions 

to the aquifer are frequently uncertain. 

Opportunity for 

integrated water-level 

data and capture zone 

analyses with neighboring 

OUs (e.g., 200-UP-1 and 

200-BP-5) and with 

Hanford Sitewide 

groundwater 

modeling activities. 

P&T operational 

data and other 

institutional data 

Information assembled primarily from measurement 

and observation of water quality and volumetric 

observations during plant operations, collected via 

the 200 West P&T O&M plan (DOE/RL-2009-124). 

This includes groundwater extraction rates and 

locations, process effluent injection rates and 

locations, water quality (e.g., COC concentrations 

and geochemistry) of plant influent and effluent, and 

processed information describing individual 

extraction and injection well performance. 

Institutional information includes sitewide 

decisions regarding future land use, as well as 

selecting points of calculation and compliance for 

the groundwater remedy. 

Subject to uncertainties in measurement and 

observation data quality. Most of these data are 

indirect to this performance monitoring plan and will 

need to be assessed for DQO comparability. Most 

hydraulic measurements are collected from dynamic 

monitoring locations (e.g., extraction and injection 

wells) and must be carefully considered for 

comparability when incorporating into the knowledge 

base of the overall aquifer. 

Directly integrated with the 

all OUs that supply feed 

stock to the treatment plant 

(e.g., 200-UP-1 and 

200-BP-5). 
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Table 5. Derived Data and Simulation Elements 

Element Information Limitations Integration 

Model predictions of 

plume behavior and 

remedy performance 

Modeling activities require integrating all of the 

inputs described above to refine the model 

performance and enhance the predictability of the 

model output. Models must be assembled to represent 

the system as accurately as reasonable and refined 

routinely with inputs based on measurement and 

observation. As additional information describing 

aquifer physical and hydraulic properties becomes 

available, the model basis must be refined to 

incorporate the new information so the model 

remains representative and comparable to the system. 

Subject to uncertainties in inputs and definition of 

computational parameters. Modeling tools allow 

calculation of predicted conditions over wide physical 

areas and over long periods of time into the future. 

The level of uncertainty in model outputs increases 

with the area (and volume) of the aquifer described 

and with the simulation time period. A well 

performing model should produce a comparable 

description of aquifer condition over relatively short 

time periods (e.g., years). Short-period descriptive 

runs should be performed regularly to ensure 

continued model representativeness. If short-term 

results are comparable, the level of confidence can 

increase in the longer term analyses. 

Integrated with the overall 

Central Plateau modeling 

effort. Two-way 

integration is essential to 

provide OU-specific 

outputs to neighboring 

OUs, as well as using 

neighboring OU inputs to 

check and validate the 

target OU model results. 

Reference: DOE/RL-2009-124, Rev. 6, Draft A, 200 West Pump and Treat Operations and Maintenance Plan. 

COC = contaminant of concern 

DQO = data quality objective 

O&M = operations and maintenance 

OU = operable unit 

P&T = pump and treat 

 1 



DOE/RL-2009-115, REV. 3, DRAFT A 
SEPTEMBER 2019 

 

54 

For each COC, the predicted contaminant mass removal, mass degradation, and plume volume (including 1 

selected plume contour shells) change over time (from the onset of P&T through the 25-year or less 2 

operational period) will be plotted for the lower pre-P&T plume configuration and for the alternative 3 

higher pre-P&T plume mass estimate. The following inputs and analyses support this evaluation: 4 

 Compare the measured 95% upper confidence limits for plume concentration to the predicted 5 

95% upper confidence limits twice per 5-year review cycle. 6 

 Compare measured P&T system mass removal to the predicted performance annually. (Note that the 7 

plume reduction progress is loosely correlated to mass extraction due to uncertainty in the actual mass 8 

distribution in the aquifer.) Mass removal will be calculated based on P&T influent concentrations 9 

and the flows from the set of wells extracting from each targeted COC plume. The measured mass 10 

extraction values will be plotted and compared to the predicted mass extraction profile (based on the 11 

P&T system design conditions) for the lower and alternative higher mass plume cases. If the P&T 12 

system is optimized or changed from the initial design conditions (e.g., changes to injection and 13 

extraction flows and positions), updates to the predicted mass extraction profiles may be necessary. 14 

 Compare plume volume (including selected plume contour depiction) changes to the predicted 15 

performance. Plume volume changes will be measured twice per 5-year review cycle because of 16 

the predicted pace of plume change in response to P&T. Two-dimensional (detailed) and 17 

three-dimensional (for major higher concentration contours only) maps will be prepared based on the 18 

measured concentrations at monitoring and extraction wells, consistent with plume mapping 19 

techniques used for the annual Hanford Site groundwater monitoring report. The plume depictions 20 

will be quantified based on area or volume and will be compared to predicted plume response 21 

to P&T. If the P&T system is optimized or changed from the initial design conditions (e.g., changes 22 

to injection and extraction flows and positions), updates to the predicted plume may be necessary.  23 

 Identify whether the trends in mass removal and plume volume changes are more consistent with 24 

lower or alternative higher mass plume estimates. 25 

 Identify whether measured overall mass removal and plume volume changes and trends are consistent 26 

with reaching the 25-year or less performance goal. 27 

For each COC at each extraction well and for monitoring wells within the individual extraction well 28 

capture zone, the predicted contaminant mass removal, mass degradation, monitoring well concentrations 29 

(COCs along with transformation products and environmental indicators), and hydraulic head distribution 30 

over time (from the onset of P&T through the 25-year or less operational period) will be plotted for the 31 

lower mass pre-P&T plume configuration and for the alternative higher mass pre-P&T plume 32 

configuration. Because the P&T system is operated dynamically, some variations in measured and actual 33 

capture zones may occur, which may result in the need to update the predicted capture zones over time. 34 

In addition, a list of potential new contaminants will be evaluated based on the 200-WA-1 OU and 35 

200-DV-1 OU efforts to select any additional monitored constituents and the appropriate locations for 36 

monitoring. The following inputs and analyses support this evaluation: 37 

 Compare measured P&T system mass removal to the predicted performance annually. Mass removal 38 

measurements will be calculated based on extraction well concentrations and flows for each targeted 39 

COC. The measured mass extraction values will be plotted and compared to the predicted mass 40 

extraction profile (based on the P&T system design conditions) for the individual wells for the lower 41 

and alternative higher mass plume cases. If the P&T system is optimized or changed from the initial 42 

design conditions (e.g., changes to injection and extraction flows and positions), updates to the 43 

predicted mass extraction profiles may be necessary. 44 
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 Compare extraction well and monitoring well contaminant concentration trends to the predicted 1 

performance, including contaminant transformation (annually for confidence and prediction intervals 2 

and twice per 5-year review cycle for trends). Trend analysis will require 3 to 5 years of data before 3 

it is effective. Extraction and monitoring well concentration data will be plotted and compared to 4 

predicted concentration profiles at each extraction and monitoring well for each COC, transformation 5 

product, and environmental indicator expected at the well. Comparison will be for absolute values 6 

and for trends (i.e., slope analysis to determine if the measured and predicted slopes are similar 7 

[Mann-Kendall, regression, or similar statistic]). Analyses will also include injected constituents 8 

(e.g., cyanide and uranium) that may be from outside the 200-ZP-1 OU (from adjacent OUs or other 9 

OUs with water being treated at the 200 West P&T) or potential contaminants that are identified from 10 

the 200-WA-1 OU and 200-DV-1 OU sources located above the 200-ZP-1 OU. 11 

 Compare hydraulic head data to predicted head data for a capture zone annually. Measured hydraulic 12 

head data will be used to evaluate the capture zone for wells and will be compared to the design 13 

capture zones. If the P&T system is optimized or changed from the initial design conditions 14 

(e.g., changes to injection and extraction flows and positions), updates to the predicted capture zones 15 

may be necessary. 16 

 Identify whether the trends in mass removal at individual wells and plume volume changes are more 17 

consistent with lower or alternative higher mass plume estimates. 18 

 Identify whether measured monitoring or extraction individual well concentration trends are 19 

consistent with reaching the 25-year or less performance goal. 20 

 Identify whether measured monitoring or extraction individual well concentration trends are deviating 21 

from predicted trends, which may indicate the following: 22 

 A zone of plume persistence is different than design expectations (e.g., a continuing source); or 23 

 A capture zone is different than design expectations; or 24 

 Transformation products are being generated 25 

 Identify whether hydraulic conditions are within the range expected to meet P&T capture goals. 26 

 Identify whether measured individual well concentrations of specified environmental constituents are 27 

consistently stable (by trend analysis). If increasing or decreasing trends are present, determine 28 

whether these trends correlate with changes in COC or transformation product trends. 29 

The following evaluation questions should be answered by these combined analyses: 30 

 Are changes to the modeling configuration used for predicted performance needed based on observed 31 

plume responses, indicating that a plume condition is different than the lower or alternative 32 

higher plumes? 33 

 What P&T system optimization can be applied to adjust performance overall or for individual capture 34 

zones to better meet the 25-year or less mass recovery performance target? 35 

 What are the factors inhibiting P&T performance in zones of plume persistence, and are these factors 36 

best addressed by P&T optimization or use of another approach? 37 

 Are zones of persistence or increases coincident with original source zones identified for each 38 

200-ZP-1 OU plume? 39 
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 Are zones of persistence or increases coincident with vadose zone waste disposal zones that are not 1 

original plume sources, and are these zones estimated by the 200-WA-1 OU or 200-DV-1 OU as 2 

having the potential for groundwater impact based on disposal inventory, expected vadose zone 3 

transport, and vadose zone characterization results? 4 

 What are the characteristics of the continuing source, and are these best addressed by P&T to meet 5 

the P&T performance targets, or will these require use of another approach/remedy? 6 

 What changes to the monitoring well network (horizontal or vertical) or sampling frequency would: 7 

 Improve the evaluation of P&T performance or be more efficient? 8 

 Improve evaluation of hot spots or be more efficient? 9 

 Improve identification and evaluation of new contaminants or be more efficient? 10 

 Improve evaluation of transformation products or be more efficient? 11 

 Improve evaluation of environmental conditions or be more efficient? 12 

The following DRs associated with the P&T operations stage of the remedy decision-making process will 13 

be specifically addressed annually (if appropriate) and will be the basis for the conclusions and 14 

recommendations derived from the composite assessment described in this section: 15 

 DR #1: If the remedy has removed 95% of the mass of COCs and no individual well exceeds 16 

100 µg/L carbon tetrachloride, then perform rebound study as an initial step in transition to MNA. 17 

Otherwise, continue P&T operations at nonconforming portions of the plume. 18 

 DR #2A: If the measured monitoring well COC concentration trends are performing as predicted 19 

when compared to the 200-ZP-1 OU groundwater model, then continue operation. Otherwise, 20 

implement P&T modifications to address deficiencies. 21 

 DR #2B: If the measured hydraulic head trends indicate that plume capture and flow-path control are 22 

performing as predicted when compared to the 200-ZP-1 OU groundwater model, then continue 23 

operation. Otherwise, implement P&T modifications to address deficiencies. 24 

 DR #2C: If measured COC mass recovery is performing as predicted using the 200-ZP-1 OU 25 

groundwater model and the initial mass basis defined in the 200-ZP-1 P&T RD/RAWP 26 

(DOE/RL-2008-78), then continue operation. Otherwise, implement P&T modifications to 27 

address deficiencies. 28 

 DR #3A: If a newly identified contaminant within the 200 West P&T process stream meets the 29 

requirements for reinjection into 200-ZP-1 OU (as defined in the 200-ZP-1 P&T RD/RAWP 30 

[DOE/RL-2008-78]), then continue operations. Otherwise, implement P&T modifications to ensure 31 

P&T effluent meets discharge requirements. 32 

 DR #3B: If a newly identified contaminant is determined to be a new 200-ZP-1 OU COC, then 33 

a ROD modification, RD/RAWP revision, and implementation of a modified remedy are required. 34 

 DR #4A: If a potentially toxic or mobile transformation product within the 200 West P&T process 35 

stream meets the requirement for reinjection into the 200-ZP-1 OU (as defined in the 200-ZP-1 P&T 36 

RD/RAWP [DOE/RL-2008-78]), then continue operations. Otherwise, implement P&T modifications 37 

to ensure that the P&T effluent meets discharge requirements. 38 
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 DR #4B: If a potentially toxic or mobile transformation product is determined to be a new 1 

200-ZP-1 OU COC, then a ROD modification, RD/RAWP revision, and implementation of 2 

a modified remedy are required. 3 

 DR #5: If environmental conditions do not reduce the efficacy of the remedy, then continue with 4 

remedy. Otherwise, modify the remedy to accommodate the changes. 5 

The results of the evaluations for this stage of the remedy decision-making process will be presented 6 

in the annual report, including answers to the associated evaluation questions and any resulting 7 

conclusions. This may include recommendations for optimizing the 200 West P&T covered under 8 

the 200 West P&T O&M plan (DOE/RL-2009-124) or recommendations for optimizing the performance 9 

monitoring program covered under this PMP. Depending on the outcome of the associated DR 10 

assessment, this may also include a recommendation to proceed to the transitional stage of rebound for 11 

the remedy decision-making process. 12 

4.3.2 Rebound Studies Stage of the Remedy Decision-Making Process 13 

Based on the apparent success of the P&T operations stage of the remedy decision-making process, the 14 

decision to proceed to evaluating conditions following shut down of the 200 West P&T will move from 15 

the remedy decision-making process to the transitional rebound studies stage prior to subsequent 16 

movement to the MNA stage of the remedy decision-making process. The following abbreviated DS 17 

(adapted from Section 1.4) will be the focus of the analysis and reporting activities for this stage: 18 

 DS #6: Once 95% of the mass of COCs has been removed and other conditions relevant to 19 

transitioning to MNA have been met, determine if there is rebound in COC groundwater 20 

concentrations, which would require the P&T system to be turned back on. 21 

To resolve this DS effectively and address associated DR #6 (Table 3), the following detailed composite 22 

assessment from the analytical approach for DS #6 (from Section A6.6 in Appendix A) will be required 23 

using various primary data listed in Table 2 and the derived data and simulated elements described in 24 

Table 5. 25 

For each COC at each extraction well (quiescent) and for monitoring wells within the individual 26 

extraction well capture zone, the predicted contaminant mass removal, mass degradation, monitoring well 27 

concentrations, and hydraulic head distribution over time (from the onset of P&T through the 25-year or 28 

less operational period) will be plotted for the lower pre-P&T plume configuration and for the alternative 29 

higher pre-P&T plume mass estimate. The following inputs and analyses support this evaluation: 30 

 Evaluate extraction well (quiescent) and monitoring well concentrations and trends in comparison to 31 

concentrations and trends prior to P&T shutdown. Concentrations will be plotted for P&T and 32 

post-P&T data. Slope analysis (e.g., Mann-Kendall, regression, or similar statistic) will be used to 33 

determine if the post-P&T slope is increasing, decreasing, or stable. Absolute concentrations pre- and 34 

post-P&T will be compared to thresholds established for successful MNA. 35 

 Evaluate hydraulic head data to assess flow conditions in comparison to conditions prior to P&T 36 

shutdown. Hydraulic head data will be used to establish groundwater flow conditions with respect to 37 

interpreting concentrations at wells in the context of expected upgradient plume conditions. 38 

 Identify whether the concentration trends are stable, decreasing, or increasing. 39 

 Identify whether monitoring well or extraction well trends are increasing, which may suggest that 40 

a zone of plume persistence is different than design expectations (e.g., a continuing source). 41 
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The following evaluation questions should be answered by these combined analyses: 1 

 Are rebound concentrations acceptable with respect to transitioning to MNA (e.g., at or below 2 

concentrations and plume volumes predicted to enable meeting MNA objectives)? 3 

 A range of plume configurations may be suitable for transitioning to MNA. Simulations of 4 

potential plume conditions suitable for transition will be prepared as a benchmark, as well as 5 

mass reduction goals to guide assessing the performance of P&T in reaching the transition point. 6 

Near the time of the expected transition, simulations using the expected plume condition 7 

(as a projection of the measured plume conditions at that time) will be used to verify appropriate 8 

transition conditions. 9 

 If present, are zones of persistence or increases coincident with original source zones identified for 10 

each 200-ZP-1 OU plume? 11 

 If present, are zones of persistence or increases coincident with vadose zone waste disposal zones that 12 

are not original plume sources, and are these zones estimated by the 200-WA-1 or 200-DV-1 OUs 13 

as having the potential for groundwater impact based on disposal inventory, expected vadose zone 14 

transport, and vadose zone characterization results? 15 

 If present, what are the characteristics of the continuing source, and are these best addressed by 16 

P&T to meet the P&T performance targets, or will these require use of another approach/remedy? 17 

 What changes to the monitoring well network (horizontal or vertical) or sampling frequency would 18 

improve evaluation of contaminant rebound or be more efficient? 19 

The following DR #6 associated with the rebound studies stage of the remedy decision-making process 20 

will be specifically addressed annually (if appropriate) and will be the basis of the conclusions and 21 

recommendations derived from the composite assessment described in this section: 22 

 DR #6: If the rebound study confirms that 95% of the mass removal of COCs and individual well 23 

concentrations of <100 µg/L carbon tetrachloride are sustained, then transition to MNA. Otherwise, 24 

restart P&T operations for nonconforming portions of the plume. 25 

The results of the evaluations for this stage of the remedy decision-making process will be presented in 26 

the annual report, including answers to the associated evaluation questions and any resulting conclusions. 27 

This may include recommendations for optimizing the performance monitoring program covered under 28 

this PMP. Depending on the outcome of the associated DR assessment, this may also include 29 

a recommendation to restart the 200 West P&T operation with an optimized extraction network or 30 

a recommendation to move to the MNA stage of the remedy decision-making process. 31 

4.3.3 Monitored Natural Attenuation Stage of the Remedy Decision-Making Process 32 

Based upon the apparent success of the rebound studies stage of the remedy decision-making process, 33 

a decision to proceed to the MNA phase of the 200-ZP-1 OU remedy will move the remedy 34 

decision-making process to the MNA stage, and the following abbreviated DSs (adapted from 35 

Section 1.4) will be the focus of the analysis and reporting activities: 36 

 DS #4: Determine if potentially toxic or mobile transformation products are being generated at 37 

concentrations high enough to justify their inclusion in the list of COCs with associated 38 

cleanup levels. 39 
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 DS #5: Determine if changes are occurring in environmental conditions that may reduce the efficacy 1 

of the P&T system, natural attenuation processes, and flow-path control actions, thereby necessitating 2 

evaluation of P&T modifications or other remedy options. 3 

 DS #7: Determine if the current remedy design is predicted to achieve cleanup levels for all COCs 4 

within 125 years, and thereby achieve the overall remedial goal. 5 

 DS #8: Determine if contamination is expanding downgradient, laterally or vertically after the P&T 6 

component has been turned off, thereby necessitating an evaluation of the predicted success of the 7 

remedial action.  8 

To resolve these DSs effectively and address the associated DRs (Table 3), detailed composite 9 

assessments combined from the analytical approaches for each of the applicable DSs (Sections A6.4, 10 

A6.5, A6.7, and A6.8 in Appendix A) will be required. The composite assessments will use various 11 

primary data listed in Table 2 and the derived data and simulated elements described in Table 5. 12 

For each COC, the predicted contaminant plume volume and mass, plume location, mass degradation, 13 

monitoring well concentrations (COCs along with transformation products and environmental indicators), 14 

and hydraulic head distribution over time from the onset of MNA through the 100-year MNA period will 15 

be plotted, starting with the post-P&T plume configuration considering a lower and alternative higher 16 

pre-P&T plume mass estimate. In addition, a list of potential newly identified contaminants will be 17 

evaluated based on the Central Plateau source OU (e.g., 200-WA-1 OU and 200-DV-1 OU) remedial 18 

investigation/feasibility study process to select any additional monitored constituents and the appropriate 19 

locations for monitoring. The following inputs and analyses support this evaluation: 20 

 Compare the measured plume 95% upper confidence limit concentration trends to the 21 

predicted performance. 22 

 Evaluate monitoring well concentrations and trends at locations downgradient of the 23 

contaminant plume. 24 

 Compare measured plume volume, mass, and location to the predicted performance twice per 5-year 25 

review cycle. Two-dimensional (detailed) and three-dimensional (for major higher concentration 26 

contours only) maps will be prepared based on the measured concentrations at monitoring and 27 

extraction wells, consistent with plume mapping techniques used for the annual Hanford Site 28 

groundwater monitoring report. The plume depictions will be quantified based on area or volume and 29 

will be compared to predicted plume behavior during MNA. 30 

 Compare monitoring well constituent trends to the predicted performance, including contaminant 31 

transformation. For the initial assessment after transition to MNA, comparisons will be made annually 32 

for confidence and prediction intervals and twice per 5-year review cycle for trends. Trend analysis 33 

will require 3 to 5 years of data before it is effective. For the long term, the analysis frequency may be 34 

changed to account for the expected slow rate of change during the MNA period. Monitoring well 35 

concentration data will be plotted and compared to predicted concentration profiles at each 36 

monitoring well for each COC, transformation product, and environmental indicator expected at the 37 

well. Comparison will be made for absolute values and for trends (i.e., slope analysis to determine if 38 

the measured and predicted slopes are similar [Mann-Kendall, regression, or similar statistic]). 39 

For this assessment, analyses will also include injected constituents (e.g., cyanide and uranium) that 40 

may be from outside the 200-ZP-1 OU (from adjacent OUs or other OUs with water that has been 41 

treated at the 200 West P&T) or potential contaminants that are identified from the 200-WA-1 OU 42 

and 200-DV-1 OU sources located above the 200-ZP-1 OU. 43 
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 Compare hydraulic head data to the hydraulic head used in the predictive simulations twice per 5-year 1 

review cycle. Hydraulic head data will be used to establish groundwater flow conditions with respect 2 

to interpreting concentrations at wells in the context of expected upgradient plume conditions. These 3 

flow conditions will be compared to the flow conditions used in the predictive model.  4 

 Identify whether the trend in attenuation is more consistent with lower or alternative higher mass 5 

plume estimates. 6 

 Identify whether measured plume and individual well trends are consistent with reaching the 125-year 7 

performance goal. 8 

 Identify whether monitoring well concentration trends are deviating from predicted trends, which may 9 

indicate that: 10 

 A zone of plume persistence that may affect reaching the MNA goal (e.g., a continuing source); or 11 

 Transformation products are being generated 12 

 Identify whether measured individual well concentrations of specified environmental constituents are 13 

consistently stable (by trend analysis). If increasing or decreasing trends are present, determine 14 

whether these trends correlate with changes in COC or transformation product trends. 15 

 Identify whether sufficient information is available regarding natural attenuation processes to 16 

interpret data and support predictive modeling. 17 

 Identify whether the plume is moving to locations not predicted. An attenuation zone will be 18 

established where some plume movement is acceptable to account for the changes in hydraulic 19 

conditions (no capture) after P&T is terminated. 20 

 Identify whether the plume volume or mass trends are increasing in comparison to predicted 21 

plume behavior.  22 

 Quantify the plume changes within the 200-BP-5, 200-UP-1, and 200-PO-1 OUs (if applicable) with 23 

comparison to predicted plume movement from the 200-ZP-1 OU to these other OUs. 24 

The following evaluation questions should be answered by these combined analyses: 25 

 Are changes to the modeling configuration used for predicted performance needed based on observed 26 

plume responses, indicating a plume condition different than the lower or alternative higher mass 27 

plume estimates? 28 

 What changes to the monitoring well network (horizontal or vertical) or sampling frequency would: 29 

 Improve evaluation of MNA or be more efficient? 30 

 Improve evaluation of transformation products or be more efficient? 31 

 Improve evaluation of environmental conditions or be more efficient? 32 

The following DRs associated with the MNA stage of the remedy decision-making process will be 33 

specifically addressed annually (if appropriate) and will be the basis of the conclusions and 34 

recommendations derived from the composite assessment described in this section: 35 

 DR #4B: If a potentially toxic or mobile transformation product is determined to be a new 36 

200-ZP-1 OU COC, then a ROD modification, RD/RAWP revision, and implementation of 37 

a modified remedy are required. 38 
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 DR #5: If environmental conditions do not reduce the efficacy of the remedy, then continue with 1 

remedy. Otherwise, modify the remedy to accommodate the changes. 2 

 DR #7: If the measured monitoring well COC concentration trends are performing as predicted 3 

within 125 years when compared to the 200-ZP-1 OU groundwater model, then continue the remedy. 4 

Otherwise, modify the remedy to address deficiencies. 5 

 DR #8: If, during MNA, the plume at COC concentrations exceeding cleanup levels remains within 6 

the 200-ZP-1 OU, then continue the remedy. Otherwise, identify the alternative points of compliance 7 

within the Inner Area and/or Central Plateau boundaries. 8 

The results of the evaluations for this stage of the remedy decision-making process will be presented 9 

in the annual report, including answers to the associated evaluation questions and any resulting 10 

conclusions. This may include recommendations for optimizing the performance monitoring program 11 

covered under this PMP. Depending on the outcome of the associated DR assessment, this may also 12 

include a recommendation to proceed to the attainment demonstration stage of the remedy 13 

decision-making process. 14 

4.3.4 Attainment Demonstration Stage of the Remedy Decision-Making Process 15 

Based upon the apparent success of the MNA stage of the remedy decision-making process and the 16 

decision to proceed with evaluating if remediation is complete, the remedy decision-making process will 17 

move to the attainment demonstration stage. The following abbreviated DS (adapted from Section 1.4) 18 

will be the focus of the analysis and reporting activities for this stage: 19 

 DS #9: Determine if remediation has been successfully completed and a recommendation can be 20 

made for no further action. 21 

To resolve this DS effectively and address the associated DR #9 (Table 3), the following composite 22 

assessment from the analytical approach for DS #9 (from Section A6.9 in Appendix A) will be required 23 

using various primary data listed in Table 2 and the derived data and simulated elements described 24 

in Table 5. 25 

In conjunction with the regulatory agencies, a compliance well network will be defined considering the 26 

existing monitoring wells and the data trends at these wells. The following inputs and analyses support 27 

this evaluation: 28 

 Use sampling data to demonstrate that compliance well concentrations are at or below the target 29 

levels and that the trends in the concentrations on a well-by-well basis are not increasing in 30 

accordance with the guidelines provided in OSWER 9283.1-44, Recommended Approach 31 

for Evaluating Completion of Groundwater Restoration Remedial Actions at a Groundwater 32 

Monitoring Well. 33 

The following DR #9 associated with the MNA stage of the remedy decision-making process will be 34 

specifically addressed and will be the basis of the conclusions and recommendations derived from the 35 

composite assessment described in this section: 36 

 DR #9: If the measured monitoring well COC concentrations at the points of compliance meet the 37 

RAOs within 125 years, then recommend no further action. Otherwise, evaluate other remedial 38 

options or pursue a technical impracticability waiver. 39 
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The results of the evaluations for this stage of the remedy decision-making process will be presented in 1 

the annual report, as well as any resulting conclusions. Depending on the outcome of the associated DR 2 

assessment, recommendations may include no further action, an evaluation of other remedial options, or 3 

pursuit of a technical impracticability waiver. 4 
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A1 Data Quality Objectives 1 

The data quality objectives (DQOs) for the 200-ZP-1 Operable Unit (OU) performance monitoring plan 2 

(PMP) were developed in accordance with EPA/240/B-06/001, Guidance on Systematic Planning Using 3 

the Data Quality Objectives Process (EPA QA/G-4). The DQO process involves a series of logical steps 4 

used to plan for the resource-effective acquisition of environmental data. The performance and acceptance 5 

criteria are determined through the DQO process, which serves as the basis for designing the plan to 6 

collect data of sufficient quality and quantity to support project goals. The DQO process consists of the 7 

following seven iterative steps. 8 

1. State the problem. 9 

2. Identify the goals of the study. 10 

3. Identify the information inputs. 11 

4. Define the boundaries of the study. 12 

5. Develop the analytic approach and decision rules (DRs). 13 

6. Specify performance or acceptance criteria. 14 

7. Develop the plan for obtaining data. 15 

Each of the steps is further discussed in Sections A2 through A8. 16 

As discussed in Section 5.5 of DOE/RL-2008-78, Rev. 1, Draft A,  200 West Area 200-ZP-1 17 

Pump-and-Treat Remedial Design/Remedial Action Work Plan (hereinafter referred to as the 200-ZP-1 18 

P&T remedial design/ remedial action work plan [RD/RAWP]), and in Section 1.3.1 in the main text of 19 

this PMP, an optimization study will be conducted in accordance with DOE/RL-2019-38, 200-ZP-1 20 

Operable Unit Optimization Study Plan (hereinafter referred to as the 200-ZP-1 optimization study plan), 21 

which is focused on evaluating the potential for accelerating carbon tetrachloride cleanup by increasing 22 

the treatment capacity of the 200 West P&T. While many of the DQOs identified herein for the PMP will 23 

be used to support the optimization study, additional DQOs may be developed. These potential additional 24 

DQOs for the optimization study are not identified in this PMP appendix and will be identified separately 25 

as part of the optimization study plan and/or the associated sampling and analysis plans (SAPs). 26 

A2 State the Problem 27 

The first step in the DQO process is to define the problem. For the 200-ZP-1 OU, sufficient monitoring 28 

data must be collected initially to optimally operate the groundwater pump and treat (P&T) system and 29 

to verify that the contaminated groundwater is being controlled and remediated to the level specified in 30 

EPA et al., 2008, Record of Decision Hanford 200 Area 200-ZP-1 Superfund Site, Benton County, 31 

Washington (hereinafter referred to as the 200-ZP-1 OU Record of Decision [ROD]). Monitoring data 32 

will be collected over the lifetime of the remedial action to evaluate its performance and optimize 33 

effectiveness demonstrating attainment of the remediation requirements. Once the P&T component of the 34 

remedy is complete, sufficient monitoring data must be collected to verify that the monitored natural 35 

attenuation (MNA) component of the remedy is satisfying ROD requirements. 36 

A3 Identify the Goals of the Study 37 

The second step of the DQO process identifies the key decisions and/or goals that must be addressed 38 

to achieve the final solution. As stated in the 200-ZP-1 OU ROD (EPA et al., 2008), the selected remedy 39 

combines the components of groundwater P&T, MNA, flow-path control, and institutional controls (ICs). 40 

The performance monitoring goals for the first three components are addressed by this PMP. The ICs are 41 

specifically excluded from the PMP and are monitored in accordance with DOE/RL-2001-41, Sitewide 42 
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Institutional Controls Plan for Hanford CERCLA Response Actions and RCRA Corrective Actions. 1 

As specified in the 200-ZP-1 P&T RD/RAWP (DOE/RL-2008-78), monitoring will be conducted to 2 

evaluate the performance of the P&T system, flow-path control, and MNA and will be designed and 3 

operated as follows: 4 

 Demonstrate whether the P&T system will remove at least 95% of the dissolved mass of carbon 5 

tetrachloride in 25 years or less and whether the remedial action, including natural attenuation, will 6 

achieve cleanup levels for all contaminants of concern (COCs) within 125 years. 7 

 Detect changes in environmental conditions (e.g., hydrogeological, geochemical, microbiological, or 8 

other changes) that may reduce the effectiveness of the P&T system, natural attenuation processes, 9 

and the flow-path control actions. 10 

 Identify any potentially toxic and/or mobile transformation products. 11 

 Verify that contamination is not expanding downgradient (laterally or vertically) subsequent to the 12 

timeframe over which the P&T component has been functional. 13 

 Detect new releases of COCs to the environment that could impact remedy effectiveness. 14 

 Verify attainment of remediation requirements. 15 

The principal study questions (PSQs) that the data collection must address, along with alternative 16 

actions (AAs) that may result based on the analysis of the collected data, are as follows:  17 

 PSQ #1: Will the P&T system remove at least 95% of the mass of COCs in 25 years or less and meet 18 

other conditions relevant to transitioning to MNA, and thereby achieve remedy goals for the P&T 19 

phase of the remedy? 20 

 AA #1A: Yes. Continue the remedy with no new action required; or 21 

 AA #1B: No. Evaluate modifications to the P&T system that could achieve the stated goal for 22 

the P&T phase of the remedy. 23 

 PSQ #2: Are certain areas of the contaminant plumes not responding to P&T remediation 24 

as expected? 25 

 AA #2A: Yes. Evaluate P&T modifications or other remedy options; or 26 

 AA #2B: No. Continue the remedy with no new action required. 27 

 PSQ #3: Are there any newly identified contaminants that could impact the effectiveness of 28 

the remedy?  29 

 AA #3A: Yes. Evaluate P&T modifications or other remedy options; or 30 

 AA #3B: No. Continue the remedy with no new action required. 31 

 PSQ #4: Are potentially toxic or mobile transformation products being generated at concentrations 32 

high enough to justify their inclusion as COCs? 33 

 AA #4A: Yes. Include the transformation products in the list of COCs with associated cleanup 34 

levels and evaluate remedy implications; or 35 

 AA #4B: No. Continue the remedy with the current list of COCs and associated cleanup levels. 36 
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 PSQ #5: Are changes occurring in environmental conditions that may reduce the efficacy of the 1 

P&T system, natural attenuation processes, and flow-path control actions? 2 

 AA #5A: Yes. Evaluate P&T modifications or other remedy options; or 3 

 AA #5B: No. Continue the remedy with no new action required. 4 

 PSQ #6: Once 95% of the mass of COCs has been removed and other conditions relevant to 5 

transitioning to MNA have been met, is there rebound in COC groundwater concentrations? 6 

 AA #6A: Yes. Evaluate if the P&T system will need to be turned back on; or 7 

 AA #6B: No. Transition to the MNA phase of the remedy. 8 

 PSQ #7: Is the current remedy design predicted to achieve cleanup levels for all COCs within 9 

125 years, and thereby achieve the overall remedial goal? 10 

 AA #7A: Yes. Continue the remedy with no new action required; or 11 

 AA #7B: No. Evaluate modifications to the remedial action that could achieve the stated goal for 12 

the overall remedy. 13 

 PSQ #8: Is contamination expanding downgradient, laterally or vertically, after the P&T component 14 

has been turned off? 15 

 AA #8A: Yes. Evaluate the predicted success of the remedial action; or 16 

 AA #8B: No. Continue the remedy with no new action required. 17 

 PSQ #9: Has the remediation been successfully completed and can a recommendation be made for no 18 

further action? 19 

 AA #9A: Yes. Recommend and pursue no further action; or 20 

 AA #9B: No. Evaluate continuing the current remedy, other remedy options, or a technical 21 

impracticability waiver. 22 

The resulting decision statements (DSs) are the basis for discussion in the subsequent DQO process steps: 23 

 DS #1: Determine if the P&T system will remove at least 95% of the mass of COCs in 25 years or 24 

less and meet other conditions relevant to transitioning to MNA, and thereby achieve remedy goals 25 

for the P&T phase of the remedy; otherwise, evaluate modifications to the P&T system that could 26 

achieve the stated goal for the P&T phase of the remedy. 27 

 DS #2: Determine if certain areas of the contaminant plumes are not responding to P&T remediation 28 

as expected, and therefore require the evaluation of P&T modifications or other remedy options; 29 

otherwise, continue the remedy with no new action required. 30 

 DS #3: Determine if there are any newly identified contaminants that could impact the effectiveness 31 

of the remedy and necessitate evaluation of P&T modifications or other remedy options; otherwise, 32 

continue the remedy with no new action required. 33 
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 DS #4: Determine if potentially toxic or mobile transformation products are being generated at 1 

concentrations high enough to justify their inclusion in the list of COCs with associated cleanup 2 

levels; otherwise, continue the remedy with the current list of COCs and associated cleanup levels 3 

and evaluate remedy implications. 4 

 DS #5: Determine if changes are occurring in environmental conditions that may reduce the efficacy 5 

of the P&T system, natural attenuation processes, and flow-path control actions, thereby necessitating 6 

evaluation of P&T modifications or other remedy options; otherwise, continue the remedy with no 7 

new action required. 8 

 DS #6: Once 95% of the mass of COCs has been removed and other conditions relevant to 9 

transitioning to MNA have been met, determine if there is rebound in COC groundwater 10 

concentrations, which would require the P&T system to be turned back on; otherwise, transition to 11 

the MNA phase of the remedy. 12 

 DS #7: Determine if the current remedy design is predicted to achieve cleanup levels for all COCs 13 

within 125 years, and thereby achieve the overall remedial goal; otherwise, evaluate modifications to 14 

the remedial action that could achieve the stated goal for the overall remedy. 15 

 DS #8: Determine if contamination is expanding downgradient, laterally or vertically after the P&T 16 

component has been turned off, thereby necessitating an evaluation of the predicted success of the 17 

remedial action; otherwise, continue the remedy with no new action required. 18 

 DS #9: Determine if remediation has been successfully completed and a recommendation can be 19 

made for no further action; otherwise, evaluate continuing the current remedy, other remedy options, 20 

or a technical impracticability waiver. 21 

A4 Identify the Information Inputs 22 

The third step of the DQO process identifies the data and information that may be needed to resolve 23 

the DSs listed in Section A3. The types and specifications of primary data that are collected are 24 

summarized below: 25 

 Contaminant sampling data for the groundwater monitoring network: Contaminant sampling 26 

for the monitoring well networks is spatially sufficient to include possible 200 West Area 27 

contaminant sources in its coverage, as well as to delineate the horizontal and vertical extent of 28 

COC contamination above the cleanup levels. The well networks are presented in Figures 9 29 

through 15 in the main text of this PMP and are listed in Tables C-1 and C-2 in Appendix C; the 30 

sampling and analysis schedule is provided in Table C-3. The groundwater samples are analyzed for 31 

the COCs listed in Table A-1. Table A-1 also summarizes the groundwater samples that are analyzed 32 

for other constituents for various data uses. These other constituents include COC transformation 33 

and degradation products, COCs from other OUs, and key biogeochemical and field parameters. 34 

Table A-2 lists the analytical methods and performance requirements for the COCs and other 35 

constituents. Table A-2 also lists the highest allowable practical quantitation limits for the 36 

200-ZP-1 OU COCs and the other constituents. Additional contaminant sampling data collection 37 

efforts will be identified in 200-ZP-1 optimization study plan (DOE/RL-2019-38), but these are not 38 

identified in the PMP and the associated performance monitoring SAP. The additional contaminant 39 

data collection efforts will be separately identified as part of the optimization study plan and/or the 40 

associated SAPs. However, any contaminant data collected under the optimization study will be used 41 

to support the performance monitoring and evaluation processes described in the PMP. 42 
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 Hydraulic monitoring network data: The hydraulic monitoring well network spatially covers 1 

an area larger than the area covered by the P&T extraction and injection wells. The hydraulic 2 

monitoring well network is presented in Figure 19 in the main text of this PMP and is listed in 3 

Table E-1 in Appendix E. The spatial density of monitoring wells is the greatest in the area bounded 4 

by the east and west injection well lines (Figure 2 in the main text). The monitoring wells have 5 

sufficient vertical coverage to monitor potentiometric groundwater elevations from the basalt bedrock 6 

to the water table, including confined or semiconfined groundwater conditions. Operating extraction 7 

wells are not included in the groundwater elevation monitoring well network. The hydraulic 8 

monitoring data include manually measured groundwater elevations collected as a synoptic data set 9 

(i.e., data that are all collected on the same day, or at least under the same pumping and recharge 10 

conditions) and/or transducer-measured groundwater elevations collected semicontinuously. 11 

Measured groundwater elevations are accurate to the nearest 0.30 cm (0.01 ft). Additional hydraulic 12 

monitoring data collection efforts may be identified in 200-ZP-1 optimization study plan 13 

(DOE/RL-2019-38), but these are not identified in the PMP and the associated performance 14 

monitoring SAP (presented in Appendix B). These potential additional hydraulic data collection 15 

efforts will be separately identified as part of the optimization study plan and/or the associated SAPs, 16 

but any hydraulic data collected under the optimization study will be used to support the performance 17 

monitoring and evaluation processes described in the PMP. 18 

Table A-1. Contaminant Monitoring Constituents 

Constituent 
CAS 

Number Data Use 

Contaminants of Concern 

Carbon tetrachloride 56-23-5 Delineate carbon tetrachloride plume 

Chromium (total) a 7440-47-3 Delineate chromium plume and evaluate stainless-steel corrosion 

Chromium (hexavalent) a 18540-29-9 Delineate chromium plume 

Iodine-129 15046-84-1 Delineate iodine-129 plume 

Nitrate-N 14797-55-8 Delineate nitrate plume 

Technetium-99 14133-76-7 Delineate technetium-99 plume 

Trichloroethene  79-01-6 Delineate trichloroethene plume 

Tritium 10028-17-8 Delineate tritium plume 

Other Constituents 

Uranium (from 200-UP-1 OU) a 7440-61-1 Evaluate source from another OU treated at 200 West P&T 

Alkalinity ALKALINITY Evaluate natural attenuation 

Carbonate content (bicarbonate 

and carbonate) 

71-52-3 and 

471-34-1 
Evaluate natural attenuation 

Chloroform  67-66-3 Evaluate carbon tetrachloride natural attenuation 

Chloride 16887-00-6 Evaluate chlorinated solvent natural attenuation 

Chloromethane  74-87-3 Evaluate carbon tetrachloride natural attenuation 

Cyanide (from 200-BP-5 OU) 57-12-5 Evaluate source from another OU treated at 200 West P&T 

cis-1,2-Dichloroethene 156-59-2 Evaluate trichloroethene natural attenuation 

Dichloromethane 75-09-2 Evaluate carbon tetrachloride natural attenuation 
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Table A-1. Contaminant Monitoring Constituents 

Constituent 
CAS 

Number Data Use 

Iron a 7439-89-6 Evaluate natural attenuation and stainless-steel corrosion 

Manganese a 7436-96-5 Evaluate natural attenuation 

Nickel a 7440-02-0 Evaluate stainless-steel corrosion 

Nitrite-N  14797-65-0 Evaluate nitrate natural attenuation 

Sulfate 14808-79-8 Evaluate natural attenuation 

Sulfide 18496-25-8 Evaluate natural attenuation 

Total dissolved solids TDS Evaluate natural attenuation; identify new releases 

Total organic carbon TOC Evaluate natural attenuation 

Vinyl chloride 75-01-4 Evaluate trichloroethene natural attenuation 

Field Screening Parameters b 

Dissolved oxygen  N/A Evaluate natural attenuation and well purge for sampling 

Oxidation-reduction potential  N/A Evaluate natural attenuation 

pH  N/A Evaluate well purge for sampling 

Specific conductance  N/A Evaluate well purge for sampling 

Temperature  N/A Evaluate well purge for sampling 

Turbidity  N/A Evaluate well purge for sampling 

a. Collect filtered and unfiltered samples for metals. 

b. Field screening parameters are to be collected in accordance with DOE/RL-96-68, Hanford Analytical Services Quality 

Assurance Requirements Document, Vol. 3, Field Analytical Technical Requirements. 

CAS = Chemical Abstracts Service 

N/A = not applicable 

OU = operable unit 

P&T = pump and treat 

TDS = total dissolved solids 

TOC = total organic carbon 

 1 

Table A-2. Performance Requirements for Groundwater Analysis 

CAS 

Number Analyte 

Survey or 

Analytical Method Units 

Action 

Level 

Highest 

Allowable 

PQL a 

56-23-5 
Carbon tetrachloride (LL) 

(COC) 
SW-846, Method 8260 µg/L 3.4 b 3 

67-66-3 Chloroform (TP) SW-846, Method 8260 µg/L 7.17 5 

75-09-2 Dichloromethane (TP) SW-846, Method 8260 µg/L 5 5.25 

74-87-3 Chloromethane (TP) SW-846, Method 8260 µg/L N/A 10 

79-01-6 Trichloroethene (COC) SW-846, Method 8260 µg/L 1 b 2.1 

156-59-2 cis-1,2-Dichloroethene (TP) SW-846, Method 8260 µg/L 70 5 

75-01-4 Vinyl chloride (TP-LL) SW-846, Method 8260 µg/L 2 2.1 
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Table A-2. Performance Requirements for Groundwater Analysis 

CAS 

Number Analyte 

Survey or 

Analytical Method Units 

Action 

Level 

Highest 

Allowable 

PQL a 

57-12-5 Cyanide (from 200-BP-5 OU) 
SW-846, 

Method 9010/9012/9014 
µg/L 200 10.5 

7440-47-3 
Chromium (total) (COC 

and SSC) c SW-846, Method 6010/6020 µg/L 100 10.5 

18540-29-9 Hexavalent chromium (COC) c SW-846, Method 7196 µg/L 48 10 

14697-55-8 Nitrate-N (COC) 
SW-846, Method 9056 or 

EPA 300.0 
mg/L 10 100 

14797-65-0 Nitrite-N (TP) 
SW-846, Method 9056 or 

EPA 300.0 
mg/L 1 100 

15046-84-1 Iodine-129 (COC) a Low-energy photon 

spectroscopy (LL) 
pCi/L 1 1 

14133-76-7 Technetium-99 (COC) Liquid scintillation pCi/L 900 50 

10028-17-8 Tritium (COC) Liquid scintillation pCi/L 20,000 700 

7440-61-1 Uranium (from 200-UP-1 OU) c SW-846, Method 6020 µg/L 30 1.05 

TOC Total organic carbon (NAP) 
SW-846, Method 9060 or 

EPA 415.1 
µg/L N/A 1,050 

TDS 
Total dissolved solids (NAP 

and NR) 

SW-846, Method 2540 or 

EPA 160.1 
mg/L 500 21 

14808-79-8 Sulfate (NAP) 
SW-846, Method 9056 or 

EPA 300.0A 
mg/L 250 1.05 

18496-25-8 Sulfide (NAP) 
SW-846, Method 4500D/9034 

or EPA 376.1 
mg/L N/A 10.5 

7439-89-6 Iron (NAP and SSC) c SW-846, Method 6010/6020 µg/L 300 105 

7439-96-5 Manganese (NAP) c SW-846, Method 6010/6020 µg/L 50 
15.75/ 

5.25 

7440-02-0 Nickel (SSC) c SW-846, Method 6010/6020 µg/L 320 42/21 

ALKALINITY Alkalinity (NAP) 
SW-846, Method 2320 or 

EPA 310.1 
mg/L N/A 0.25 

16887-00-6 Chloride (NAP) 
SW-846, Method 9056 or 

EPA 300.0 
mg/L 250 0.4 

Reference: SW-846, Test Methods for Evaluating Solid Waste: Physical/Chemical Methods, Third Edition; Final Update V, 

as amended. 

a. Highest allowable PQLs are specified in contracts with analytical laboratories. Actual practical quantitation limits vary by 

laboratory and may be lower. Where project-specific action levels are greater than contract-specified highest allowable PQLs, 

the contract-specified highest allowable PQL is given. Where project-specific action levels are less than contract-specified 

highest allowable PQLs, a highest allowable PQL that is lower than the action level is given, provided that the lower highest 

allowable PQL is technically achievable under routine operating conditions by laboratories under contract to the DOE prime 

contractor responsible for this work. Method detection limits are three to five times lower than quantitation limits. For 

radionuclides, values in this column are the highest allowable minimum detectable concentrations in “pCi/L” for water and 

“pCi/g” for soil/other media. 
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Table A-2. Performance Requirements for Groundwater Analysis 

CAS 

Number Analyte 

Survey or 

Analytical Method Units 

Action 

Level 

Highest 

Allowable 

PQL a 

b. DOE will clean up COCs for the 200-ZP-1 OU subject to WAC 173-340, “Model Toxics Control Act—Cleanup” (carbon 

tetrachloride and trichloroethene), so the excess lifetime cancer risk does not exceed 110-5 at the conclusion of the remedy. 

Groundwater standards are applicable or relevant and appropriate requirements that are used in the Comprehensive 

Environmental Response, Compensation, and Liability Act of 1980 cleanup process to select cleanup levels. 

c. Collect filtered and unfiltered samples for metals. 

CAS = Chemical Abstracts Service 

COC = contaminant of concern 

DOE = U.S. Department of Energy 

EPA = U.S. Environmental Protection Agency 

LL =  low level 

N/A = not applicable 

NAP = natural attenuation evaluation parameter 

NR = new release evaluation parameter 

OU = operable unit 

PQL = practical quantitation limit 

SSC = stainless-steel corrosion evaluation parameter 

TDS = total dissolved solids 

TOC = total organic carbon 

TP = transformation product 

 1 

 Remedial system monitoring data: Extraction and injection well flow rates are measured at each 2 

well on a semicontinuous basis using in-line flow meters accurate to 5% of the pumping rate. 3 

Combined influent and effluent contaminant monitoring samples are collected from the treatment 4 

plant influent and effluent sampling ports while the P&T facility is operating (preferably at design 5 

rates). In addition, extraction well contaminant monitoring samples are collected from each individual 6 

extraction well while the well is pumping (preferably at the design rate). The treatment plant and 7 

extraction well samples are analyzed for the COCs listed in Table 1 (in the main text of this PMP) and 8 

other constituents, and the maximum acceptable detection limits are equal to or less than the cleanup 9 

levels listed in Table 1 in the main text. P&T remedial system data collection efforts are discussed in 10 

further detail in DOE/RL-2009-124, Rev. 6, Draft A, 200 West Pump and Treat Operations and 11 

Maintenance Plan (hereinafter referred to as the 200 West P&T operations and maintenance [O&M] 12 

plan), and are specifically excluded from the PMP and the associated performance monitoring SAP. 13 

Additional P&T remedial system data collection efforts will be identified in 200-ZP-1 optimization 14 

study plan (DOE/RL-2019-38), and as with the 200 West P&T O&M plan, the additional data 15 

collection efforts are specifically excluded from the PMP and the associated performance monitoring 16 

SAP. Remedial system monitoring data collected under the optimization study will be used to support 17 

the performance monitoring and evaluation processes described in the PMP. 18 

The following sections identify the data inputs needed to resolve each DS presented in Section A3. 19 

Table A-3 presents a summary of the data inputs.  20 
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Table A-3. Summary of Data Inputs to Resolve DSs 

Data Inputs DSs 

Data Used Directly in Calculations 

Water quality (contaminants and transformation products) sample results from monitoring wells 
1, 2, 3, 4, 5, 6, 7, 

8, and 9 

Water quality (contaminants and transformation products) sample results from quiescent 

extraction and injection wells (post-P&T extraction and injection wells converted to 

monitoring wells) 

1, 2, 3, 4, 5, 6, 7, 

8, and 9 

Combined treatment plant influent flow rates (collected via the 200 West P&T O&M plan 

[DOE/RL-2009-124]) 
1 

Combined treatment plant influent water quality (contaminant) sample results (collected via the 

200 West P&T O&M plan [DOE/RL-2009-124]) 
1 and 5 

Combined treatment plant effluent water quality (contaminants and transformation products) 

sample results (collected via the 200 West P&T O&M plan [DOE/RL-2009-124]) 
1, 3, 4, 5, 7, and 8 

Groundwater elevations measured in monitoring wells using both manual (depth-to-water) and 

automated (transducer/data logger) methods, and groundwater elevation maps (contour maps) 

prepared using these data 

1, 2, 3, 4, 5, 6, 7, 

8, and 9 

Water levels measured in extraction and injection wells as recorded by the P&T system 

Supervisory Control and Data Acquisition system and human/machine interface (collected via 

the 200 West P&T O&M plan [DOE/RL-2009-124]) 

1, 2, 3, 4, 5, 

and 6 

Data Used Primarily as Input to the Model 

The most current three-dimensional contaminant plume depictions, constructed from the 

groundwater contaminant sampling data for each COC 

1, 2, 3, 4, 5, 6, 

7, and 8 

Data Used Directly in Calculations and as Input to the Model 

Extraction well and injection well flow rate data (collected via the 200 West P&T O&M plan 

[DOE/RL-2009-124]) 
1, 2, 3, 4, and 5 

Current and anticipated extraction and injection well flow rates (identified via the 200 West 

P&T O&M plan [DOE/RL-2009-124]) 
1, 2, 3, 4, and 5 

Additional Data 

Sample results for contaminants and their transformation products that arise from outside the 

200-ZP-1 OU and that are treated by the 200 West P&T system (identified via the 200 West 

P&T O&M plan [DOE/RL-2009-124], and corresponding sampling and analysis plans, 

performance monitoring plans, etc., for the contributing groundwater OUs) 

3, 4, 5, 7, and 8 

Contaminant sampling data, hydraulic monitoring data, and remedial system monitoring data 

collected under the 200-ZP-1 optimization study plan (DOE/RL-2019-38) 
1, 2, 3, 4, 5, and 7 

References:  

DOE/RL-2009-124, Rev. 6, Draft A, 200 West Pump and Treat Operations and Maintenance Plan. 

DOE/RL-2019-38, 200-ZP-1 Operable Unit Optimization Study Plan. 

COC = contaminant of concern 

DS = decision statement 

O&M = operations and maintenance 

OU = operable unit 

P&T = pump and treat 

 1 
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A4.1 Data Inputs to Resolve Decision Statement #1 1 

The following data inputs are required to resolve DS #1, “Determine if the P&T system will remove at 2 

least 95% of the mass of COCs in 25 years or less and meet other conditions relevant to transitioning to 3 

MNA, and thereby achieve remedy goals for the P&T phase of the remedy”: 4 

 Water quality (contaminant and transformation products) sample results from monitoring wells 5 

 Water quality (contaminant and transformation products) sample results from quiescent extraction 6 

and injection wells (post-P&T extraction and injection wells converted to monitoring wells) 7 

 Extraction and injection well flow rate data 8 

 Combined treatment plant influent flow rates 9 

 Combined treatment plant influent water quality (contaminant) sample results 10 

 Combined treatment plant effluent water quality (contaminants and transformation products) 11 

sample results 12 

 The most current three-dimensional contaminant plume depictions, constructed from the groundwater 13 

contaminant sampling data for each COC 14 

 Current and anticipated extraction and injection well flow rates 15 

 Groundwater elevations measured in monitoring wells using both manual (depth-to-water) and 16 

automated (transducer/data logger) methods, and groundwater elevation maps (contour maps) 17 

prepared using these data 18 

 Water levels measured in extraction and injection wells as recorded by the P&T system Supervisory 19 

Control and Data Acquisition (SCADA) system and human/machine interface 20 

 Contaminant sampling data, hydraulic monitoring data, and remedial system monitoring data 21 

collected under 200-ZP-1 optimization study plan (DOE/RL-2019-38) 22 

These data are described in Section A6 and discussed in further detail in Section A6.1. 23 

A4.2 Data Inputs to Resolve Decision Statement #2 24 

The following data inputs are required to resolve DS #2, “Determine if certain areas of the contaminant 25 

plumes are not responding to P&T remediation as expected, and therefore require the evaluation of P&T 26 

modifications or other remedy options”: 27 

 Water quality (contaminant and transformation products) sample results from monitoring wells 28 

 Water quality (contaminant and transformation products) sample results from quiescent extraction 29 

and injection wells (post-P&T extraction and injection wells converted to monitoring wells) 30 

 Extraction and injection well flow rate data 31 

 The most current three-dimensional contaminant plume depictions, constructed from the groundwater 32 

contaminant sampling data for each COC 33 

 Current and anticipated extraction and injection well flow rates 34 
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 Groundwater elevations measured in monitoring wells using both manual (depth-to-water) and 1 

automated (transducer/data logger) methods, and groundwater elevation maps (contour maps) 2 

prepared using these data 3 

 Water levels measured in extraction and injection wells as recorded by the P&T system SCADA 4 

system and human/machine interface 5 

 Contaminant sampling data, hydraulic monitoring data, and remedial system monitoring data 6 

collected under 200-ZP-1 optimization study plan (DOE/RL-2019-38) 7 

These data are described in Section A6 and discussed in further detail in Section A6.2. 8 

A4.3 Data Inputs to Resolve Decision Statement #3 9 

The following data inputs are required to resolve DS #3, “Determine if there are any newly identified 10 

contaminants that could impact the effectiveness of the remedy and necessitate evaluation of P&T 11 

modifications or other remedy options”: 12 

 Water quality (contaminant and transformation products) sample results from monitoring wells 13 

 Water quality (contaminant and transformation products) sample results from quiescent extraction 14 

and injection wells (post-P&T extraction and injection wells converted to monitoring wells) 15 

 Extraction and injection well flow rate data 16 

 Combined treatment plant effluent water quality (contaminants and transformation products) 17 

sample results 18 

 The most current three-dimensional contaminant plume depictions, constructed from the groundwater 19 

contaminant sampling data for each COC 20 

 Current and anticipated extraction and injection well flow rates 21 

 Groundwater elevations measured in monitoring wells using both manual (depth-to-water) and 22 

automated (transducer/data logger) methods, and groundwater elevation maps (contour maps) 23 

prepared using these data 24 

 Water levels measured in extraction and injection wells as recorded by the P&T system SCADA 25 

system and human/machine interface 26 

 Sample results for contaminants and their transformation products that arise from outside the 27 

200-ZP-1 OU and that are treated by the 200 West P&T system (identified via the 200 West P&T 28 

O&M plan [DOE/RL-2009-124] and corresponding SAPs, PMPs, etc., for the contributing 29 

groundwater OUs) 30 

 Contaminant sampling data, hydraulic monitoring data, and remedial system monitoring data 31 

collected under 200-ZP-1 optimization study plan (DOE/RL-2019-38) 32 

These data are described in Section A6 and discussed in further detail in Section A6.3. 33 
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A4.4 Data Inputs to Resolve Decision Statement #4 1 

The following data inputs are required to resolve DS #4, “Determine if potentially toxic or mobile 2 

transformation products are being generated at concentrations high enough to justify their inclusion in the 3 

list of COCs with associated cleanup levels”: 4 

 Water quality (contaminant and transformation products) sample results from monitoring wells 5 

 Water quality (contaminant and transformation products) sample results from quiescent extraction 6 

and injection wells (post-P&T extraction and injection wells converted to monitoring wells) 7 

 Extraction and injection well flow rate data 8 

 Combined treatment plant effluent water quality (contaminant and transformation products) 9 

sample results 10 

 The most current three-dimensional contaminant plume depictions, constructed from the groundwater 11 

contaminant sampling data for each COC 12 

 Current and anticipated extraction and injection well flow rates 13 

 Groundwater elevations measured in monitoring wells using both manual (depth-to-water) and 14 

automated (transducer/data logger) methods, and groundwater elevation maps (contour maps) 15 

prepared using these data 16 

 Water levels measured in extraction and injection wells as recorded by the P&T system SCADA 17 

system and human/machine interface 18 

 Sample results for contaminants and their transformation products that arise from outside the 19 

200-ZP-1 OU and that are treated by the 200 West P&T system (identified via the 200 West P&T 20 

O&M plan [DOE/RL-2009-124] and corresponding SAPs, PMPs, etc., for the contributing 21 

groundwater OUs) 22 

 Contaminant sampling data, hydraulic monitoring data, and remedial system monitoring data 23 

collected under 200-ZP-1 optimization study plan (DOE/RL-2019-38) 24 

These data are described in Section A6 and discussed in further detail in Section A6.4. 25 

A4.5 Data Inputs to Resolve Decision Statement #5 26 

The following data inputs are required to resolve DS #5, “Determine if changes are occurring in 27 

environmental conditions that may reduce the efficacy of the P&T system, natural attenuation 28 

processes, and flow-path control actions, thereby necessitating evaluation of P&T modifications or other 29 

remedy options”: 30 

 Water quality (contaminant and transformation products) sample results from monitoring wells 31 

 Water quality (contaminant and transformation products) sample results from quiescent extraction 32 

and injection wells (post-P&T extraction and injection wells converted to monitoring wells) 33 

 Extraction and injection well flow rate data 34 

 Combined treatment plant influent water quality (contaminant) sample results 35 



DOE/RL-2009-115, REV. 3, DRAFT A 
SEPTEMBER 2019 

 

A-13 

 Combined treatment plant effluent water quality (contaminant and transformation products) 1 

sample results 2 

 The most current three-dimensional contaminant plume depictions, constructed from the groundwater 3 

contaminant sampling data for each COC 4 

 Current and anticipated extraction and injection well flow rates 5 

 Groundwater elevations measured in monitoring wells using both manual (depth-to-water) and 6 

automated (transducer/data logger) methods, and groundwater elevation maps (contour maps) 7 

prepared using these data 8 

 Water levels measured in extraction and injection wells as recorded by the P&T system SCADA 9 

system and human/machine interface 10 

 Sample results for contaminants and their transformation products that arise from outside the 11 

200-ZP-1 OU and that are treated by the 200 West P&T system (identified via the 200 West P&T 12 

O&M plan [DOE/RL-2009-124] and corresponding SAPs, PMPs, etc., for the contributing 13 

groundwater OUs) 14 

 Contaminant sampling data, hydraulic monitoring data, and remedial system monitoring data 15 

collected under 200-ZP-1 optimization study plan (DOE/RL-2019-38) 16 

These data are described in Section A6 and discussed in further detail in Section A6.5. 17 

A4.6 Data Inputs to Resolve Decision Statement #6 18 

The following data inputs are required to resolve DS #6, “Once 95% of the mass of COCs has been 19 

removed and other conditions relevant to transitioning to MNA have been met, determine if there 20 

is rebound in COC groundwater concentrations, which would require the P&T system to be turned 21 

back on”: 22 

 Water quality (contaminant and transformation products) sample results from monitoring wells 23 

 Water quality (contaminant and transformation products) sample results from quiescent extraction 24 

wells and quiescent injection wells (post-P&T extraction and injection wells converted to 25 

monitoring wells) 26 

 The most current three-dimensional contaminant plume depictions, constructed from the groundwater 27 

contaminant sampling data for each COC 28 

 Groundwater elevations measured in monitoring wells using both manual (depth-to-water) and 29 

automated (transducer/data logger) methods, and groundwater elevation maps (contour maps) 30 

prepared using these data 31 

 Water levels measured in extraction and injection wells as recorded by the P&T system SCADA 32 

system and human/machine interface 33 

These data are described in Section A6 and discussed in further detail in Section A6.6. 34 
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A4.7 Data Inputs to Resolve Decision Statement #7 1 

The following data inputs are required to resolve DS #7 “Determine if the current remedy design is 2 

predicted to achieve cleanup levels for all COCs within 125 years, and thereby achieve the overall 3 

remedial goal”: 4 

 Water quality (contaminant and transformation products) sample results from monitoring wells 5 

 Water quality (contaminant and transformation products) sample results from quiescent extraction 6 

and injection wells (post-P&T extraction and injection wells converted to monitoring wells) 7 

 Combined treatment plant effluent water quality (contaminants and transformation products) 8 

sample results 9 

 The most current three-dimensional contaminant plume depictions, constructed from the groundwater 10 

contaminant sampling data for each COC 11 

 Groundwater elevations measured in monitoring wells using both manual (depth-to-water) and 12 

automated (transducer/data logger) methods, and groundwater elevation maps (contour maps) 13 

prepared using these data 14 

 Sample results for contaminants and their transformation products that arise from outside the 15 

200-ZP-1 OU and that are treated by the 200 West P&T system (identified via the 200 West P&T 16 

O&M plan [DOE/RL-2009-124] and corresponding SAPs, PMPs, etc., for the contributing 17 

groundwater OUs) 18 

 Contaminant sampling data, hydraulic monitoring data, and remedial system monitoring data 19 

collected under 200-ZP-1 optimization study plan (DOE/RL-2019-38) 20 

These data are described in Section A6 and discussed in further detail in Section A6.7. 21 

A4.8 Data Inputs to Resolve Decision Statement #8 22 

The following data inputs are required to resolve DS #8 “Determine if contamination is expanding 23 

downgradient, laterally or vertically after the P&T component has been turned off, thereby necessitating 24 

an evaluation of the predicted success of the remedial action”: 25 

 Water quality (contaminant and transformation products) sample results from monitoring wells 26 

 Water quality (contaminant and transformation products) sample results from quiescent extraction 27 

and injection wells (post-P&T extraction and injection wells converted to monitoring wells) 28 

 Combined treatment plant effluent water quality (contaminants and transformation products) 29 

sample results 30 

 The most current three-dimensional contaminant plume depictions, constructed from the groundwater 31 

contaminant sampling data for each COC 32 

 Groundwater elevations measured in monitoring wells using both manual (depth-to-water) and 33 

automated (transducer/data logger) methods, and groundwater elevation maps (contour maps) 34 

prepared using these data 35 
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 Sample results for contaminants and their transformation products that arise from outside the 1 

200-ZP-1 OU and that are treated by the 200 West P&T system (identified via the 200 West P&T 2 

O&M plan [DOE/RL-2009-124] and corresponding SAPs, PMPs, etc., for the contributing 3 

groundwater OUs) 4 

These data are described in Section A6 and discussed in further detail in Section A6.8. 5 

A4.9 Data Inputs to Resolve Decision Statement #9 6 

The following data inputs are required to resolve DS #9 “Determine if remediation has been successfully 7 

completed and a recommendation can be made for no further action”: 8 

 Water quality (contaminant and transformation products) sample results from monitoring wells 9 

 Water quality (contaminant and transformation products) sample results from quiescent extraction 10 

and injection wells (post-P&T extraction and injection wells converted to monitoring wells) 11 

 Groundwater elevations measured in monitoring wells using both manual (depth-to-water) and 12 

automated (transducer/data logger) methods, and groundwater elevation maps (contour maps) 13 

prepared using these data 14 

These data are described in Section A6 and discussed in further detail in Section A6.9. 15 

A5 Define the Boundaries of the Study 16 

The fourth step of the DQO process is used to identify the spatial and temporal features pertinent to the 17 

decision-making process. The 200-ZP-1 OU performance monitoring network must be monitored to 18 

ensure that cleanup levels have been achieved in all areas of the groundwater plumes. Spatially, this 19 

covers an area from the western injection well line to the eastern leading edges of the plumes. Elevations 20 

range from the top of the basalt bedrock to the water table. The current 200-ZP-1 OU conceptual site 21 

model does not include any COC concentrations greater than cleanup levels in the basalt bedrock. 22 

Performance monitoring is expected to continue until cleanup levels have been achieved, which is 23 

estimated to be 125 years. 24 

A6 Develop the Analytic Approach and Decision Rules 25 

The fifth step of the DQO process involves developing an analytic approach and DRs that outline how the 26 

performance monitoring data will be used to make decisions regarding the progress of the selected 27 

remedy. The DRs for each DS provide clear requirements that guide the decision-making process. 28 

The four primary components of the remedy specified in the 200-ZP-1 OU ROD (EPA et al., 2008) are 29 

(1) groundwater P&T, (2) MNA, (3) flow-path control, and (4) ICs. The first three remedy components 30 

require periodic groundwater monitoring and data evaluation to assess remedy performance and to 31 

determine when remedial action is complete. The fourth component, ICs, does not require groundwater 32 

monitoring and is monitored separately under the Hanford Sitewide ICs program (DOE/RL-2001-41). 33 

The first three components are the focus of the DSs and the associated decision-making process. 34 

The decision-making process is multistage and tied to the three remedy components (excluding ICs) in 35 

order of logical progression. The first stage, P&T operations, includes the active remedy components of 36 

groundwater P&T and flow-path control. The second stage involves evaluating the P&T shutdown and 37 

rebound studies prior to proceeding with MNA. The third stage includes the MNA remedy component; 38 

and the fourth stage, attainment demonstration, involves evaluating and determining whether the 39 
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200-ZP-1 OU ROD requirements (EPA et al., 2008) have been met and site closure can be pursued. 1 

Figure A-1 provides a summary of the multistage 200-ZP-1 OU remedy decision-making process. 2 

The first three stages of the decision-making process include workflow components necessary to 3 

successfully monitor and improve performance and ultimately make decisions before proceeding to the 4 

next stage. These workflow components are summarized as the collection of primary data (monitor); the 5 

analysis of primary data (calculate); the modeling for predicting success and for evaluating potential 6 

changes (predict); the reporting of the monitoring, calculations, and predictions (report); and making 7 

necessary changes to the system to improve remedy performance (optimize). The fourth and final stage of 8 

the decision-making process, attainment demonstration, includes three primary workflow components: 9 

collection of primary data (monitor), analysis of primary data (calculate), and reporting of the monitoring 10 

and analysis and the recommended decision (report/decision). Figures A-2 through A-5 provide summary 11 

representations of the four stages of the 200-ZP-1 OU remedy decision-making process, including the 12 

associated workflow components. 13 

The general approach to resolve DSs and to manage the remedy uses a combination of several types of 14 

primary data and associated data analysis, as well as a comparison of data to fate and transport model 15 

predictions. The approach uses these multiple lines of evidence (not a single metric) in an integrated 16 

remedy performance evaluation. Each primary and derived element of the approach provides essential 17 

information to be used in the decision-making process, but limitations of each element exist and must be 18 

considered. Additionally, integrating each element with other elements is necessary to successfully and 19 

efficiently support the decision-making process. The three fundamental components are defined as follows: 20 

 Information: Compiled, reduced, and summarized data collected through measurement and 21 

observation, then processed through specified data-reduction techniques to provide the desired input 22 

to the analysis. Information is always based on measurement and observation. 23 

 Limitation: The analysis of information and the resulting knowledge and understanding contain 24 

inherent uncertainties and limitations. These limitations may constrain the ability to extrapolate the 25 

knowledge or understanding beyond identified spatial or temporal boundaries. Specific uncertainties 26 

will be identified that bound the ability to extrapolate from current conditions. 27 

 Integration: Collection of measurements and observations presents the opportunity for integration 28 

with other projects and activities, including data collection performed for other OUs. Conversely, 29 

information and developed knowledge may be shared with other projects through integration 30 

activities. Measurements and observations collected and used through integration activities must be 31 

assessed to ensure that they meet the data quality requirements of the current activity and that their 32 

uncertainty and limitations are understood. Information should be clearly identified as based on either 33 

direct data (i.e., collected under the auspices of this activity) or indirect data (i.e., collected through 34 

an integration activity). 35 
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Figure A-1. 200-ZP-1 OU Remedy Decision-Making Process Stages 1 
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Derived data and simulation elements of the approach are listed below, along with a description of the 1 

information provided by the element, its limitations, and how it is integrated with other elements to 2 

support remedy performance evaluation and management. While many of the elements described below 3 

are gathered under the PMP, some of the information is gathered and provided from data collection 4 

efforts conducted via the 200 West P&T O&M plan (DOE/RL-2009-124) and the 200-ZP-1 optimization 5 

study plan (DOE/RL-2019-38). 6 

 Plume concentration trends (95% upper confidence limit [UCL] of combined monitoring 7 

well data) 8 

 Information: Changes in time over three-dimensional spatial distribution of the concentration 9 

of COCs in groundwater at monitoring locations, based on measurement and observation and 10 

extrapolated through computational approaches to the overall plume. 11 

 Limitation: The most substantial limitation is in extrapolation over distance (horizontal and 12 

vertical) between points of measurement. This is particularly true under dynamic treatment 13 

conditions (e.g., P&T), where measured conditions may be transient in the short term. Individual 14 

measurements are subject to limitations driven by measurement DQOs (i.e., precision, accuracy, 15 

representativeness, completeness, and comparability). 16 

 Integration: Data collection offers opportunity for integration with neighboring OUs 17 

(e.g., 200-UP-1 and 200-BP-5). 18 

 Monitoring well concentration trends 19 

 Information: Time series of COC concentration in groundwater at monitoring locations based on 20 

measurement and observation. 21 

 Limitation: Limitations are driven by measurement DQOs (i.e., precision, accuracy, 22 

representativeness, completeness, and comparability) for individual location measurements. 23 

 Integration: Data collection offers opportunity for integration with neighboring OUs 24 

(e.g., 200-UP-1 and 200-BP-5). 25 

 Contaminant mass removal over time (plume and individual well) 26 

 Information: Time series of COC concentrations in extracted groundwater and post-treatment 27 

effluent, based on measurement and observation for individual locations and extrapolated via 28 

computation to represent the plume overall (P&T operational data). 29 

 Limitation: The most substantial limitation is in extrapolation over distance (horizontal and 30 

vertical) between points of measurement and over time (where measurements are relatively 31 

infrequent). This is particularly true under dynamic treatment conditions (e.g., P&T), where 32 

measured conditions may be transient in the short term. Individual measurements are subject to 33 

limitations driven by measurement DQOs (i.e., precision, accuracy, representativeness, 34 

completeness, and comparability). 35 

 Integration: This analysis offers opportunity for integration in data collection with all (or any) 36 

other OUs providing feed stock to the treatment plant. 37 



DOE/RL-2009-115, REV. 3, DRAFT A 
SEPTEMBER 2019 

 

A-19 

 1 

Figure A-2. P&T Operations Stage of the Remedy Decision-Making Process  2 
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 1 

Figure A-3. Rebound Studies Stage of the Remedy Decision-Making Process  2 
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 1 

Figure A-4. MNA Stage of the Remedy Decision-Making Process  2 
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 1 

Figure A-5. Attainment Demonstration Stage of the Remedy Decision-Making Process 2 
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 Mass degradation over time (plume and individual well) 1 

 Information: Estimation of COC mass degradation requires information based on measurement 2 

and observation of concentrations in groundwater at monitoring locations, in extracted water, and 3 

in post-treatment effluent water, as well as P&T influent and effluent flow rates (P&T operational 4 

data). This can provide an inference of the degraded mass. Refinement of the inferred degraded 5 

mass requires calculation based on knowledge of biological and abiotic COC decay rates under 6 

site conditions. 7 

 Limitation: Estimation of degradation by difference has inherent uncertainty due to variability in 8 

measurements, uncertainty in estimated extrapolation of mass in the aquifer, and uncertainties in 9 

understanding of the degradation processes. 10 

 Integration: Mass degradation estimates are largely confined to use by the target OU. 11 

 Plume volume changes over time (including selected plume contour depictions) 12 

 Information: Changes in time over three-dimensional spatial distribution of the concentration of 13 

COCs in groundwater at monitoring locations, based on measurement and observation and 14 

extrapolated through computational approaches to the overall plume. 15 

 Limitation: The most substantial limitation is in extrapolation over distance (horizontal and 16 

vertical) between points of measurement. This is particularly true under dynamic treatment 17 

conditions (e.g., P&T), where measured conditions may be transient in the short term. In addition, 18 

the monitoring location densities decrease with depth in the target aquifer, which adds uncertainty 19 

to the extrapolation calculations. Individual measurements are subject to limitations driven by 20 

measurement DQOs (i.e., precision, accuracy, representativeness, completeness, 21 

and comparability). 22 

 Integration: Data collection offers opportunity for integration with neighboring OUs 23 

(e.g., 200-UP-1 and 200-BP-5). 24 

 Hydraulic heads and capture zones (plume and individual well) 25 

 Information: This requires information describing the hydraulic conditions within the aquifer 26 

based on measurement and observation, as well as an understanding of aquifer properties to 27 

extrapolate groundwater movement relative to dynamic well conditions (i.e., extraction and 28 

injection). Additional information includes P&T operational data. 29 

 Limitation: As with plume analyses, head and capture analyses are subject to limitations in data 30 

collection (e.g., accuracy, precision, and representativeness of water-level measurement) and 31 

computational capability (e.g., representativeness of selected aquifer hydraulic properties with 32 

respect to actual site conditions). Extrapolations of individual dynamic well conditions to the 33 

aquifer are frequently uncertain. 34 

 Integration: Water-level data and capture zone analyses are applicable to integration with 35 

neighboring OUs (e.g., 200-UP-1 and 200-BP-5) and integration with Hanford Sitewide 36 

groundwater modeling activities. 37 
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 P&T operational data and other institutional data 1 

 Information: Information assembled primarily from measurement and observation of water 2 

quality and volumetric observations during plant operations. This includes groundwater 3 

extraction rates and locations, process effluent injection rates and locations, water quality 4 

(e.g., COC concentrations and geochemistry) of plant influent and effluent, and processed 5 

information describing individual extraction and injection well performance. Institutional 6 

information includes sitewide decisions regarding future land use, as well as selecting points of 7 

calculation and compliance for the groundwater remedy. 8 

 Limitation: As with other inputs, operational data are subject to uncertainties in measurement 9 

and observation data quality. Most of these data are indirect to this PMP and will need to be 10 

assessed for DQO comparability. Most hydraulic measurements are collected from dynamic 11 

monitoring locations (e.g., extraction and injection wells) and must be carefully considered for 12 

comparability when incorporating into the knowledge base of the overall aquifer. 13 

 Integration: Operational information is directly integrated with other OUs that supply water to 14 

the treatment plant (e.g., 200-UP-1 and 200-BP-5 OUs). 15 

 Model predictions of plume behavior and remedy performance 16 

 Information: Modeling activities require integrating all of the inputs described above to 17 

refine the model performance and enhance the predictability of the model output. Models must be 18 

assembled to represent the system as accurately as reasonable and refined routinely with inputs 19 

based on measurement and observation. As additional information describing aquifer physical 20 

and hydraulic properties becomes available, the model basis must be refined to incorporate the 21 

new information so the model remains representative and comparable to the system.  22 

 Limitations: Models are inherently subject to uncertainties in inputs and definition of 23 

computational parameters. Modeling tools allow calculation of predicted conditions over wide 24 

physical areas and over long periods of time into the future. The level of uncertainty in model 25 

outputs increases with the area (and volume) of the aquifer described and with the simulation 26 

time period. A well-performing model should produce a comparable description of aquifer 27 

condition over relatively short time periods (e.g., years). Short-period descriptive runs should be 28 

performed regularly to ensure continued model representativeness. If short-term results are 29 

comparable, the level of confidence can increase in the longer-term analyses. 30 

 Integration: Models used for the 200-ZP-1 OU are integral to the overall Central Plateau 31 

modeling effort. Two-way integration is essential to provide OU-specific outputs to neighboring 32 

OUs, as well as using neighboring OU inputs to check and validate the target OU model results. 33 

While some of these elements are evaluated annually, some types of data analysis and modeling 34 

evaluation are more appropriately conducted less frequently. During the P&T period, trend analyses will 35 

be conducted twice per 5-year review period, although the new data will be plotted and compared to trend 36 

confidence and prediction intervals annually. Significant deviations from confidence or prediction 37 

intervals will be used to initiate more frequent evaluation or data collection. Similarly, model prediction 38 

updates would occur at the same frequency. During the MNA period, these frequencies may be 39 

lengthened based on the long period of time and expected slow rate of changes. The approach will also 40 

consider three-dimensional aspects of the plume, especially when evaluating plume configuration and 41 

mass changes over time and determining whether the monitoring network needs to be updated either 42 

laterally or vertically. 43 
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The inputs, analyses, and types of questions are described as the analytical approach for resolving 1 

each DS. The analytical approaches, as well as the associated DRs, are discussed in the 2 

following sections. 3 

A6.1 Decision Rule and Approach to Resolve Decision Statement #1 4 

To determine if the P&T system will remove at least 95% of the mass of COCs in 25 years or less and 5 

meet other conditions relevant to transitioning to MNA, thereby achieving the remedy goals for the P&T 6 

phase of the remedy, the following DR has been developed: 7 

 DR #1: If the remedy has removed 95% of the mass of COCs and no individual well exceeds 8 

100 µg/L carbon tetrachloride, then perform rebound study as an initial step in transition to MNA. 9 

Otherwise, continue P&T operations at nonconforming portions of the plume. 10 

For each COC, the predicted contaminant mass removal, mass degradation, and plume volume (including 11 

selected plume contour depictions) change over time from the onset of P&T through the 25 year or less 12 

operational period will be plotted for the lower mass pre-P&T plume configuration and for the alternative 13 

higher mass pre-P&T plume mass estimate. This DS will be evaluated based on a composite assessment 14 

of all of the inputs and analyses (not on a single metric). Inputs and analyses include the following: 15 

 Compare the 95% UCLs for measured mean plume concentration to the predicted 95% UCLs twice 16 

per 5-year review cycle. 17 

 Compare measured P&T system mass removal to the predicted performance annually. (Note that 18 

plume reduction progress is loosely correlated to mass extraction due to uncertainty in the actual mass 19 

distribution in the aquifer.) Mass removal will be calculated based on integrating the P&T influent 20 

concentrations and the flows from the set of wells extracting from each targeted COC plume. 21 

The measured mass extraction values will be plotted and compared to the predicted mass extraction 22 

profile (based on the P&T system design conditions) for the lower and the alternative higher mass 23 

plume cases. If the P&T system is optimized or changed from the initial design conditions 24 

(e.g., changes to injection and extraction flows and positions), updates to the predicted mass 25 

extraction profiles may be necessary. 26 

 Compare plume volume (including selected plume contour depiction) changes to the predicted 27 

performance twice per 5-year review cycle. Plume volume changes will be measured twice per 5-year 28 

review cycle because of the predicted pace of plume change in response to P&T. Two-dimensional 29 

(detailed) and three-dimensional (for major higher concentration contours only) maps will be 30 

prepared based on the measured concentrations at monitoring and extraction wells, consistent with 31 

plume mapping techniques used for the annual Hanford Site groundwater monitoring report. These 32 

plume depictions will be quantified based on area or volume and will be compared to plume 33 

depictions from the predicted plume response to P&T. If the P&T system is optimized or changed 34 

from the initial design conditions (e.g., changes to injection and extraction flows and positions), 35 

updates to the predicted plume areas or volumes may be necessary.  36 

 Identify whether the trends in mass removal and plume volume changes are more consistent with 37 

lower or alternative higher mass plume estimates. 38 

 Identify whether measured overall mass removal and plume volume changes and trends are consistent 39 

with reaching the 25-year or less P&T performance goal. 40 
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For each COC at each extraction well, and for monitoring wells within the individual extraction well 1 

capture zone, the predicted contaminant mass removal, mass degradation, monitoring well concentrations, 2 

and hydraulic head distribution over time from the onset of P&T through the 25-year or less operational 3 

period will be plotted for the lower mass pre-P&T plume configuration and for the alternative higher mass 4 

pre-P&T plume configuration. Because the P&T system is operated dynamically, some variations in 5 

measured and actual capture zones may occur, which may result in the need to update the predicted 6 

capture zones over time. The following inputs and analyses support this evaluation: 7 

 Compare measured P&T system mass removal to the predicted performance annually. Mass removal 8 

measurements will be calculated based on integrating the individual extraction well concentrations 9 

and flows over time for each targeted COC. The measured mass extraction values will be plotted and 10 

compared to the predicted mass extraction profile (based on the P&T system design conditions) for 11 

the individual wells for the lower and alternative higher mass plume cases. If the P&T system is 12 

optimized or changed from the initial design conditions (e.g., changes to injection and extraction 13 

flows and positions), updates to the predicted mass extraction profiles may be necessary. 14 

 Compare monitoring well trends to the predicted performance (annually for confidence and prediction 15 

intervals, twice per 5-year review cycle for trends). (Note that trend analysis will need 3 to 5 years of 16 

data before it is effective.) Monitoring well concentration data will be plotted and compared to 17 

predicted concentration profiles at each monitoring well for each COC expected at the well. 18 

Comparison will be for absolute values and for trends (i.e., slope analysis to determine if the 19 

measured and predicted slopes are similar [Mann-Kendall, regression, or similar statistic]). 20 

 Compare measured hydraulic head data to predicted head data for a capture zone annually. Measured 21 

hydraulic head data will be used to evaluate the capture zone for wells and will be compared to the 22 

design capture zones. If the P&T system is optimized or changed from the initial design conditions 23 

(e.g., changes to injection and extraction flows and positions), updates to the predicted capture zones 24 

may be necessary. 25 

 Identify whether the trend in mass removal at individual wells is more consistent with lower or 26 

alternative higher mass plume estimates. 27 

 Identify whether measured individual well trends are consistent with reaching the 25-year or less 28 

P&T performance goal. 29 

 Identify whether monitoring well or extraction well trends are deviating from predicted trends, 30 

which may indicate that a zone of plume persistence is different than design expectations 31 

(e.g., a continuing source). 32 

 Identify whether monitoring well or extraction well trends are deviating from predicted trends, which 33 

may suggest that a capture zone is different than design expectations. 34 

Additional questions that should be answered include the following: 35 

 Are changes to the modeling configuration used for predicted performance needed based on observed 36 

plume responses, indicating that a plume condition is different than the lower or alternative 37 

higher mass plume estimates? 38 

 What P&T system optimization can be applied to adjust performance overall or for individual capture 39 

zones to better meet the 25-year or less P&T performance target? 40 
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 What changes to the monitoring well network (horizontal or vertical) or sampling frequency would 1 

improve the evaluation of P&T performance or be more efficient? 2 

A6.2 Decision Rules and Approach to Resolve Decision Statement #2 3 

To determine if certain areas of the contaminant plumes are not responding to P&T remediation as 4 

expected, and therefore require the evaluation of P&T modifications or other remedy options, the 5 

following DRs have been developed: 6 

 DR #2A: If the measured monitoring well COC concentration trends are performing as predicted 7 

when compared to the 200-ZP-1 OU groundwater model, then continue operation. Otherwise, 8 

implement P&T modifications to address deficiencies. 9 

 DR #2B: If the measured hydraulic head trends indicate that plume capture and flow-path control are 10 

performing as predicted when compared to the 200-ZP-1 OU groundwater model, then continue 11 

operation. Otherwise, implement P&T modifications to address deficiencies. 12 

 DR #2C: If measured COC mass recovery is performing as predicted using the 200-ZP-1 OU 13 

groundwater model and the initial mass basis defined in the 200-ZP-1 P&T RD/RAWP 14 

(DOE/RL-2008-78), then continue operation. Otherwise, implement P&T modifications to 15 

address deficiencies. 16 

For each COC at each extraction well, and for monitoring wells within the individual extraction well 17 

capture zone, the predicted contaminant mass removal, mass degradation, monitoring well concentrations, 18 

and hydraulic head distribution over time from the onset of P&T through the 25-year or less operational 19 

period will be plotted for the lower mass pre-P&T plume configuration and for the alternative higher mass 20 

pre-P&T plume mass configuration. The following inputs and analyses support this evaluation: 21 

 Compare measured P&T system mass removal to the predicted performance annually. Mass removal 22 

measurements will be calculated based on integrating the individual extraction well concentrations 23 

and flows over time for each targeted COC. The measured mass extraction values will be plotted and 24 

compared to the predicted mass extraction profile (based on the P&T system design conditions) for 25 

the individual wells for the lower and alternative higher mass plume cases. If the P&T system is 26 

optimized or changed from the initial design conditions (e.g., changes to injection and extraction 27 

flows and positions), updates to the predicted mass extraction profiles may be necessary. 28 

 Compare monitoring well trends to the predicted performance (annually for confidence and prediction 29 

intervals, twice per 5-year review cycle for trends). (Note that trend analysis will need 3 to 5 years of 30 

data before it is effective.) Monitoring well concentration data will be plotted and compared to 31 

predicted concentration profiles at each monitoring well for each COC expected at the well. 32 

Comparison will be for absolute values and for trends (i.e., slope analysis to determine if the 33 

measured and predicted slopes are similar [Mann-Kendall, regression, or similar statistic]). 34 

 Compare hydraulic head data to predicted head data for a capture zone annually. Measured hydraulic 35 

head data will be used to evaluate the capture zone for wells and will be compared to the design 36 

capture zones. If the P&T system is optimized or changed from the initial design conditions 37 

(e.g., changes to injection and extraction flows and positions), updates to the predicted capture zones 38 

may be necessary. 39 

 Identify whether the trends in mass removal and plume volume changes are more consistent with 40 

lower or alternative higher mass plume estimates. 41 
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 Identify whether measured individual well trends are consistent with reaching the 25-year or less 1 

P&T performance goal. 2 

 Identify whether monitoring well or extraction well trends are deviating from predicted trends, 3 

which may suggest that a zone of plume persistence is different than design expectations 4 

(e.g., a continuing source). 5 

 Identify whether monitoring well or extraction well trends are deviating from predicted trends, which 6 

may suggest that a capture zone is different than design expectations. 7 

Additional questions that should be answered include the following: 8 

 What are the factors inhibiting P&T performance in zones of plume persistence, and are these factors 9 

best addressed by P&T optimization or use of another approach? 10 

 What changes to the monitoring well network (horizontal or vertical) or sampling frequency would 11 

improve evaluation of hot spots or be more efficient? 12 

A6.3 Decision Rules and Approach to Resolve Decision Statement #3 13 

To determine if there are any newly identified contaminants that could impact the effectiveness of the 14 

remedy and necessitate evaluating P&T modifications or other remedy options, the following DRs have 15 

been developed: 16 

 DR #3A: If a newly identified contaminant within the 200 West P&T process stream meets the 17 

requirements for reinjection into 200-ZP-1 OU (as defined in the 200-ZP-1 P&T RD/RAWP 18 

[DOE/RL-2008-78]), then continue operations. Otherwise, implement P&T modifications to ensure 19 

P&T effluent meets discharge requirements. 20 

 DR #3B: If a newly identified contaminant is determined to be a new 200-ZP-1 OU COC, then 21 

a ROD modification, RD/RAWP revision, and implementation of a modified remedy are required. 22 

For each COC (e.g., to assess continuing sources) at each extraction well and for monitoring wells within 23 

the individual extraction well capture zone, the predicted contaminant mass removal, mass degradation, 24 

monitoring well concentrations, and hydraulic head distribution over time from the onset of P&T through 25 

the 25-year or less operational period will be plotted for the lower mass pre-P&T plume configuration and 26 

for the alternative higher mass pre-P&T plume configuration. In addition, a list of potential new 27 

contaminants will be evaluated based on the 200-WA-1 OU and 200-DV-1 OU efforts to select any 28 

additional monitored constituents and the appropriate locations for monitoring. The following inputs and 29 

analyses support this evaluation: 30 

 Compare measured P&T system mass removal to the predicted performance annually. Mass removal 31 

measurements will be calculated based on integrating the individual extraction well concentrations 32 

and flows over time for each targeted COC. The measured mass extraction values will be plotted and 33 

compared to the predicted mass extraction profile (based on the P&T system design conditions) for 34 

the individual wells for the lower and alternative higher mass plume cases. If the P&T system is 35 

optimized or changed from the initial design conditions (e.g., changes to injection and extraction 36 

flows and positions), updates to the predicted mass extraction profiles may be necessary. 37 
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 Compare monitoring well trends to the predicted performance (annually for confidence and prediction 1 

intervals, twice per 5-year review cycle for trends). (Note that trend analysis will need 3 to 5 years of 2 

data before it is effective.) Monitoring well concentration data will be plotted and compared to 3 

predicted concentration profiles at each monitoring well for each COC expected at the well. 4 

Comparison will be for absolute values and for trends (i.e., slope analysis to determine if the 5 

measured and predicted slopes are similar [Mann-Kendall, regression, or similar statistic]). For this 6 

assessment, analyses will also include injected constituents (e.g., cyanide and uranium) that may be 7 

from outside the 200-ZP-1 OU or potential contaminants that are identified from the 200-WA-1 OU 8 

and 200-DV-1 OU sources located above the 200-ZP-1 OU. 9 

 Compare hydraulic head data to predicted head data for a capture zone annually. Measured hydraulic 10 

head data will be used to evaluate the capture zone for wells and will be compared to the design 11 

capture zones. If the P&T system is optimized or changed from the initial design conditions 12 

(e.g., changes to injection and extraction flows and positions), updates to the predicted capture zones 13 

may be necessary. 14 

 Identify whether the trends in mass removal and plume volume changes are more consistent with 15 

lower or alternative higher mass plume estimates. 16 

 Identify whether measured individual well trends are consistent with reaching the 25-year or less 17 

P&T performance goal. 18 

 Identify whether monitoring well or extraction well trends are deviating from predicted trends, 19 

which may suggest that a zone of plume persistence is different than design expectations 20 

(e.g., a continuing source). 21 

 Identify whether monitoring well or extraction well trends are deviating from predicted trends, which 22 

may suggest that a capture zone is different than design expectations. 23 

Additional questions that should be answered include the following: 24 

 Are zones of persistence or increases coincident with original source zones identified for each 25 

200-ZP-1 OU plume? 26 

 Are zones of persistence or increases coincident with vadose zone waste disposal zones that are not 27 

original plume sources, and are these zones estimated by the 200-WA-1 or 200-DV-1 OUs as having 28 

the potential for groundwater impact based on disposal inventory, vadose zone characteristics, and 29 

expected vadose zone transport? 30 

 What are the characteristics of the continuing source, and are these best addressed by P&T to meet 31 

the P&T performance targets, or will these require use of another approach/remedy?  32 

 What changes to the monitoring well network (horizontal or vertical) or sampling frequency would 33 

improve identification and evaluation of new contaminants or be more efficient? 34 
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A6.4 Decision Rules and Approach to Resolve Decision Statement #4 1 

To determine if potentially toxic or mobile transformation products are being generated at concentrations 2 

high enough to justify their inclusion in the list of COCs with associated cleanup levels, the following 3 

DRs have been developed: 4 

 DR #4A: If a potentially toxic or mobile transformation product within the 200 West P&T process 5 

stream meets the requirement for reinjection into the 200-ZP-1 OU (as defined in the 200-ZP-1 P&T 6 

RD/RAWP [DOE/RL-2008-78]), then continue operations. Otherwise, implement P&T modifications 7 

to ensure that the P&T effluent meets discharge requirements. 8 

 DR #4B: If a potentially toxic or mobile transformation product is determined to be a new 9 

200-ZP-1 OU COC, then a ROD modification, RD/RAWP revision, and implementation of 10 

a modified remedy are required. 11 

For each COC at each extraction well, and for monitoring wells within the individual extraction well 12 

capture zone, the predicted contaminant mass removal, mass degradation, monitoring well concentrations 13 

of COCs and transformation products, and the hydraulic head distribution over time from the onset of 14 

P&T through the 25-year or less operational period will be plotted for the lower mass pre-P&T plume 15 

configuration and for the alternative higher mass pre-P&T plume configuration. The following inputs and 16 

analyses support this evaluation: 17 

 Compare extraction well and monitoring well constituent trends to the predicted performance, 18 

including contaminant transformation (annually for confidence and prediction intervals, twice per 19 

5-year review cycle for trends). (Note that trend analysis will need 3 to 5 years of data before it is 20 

effective.) Predicted and measured constituent concentrations will be plotted and compared based on 21 

absolute values and for trends (i.e., slope analysis to determine if the measured and predicted slopes 22 

are similar [Mann-Kendall, regression, or similar statistic]). 23 

 Compare hydraulic head data to predicted head data for a capture zone annually. Measured hydraulic 24 

head data will be used to evaluate the capture zone for extraction wells and will be compared to the 25 

design capture zones. If the P&T system is optimized or changed from the initial design conditions 26 

(e.g., changes to injection and extraction flows and positions), updates to the predicted capture zones 27 

may be necessary. 28 

 Identify whether measured individual well trends are consistent with reaching the 25-year or less 29 

P&T performance goal. 30 

 Identify whether monitoring well or extraction well trends are deviating from predicted trends, which 31 

may suggest the generation of transformation products. 32 

 Identify whether monitoring well or extraction well trends are deviating from predicted trends, which 33 

may suggest that a capture zone is different than design expectations. 34 

An additional question that should be answered is as follows: 35 

 What changes to the monitoring well network (horizontal or vertical) or sampling frequency would 36 

improve evaluation of transformation products or be more efficient? 37 
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A6.5 Decision Rule and Approach to Resolve Decision Statement #5 1 

To determine if changes are occurring in environmental conditions that may reduce the efficacy of 2 

the P&T system, natural attenuation processes, and flow-path control actions, thereby necessitating 3 

evaluation of P&T modifications or other remedy options, the following DR has been developed: 4 

 DR #5: If environmental conditions do not reduce the efficacy of the remedy, then continue with 5 

remedy. Otherwise, modify the remedy to accommodate the changes. 6 

For each COC at each extraction well, and for monitoring wells within the individual extraction well 7 

capture zone, the predicted contaminant mass removal, mass degradation, monitoring well concentrations 8 

of COC and environmental indicators, and hydraulic head distribution over time from the onset of P&T 9 

through the 25-year or less operational period will be plotted for the lower pre-P&T plume configuration 10 

and for the alternative higher pre-P&T plume mass estimate. The following inputs and analyses support 11 

this evaluation: 12 

 Compare hydraulic head data to predicted head data for a capture zone annually. Measured hydraulic 13 

head data will be used to evaluate the capture zone for extraction wells and will be compared to the 14 

design capture zones. If the P&T system is optimized or changed from the initial design conditions 15 

(e.g., changes to injection and extraction flows and positions), updates to the predicted capture zones 16 

may be necessary. 17 

 Identify whether hydraulic conditions are within the range expected to meet P&T capture goals. 18 

 Identify whether measured individual well concentrations of specified environmental constituents are 19 

consistently stable (by trend analysis). If increasing or decreasing trends are present, determine 20 

whether these trends correlate with changes in COC or transformation product trends (annually for 21 

confidence and prediction intervals, twice per 5-year review cycle for trends). (Note that trend 22 

analysis will need 3 to 5 years of data before it is effective.) 23 

An additional question that should be answered is as follows: 24 

 What changes to the monitoring well network (horizontal or vertical) or sampling frequency would 25 

improve evaluation of environmental conditions or be more efficient? 26 

A6.6 Decision Rule and Approach to Resolve Decision Statement #6 27 

To determine if there is rebound in COC groundwater concentrations, which would require the P&T 28 

system to be turned back on, the following DR has been developed: 29 

 DR #6: If the rebound study confirms that 95% of the mass removal of COCs and individual well 30 

concentrations of <100 µg/L carbon tetrachloride are sustained, then transition to MNA. Otherwise, 31 

restart P&T operations for nonconforming portions of the plume. 32 

For each COC at each extraction well, and for monitoring wells within the individual extraction well 33 

capture zone, the predicted contaminant mass removal, mass degradation, monitoring well concentrations, 34 

and hydraulic head distribution over time from the onset of P&T through the 25-year or less operational 35 

period will be plotted for the lower mass pre-P&T plume configuration and for the alternative higher mass 36 

pre-P&T plume configuration. The following inputs and analyses support this evaluation: 37 
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 Evaluate extraction well (quiescent) and monitoring well concentrations and trends in comparison to 1 

concentrations and trends prior to P&T shutdown. Concentrations will be plotted for P&T and 2 

post-P&T data. Slope analysis (e.g., Mann-Kendall, regression, or similar) will be used to determine 3 

if the post-P&T slope is increasing, decreasing, or stable. Absolute concentrations pre- and post-P&T 4 

will be compared to thresholds established for successful MNA. 5 

 Evaluate hydraulic head data to assess flow conditions in comparison to conditions prior to P&T 6 

shutdown. Hydraulic head data will be used to establish groundwater flow conditions with respect to 7 

interpreting concentrations at wells in the context of expected upgradient plume conditions. 8 

 Identify whether the concentration trends are stable, decreasing, or increasing. 9 

 Identify whether monitoring well or extraction well trends are increasing, which may suggest that 10 

a zone of plume persistence is different than design expectations (e.g., a continuing source). 11 

Additional questions that should be answered include the following: 12 

 Are rebound concentrations acceptable with respect to transitioning to MNA (e.g., at or below 13 

concentrations and plume volumes predicted to enable meeting MNA objectives)? A range of plume 14 

configurations may be suitable for transitioning to MNA. Simulations of potential plume conditions 15 

suitable for transition will be prepared as a benchmark, as well as mass reduction goals to guide 16 

assessing the performance of P&T in reaching the transition point. Near the time of the expected 17 

transition, simulations using the expected plume condition (as a projection of the measured plume 18 

conditions at that time) will be used to verify appropriate transition conditions. 19 

 If present, are zones of persistence or increases coincident with original source zones identified for 20 

each 200-ZP-1 OU plume? 21 

 If present, are zones of persistence or increases coincident with vadose zone waste disposal zones that 22 

are not original plume sources, and are these zones estimated by the 200-WA-1 or 200-DV-1 OUs as 23 

having the potential for groundwater impact based on disposal inventory, vadose zone characteristics, 24 

and expected vadose zone transport? 25 

 If present, what are the characteristics of the continuing source, and are these best addressed by 26 

P&T to meet the P&T performance targets, or will these require use of another approach/remedy? 27 

 What changes to the monitoring well network (horizontal or vertical) or sampling frequency would 28 

improve evaluation of contaminant rebound or be more efficient? 29 

A6.7 Decision Rule and Approach to Resolve Decision Statement #7 30 

To determine if the current remedy design is predicted to achieve cleanup levels for all COCs within 31 

125 years, and thereby achieve the overall remedial goal, the following DR has been developed: 32 

 DR #7: If the measured monitoring well COC concentration trends are performing as predicted 33 

within 125 years when compared to the 200-ZP-1 OU groundwater model, then continue the remedy. 34 

Otherwise, modify the remedy to address deficiencies. 35 

For each COC, the predicted contaminant plume volume and mass, plume location, mass degradation, 36 

monitoring well concentrations, and hydraulic head distribution over time from the onset of MNA 37 

through the 125-year MNA period will be plotted starting with the post-P&T plume configuration 38 

considering a lower and alternative higher mass pre-P&T plume estimate. In addition, a list of potential 39 

newly identified contaminants will be evaluated based on the 200-WA-1 OU and 200-DV-1 OU efforts to 40 
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select any additional monitored constituents and the appropriate locations for monitoring. The following 1 

inputs and analyses support this evaluation: 2 

 Compare the 95% UCLs for measured mean plume concentration to the predicted 95% UCLs. 3 

 Compare measured plume volume, mass, and location to the predicted performance twice per 5-year 4 

review cycle. Two-dimensional (detailed) and three-dimensional (for major higher concentration 5 

contours only) maps will be prepared based on the measured concentrations at monitoring and 6 

extraction wells, consistent with plume mapping techniques used for the annual Hanford Site 7 

groundwater monitoring report. These plume depictions will be quantified based on area or volume 8 

and will be compared to plume depictions and locations from the predicted plume behavior 9 

during MNA.  10 

 Compare monitoring well trends to the predicted performance. For the initial assessment after 11 

transition to MNA, comparisons will be made annually for confidence and prediction intervals and 12 

twice per 5-year review cycle for trends. (Note that trend analysis will need 3 to 5 years of data before 13 

it is effective.) For the long term, the analysis frequency may be changed to account for the expected 14 

slow rate of change during the MNA period. Monitoring well concentration data will be plotted and 15 

compared to predicted concentration profiles at each monitoring well for each COC expected at the 16 

well. Comparison will be made for absolute values and for trends (i.e., slope analysis to determine if 17 

the measured and predicted slopes are similar [Mann-Kendall, regression, or similar statistic]). 18 

For this assessment, analyses will also include injected constituents (e.g., cyanide and uranium) that 19 

may be from outside the 200-ZP-1 OU or potential contaminants that are identified from the 20 

200-WA-1 OU and 200-DV-1 OU sources located above the 200-ZP-1 OU. 21 

 Compare hydraulic head data to the hydraulic head used in the predictive simulations twice per 5-year 22 

review cycle. Hydraulic head data will be used to establish groundwater flow conditions with respect 23 

to interpreting concentrations at wells in the context of expected upgradient plume conditions. These 24 

flow conditions will be compared to the flow conditions used in the predictive model.  25 

 Identify whether the trend in attenuation is more consistent with lower or alternative higher mass 26 

plume estimates. 27 

 Identify whether measured plume and individual well trends are consistent with reaching the 125-year 28 

performance goal. 29 

 Identify whether monitoring well trends are deviating from predicted trends, which may suggest 30 

a zone of plume persistence that may affect reaching the MNA goal (e.g., a continuing source). 31 

 Identify whether sufficient information is available regarding natural attenuation processes to 32 

interpret data and support predictive modeling. 33 

Additional questions that should be answered include the following: 34 

 Are changes to the modeling configuration used for predicted performance needed based on 35 

observed plume responses, indicating a plume condition different than the lower or alternative higher 36 

mass plumes? 37 

 What changes to the monitoring well network (horizontal or vertical) or sampling frequency would 38 

improve evaluation of MNA or be more efficient? 39 
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A6.8 Decision Rule and Approach to Resolve Decision Statement #8 1 

To determine if contamination is expanding downgradient (laterally or vertically) after the P&T 2 

component has been turned off, thereby necessitating an evaluation of the predicted success of the 3 

remedial action, the following DR has been developed: 4 

 DR #8: If, during MNA, the plume at COC concentrations exceeding cleanup levels remains within 5 

the 200-ZP-1 OU, then continue the remedy. Otherwise, identify the alternative points of compliance 6 

within the Inner Area and/or Central Plateau boundaries. 7 

For each COC, the predicted contaminant plume volume and mass, plume location, mass degradation, 8 

monitoring well concentrations, and hydraulic head distribution over time from the onset of MNA 9 

through the 125-year MNA period will be plotted starting with the post-P&T plume configuration 10 

considering a lower and alternative higher mass pre-P&T plume estimate. In addition, a list of potential 11 

newly identified contaminants will be evaluated based on the 200-WA-1 OU and 200-DV-1 OU efforts to 12 

select any additional monitored constituents and the appropriate locations for monitoring. The following 13 

inputs and analyses support this evaluation: 14 

 Evaluate monitoring well concentrations and trends at locations downgradient of the 15 

contaminant plume. 16 

 Compare measured plume volume, mass, and location to the predicted performance twice per 5-year 17 

review cycle. Two-dimensional (detailed) and three-dimensional (for major higher concentration 18 

contours only) maps will be prepared based on the measured concentrations at monitoring and 19 

extraction wells, consistent with plume mapping techniques used for the annual Hanford Site 20 

groundwater monitoring report. These plume depictions will be quantified based on area or volume 21 

and will be compared to plume depictions and locations from the predicted plume behavior 22 

during MNA.  23 

 Compare monitoring well trends to the predicted performance. For initial assessment after transition 24 

to MNA, comparison will be made annually for confidence and prediction intervals and twice per 25 

5-year review cycle for trends. (Note that trend analysis will need 3 to 5 years of data before it is 26 

effective.) For the long term, the frequency of analyses may be changed to account for the expected 27 

slow rate of change during the MNA period. Monitoring well concentration data will be plotted and 28 

will be compared to predicted concentration profiles at each monitoring well for each COC expected 29 

at the well. Comparison will be for absolute values and for trends (i.e., slope analysis to determine if 30 

the measured and predicted slopes are similar [Mann-Kendall, regression, or similar statistic]). For 31 

this assessment, analyses will also include injected constituents (e.g., cyanide and uranium) that may 32 

be from outside 200-ZP-1 or potential contaminants that are identified as from the 200-WA-1 OU and 33 

200-DV-1 OU sources located above the 200-ZP-1 OU. 34 

 Compare hydraulic head data to the hydraulic head used in the predictive simulations twice per 5-year 35 

review cycle. Hydraulic head data will be used to establish groundwater flow conditions with respect 36 

to interpreting concentrations at wells in the context of expected upgradient plume conditions. These 37 

flow conditions will be compared to the flow conditions used in the predictive model.  38 

 Identify whether the plume is moving to locations not predicted. An attenuation zone will be 39 

established where some plume movement is acceptable to account for the changes in hydraulic 40 

conditions (no capture) after P&T is terminated. 41 
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 Identify whether the plume volume or mass trends are increasing in comparison to predicted 1 

plume behavior.  2 

 Quantify the plume changes within the 200-BP-5, 200-UP-1, and 200-PO-1 OUs (if applicable) with 3 

comparison to predicted plume movement from the 200-ZP-1 OU to these other OUs. 4 

Additional questions that should be answered include the following: 5 

 Are changes to the modeling configuration used for predicted performance needed based on 6 

observed plume responses, indicating a plume condition is different than the lower or alternative 7 

higher mass plumes? 8 

 What changes to the monitoring well network (horizontal or vertical) or sampling frequency would 9 

improve evaluation of MNA or be more efficient? 10 

A6.9 Decision Rule and Approach to Resolve Decision Statement #9 11 

To determine if remediation has been successfully completed and a recommendation can be made for no 12 

further action, the following DR has been developed: 13 

 DR #9: If the measured monitoring well COC concentrations at the points of compliance meet the 14 

remedial action objectives within 125 years, then recommend no further action. Otherwise, evaluate 15 

other remedial options or pursue a technical impracticability waiver. 16 

In conjunction with the regulatory agencies, a compliance well network will be defined considering the 17 

existing monitoring wells and the data trends at these wells. The following inputs and analyses support 18 

this evaluation: 19 

 Use sampling data to demonstrate that compliance well concentrations are at or below the target 20 

levels and that the trends in the concentrations on a well-by-well basis are not increasing in 21 

accordance with the guidelines provided in OSWER 9283.1-44, Recommended Approach for 22 

Evaluating Completion of Groundwater Restoration Remedial Actions at a Groundwater 23 

Monitoring Well. 24 

A7 Specify Performance or Acceptance Criteria 25 

The sixth step of the DQO process involves deriving the performance or acceptance criteria that the 26 

collected data need to achieve to minimize the possibility of either making erroneous conclusions or 27 

failing to keep uncertainty in estimates to within acceptable levels. Typically, the DR as a statistical 28 

hypothesis test is specified in this section, and the consequences of making incorrect decisions from the 29 

statistical hypothesis test are examined. However, monitoring data statistical tests to support the end of 30 

this remedial action have not been developed as part of this PMP and may not be applicable. Decisions on 31 

remedial action success will be based on the guidelines in OSWER 9283.1-44. 32 

More quantitative specifications of data quality are defined and presented as part of the quality assurance 33 

project plan provided in Section B2 of the performance monitoring SAP (Appendix B). The following 34 

sections present the potential uncertainties associated with the performance monitoring data to be 35 

collected and the potential impacts of those uncertainties. 36 
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A7.1 Groundwater Levels 1 

Groundwater-level data consist of several components:  2 

 Depth-to-water measurement from top of casing 3 

 Surveyed elevation of the top of casing 4 

 Surveyed northing and easting coordinates of the well 5 

 Elevation interval in the aquifer at which the depth to water is representative (well screen top and 6 

bottom elevations) 7 

The most critical components of groundwater-level data are the depth-to-water measurement and the 8 

top-of-casing elevation. Elevations for the top of casing are typically specified to the nearest 0.3 cm 9 

(0.01 ft), and depth-to-water measurements are typically specified to the nearest 0.61 cm (0.02 ft). Errors 10 

on the order of a couple of hundredths of a foot can be significant in situations where small horizontal 11 

hydraulic gradients are expected (e.g., in hydraulic stagnation zones between competing extraction wells) 12 

or when calculating vertical hydraulic gradients. In such sensitive areas, capture zone analyses can result 13 

in significant errors, leading to less-than-expected plume capture or unnecessary overpumping. 14 

Groundwater elevation errors can be detected by preparing a two-dimensional water table map and 15 

looking for irregularities in the elevation contours. Also, a groundwater elevation data set can be 16 

compared to the previously collected data set to look for irregularities. While difficult to detect, these 17 

errors can be managed by designing hydraulic capture zones conservatively with a margin of safety so 18 

small errors in measured groundwater elevations do not lead to less-than-expected plume capture or 19 

unnecessary overpumping.  20 

Ground surface elevations are typically provided to the nearest 0.03 m (0.10 ft) and are used along with 21 

the top and bottom screen depths to calculate the top and bottom screen elevations. Errors up to 1.5 m 22 

(5 ft) in top and bottom screen elevations would likely have little impact on the use of groundwater 23 

elevation data because hydraulic stresses are transmitted fairly easily through the aquifer. Since much 24 

of the well construction data for the 200-ZP-1 OU monitoring wells is historical, screened interval data 25 

from monitoring wells may have the potential for significant uncertainty. However, well screen elevation 26 

errors are likely not a significant concern for groundwater elevation data since the vertical spatial 27 

position of groundwater elevation measurement is typically interpreted as the potentiometric groundwater 28 

elevation at the mid-screen elevation in the well. These mid-screen elevation data points can be used in 29 

the groundwater flow model by comparing them to simulated heads taken from model grid cell 30 

center elevations. 31 

Typically, surveyed northing and easting coordinates are provided to the nearest 0.03 m (0.10 ft). 32 

However, errors of up to 1.5 m (5 ft) in well coordinates should have little impact on any processes or 33 

significant decisions. In addition, well coordinates are relatively easy to verify in the field. Thus, well 34 

coordinate errors are likely not a concern. 35 

A7.2 Pumping Rates 36 

Measured pumping rates, collected via the 200 West P&T O&M plan (DOE/RL-2009-124), are used to 37 

monitor system performance and ensure that the system is operating within design specifications. 38 

Pumping rates are also used in model calibration, plume shell calibration, model simulations, and 39 

extraction well contaminant mass removal calculations. Pumping rates should be measured on 40 

a semicontinuous basis using in-line flow meters accurate to 5% of the flow rate. 41 
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Extraction well flow rate errors can be detected by comparing the sum of the extraction well pumping 1 

rates to the combined influent flow rate at the treatment plant. Pumping rate errors of a couple of 2 

gallons per minute would have little impact on the simulated capture zone for an extraction well 3 

pumping at 379 L/min (100 gal/min). For mass removal calculations for an extraction well with an 4 

influent carbon tetrachloride concentration of 1,000 µg/L, for every 3.8 L/min (1 gal/min) error in flow 5 

rate, there would be an approximately 2 kg/yr error in calculated contaminant mass extracted. If the 6 

carbon tetrachloride plume is assumed to have a dissolved-phase mass above the cleanup level of 7 

approximately 1,221 kg, then this error is approximately 0.2% of the plume mass. For current Hanford 8 

Site laboratory contracts using Method 8260 of SW-846, Test Methods for Evaluating Solid Waste: 9 

Physical/Chemical Methods, Third Edition; Final Update V, the reported carbon tetrachloride 10 

concentrations are to be accurate to within ±20%. For an extraction well pumping at 379 L/min 11 

(100 gal/min) with an influent carbon tetrachloride concentration of 1,000 µg/L, this error percentage 12 

could result in the calculated mass extracted being under- or over-reported by approximately 40 kg/yr. 13 

This is equivalent to a 76 L/min (20 gal/min) flow rate error for a 379 L/min (100 gal/min) flow rate. 14 

Therefore, pumping rate errors of a couple of gallons per minute should have little impact on any 15 

significant decisions. 16 

A7.3 Contaminant Concentrations 17 

Contaminant concentration data consist of several components, including the actual groundwater sample, 18 

subsequent laboratory analysis, and the three-dimensional spatial position from which the sample 19 

originated in the aquifer. Contaminant concentrations from analytical laboratory analyses are needed to 20 

construct three-dimensional contaminant plume depictions, to calculate the contaminant mass extracted 21 

from the extraction wells, and to ultimately verify that cleanup levels have been achieved. To meet this 22 

goal, the analytical method detection limits should be equal to or less than the cleanup levels. 23 

Failure to set analytical laboratory detection limits equal to or less than the cleanup levels could result in 24 

groundwater contaminant monitoring data of insufficient quality to determine a successful cleanup. 25 

Since three-dimensional contaminant plume depictions are usually constructed with the lowest 26 

concentration isosurface set at the cleanup level, use of analytical laboratory detection limits above the 27 

cleanup levels will result in a lack of data to establish the plume outer boundaries. This will result in 28 

errors in the reported mass and volume statistics, errors in extraction well capture analyses, and errors in 29 

simulated contaminant transport. 30 

Other types of errors, such as random nonrepresentative samples and/or laboratory analyses, should have 31 

limited impact on any significant decisions regarding remedy performance. Typically, if a sample result 32 

seems erroneous and the result is critical (i.e., the result significantly changes the conceptual site model, 33 

indicates loss of capture, or falsely indicates plume cleanup), the sampling is repeated at that location to 34 

verify the result. Significant decisions are generally not based on one sample result. An erroneous sample 35 

result could impact the kriged concentrations in a limited area of a contaminant plume. However, 36 

the plume depictions are usually regenerated annually, so the error would be relatively short-lived. 37 

Horizontal spatial position errors are usually of such a small magnitude that they would have little impact 38 

on any processes or significant decisions. Surveyed northing and easting coordinates are typically 39 

provided to the nearest 0.03 m (0.10 ft). Errors of up to 1.5 m (5 ft) in well coordinates would usually 40 

have little impact. In addition, well coordinates are relatively easy to verify in the field; thus, well 41 

coordinate errors are likely not a concern. 42 
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Ground surface elevations are typically provided to the nearest 0.03 m (0.10 ft), which is usually used 1 

along with the top and bottom screen depths to calculate the top and bottom screen elevations. Errors in 2 

top and bottom screen elevations of a couple of feet would likely have little impact on the use of 3 

concentration data. However, contaminant concentrations tend to be highly vertically heterogeneous, 4 

and an error of 3.0 m (10 ft) or more in a screened interval could introduce significant errors in the 5 

three-dimensional contaminant plume depictions. Because much of the well construction data is historical 6 

for the older 200-ZP-1 OU monitoring wells, the potential exists for significant errors in the reported well 7 

screened intervals. Such errors could potentially lead to errors in the three-dimensional contaminant 8 

plume depictions and less-than-expected plume capture. 9 

Another vertical spatial position issue with the 200-ZP-1 OU monitoring wells is that many of the wells 10 

have relatively long screened intervals. The screen length for groundwater monitoring wells typically 11 

ranges from 1.5 to 4.6 m (5 to 20 ft); however, many 200-ZP-1 OU monitoring wells have screen lengths 12 

in excess of 9.1 m (30 ft). The variations in screen length can lead to uncertainties in the vertical position 13 

from which groundwater samples were extracted and can cause high contaminant concentration intervals 14 

to be diluted by less contaminated groundwater from other aquifer intervals. Again, such errors could 15 

potentially lead to errors in the three-dimensional contaminant plume depictions and less-than-expected 16 

plume capture. 17 

Vertical spatial position errors in contaminant concentration sampling data are relatively difficult to 18 

detect and manage. Well construction information for a particular monitoring well should be reviewed if 19 

samples collected from the well are questionable in relation to other upgradient and downgradient 20 

samples. However, the relatively low density of samples usually makes it difficult to detect these types 21 

of errors. In general, the uncertainty in three-dimensional contaminant plume delineation caused by the 22 

sparse sampling network is much greater than all of the other sources of contaminant concentration 23 

uncertainty. This uncertainty is furthered by the relative coarseness of the contaminant transport model 24 

grid and the uncertainty in the model transport parameters. These errors are most often managed by using 25 

professional judgment when evaluating the three-dimensional plume depictions and resulting model 26 

simulations for consistency with the conceptual site model and hydrologic principles, as well as by 27 

questioning any discrepancies. 28 

A7.4 Other Measured Parameters 29 

Table A-1 lists other constituent parameters that are included with laboratory analyses. Evaluating these 30 

parameters may provide a better understanding of natural attenuation conditions and/or reaction pathways 31 

within the reactive zones of the plumes. Measurement errors for these parameters would usually have 32 

little impact on any significant decisions regarding natural attenuation processes. 33 

Table A-1 also lists the groundwater parameters typically measured in the field at each sampled 34 

monitoring well during each monitoring event. These parameters may be monitored continuously in 35 

a flow-through cell apparatus during monitoring well sampling. Stable readings are an indication that 36 

sufficient purgewater has been withdrawn from a well and that a representative sample of the 37 

groundwater can be collected. These parameters are also important for monitoring natural attenuation 38 

processes. Field measurement errors for these parameters would usually have little impact on any 39 

significant decisions regarding natural attenuation processes. 40 
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A7.5 Model Predictions 1 

The groundwater flow and transport model is an important tool for simulating hydraulic capture and 2 

predicting whether the remedial goals of 95% mass reduction within 25 years and aquifer cleanup within 3 

125 years will be achieved. However, uncertainties are associated with the use of the model that can lead 4 

to a sense of false confidence in the accuracy of the model predictions. These uncertainties can be 5 

minimized by using multiple lines of evidence to increase the confidence in model predictions by 6 

ensuring that all available data are used. Some of the available methods are described below. 7 

The ability of the groundwater flow model to simulate hydraulic capture accurately should be evaluated 8 

by using a residual analysis method (RAM) technique, which compares the simulated head distribution 9 

from the model to the measured groundwater elevations, displaying the difference in terms of hydraulic 10 

capture. This technique is useful for determining if the model calibration is adequate and ensures that 11 

available data are used to make important decisions regarding plume capture and remedial system 12 

optimization. The RAM technique for analyzing hydraulic data includes the following steps. 13 

1. Calculate the head residuals between the groundwater elevations measured at the monitoring wells 14 

during the synoptic monitoring event and the simulated heads from the groundwater flow model 15 

using the remedial system extraction and injection rates recorded during the synoptic 16 

monitoring event. 17 

2. Analyze the spatial distribution of model results and the application of head residuals to amend the 18 

model results and produce an estimated potentiometric head distribution that closely approximates 19 

the measured data while retaining the hydraulic insight of the model. 20 

3. Apply the amended flow field to generate estimated remedial system hydraulic capture zones. 21 

Particle tracking should be used to generate the capture zones using both the unadjusted simulated 22 

head field and the RAM-amended head field that more closely matches the actual hydraulic conditions 23 

based on the measured groundwater elevations. Application of the RAM technique may indicate that the 24 

current 200 West Area groundwater flow model is not adequate to accurately predict plume capture and 25 

migration, in which case the model should be recalibrated. The groundwater elevation data collected 26 

during the most recent water-level monitoring event would provide the calibration targets for 27 

model recalibration. 28 

The ability of the groundwater transport model to accurately simulate plume migration depends, in part, 29 

on the accuracy of the starting concentration distribution (three-dimensional plume depiction) and the 30 

contaminant transport parameters used in the model. Additionally, the processes represented in the model 31 

are an approximation for the “real” transport processes. The three-dimensional plume for each 32 

contaminant will adequately represent the available sampling data at the sampling locations based on the 33 

method of construction (kriging). The uncertainty involves the areas in between the sampling locations 34 

and the outer boundaries of the plume depictions. The accuracy of each three-dimensional plume 35 

depiction can be increased by providing additional sampling locations; however, increasing the number 36 

of monitoring wells is expensive. Another method that can be used to reduce this uncertainty involves 37 

using measured extraction well contaminant concentrations as calibration targets for the contaminant 38 

transport model and adjusting each plume contaminant distribution until the simulated extraction well 39 

concentrations agree with the measured extraction well concentrations. Also, the outer plume boundaries 40 

(both horizontal and vertical) can be controlled during kriging by using control points and masking to 41 

ensure that the plume boundaries do not extend above the water table and, in general, agree with the 42 

conceptual site model and professional judgment. Use of these methods ensures that all available lines of 43 

evidence are being used to construct the three-dimensional contaminant distributions. 44 
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The contaminant transport parameters used in the model can be evaluated by migrating older plume 1 

versions forward in time and comparing the simulated contaminant concentrations to the most recent 2 

measured contaminant concentrations at selected monitoring well locations. This evaluation can reduce 3 

the uncertainty in the transport parameters controlling the physical, chemical, and biological processes 4 

that influence contaminant fate and transport, and it may result in changes to the model parameters that 5 

control dispersion, retardation, and biodegradation. These methods ensure that all available lines of 6 

evidence are used to reduce the uncertainty associated with model predictions. 7 

A8 Develop the Plan for Obtaining Data 8 

The seventh step of the DQO process is to develop the sampling and analysis design to generate the data 9 

needed to address the goals for the 200-ZP-1 OU selected remedy. The design for collecting data for 10 

contaminant concentration monitoring, hydraulic monitoring, and flow rate monitoring is presented in 11 

Chapter 4 in the main text, Appendix B of this PMP, the 200 West P&T O&M plan (DOE/RL-2009-124), 12 

and the 200-ZP-1 OU optimization study plan (DOE/RL-2019-38). 13 
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Appendix B 

200-ZP-1 Groundwater Operable Unit 

Performance Monitoring Sampling and Analysis Plan  
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ROD Record of Decision 

Rwia Ringold Formation member of Wooded Island – unit A 

Rwie Ringold Formation member of Wooded Island – unit E 

SAF sample authorization form 

SAP sampling and analysis plan 

SMR Sample Management and Reporting 

SPLIT field split 

SUR surrogate 

TCE trichloroethene 

Tri-Party Agreement Hanford Federal Facility Agreement and Consent Order 

VOA volatile organic analysis 

VOC volatile organic compound 

WMA waste management area 
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B1 Introduction 1 

This sampling and analysis plan (SAP) addresses the Comprehensive Environmental Response, 2 

Compensation, and Liability Act of 1980 (CERCLA) groundwater monitoring requirements for the 3 

200-ZP-1 Groundwater Operable Unit (OU) (Figure B-1). This SAP is part of the performance 4 

monitoring plan (PMP), which is an enforceable part of DOE/RL-2008-78, Rev. 1, Draft A, 200 West 5 

Area 200-ZP-1 Pump-and-Treat Remedial Design/Remedial Action Work Plan (hereinafter referred to as 6 

the 200-ZP-1 pump and treat [P&T] remedial design/remedial action work plan [RD/RAWP]). This 7 

SAP describes the monitoring activities associated with implementing the selected remedy for the 8 

200-ZP-1 OU, as presented in EPA et al., 2008, Record of Decision Hanford 200 Area 200-ZP-1 9 

Superfund Site, Benton County, Washington (hereinafter referred to as the 200-ZP-1 OU Record of 10 

Decision [ROD]). This SAP supersedes previous CERCLA groundwater sampling and analysis 11 

documents for the OU, including DOE/RL-2003-55, Remedial Investigation/Feasibility Study Work Plan 12 

for the 200-ZP-1 Groundwater Operable Unit. 13 

As discussed in Section 1.3 in the main text of this PMP, an optimization study will be conducted in 14 

accordance with DOE/RL-2019-38, 200-ZP-1 Operable Unit Optimization Study Plan (hereinafter 15 

referred to as the 200-ZP-1 optimization study plan), which is focused on evaluating the potential for 16 

accelerating carbon tetrachloride cleanup by increasing the treatment capacity of the 200 West P&T. 17 

Additional contaminant sampling, hydraulic monitoring, and remedial system monitoring will be 18 

identified in the optimization study, but these additional data collection efforts are not identified in the 19 

PMP and this performance monitoring SAP. The additional data collection efforts will be separately 20 

identified as part of the optimization study plan and/or the associated SAPs, but any contaminant data 21 

collected under the optimization study will be used to support the performance monitoring, reporting, and 22 

evaluation processes described in the PMP. 23 

Programmatic requirements for other sampling within the 200-ZP-1 OU (e.g., Resource Conservation 24 

and Recovery Act of 1976 [RCRA]) will continue to be performed pursuant to other sampling plans, 25 

and those requirements are not included in this SAP. RCRA groundwater monitoring is conducted for 26 

Waste Management Areas (WMAs) T and TX-TY and Low-Level Waste Management Areas 27 

(LLWMAs) 3 and 4 under separate plans. The data collected under the separate plans provide 28 

supplementary groundwater quality information for the CERCLA OU process. 29 

DOE/RL-2015-56, Hanford Atomic Energy Act Surveillance Groundwater Monitoring Plan, includes 30 

monitoring specifications for the upper basalt-confined aquifer and the Ringold Formation confined to 31 

semiconfined aquifer. Groundwater within the upper basalt-confined aquifer is monitored because it is 32 

a potential pathway for contaminants to move offsite. The confined to semiconfined aquifer within 33 

Ringold Formation member of Wooded Island – unit A (Rwia) (below the Ringold Formation member 34 

of Wooded Island – lower mud unit [Rlm]) is present beneath most of the Hanford Site. Sampling in 35 

the upper basalt-confined aquifer will be conducted in accordance with DOE/RL-2015-56 and is not 36 

included under this SAP. Monitoring of the Rwia confined to semiconfined aquifer will continue in 37 

accordance with DOE/RL-2015-56, although many wells below the Rlm (in and around the 38 

200-ZP-1 OU) are also monitored under this SAP. 39 

The 200-ZP-1 OU comprises groundwater contaminated by releases from facilities and waste sites 40 

associated with former plutonium concentration and recovery operations at Z Plant and plutonium 41 

separation operations at T Plant. The 200-ZP-1 OU underlies the northern portion of the 200 West Area, 42 

located at the western end of the Central Plateau. The 200 West Area lies about 8 km (5 mi) south of the 43 

Columbia River and 11 km (7 mi) from the nearest Hanford Site boundary. The 200-ZP-1 OU includes 44 

several groundwater contaminant plumes that span about 13 km2 (5 mi2) beneath the 200 West Area.  45 
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Figure B-1. Site Location  1 
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Contaminants of concern (COCs) identified in the 200-ZP-1 OU ROD (EPA et al., 2008) include carbon 1 

tetrachloride, trichloroethene (TCE), total chromium, hexavalent chromium (Cr(VI)), nitrate, iodine-129, 2 

technetium-99, and tritium. Carbon tetrachloride is the primary COC, with the other COCs (except nitrate 3 

and tritium) occurring in smaller commingled plumes that generally lie within the carbon tetrachloride 4 

plume boundary. 5 

This SAP consists of six sections, with the remainder of this section addressing the project scope and 6 

objectives, background, summary of data quality objectives (DQOs), COCs, and project schedule. 7 

Section B2 discusses the quality assurance (QA) requirements; Section B3 provides the field sampling 8 

plan; Sections B4 and B5 address waste management and health and safety requirements, respectively; 9 

and Section B6 provides the references used to support this SAP. 10 

B1.1 Project Scope and Objectives 11 

The objectives of this SAP are as follows:  12 

 Describe the methods used to collect the data necessary to assess performance of the 200 West P&T. 13 

 Assess flow-path control elements of the selected remedy in the 200-ZP-1 OU. 14 

 Assess monitored natural attenuation (MNA) in the 200-ZP-1 OU. 15 

This SAP includes the COCs identified in the 200-ZP-1 OU ROD (EPA et al., 2008): carbon 16 

tetrachloride, total chromium, Cr(VI), TCE, nitrate, iodine-129, technetium-99, and tritium. This SAP 17 

also includes limited monitoring of the adjacent 200-UP-1 OU uranium plume, as well as various 18 

other constituents. 19 

As part of the original DQO process, historical sampling locations and the analytical results generated 20 

from the 200-ZP-1 OU monitoring network from January 1990 through December 2012 were reviewed. 21 

The locations of monitoring wells with respect to the 2012 plume configurations were analyzed to 22 

optimize the well network and sampling requirements. This analysis focused on defining the wells needed 23 

for contaminant monitoring and their sampling frequencies. 24 

Groundwater monitoring optimization was performed in 2017 for the 200-ZP-1 OU to identify potentially 25 

redundant locations or analytes. The analysis is presented in SGW-60527, CR-2016-1543 – Redundancy 26 

Analysis for the 200-ZP-1 Groundwater Monitoring Network, which provides extensive recommendations 27 

for reducing redundant sampling activities under this SAP. This SAP revision has incorporated many 28 

(but not all) of these recommendations. Sections B1.2.4 and B1.4 describe these changes. 29 

The monitoring well network identified in this SAP is designed to collect groundwater data sufficient to 30 

assess performance of the remedy, from P&T operations through MNA. The data collected will be 31 

reported in the annual P&T summary report for the 200-ZP-1 OU and the 200-UP-1 OU, as well as the 32 

annual Hanford Site groundwater monitoring report. Performance monitoring under this SAP considers 33 

all existing monitoring programs within the 200-ZP-1 OU and nearby 200-UP-1 OU, including 34 

the following: 35 

 200 West P&T remedial system data collection efforts detailed in DOE/RL-2009-124, Rev. 6, 36 

Draft A, 200 West Pump and Treat Operations and Maintenance Plan (hereinafter referred to as the 37 

200 West P&T operations and maintenance [O&M] plan) 38 

 Groundwater monitoring at RCRA treatment, storage, and disposal units, which include the 39 

WMA T Tanks Farms, WMA TX-TY Tank Farms, LLWMA-3 Burial Grounds, and LLWMA-4 40 

Burial Grounds 41 
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 Sitewide surveillance monitoring under the Atomic Energy Act of 1954 (AEA) (DOE/RL-2015-56) 1 

 Performance monitoring for the 200-ZP-1 and 200-UP-1 OUs 2 

 CERCLA groundwater monitoring at the Environmental Restoration Disposal Facility 3 

Although not specifically identified in this SAP, data collected under the 200-ZP-1 optimization study 4 

plan (DOE/RL-2019-38) will also be used to support the performance monitoring, reporting, and 5 

evaluation processes described in the PMP. 6 

The integrated approach and goals of performance monitoring are described in Section 4.3 in the 7 

main text of this PMP. The data collected under this SAP will continue until the remedial action 8 

objectives are met and a decision for no further action is issued.  9 

Table B-1 lists the existing documents that have current sampling requirements associated with 10 

the 200-ZP-1 OU and identifies which of the documents are superseded by this SAP. 11 

B1.2 200-ZP-1 Operable Unit Background 12 

The 200 Areas are located on a broad, relatively flat plain that constitutes a local topographic high, 13 

commonly referred to as the Central Plateau. The 200-ZP-1 OU underlies the northern portion of the 14 

200 West Area, located at the western end of the Central Plateau. 15 

Hydrogeology, groundwater flow, contaminant plumes, and sources of contamination are summarized in 16 

the following sections. Section B1.3 provides an overview of the DQO process directing the sampling 17 

objectives, and Table B-2 identifies the contaminants. 18 

B1.2.1 Site Geology/Hydrogeology 19 

The Hanford Site lies in a sediment-filled basin on the Columbia Plateau in southeastern Washington 20 

State (Figure B-1). The Central Plateau, which includes the 200 Areas, is a relatively flat, prominent 21 

terrace near the center of the Hanford Site. The geology underlying the 200 West Area comprises, in 22 

descending order, the Hanford formation, the Cold Creek unit, the Ringold Formation, and the Columbia 23 

River Basalt Group. The suprabasalt sediments are about 169 m (555 ft) thick and primarily consist of the 24 

Ringold Formation and Hanford formation, which are composed of sand and gravel, with some silt layers. 25 

The uppermost aquifer in the 200-ZP-1 OU is an unconfined aquifer that occurs in the Rwia and in the 26 

Ringold Formation member of Wooded Island – unit E (Rwie), which are separated by the Rlm 27 

throughout much of the 200-ZP-1 OU. The water table depth in the 200 West Area varies from about 28 

50 m (164 ft) in the southwest corner near the former 216-U-1 Pond to >100 m (328 ft) to the north.  29 

B1.2.2 Groundwater Flow 30 

Groundwater in the unconfined aquifer flows from areas where the water table is higher (west of the 31 

Hanford Site) to areas where the water table is lower (the Columbia River). Groundwater flows 32 

predominantly east beneath the Central Plateau from the 200 West Area to the 200 East Area, with 33 

velocities typically ranging from 0.0001 to 0.5 m/d (0.00033 to 1.64 ft/d). Historical effluent discharges 34 

in the 200 West Area altered the groundwater flow regime, especially around the 216-U-10 Pond. 35 

Seepage from this pond and other effluent discharges raised the water table elevation, which in turn 36 

temporarily deflected groundwater flow to the north. As the discharges ceased, the water table declined 37 

and the eastwardly groundwater flow pattern was restored.  38 
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Table B-1. Summary of Sampling Plans with Overlapping Requirements 

Document, 

Revision Number Document Title Scope Data Use New 200-ZP-1 OU SAP 

DOE/RL-2009-115, 

Rev. 2 

Performance Monitoring 

Plan for the 200-ZP-1 

Groundwater Operable 

Unit Remedial Action 

Provides groundwater data necessary 

to track the extent and concentration 

of groundwater contaminant plumes. 

Monitoring results address the full 

extent of the 200-ZP-1 OU remedy 

performance evaluations and support 

the optimization process. Data are 

reported in the annual Hanford Sitewide 

groundwater monitoring report. 

Monitoring requirements identified 

in this updated SAP will supersede 

the requirements identified in the 

previous 200-ZP-1 OU groundwater 

monitoring plan.  

DOE/RL-2009-124, 

Rev. 6, Draft A 

200 West Pump and Treat 

Operations and 

Maintenance Plan 

Outlines the activities necessary to 

operate, maintain, and monitor the 

performance of the 200 West P&T, 

from startup of operations through 

decommissioning of the system. 

Monitor performance of the 

treatment system. 

Monitoring requirements identified 

in this updated SAP will be in 

conjunction with the requirements 

identified in DOE/RL-2009-124. 

These two plans are complimentary 

and provide data necessary to 

evaluate performance and optimize 

the 200-ZP-1 OU remedy. 

DOE/RL-2015-56, 

Rev. 0  

Hanford Atomic Energy 

Act Sitewide Groundwater 

Monitoring Plan 

The document identifies the locations, 

sampling frequency, and analytical 

requirements under the Atomic Energy 

Act of 1954 and includes confined 

aquifer wells located across multiple 

groundwater OUs.  

Monitoring results support Hanford Site 

environmental surveillance under the 

Atomic Energy Act of 1954.  

Sampling and analysis of wells 

monitoring the confined aquifer 

within the 200-ZP-1 OU interest 

area are addressed in 

DOE/RL-2015-56. Monitoring of 

the confined aquifer wells is not 

included in this SAP. 

DOE/RL-2009-68, 

Rev. 2 

Interim Status 

Groundwater Monitoring 

Plan for the 

LLBG WMA-3 

Obtain necessary groundwater data to 

determine the following: 

concentrations of specified 

groundwater quality parameters 

annually, concentrations of 

groundwater contamination indicator 

parameters semiannually, and annual 

evaluation of the water table. 

Results address the full extent of the 

remedy performance evaluations 

reported in the annual Hanford Sitewide 

groundwater monitoring report. 

Sample results from this SAP for 

any well within the 200-ZP-1 OU 

will be analyzed as part of the 

remedy performance. 

Monitoring of the LLWMA-3 wells 

is not included in this SAP. 

DOE/RL-2009-69, 

Rev. 2  

Interim Status 

Groundwater Monitoring 

Plan for the 

LLBG WMA-4 

Obtain necessary groundwater data to 

determine the following: 

concentrations of specified 

groundwater quality parameters 

annually, concentrations of 

groundwater contamination indicator 

parameters semiannually, and annual 

evaluation of the water table. 

Results address the full extent of the 

remedy performance evaluations 

reported in the annual Hanford Site 

groundwater monitoring report. 

Sample results from this SAP for 

any well within the 200-ZP-1 OU will 

be analyzed as part of the 

remedy performance. 

Monitoring of the LLWMA-4 wells 

is not included in this SAP. 
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Table B-1. Summary of Sampling Plans with Overlapping Requirements 

Document, 

Revision Number Document Title Scope Data Use New 200-ZP-1 OU SAP 

DOE/RL-2009-66, 

Rev. 1  

Interim Status 

Groundwater Quality 

Assessment Plan for the 

Single-Shell Tank Waste 

Management Area T 

Assessment monitoring is required by 

RCRA to determine the rate 

and extent of migration of the 

dangerous waste or dangerous waste 

constituents in the groundwater and 

the concentration of dangerous waste 

or dangerous waste constituents in 

the groundwater. 

Results address the full extent of the 

remedy performance evaluations 

reported in the annual Hanford Sitewide 

groundwater monitoring report. 

Sample results from this SAP for 

any well within the 200-ZP-1 OU will 

be analyzed as part of the 

remedy performance. 

Monitoring of the WMA T wells is 

not included in this SAP. 

DOE/RL-2009-67, 

Rev. 1  

Interim Status 

Groundwater Quality 

Assessment Plan for the 

Single-Shell Tank Waste 

Management Area TX-TY 

Assessment monitoring is required by 

RCRA to determine the rate and 

extent of migration of the dangerous 

waste or dangerous waste constituents 

in the groundwater and the 

concentration of dangerous waste or 

dangerous waste constituents in 

the groundwater. 

Results address the full extent of the 

remedy performance evaluations 

reported in the annual Hanford Sitewide 

groundwater monitoring report. 

Sample results from this SAP for 

any well within the 200-ZP-1 OU 

will be analyzed as part of the 

remedy performance. 

Monitoring of the WMA TX-TY 

wells is not included in this SAP. 

DOE/RL-2000-72, 

Rev. 1 

Performance Assessment 

Monitoring Plan for the 

Hanford Site Low-Level 

Burial Grounds 

The objective is to perform 

assessment monitoring to detect 

increasing trends that can be attributed 

to the Low-Level Burial Grounds and 

to ensure that the performance 

objectives for groundwater protection 

are met (e.g., 4 mrem/yr for 

groundwater pathway) and that 

appropriate data are collected to 

evaluate the performance and conduct 

composite analysis. 

Results address the full extent of the 

remedy performance evaluations 

reported in the annual Hanford Sitewide 

groundwater monitoring report. 

Sample results from this SAP for 

any well within the 200-ZP-1 OU 

will be analyzed as part of the 

remedy performance. 

Monitoring of performance 

assessment wells for the Low-Level 

Burial Grounds is not included in 

this SAP. 

LLWMA = low-level waste management area 

OU = operable unit 

P&T = pump and treat 

RCRA = Resource Conservation and Recovery Act of 1976 

SAP = sampling and analysis plan 

WMA = waste management area 

 1 
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Table B-2. Final Cleanup Levels for 200-ZP-1 OU Groundwater 

COC Units Final Cleanup Level 

Carbon tetrachloride µg/L 3.4* 

Trichloroethene µg/L 1* 

Chromium (total) µg/L 100 

Hexavalent chromium µg/L 48 

Nitrate-nitrogen mg/L 10 

Iodine-129 pCi/L 1 

Technetium-99 pCi/L 900 

Tritium pCi/L 20,000 

*The U.S. Department of Energy will clean up COCs for the 200-ZP-1 Operable Unit subject 

to the requirements of WAC 173-340, “Model Toxics Control Act—Cleanup” (carbon 

tetrachloride and trichloroethene), so the excess lifetime cancer risk does not exceed 1×10-5 

at the conclusion of the remedy. Groundwater standards are applicable or relevant and 

appropriate requirements that are used in the Comprehensive Environmental Response, 

Compensation, and Liability Act of 1980 cleanup process to select cleanup levels. 

COC = contaminant of concern 

 1 

B1.2.3 Sources of Groundwater Contamination 2 

Groundwater COCs identified in the 200-ZP-1 OU ROD (EPA et al., 2008) include carbon tetrachloride, 3 

total chromium, Cr(VI), iodine-129, nitrate, technetium-99, TCE, and tritium. Carbon tetrachloride is the 4 

main COC in groundwater, forming a plume about 13 km2 (5 mi2) in area that extends north, south, and 5 

east from the source areas (Figures B-2 and B-3). The primary carbon tetrachloride and TCE sources were 6 

associated with liquid waste discharges from plutonium separation processes at the Plutonium Finishing 7 

Plant to the 216-Z-1A, 216-Z-9, and 216-Z-18 Cribs and Trenches. Figures B-4 and B-5 provide 8 

three-dimensional model cross sections representing the vertical distribution of carbon tetrachloride in 9 

the 200-ZP-1 OU. Figure B-6 shows the lateral distribution of carbon tetrachloride (which also represents 10 

the collocated TCE contamination), the six additional COCs (including uranium in the 200-UP-1 OU), 11 

and the extraction and injection well locations. 12 

The sources of chromium, Cr(VI), iodine-129, nitrate, TCE, technetium-99, and tritium contamination in 13 

the 200-ZP-1 OU were releases from previous leaks in single-shell tanks and pipelines in WMA T and 14 

WMA TX-TY, and liquid waste disposal from plutonium-processing operations to cribs and trenches 15 

adjacent to the WMAs. Except for nitrate and tritium, the remaining contaminant plumes within the 16 

200-ZP-1 OU are generally located within the boundaries of the carbon tetrachloride plume (Figure B-6). 17 
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Figure B-2. Carbon Tetrachloride Plume Above the Rlm and Location of Three-Dimensional Model Cross Sections, 2015 2 
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Figure B-3. Carbon Tetrachloride Plume Below the Rlm and Location of Three-Dimensional Model Cross Sections, 2015 2 
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Figure B-4. Hydrogeologic Three-Dimensional Model Cross Section of 2015 Carbon Tetrachloride Plume, North to South (A to A′)  2 
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Figure B-5. Hydrogeologic Three-Dimensional Model Cross Section of 2015 Carbon Tetrachloride Plume, West to East (B to B′) 2 
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Figure B-6. Contaminant Plumes and 200 West P&T Well Layout, 2017 2 
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B1.2.4 Contaminant Plumes 1 

In accordance with the 200-ZP-1 OU ROD (EPA et al., 2008), contaminant distributions within the 2 

200-ZP-1 OU are represented by three categories: 3 

 A high-concentration zone of carbon tetrachloride close to ponds, cribs, and trenches used to dispose 4 

liquid wastes. Data do not indicate a continuing source. 5 

 A larger, dispersed or low-concentration zone of carbon tetrachloride that has migrated from 6 

discharge locations or that overlies the high-concentration zone. This less contaminated groundwater 7 

can occur above the high-concentration zone where large quantities of lower concentration effluent 8 

were discharged during or after the high-concentration waste discharges. 9 

 An area of technetium-99 contamination near WMA T and WMA TX-TY. 10 

The monitoring program obtains data from a monitoring well network that was evaluated in 2014 11 

to develop a constituent-specific set of analyses for each well. The development of the monitoring 12 

network considered the inventory of sites that may have the potential for future COC releases 13 

(Figure B-6). For each contaminant (excluding carbon tetrachloride and TCE), each well identified for 14 

monitoring was evaluated in the context of geographic location relative to the plume in the 200-ZP-1 OU 15 

and the data trends relative to the cleanup level. This evaluation included data collected as part of the 16 

PMP efforts and included data from 1990 forward. For volatile organic compounds (VOCs) such as 17 

carbon tetrachloride and TCE, the monitoring well network extends into the 200-UP-1 OU to track the 18 

plume and mass removal to meet the performance metrics provided in the 200-ZP-1 OU ROD 19 

(EPA et al., 2008). 20 

The in-depth evaluation of the 200-ZP-1 OU contaminant monitoring well network in 2017 (SGW-60527) 21 

focused on identifying potentially redundant locations or analytes. Extensive recommendations were 22 

provided for reducing redundant sampling activities under this SAP. Although no wells were entirely 23 

removed from the 200-ZP-1 OU contaminant monitoring network, many wells were removed from one or 24 

more of the contaminant-specific monitoring networks associated with each 200-ZP-1 OU COC 25 

and uranium. 26 

Table B-2 presents the final cleanup levels for 200-ZP-1 OU groundwater. The cleanup levels were 27 

developed using federal drinking water maximum contaminant levels; criteria and equations in the Model 28 

Toxics Control Act (WAC 173-340, “Model Toxics Control Act—Cleanup”) Method B cleanup levels 29 

for potable groundwater (WAC 173-340-720(4)(b)(iii)(A), WAC 173-340-720(4)(b)(iii)(B), and 30 

WAC 173-340-720(7)(b), “Groundwater Cleanup Standards”); and federal standards for radionuclides. 31 

B1.3 Data Quality Objectives Summary 32 

In association with the revision of this SAP, the DQO process was updated to support the identification 33 

of sampling requirements appropriate for the current SAP objectives. The update to the DQO process 34 

and its resulting application to refine the well network and focus the sampling requirements are 35 

provided in Appendix A. The purpose of the DQO process update was to support optimization of the 36 

routine monitoring network for the 200-ZP-1 OU. Each of the DQO steps is summarized in the 37 

following sections. 38 
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B1.3.1 Statement of the Problem 1 

Step 1 of the DQO process is to define the problem. In the case of the 200-ZP-1 OU, sufficient 2 

monitoring data must initially be collected to optimally operate the groundwater P&T system and to 3 

verify that contaminated groundwater is being controlled and is being remediated to the cleanup levels 4 

specified in the 200-ZP-1 OU ROD (EPA et al., 2008). Once the P&T component of the remedy is 5 

complete, sufficient monitoring data must be collected to verify that the MNA component of the remedy 6 

is satisfying the ROD requirements. 7 

B1.3.2 Identify the Goals of the Study 8 

Step 2 of the DQO process identifies the key decisions and goals that must be addressed to achieve the 9 

final solution to the problem. As stated in the 200-ZP-1 OU ROD (EPA et al., 2008), the selected remedy 10 

combines groundwater P&T, MNA, flow-path control, and institutional controls (ICs) to solve the 11 

problem. The PMP and this SAP address the performance monitoring goals for the first three of these 12 

components. The ICs are specifically excluded from the PMP and are monitored in accordance with 13 

DOE/RL-2001-41, Sitewide Institutional Controls Plan for Hanford CERCLA Response Actions and 14 

RCRA Corrective Actions.  15 

Monitoring data will be collected over the lifetime of the remedial action to evaluate the performance and 16 

optimize effectiveness. The principal study questions that the data collection must address and the 17 

alternative actions that may result from the analysis of collected data (as detailed in Appendix A) are 18 

combined in the following decision statements (DSs): 19 

 DS #1: Determine if the P&T system will remove at least 95% of the mass of COCs in 25 years or 20 

less and meet other conditions relevant to transitioning to MNA, and thereby achieve remedy goals 21 

for the P&T phase of the remedy; otherwise, evaluate modifications to the P&T system that could 22 

achieve the stated goal for the P&T phase of the remedy. 23 

 DS #2: Determine if certain areas of the contaminant plumes are not responding to P&T remediation 24 

as expected, and therefore require the evaluation of P&T modifications or other remedy options; 25 

otherwise, continue the remedy with no new action required. 26 

 DS #3: Determine if there are any newly identified contaminants that could impact the effectiveness 27 

of the remedy and necessitate evaluation of P&T modifications or other remedy options; otherwise, 28 

continue the remedy with no new action required. 29 

 DS #4: Determine if potentially toxic or mobile transformation products are being generated at 30 

concentrations high enough to justify their inclusion in the list of COCs with associated cleanup 31 

levels; otherwise, continue the remedy with the current list of COCs and associated cleanup levels 32 

and evaluate remedy implications. 33 

 DS #5: Determine if changes are occurring in environmental conditions that may reduce the efficacy 34 

of the P&T system, natural attenuation processes, and flow-path control actions, thereby necessitating 35 

evaluation of P&T modifications or other remedy options; otherwise, continue the remedy with no 36 

new action required. 37 

 DS #6: Once 95% of the mass of COCs has been removed and other conditions relevant to 38 

transitioning to MNA have been met, determine if there is rebound in COC groundwater 39 

concentrations, which would require the P&T system to be turned back on; otherwise, transition to 40 

the MNA phase of the remedy. 41 
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 DS #7: Determine if the current remedy design is predicted to achieve cleanup levels for all COCs 1 

within 125 years, and thereby achieve the overall remedial goal; otherwise, evaluate modifications to 2 

the remedial action that could achieve the stated goal for the overall remedy. 3 

 DS #8b: Determine if contamination is expanding downgradient, laterally or vertically after the P&T 4 

component has been turned off, thereby necessitating an evaluation of the predicted success of the 5 

remedial action; otherwise, continue the remedy with no new action required.  6 

 DS #9: Determine if remediation has been successfully completed and a recommendation can be 7 

made for no further action; otherwise, evaluate continuing the current remedy, other remedy options, 8 

or a technical impracticability waiver. 9 

B1.3.3 Identify the Information Inputs 10 

Step 3 of the DQO process identifies the data and information that may be needed to resolve the DSs 11 

listed in Section B1.3.2. Primary data collected under this SAP include contaminant sampling data for 12 

the groundwater monitoring network and hydraulic monitoring network data. Additional primary 13 

data include various remedial system monitoring data. The P&T remedial system data collection efforts 14 

are discussed in further detail in the 200 West P&T O&M plan (DOE/RL-2009-124) and are specifically 15 

excluded from discussion in the PMP and this SAP. Table B-3 summarizes the data inputs needed to 16 

resolve the DSs. 17 

Table B-3. DQO Step 3 – Summary of Data Inputs to Resolve DSs 

Data Inputs DSs 

Data Used Directly in Calculations 

Water quality (contaminants and transformation products) sample results from 

monitoring wells 

1, 2, 3, 4, 5, 6, 

7, 8, and 9 

Water quality (contaminants and transformation products) sample results from quiescent 

extraction and injection wells (post-P&T extraction and injection wells converted to 

monitoring wells) 

1, 2, 3, 4, 5, 6, 

7, 8, and 9 

Combined treatment plant influent flow rates (collected via the 200 West P&T O&M plan 

[DOE/RL-2009-124]) 
1 

Combined treatment plant influent water quality (contaminant) sample results (collected via 

the 200 West P&T O&M plan [DOE/RL-2009-124]) 
1 and 5 

Combined treatment plant effluent water quality (contaminants and transformation products) 

sample results (collected via the 200 West P&T O&M plan [DOE/RL-2009-124]) 

1, 3, 4, 5, 7, 

and 8 

Groundwater elevations measured in monitoring wells using both manual (depth-to-water) 

and automated (transducer/data logger) methods, and groundwater elevation maps (contour 

maps) prepared using these data 

1, 2, 3, 4, 5, 6, 

7, 8, and 9 

Water levels measured in extraction and injection wells as recorded by the P&T system 

Supervisory Control and Data Acquisition system and human/machine interface (collected via 

the 200 West P&T O&M plan [DOE/RL-2009-124]) 

1, 2, 3, 4, 5, 

and 6 

Data Used Primarily as Input to the Model 

The most current three-dimensional contaminant plume depictions, constructed from the 

groundwater contaminant sampling data for each COC 

1, 2, 3, 4, 5, 6, 

7, and 8 
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Table B-3. DQO Step 3 – Summary of Data Inputs to Resolve DSs 

Data Inputs DSs 

Data Used Directly in Calculations and as Input to the Model 

Extraction well and injection well flow rate data (collected via the 200 West P&T O&M plan 

[DOE/RL-2009-124]) 
1, 2, 3, 4, and 5 

Current and anticipated extraction and injection well flow rates (identified via the 200 West 

P&T O&M plan [DOE/RL-2009-124]) 
1, 2, 3, 4, and 5 

Additional Data 

Sample results for contaminants and their transformation products that arise from outside of 

200-ZP-1 OU and that are treated in the 200 West P&T system (identified via the 200 West 

P&T O&M plan [DOE/RL-2009-124], and corresponding sampling and analysis plans, 

performance monitoring plans, etc., for the contributing groundwater OUs) 

3, 4, 5, 7, and 8 

Contaminant sampling data, hydraulic monitoring data, and remedial system monitoring data 

collected under the 200-ZP-1 optimization study plan (DOE/RL-2019-38) 
1, 2, 3, 4, 5, and 7 

Reference: DOE/RL-2009-124, Rev. 6, Draft A, 200 West Pump and Treat Operations and Maintenance Plan. 

COC = contaminant of concern 

DS = decision statement 

O&M = operations and management 

OU = operable unit 

P&T = pump and treat 

 1 

B1.3.4 Define the Boundaries of the Study 2 

Step 4 of the DQO process identifies the spatial and temporal features pertinent to the decision-making 3 

process. The 200-ZP-1 OU performance monitoring network must verify that cleanup levels have been 4 

achieved in all of the OU groundwater plume areas. This encompasses an area from the western injection 5 

well line to the eastern leading edges of the plumes. Elevations range from the top of the basalt bedrock to 6 

the water table interface. The current 200-ZP-1 OU conceptual site model does not include any COC 7 

concentrations greater than cleanup levels in the basalt bedrock. Performance monitoring is expected to 8 

continue until cleanup levels have been achieved, which is estimated to be 125 years to 25 years for 9 

active P&T and 100 years for MNA. 10 

B1.3.5 Develop the Analytic Approach and Decision Rules 11 

Step 5 of the DQO process involves developing an analytical approach and decision rules (DRs) 12 

that outline how the performance monitoring data will be used to make decisions regarding progress 13 

of the selected remedy. The DRs for each DS provide clear requirements that guide the 14 

decision-making process. 15 

The four primary components of the remedy specified in the 200-ZP-1 OU ROD (EPA et al., 2008) 16 

include groundwater P&T, MNA, flow-path control, and ICs. The first three remedy components require 17 

periodic groundwater monitoring and data evaluation to assess remedy performance and determine when 18 

remedial action is complete. The fourth component does not require groundwater monitoring and is 19 

monitored separately. The first three components are the focus of the DSs and the associated 20 

decision-making process. 21 

The decision-making process is multistage and tied to the three remedy components (excluding ICs) 22 

in order of logical progression. The analytical approach, along with supporting information, is tied to this 23 

multistage process, which is detailed further in Section A6 of Appendix A. 24 
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The general approach to resolve DSs and manage the remedy uses a combination of several types of 1 

primary data and associated data analysis, as well as a comparison of data to fate and transport model 2 

predictions. The approach uses these multiple lines of evidence (not a single metric) in an integrated 3 

evaluation of remedy performance. Each primary and derived element of the approach provides essential 4 

information to be used in the decision-making process, but limitations of each element exist and must be 5 

considered in this process. Additionally, integration of each element with other elements is necessary to 6 

successfully and efficiently support the decision-making process. The derived data and simulation 7 

elements of the approach include the following: 8 

 Plume concentration trends (95% upper confidence limit of combined monitoring well data) 9 

 Monitoring well concentration trends 10 

 Contaminant mass removal over time (plume and individual well) 11 

 Mass degradation over time (plume and individual well) 12 

 Plume volume changes over time (including selected plume contour depictions) 13 

 P&T operational data and other institutional data 14 

 Model predictions of plume behavior and remedy performance 15 

Table B-4 presents the DRs and summaries of the analytical approach to resolve each of the DSs 16 

B1.3.6 Specify Performance or Acceptance Criteria 17 

Step 6 of the DQO process involves deriving the performance or acceptance criteria that the collected data 18 

must achieve to minimize the possibility of either making erroneous conclusions or failing to keep 19 

uncertainty in estimates within acceptable levels. Typically, the DR as a statistical hypothesis test is 20 

specified in this step, and the consequences of making incorrect decisions from the test are examined. 21 

However, statistical tests of the monitoring data to support ending remedial action were not developed in 22 

the DQO process and may not be applicable. Therefore, typically accepted performance criteria for the 23 

data gathered under this SAP are summarized in Table B-5. Decisions on remedial action success will be 24 

based on the guidelines in OSWER 9283.1-44, Recommended Approach for Evaluating Completion of 25 

Groundwater Restoration Remedial Actions at a Groundwater Monitoring Well. 26 

More quantitative specifications of data quality are defined and presented as part of the quality assurance 27 

project plan (QAPjP) provided in Section B2. 28 

B1.3.7 Develop the Plan for Obtaining Data 29 

Step 7 of the DQO process is to develop the sampling and analysis design to generate the data needed 30 

to address the nine DSs. The design for collecting contaminant concentration, hydraulic, and flow 31 

rate monitoring data is presented in Chapter 4 in the main text of this PMP. Section B1.4 describes the 32 

monitoring well network; Section B3 presents the detailed designs for the water level, flow rate, COC, 33 

and MNA programs. 34 

B1.4 Groundwater Monitoring Well Network 35 

The data necessary to address the DSs (described in Section B1.3.2) will be collected over the projected 36 

125-year lifetime of the remedial action to evaluate performance, optimize effectiveness, and determine 37 

when the remedial action is complete. Selection of the contaminant monitoring well network, sampling 38 

frequency, and analytical parameters is discussed in Section 4.1 in the main text of this PMP. 39 
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Table B-4. DQO Step 5 – DRs and Summary of Analytical Approach 

DSs DRs* Summary of Analytical Approach* 

DS #1: Determine if the P&T system will 

remove at least 95% of the mass of COCs in 

25 years or less and meet other conditions 

relevant to transitioning to MNA, and thereby 

achieve remedy goals for the P&T phase of 

the remedy. 

DR #1: If the remedy has removed 95% of the mass of 

COCs and no individual well exceeds 100 µg/L carbon 

tetrachloride, then perform rebound study as initial step in 

transition to MNA. Otherwise, continue P&T operations 

at nonconforming portions of the plume. 

For each COC, the predicted contaminant mass removal, mass degradation, and plume volume (including selected plume contour shells) changes over time from the onset of P&T 

through the 25-year or less operational period will be plotted for the lower pre-P&T plume configuration and for the alternative higher pre-P&T plume mass estimate. Evaluation of 

this DS will be made based on a composite assessment of all of the inputs and analyses, not on a single metric. 

For each COC at each extraction well and for monitoring wells within the individual extraction well capture zone, the predicted contaminant mass removal, mass degradation, 

monitoring well concentrations, and hydraulic head distribution over time from the onset of P&T through the 25-year or less operational period will be plotted for the lower pre-P&T 

plume configuration and for the alternative higher pre-P&T plume mass estimate. Because the P&T system is operated dynamically, some variations in measured and actual capture 

zones may occur and may lead to the need to update the predicted capture zones over time. 

Questions to be answered: 

 Are changes to the modeling configuration used for predicted performance needed based on observed plume responses indicating a plume condition is different than the lower or 

alternative higher plumes? 

 What P&T system optimization can be applied to adjust performance overall or for individual capture zones to better meet the 25-year or less performance target? 

 What changes to the monitoring well network (horizontal or vertical) or sampling frequency would improve evaluation of P&T performance or be more efficient? 

DS #2: Determine if certain areas of the 

contaminant plumes are not responding to P&T 

remediation as expected, and therefore require 

the evaluation of P&T modifications or other 

remedy options. 

DR #2A: If the measured monitoring well COC 

concentration trends are performing as predicted when 

compared to the 200-ZP-1 OU groundwater model, then 

continue operation. Otherwise, implement P&T 

modifications to address deficiencies. 

DR #2B: If the measured hydraulic head trends indicate 

plume capture and flow-path control are performing as 

predicted when compared to the 200-ZP-1 OU 

groundwater model, then continue operation. Otherwise, 

implement P&T modifications to address deficiencies. 

DR #2C: If measured COC mass recovery is performing 

as predicted using the 200-ZP-1 OU groundwater model 

and the initial mass basis defined in the RD/RAWP 

(DOE/RL-2008-78), then continue operation. Otherwise, 

implement P&T modifications to address deficiencies. 

For each COC at each extraction well and for monitoring wells within the individual extraction well capture zone, the predicted contaminant mass removal, mass degradation, 

monitoring well concentrations, and hydraulic head distribution over time from the onset of P&T through the 25-year or less operational period will be plotted for the lower pre-P&T 

plume configuration and for the alternative higher pre-P&T plume mass estimate. 

Questions to be answered: 

 What are the factors inhibiting P&T performance in zones of plume persistence, and are these best addressed by P&T optimization or use of another approach? 

 What changes to the monitoring well network (horizontal or vertical) or sampling frequency would improve evaluation of hot spots or be more efficient? 

DS #3: Determine if there are any newly 

identified contaminants that could impact the 

effectiveness of the remedy and necessitate 

evaluation of P&T modifications or other 

remedy options. 

DR #3A: If a newly identified contaminant within the 

200 West P&T process stream meets the requirements for 

reinjection into the 200-ZP-1 OU, as defined in the 

RD/RAWP (DOE/RL-2008-78), then continue 

operations. Otherwise, implement P&T modifications to 

ensure P&T effluent meets discharge requirements. 

DR #3B: If a newly identified contaminant is determined 

to be a new 200-ZP-1 OU COC, then a ROD 

modification, RD/RAWP revision, and implementation of 

a modified remedy are required. 

For each COC (e.g., to assess continuing sources) at each extraction well and for monitoring wells within the individual extraction well capture zone, the predicted contaminant mass 

removal, mass degradation, monitoring well concentrations, and hydraulic head distribution over time from the onset of P&T through the 25-year or less operational period will be 

plotted for the lower pre-P&T plume configuration and for the alternative higher pre-P&T plume mass estimate. In addition, a list of potential new contaminants will be evaluated 

based on the 200-WA-1 OU and 200-DV-1 OU efforts to select any additional monitored constituents and the appropriate locations for monitoring. 

Questions to be answered: 

 Are zones of persistence or increases coincident with original source zones identified for each 200-ZP-1 OU plume? 

 Are zones of persistence or increases coincident with vadose zone waste disposal zones that are not original plume sources and are these zones estimated by the 200-WA-1 or 

200-DV-1 OUs as having the potential for groundwater impact based on disposal inventory, expected vadose zone transport, and vadose zone characterization results? 

 What are the characteristics of the continuing source and are these best addressed by P&T to meet the P&T performance targets or will these require use of another 

approach/remedy? 

 What changes to the monitoring well network (horizontal or vertical) or sampling frequency would improve identification and evaluation of new contaminants or be more 

efficient? 

DS #4: Determine if potentially toxic or mobile 

transformation products are being generated at 

concentrations high enough to justify their 

inclusion in the list of COCs with associated 

cleanup levels. 

DR #4A: If a potentially toxic or mobile transformation 

product within the 200 West P&T process stream meets 

the requirement for reinjection into 200-ZP-1 OU, 

as defined in the RD/RAWP (DOE/RL-2008-78), 

then continue operations. Otherwise, implement 

P&T modifications to ensure P&T effluent meets 

discharge requirements. 

DR #4B: If a potentially toxic or mobile transformation 

product is determined to be new 200-ZP-1 OU COC, then 

a ROD modification, RD/RAWP revision, and 

implementation of a modified remedy are required. 

For each COC at each extraction well and for monitoring wells within the individual extraction well capture zone, the predicted contaminant mass removal, mass degradation, 

monitoring well concentrations of COCs and transformation products, and hydraulic head distribution over time from the onset of P&T through the 25-year or less operational period 

will be plotted for the lower pre-P&T plume configuration and for the alternative higher pre-P&T plume mass estimate. 

Question to be answered: 

 What changes to the monitoring well network (horizontal or vertical) or sampling frequency would improve evaluation of transformation products or be more efficient? 
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Table B-4. DQO Step 5 – DRs and Summary of Analytical Approach 

DSs DRs* Summary of Analytical Approach* 

DS #5: Determine if changes are occurring in 

environmental conditions that may reduce the 

efficacy of the P&T system, natural attenuation 

processes, and flow-path control actions, thereby 

necessitating evaluation of P&T modifications or 

other remedy options. 

DR #5: If environmental conditions do not reduce the 

efficacy of the remedy, then continue with remedy. 

Otherwise, modify the remedy to accommodate 

the changes. 

For each COC at each extraction well and for monitoring wells within the individual extraction well capture zone, the predicted contaminant mass removal, mass degradation, 

monitoring well concentrations of COC and environmental indicators, and hydraulic head distribution over time from the onset of P&T through the 25-year or less operational period 

will be plotted for the lower pre-P&T plume configuration and for the alternative higher pre-P&T plume mass estimate. 

Question to be answered: 

 What changes to the monitoring well network (horizontal or vertical) or sampling frequency would improve evaluation of environmental conditions or be more efficient? 

DS #6: Once 95% of the mass of COCs has been 

removed and other conditions relevant to 

transitioning to MNA have been met, 

determine if there is rebound in COC 

groundwater concentrations. 

DR #6: If the rebound study confirms that 95% of the 

mass removal of COCs and individual well 

concentrations of <100 µg/L carbon tetrachloride are 

sustained, then transition to MNA. Otherwise, restart 

P&T operations for nonconforming portions of the plume. 

For each COC at each extraction well and for monitoring wells within the individual extraction well capture zone, the predicted contaminant mass removal, mass degradation, 

monitoring well concentrations, and hydraulic head distribution over time from the onset of P&T through the 25-year or less operational period will be plotted for the lower pre-P&T 

plume configuration and for the alternative higher pre-P&T plume mass estimate. 

Questions to be answered: 

 Are rebound concentrations acceptable with respect to transitioning to MNA (e.g., at or below concentrations and plume volumes predicted to enable meeting MNA objectives)? 

 If present, are zones of persistence or increases coincident with original source zones identified for each 200-ZP-1 OU plume? 

 If present, are zones of persistence or increases coincident with vadose zone waste disposal zones that are not original plume sources and are these zones estimated by 

the 200-WA-1 or 200-DV-1 OUs as having the potential for groundwater impact based on disposal inventory, expected vadose zone transport, and vadose zone 

characterization results? 

 If present, what are the characteristics of the continuing source and are these best addressed by P&T to meet the P&T performance targets or will these require use of another 

approach/remedy? 

 What changes to the monitoring well network (horizontal or vertical) or sampling frequency would improve evaluation of contaminant rebound or be more efficient? 

DS #7: Determine if the current remedy design is 

predicted to achieve cleanup levels for all COCs 

within 125 years, and thereby achieve the overall 

remedial goal. 

DR #7: If the measured monitoring well COC 

concentration trends are performing as predicted within 

125 years when compared to the 200-ZP-1 OU 

groundwater model, then continue remedy. Otherwise, 

modify the remedy to address deficiencies. 

For each COC, the predicted contaminant plume volume and mass, plume location, mass degradation, monitoring well concentrations, and hydraulic head distribution over time from 

the onset of MNA through the 125-year MNA period will be plotted starting with the post-P&T plume configuration considering a lower and alternative higher pre-P&T plume mass 

estimate. In addition, a list of potential newly identified contaminants will be evaluated based on the 200-WA-1 OU and 200-DV-1 OU efforts to select any additional monitored 

constituents and the appropriate locations for monitoring. 

Questions to be answered: 

 Are changes to the modeling configuration used for predicted performance needed based on observed plume responses indicating a plume condition different than the lower or 

alternative higher plumes? 

 What changes to the monitoring well network (horizontal or vertical) or sampling frequency would improve evaluation of MNA or be more efficient? 

DS #8: Determine if contamination is expanding 

downgradient (laterally or vertically) after the 

P&T component has been turned off, thereby 

necessitating an evaluation of the predicted 

success of the remedial action. 

DR #8: If during MNA the plume at COC 

concentrations exceeding cleanup levels remains within 

the 200-ZP-1 OU, then continue remedy. Otherwise, 

identify the alternative points of compliance within the 

inner area and/or Central Plateau boundaries. 

For each COC, the predicted contaminant plume volume and mass, plume location, mass degradation, monitoring well concentrations, and hydraulic head distribution over time from 

the onset of MNA through the 125-year MNA period will be plotted starting with the post-P&T plume configuration considering a lower and alternative higher pre-P&T plume mass 

estimate. In addition, a list of potential newly identified contaminants will be evaluated based on the 200-WA-1OU and 200-DV-1 OU efforts to select any additional monitored 

constituents and the appropriate locations for monitoring. 

Questions to be answered: 

 Are changes to the modeling configuration used for predicted performance needed based on observed plume responses indicating a plume condition is different than the lower or 

alternative higher plumes? 

 What changes to the monitoring well network (horizontal or vertical) or sampling frequency would improve evaluation of MNA or be more efficient? 

DS #9: Determine if remediation has been 

successfully completed and a recommendation 

can be made for no further action. 

DR #9: If the measured monitoring well COC 

concentrations at the points of compliance meet the 

RAOs within 125 years, then recommend no further 

action. Otherwise, evaluate other remedial options or 

pursue a technical impracticability waiver. 

Define the compliance well network in conjunction with the regulatory agencies, considering the existing monitoring wells and the data trends at these wells. The following inputs 

and analyses support this evaluation:  

 Demonstrate that the concentrations at compliance wells are at or below the target and the trends in concentrations on a well-by-well basis are not increasing (i.e., per 

OSWER 9283.1-44 guidelines). 

References:  

DOE/RL-2008-78, Rev. 1, Draft A, 200 West Area 200-ZP-1 Pump-and-Treat Remedial Design/Remedial Action Work Plan. 

OSWER 9283.1-44, Recommended Approach for Evaluating Completion of Groundwater Restoration Remedial Actions at a Groundwater Monitoring Well. 

*A detailed explanation of the analytical approach included in this table is provided in Appendix A.  

COC = contaminant of concern 

DR = decision rule 

DS = decision statement 

MNA = monitored natural attenuation 

OU = operable unit 

P&T = pump and treat 

RAO = remedial action objective 

RD/RAWP = remedial action/remedial design work plan 

 1 
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Table B-5. DQO Step 6 – Typical Acceptance and Performance Criteria 

Required Data Acceptance/Performance Criteria 

Groundwater level (depth 

to water, top of casing, 

northing and easting 

coordinates, well screen top 

and bottom elevations) 

Depth to water should be specified to the nearest 0.61 cm (0.02 ft). 

Top of casing should be specified to the nearest 0.03 m (0.1 ft). 

Northings and eastings should be specified to the nearest 0.03 to 1.5 m (0.1 to 5 ft). 

Well screen top and bottom should be specified to the nearest 0.03 m (0.10 ft) (±1.5 m 

[5 ft]). 

Pumping rates 
Pumping rates should be measured on a semicontinuous basis using in-line flow 

meters accurate to 5% of the flow rate. 

Contaminant concentrations 

Precision is ≤20% for most contaminants and ≤20% for radionuclide contaminants. 

Analytical method must be able to provide detection limits equal to or less than the 

cleanup levels. 

Natural attenuation evaluation 

parameters 

Precision is ≤20%. Errors in the measurement of these parameters have little impact on 

any significant decisions regarding natural attenuation processes. 

Groundwater field parameters 

Precision is ≤20%. Errors in the field measurement of these parameters have little 

impact on any significant decisions regarding natural attenuation processes or well 

purging. 

 1 

The monitoring program obtains data from a monitoring well network that has been evaluated to develop 2 

a constituent-specific set of analyses for each well. The monitoring network considers the inventory 3 

of sites that may have the potential for future COC release. For each contaminant (except carbon 4 

tetrachloride and TCE), wells identified for monitoring were evaluated considering their geographical 5 

location relative to the plume, depth of screen relative to contamination depth, and the data trends relative 6 

to the cleanup levels for data collected as part of the PMP effort since 1990. For VOCs such as carbon 7 

tetrachloride and TCE, the monitoring network extends into the 200-UP-1 OU to track the plume and 8 

mass removal, and to meet the performance metrics provided in the 200-ZP-1 OU ROD 9 

(EPA et al., 2008). 10 

Groundwater monitoring optimization for the 200-ZP-1 OU was performed in 2017 to identify potentially 11 

redundant locations or analytes, as presented in SGW-60527. This evaluation provided extensive 12 

recommendations for reducing redundant sampling activities under this SAP, including recommendations 13 

for changes to the contaminant monitoring network and the sampling frequencies for many of the wells. 14 

This revision of the SAP has incorporated many these recommendations. Many wells were removed from 15 

one or more of the 200-ZP-1 OU COC-specific monitoring networks. 16 

As a result of the revisions for sampling frequency, sampling the entire monitoring well network for all 17 

COCs on a 5-year basis will no longer occur. The revised schedule for sampling annually, biennially, and 18 

every 5 years from the contaminant-specific well list will provide sufficient data to address all nine 19 

DSs and will support preparation of the CERCLA 5-year review. This sampling will also provide 20 

sufficient data for determining if there are any new COC releases; evaluating concentration trends in 21 

high-concentration plume areas; and determining if contamination is expanding downgradient, laterally, 22 

or vertically. While the P&T system is operating, the list of plume and constituent-specific analyses will 23 

be reviewed annually to determine if analyses should be added or discontinued for each well. Vertical 24 

sampling will be performed when drilling new wells to support remedy assessment against the remedial 25 

action objectives. This work will be covered under the remediation well installation SAP provided in 26 

Appendix G. 27 
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B1.4.1 Existing Monitoring Wells 1 

The monitoring well network will change over time as remedy components reduce COC concentrations 2 

and the plumes contract. Some aquifer areas will be remediated more quickly, and many of the shallow 3 

monitoring wells may go dry in areas furthest from the injection wells. Therefore, while the P&T system 4 

is operating, the contaminant monitoring well network will be evaluated biennially through extensive 5 

redundancy and data gap studies to determine if monitoring wells will be dropped from the network or if 6 

other wells should be added. These changes will be presented in an amended version of this SAP, subject 7 

to U.S. Environmental Protection Agency (EPA) review and concurrence. 8 

B1.4.2 Proposed New Monitoring Wells 9 

Section 4.1.2 in the main text of this PMP identifies several areas where existing monitoring well 10 

coverage may be inadequate to evaluate remedial action effectiveness. To address potential gaps in the 11 

monitoring well network, new monitoring wells may be installed according to the remediation well 12 

installation SAP (provided in Appendix G). Initial characterization work will be conducted as part of the 13 

well installation process (specified in Appendix G). 14 

Additional deep monitoring wells are proposed separately under DOE/RL-2019-23, 200-ZP-1 Operable 15 

Unit Ringold Formation A Characterization Sampling and Analysis Plan (hereinafter referred to as the 16 

200-ZP-1 OU Ringold A SAP), as described in Section 1.3 in the main text of this PMP. These proposed 17 

deep monitoring wells are primarily intended to further characterize the Rlm and Rwia. Similarly, 18 

additional monitoring wells may be proposed to support the 200-ZP-1 OU optimization study 19 

(DOE/RL-2019-38). Details for sampling and installation of these additionally proposed wells are not 20 

provided in the PMP or the remediation well installation SAP (provided in Appendix G), but the data 21 

collected during the installation of these additional monitoring wells will be used to fill data gaps and 22 

support the PMP.  23 

All of the new 200-ZP-1 OU monitoring wells, whether installed under the PMP, the 200-ZP-1 OU 24 

Ringold A SAP (DOE/RL-2019-23), or the 200-ZP-1 OU optimization study (DOE/RL-2019-38), will be 25 

incorporated into the 200-ZP-1 OU monitoring well network to support the performance evaluation, 26 

reporting, and decision-making processes described in the PMP. The new wells will be incorporated into 27 

this SAP in accordance with the document change requirements described in Section B2.1.4. 28 

B1.5 Contaminants 29 

Table B-6 lists the specific contaminants for CERCLA groundwater monitoring. The CERCLA COCs 30 

listed are those identified in the 200-ZP-1 OU ROD (EPA et al., 2008). 31 

B1.6 Project Schedule 32 

This SAP will direct the CERCLA monitoring activities needed for 200-ZP-1 OU for 125 years 33 

(until 2137): 25 years for active P&T, and 100 years for MNA. The yearly sampling schedule is 34 

established by the Sample Management and Reporting (SMR) organization to optimize the overall 35 

number of sampling trips and limit schedule redundancy. SMR tracks overlapping requirements so single 36 

sampling events can be used to co-sample wells and optimize schedules.  37 
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Table B-6. Analytes for 200-ZP-1 OU Groundwater Monitoring 

Constituent 

CAS 

Number Data Use 

Contaminants of Concern 

Carbon tetrachloride 56-23-5 Delineate carbon tetrachloride plume 

Chromium (total) a  7440-47-3 
Delineate chromium plume and evaluate stainless-steel 

corrosion 

Chromium (hexavalent) filtered  18540-29-9 Delineate chromium plume 

Iodine-129 15046-84-1 Delineate iodine-129 plume 

Nitrate-N 14797-55-8 Delineate nitrate plume 

Technetium-99 14133-76-7 Delineate technetium-99 plume 

Trichloroethene  79-01-6 Delineate trichloroethene plume 

Tritium 10028-17-8 Delineate tritium plume 

Other Constituents 

Uranium (from 200-UP-1 OU) a 7440-61-1 Evaluate source from another OU treated at the 200 West P&T 

Alkalinity ALKALINITY Evaluate natural attenuation 

Carbonate content (bicarbonate 

and carbonate) 

71-52-3 and 

471-34-1 
Evaluate natural attenuation 

Chloroform  67-66-3 Evaluate carbon tetrachloride natural attenuation 

Chloride 16887-00-6 Evaluate chlorinated solvent natural attenuation 

Chloromethane  74-87-3 Evaluate carbon tetrachloride natural attenuation 

Cyanide (from 200-BP-5 OU and 

WMAs T and TX-TY) 
57-12-5 Evaluate source from another OU treated at the 200 West P&T 

cis-1,2-Dichloroethene 156-59-2 Evaluate trichloroethene natural attenuation 

Dichloromethane 75-09-2 Evaluate carbon tetrachloride natural attenuation 

Iron a 7439-89-6 Evaluate natural attenuation and stainless-steel corrosion 

Manganese a 7436-96-5 Evaluate natural attenuation 

Nickel a 7440-02-0 Evaluate stainless steel corrosion 

Nitrite-N  14797-65-0 Evaluate nitrate natural attenuation 

Sulfate 14808-79-8 Evaluate natural attenuation 

Sulfide 18496-25-8 Evaluate natural attenuation 

Total dissolved solids TDS Evaluate natural attenuation and identify new releases 

Total organic carbon TOC Evaluate natural attenuation 

Vinyl chloride 75-01-4 Evaluate trichloroethene natural attenuation 
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Table B-6. Analytes for 200-ZP-1 OU Groundwater Monitoring 

Constituent 

CAS 

Number Data Use 

Field Screening Parameters b 

Dissolved oxygen  N/A Evaluate natural attenuation and well purge for sampling 

Oxidation-reduction potential  N/A Evaluate natural attenuation 

pH  N/A Evaluate well purge for sampling 

Specific conductance  N/A Evaluate well purge for sampling 

Temperature  N/A Evaluate well purge for sampling 

Turbidity  N/A Evaluate well purge for sampling 

a. Collect filtered and unfiltered samples for metals. 

b. Field screening parameters to be collected in accordance with DOE/RL-96-68, Hanford Analytical Services Quality 

Assurance Requirements Document, Vol. 3, Field Analytical Technical Requirements. 

CAS = Chemical Abstracts Service 

N/A = not applicable 

OU = operable unit 

P&T = pump and treat 

TDS = total dissolved solids 

TOC = total organic carbon 

 1 

B2 Quality Assurance Project Plan 2 

A QAPjP establishes the quality requirements for environmental data collection. It includes planning, 3 

implementing, and assessing sampling tasks, field measurements, laboratory analysis, and data review. 4 

This section describes the applicable environmental data collection requirements and controls based on 5 

the QA elements found in EPA/240/B-01/003, EPA Requirements for Quality Assurance Project Plans 6 

(EPA QA/R-5); and DOE/RL-96-68, Hanford Analytical Services Quality Assurance Requirements 7 

Document (HASQARD). Sections 6.5 and 7.8 of Ecology et al., 1989b, Hanford Federal Facility 8 

Agreement and Consent Order Action Plan (Tri-Party Agreement Action Plan), require that QA/quality 9 

control (QC) and sampling and analysis activities specify the QA requirements for treatment, storage, 10 

and disposal units, as well as for past-practice processes. This QAPjP also describes the applicable 11 

requirements and controls based on guidance found in Ecology Publication No. 04-03-030, Guidelines 12 

for Preparing Quality Assurance Project Plans for Environmental Studies; and EPA/240/R-02/009, 13 

Guidance for Quality Assurance Project Plans (EPA QA/G-5). This QAPjP is intended to supplement the 14 

contractor’s environmental QA program plan. 15 

This QAPjP is divided into the following four sections, which describe the quality requirements and 16 

controls applicable to Hanford Site OU groundwater monitoring activities: 17 

 Section B2.1, Project Management 18 

 Section B2.2, Data Generation and Acquisition 19 

 Section B2.3, Assessment and Oversight 20 

 Section B2.4, Data Review and Usability 21 
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B2.1 Project Management 1 

This section addresses planned project goals, management approaches, and output documentation. 2 

B2.1.1 Project/Task Organization 3 

The contractor (or its approved subcontractor) is responsible for planning, coordinating, sampling, and 4 

shipping samples to the appropriate laboratory. The contractor is also responsible for preparing and 5 

maintaining configuration control of the SAP and assisting the U.S. Department of Energy, Richland 6 

Operations Office (DOE-RL) project manager in obtaining approval of the SAP and future proposed 7 

revisions. The project organization for routine groundwater monitoring is described in the following 8 

sections and illustrated in Figure B-7. 9 

B2.1.1.1 Regulatory Lead 10 

The lead regulatory agency is responsible for regulatory oversight of cleanup projects and activities. 11 

The lead regulatory agency has SAP approval authority for the OUs they manage. The lead 12 

regulatory agency works with DOE-RL to resolve concerns regarding the work described in this SAP 13 

in accordance with Ecology et al., 1989a, Hanford Federal Facility Agreement and Consent Order 14 

(Tri-Party Agreement). 15 

B2.1.1.2 DOE-RL Manager 16 

Hanford Site cleanup at the 200-ZP-1 OU is the responsibility of DOE-RL. The DOE-RL manager is 17 

responsible for authorizing the contractor to perform activities at the Hanford Site under CERCLA, 18 

RCRA, AEA, and the Tri-Party Agreement (Ecology et al., 1989a). 19 

B2.1.1.3 DOE-RL Project Lead 20 

The DOE-RL project lead is responsible for monitoring the contractor’s performance of activities under 21 

CERCLA, RCRA, AEA, and the Tri-Party Agreement (Ecology et al., 1989a) for the Hanford Site. 22 

The DOE-RL project lead must obtain lead regulatory agency approval of the SAP, authorize field 23 

sampling activities, approve the SAP, and function as primary interface with regulatory agencies. 24 

The DOE-RL project lead is also responsible for providing day-to-day oversight of the contractor’s work 25 

scope performance, working with the contractor and the regulatory agencies to identify and resolve 26 

technical issues, and providing technical input to the DOE-RL manager. 27 

B2.1.1.4 Project Director 28 

The project director provides oversight and coordinates with DOE-RL and primary contractor 29 

management in support of sampling and reporting activities. The project director also provides support 30 

to the OU project manager to ensure that work is performed safely and cost effectively. 31 

B2.1.1.5 Operable Unit Project Manager 32 

The OU project manager (or designee) is responsible and accountable for project-related activities. 33 

The OU project manager coordinates with DOE-RL, the regulatory agencies, and contractor management 34 

to support sampling activities and ensure that work is performed safely and cost effectively. The OU 35 

project manager manages the sampling documents and requirements, field activities, and subcontracted 36 

tasks; and ensures that the project file is properly maintained. 37 
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Figure B-7. Project Organization 2 
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B2.1.1.6 Operable Unit Project Scientist 1 

The OU project scientist is responsible for developing specific sampling design, analytical requirements, 2 

and QC requirements, either independently or as defined through a systematic planning process. The OU 3 

project scientist ensures that sampling and analysis activities (as delegated by OU project manager) are 4 

carried out in accordance with the SAP and must work closely with the environmental compliance officer 5 

(ECO), the QA and the Health and Safety organizations, the field work supervisor (FWS), and SMR to 6 

integrate these and other technical disciplines in planning and implementing the work scope. 7 

B2.1.1.7 Environmental Compliance Officer 8 

The ECO is responsible for providing technical oversight, direction, and acceptance of project and 9 

subcontracted environmental work; developing appropriate mitigation measures to minimize 10 

adverse environmental impacts; and reviewing plans, protocols, and technical documents to ensure that 11 

environmental requirements have been addressed. The ECO identifies environmental issues affecting 12 

operations and develops cost-effective solutions that respond to environmental/regulatory issues 13 

or concerns. The ECO oversees project implementation for compliance with applicable internal and 14 

external environmental requirements. 15 

B2.1.1.8 Quality Assurance 16 

The QA organization point of contact is responsible for addressing QA issues on the project, overseeing 17 

implementation of the project QA requirements, reviewing project documents (including the 18 

DQO summary report, QAPjP, and SAP), reviewing data validation reports from third-party data 19 

validation contractors (as appropriate), and participating in QA assessments on sample collection and 20 

analysis activities (as appropriate). 21 

B2.1.1.9 Health and Safety 22 

The Health and Safety organization is responsible for coordinating industrial safety and health support 23 

within the project in accordance with the health and safety program, job hazard analyses, and other 24 

pertinent federal regulations. Health and Safety will also assist project personnel in complying with the 25 

applicable health and safety program and will coordinate with the Radiological Engineering organization 26 

to determine personal protective equipment requirements. 27 

B2.1.1.10 Radiological Engineering 28 

Radiological Engineering is responsible for providing radiological engineering and health physics support 29 

to the project and conducting as low as reasonably achievable (ALARA) reviews, exposure and release 30 

modeling, and radiological controls optimization. Radiological Engineering will also identify radiological 31 

hazards and ensure that appropriate controls are implemented to maintain worker exposures to hazards at 32 

ALARA levels. Radiological Engineering will interface with the project Health and Safety representative 33 

and other appropriate personnel as needed to plan and direct project radiological control technician 34 

(RCT) support. 35 

B2.1.1.11 Sample Management and Reporting Organization 36 

SMR is responsible for interfacing with the OU project scientist, the Field Sampling Operations (FSO) 37 

organization, the Well Maintenance organization, and analytical laboratories. SMR is responsible for 38 

generating field sampling documents, labels, and instructions for field sampling personnel, and for 39 

developing the sample authorization form (SAF), which provides information and instructions to the 40 

analytical laboratories. SMR provides instructions to the FSO nuclear chemical operators (NCOs) 41 

(i.e., samplers) on the collection of samples as specified in the SAP. SMR monitors the entire sample and 42 
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data process and coordinates laboratory analytical work to ensure that the laboratories conform to 1 

Hanford Site QA requirements (or their equivalent), as approved by DOE, EPA, and the Washington State 2 

Department of Ecology (Ecology). SMR is responsible for resolving sample documentation deficiencies 3 

or issues associated with the FSO, laboratories, or other entities to ensure that project needs are met; 4 

receiving analytical data from the laboratories; ensuring that data are uploaded into the Hanford 5 

Environmental Information System (HEIS) database; arranging for and overseeing data validation 6 

(as requested); and informing the OU project manager and/or OU project scientist of any issues reported 7 

by the analytical laboratories. 8 

B2.1.1.12 Analytical Laboratories 9 

Analytical laboratories analyze samples in accordance with established procedures, methods, and 10 

subcontract requirements and provide necessary data packages containing analytical and QC results. 11 

The laboratories provide explanations of results to support data review and in response to resolving 12 

analytical issues. Laboratory quality requirements are consistent with the HASQARD (DOE/RL-96-68). 13 

The laboratories are evaluated under the DOE Consolidated Audit – Accreditation Program or its 14 

successor programs to DoD/DOE, 2019, Department of Defense (DoD) Department of Energy (DOE) 15 

Consolidated Quality Systems Manual (QSM) for Environmental Laboratories, requirements. HASQARD 16 

requirements, beyond those within DoD/DOE, 2019, are also evaluated under the DOE Consolidated 17 

Audit – Accreditation Program. Laboratories are accredited by Ecology for the analyses performed under 18 

this SAP. 19 

B2.1.1.13 Waste Management 20 

The Waste Management organization is responsible for communicating policies and protocols; ensuring 21 

compliance for waste storage, transportation, disposal, and tracking in a safe and cost-effective manner; 22 

and identifying waste management sampling/characterization requirements to ensure regulatory 23 

compliance. Waste Management will also interpret data to determine waste designations and profiles and 24 

will prepare and maintain other documents to confirm compliance with waste acceptance criteria. 25 

B2.1.1.14 Field Sampling Operations 26 

The FSO is responsible for planning, coordinating, and conducting field sampling activities. FSO is also 27 

responsible for the sampling FWS directing the NCOs (samplers) and ensuring that the NCOs are 28 

appropriately trained and available. The sampling FWS is responsible for reviewing the SAP for field 29 

sample collection concerns, analytical requirements, and special sampling requirements. FSO will ensure 30 

that the sampling design is understood by the NCOs and can be performed as specified, which is achieved 31 

by performing mock-ups and holding practice sessions with field personnel. FSO is also responsible for 32 

the NCOs collecting all salient samples in accordance with sampling documentation; completing field 33 

logbook entries, chain-of-custody forms, and shipping paperwork; and ensuring delivery of the samples to 34 

the analytical laboratory. FSO is responsible for the sampling FWS and serves as a technical interface 35 

between the OU project manager and the field crew supervisors (e.g., the drilling FWS and the geology 36 

lead). FSO ensures that technical aspects of the field work are met in consultation with the OU project 37 

manager and SMR, resolving issues arising from translating technical requirements to field operations and 38 

coordinating resolution of sampling issues. 39 
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B2.1.1.15 Well Drilling and Well Maintenance 1 

The well drilling and maintenance and well coordination and planning managers are responsible for 2 

the following:  3 

 Planning, coordinating, and executing drilling construction 4 

 Performing well maintenance activities, in accordance with SGW-63048, Hanford Site Well 5 

Maintenance Plan 6 

 Coordinating with the OU project scientist about field constraints that could affect sampling design 7 

 Coordinating well decommissioning with DOE-RL and Ecology approval, as appropriate in 8 

accordance with WAC 173-160, “Minimum Standards for Construction and Maintenance of Wells” 9 

B2.1.2 Quality Objectives and Criteria 10 

The QA objective of this plan is to ensure the generation of analytical data of known and appropriate 11 

quality that are acceptable and useful for decision-making purposes. In support of this objective, statistics 12 

and data descriptors known as data quality indicators (DQIs) help determine the acceptability and 13 

usability of data to the user. The principal DQIs are precision, accuracy, representativeness, 14 

comparability, completeness, bias, and sensitivity, which are defined (for the purposes of this SAP) in 15 

Table B-7. 16 

Data quality is defined by the degree of rigor in the acceptance criteria assigned to the DQIs. 17 

The applicable QC guidelines, DQI acceptance criteria, and levels of effort for assessing data quality are 18 

dictated by the intended use of the data and the requirements of the analytical method. DQIs are evaluated 19 

during the reconciliation with user requirements process (Section B2.4.3). 20 

B2.1.3 Special Training/Certification 21 

A graded approach is used to ensure that workers receive a level of training commensurate with their 22 

responsibilities that is compliant with applicable DOE orders and government regulations. The FWS 23 

will ensure that special training requirements for field personnel are met. 24 

In addition, pre-job briefings will be held in accordance with work management and work release 25 

requirements to discuss document evaluation activities and associated hazards, including the 26 

following topics: 27 

 Objective of the activities 28 

 Individual tasks to be performed 29 

 Hazards associated with the planned tasks 30 

 Controls applied to mitigate the hazards 31 

 Environment in which the job will be performed 32 

 Facility where the job will be performed 33 

 Equipment and material required 34 

Training records are maintained for each employee in an electronic training record database. 35 

The contractor’s training organization maintains the training records system. Line management confirms 36 

that an employee’s training is appropriate and up to date prior to performing any field work. 37 

 38 
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Table B-7. Data Quality Indicators 

DQI Definition Determination Methodologies Corrective Actions 

Precision Precision measures the agreement among 

a set of replicate measurements. Field 

precision is assessed through the collection 

and analysis of field duplicates. Analytical 

precision is estimated by duplicate/replicate 

analyses, usually on laboratory control 

samples, spiked samples, and/or field 

samples. The most commonly used 

estimates of precision are the relative 

standard deviation and, when only 

two samples are available, the relative 

percent difference. 

Use the same analytical instrument to 

make repeated analyses on the 

same sample. 

Use the same method to make repeated 

measurements of the same sample within 

a single laboratory. 

Acquire replicate field samples for 

information on sample acquisition, 

handling, shipping, storage, 

preparation, and analytical processes 

and measurements. 

If duplicate data do not meet objective: 

 Evaluate apparent cause 

(e.g., sample heterogeneity). 

 Request reanalysis or remeasurement. 

 Qualify the data before use. 

Accuracy Accuracy is the closeness of a measured 

result to an accepted reference value. 

Accuracy is usually measured as a percent 

recovery. Quality control analyses used to 

measure accuracy include standard 

recoveries, laboratory control samples, 

spiked samples, and surrogates. 

Analyze a reference material or 

reanalyze a sample to which a material 

of known concentration or amount of 

pollutant has been added (a spiked 

sample). 

If recovery does not meet objective: 

 Qualify the data before use. 

 Request reanalysis or remeasurement. 

Representativeness Sample representativeness expresses the 

degree to which data accurately and 

precisely represent a characteristic of 

a population, parameter variations at 

a sampling point, a process condition, or 

an environmental condition. It is dependent 

upon the proper design of the sampling 

program and will be satisfied by ensuring 

the approved plans were followed during 

sampling and analysis. 

Evaluate whether measurements are 

made and physical samples collected in 

such a manner that the resulting data 

appropriately reflect the environment or 

condition being measured or studied. 

If results are not representative of the 

system sampled: 

 Identify the reason for the results not 

being representative. 

 Flag for further review. 

 Review data for usability. 

 If data are usable, qualify the data for 

limited use and define the portion of the 

system that the data represent. 

 If data are not usable, flag as appropriate. 

 Redefine sampling and measurement 

requirements and protocols. 

 Resample and reanalyze, as appropriate. 
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Table B-7. Data Quality Indicators 

DQI Definition Determination Methodologies Corrective Actions 

Comparability Comparability expresses the degree of 

confidence with which one data set can be 

compared to another. It is dependent upon 

the proper design of the sampling program 

and will be satisfied by ensuring that 

the approved plans are followed and that 

proper sampling and analysis techniques 

are applied. 

Use identical or similar sample 

collection and handling methods, 

sample preparation and analytical 

methods, holding times, and quality 

assurance protocols. 

If data are not comparable to other data sets: 

 Identify appropriate changes to data 

collection and/or analysis methods. 

 Identify quantifiable bias, if applicable. 

 Qualify the data, as appropriate. 

 Resample and/or reanalyze if needed. 

 Revise sampling/analysis protocols to 

ensure future comparability. 

Completeness Completeness is a measure of the amount of 

valid data collected compared to the amount 

planned. Measurements are considered valid 

if they are unqualified or qualified as 

estimated data during validation. Field 

completeness is a measure of the number of 

samples collected versus the number of 

samples planned. Laboratory completeness 

is a measure of the number of valid 

measurements compared to the total number 

of measurements planned. 

Compare the number of valid 

measurements completed (samples 

collected or samples analyzed) with 

those established by the project’s quality 

criteria (data quality objectives or 

performance/acceptance criteria). 

If data set does not meet 

completeness objective: 

 Identify appropriate changes to data 

collection and/or analysis methods. 

 Identify quantifiable bias, if applicable. 

 Resample and/or reanalyze if needed. 

 Revise sampling/analysis protocols to 

ensure future completeness. 

DQI  =  data quality indicator 
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Table B-7. Data Quality Indicators 

DQI Definition Determination Methodologies Corrective Actions 

Bias Bias is the systematic or persistent distortion 

of a measurement process that causes error in 

one direction (e.g., the sample measurement is 

consistently lower than the sample’s true 

value). Bias can be introduced during 

sampling, analysis, and data evaluation. 

Analytical bias refers to deviation in one 

direction (i.e., high, low, or unknown) of 

the measured value from a known 

spiked amount. 

Sampling bias may be revealed by analysis 

of replicate samples. 

Analytical bias may be assessed by 

comparing a measured value in a sample 

of known concentration to an accepted 

reference value or by determining the 

recovery of a known amount of 

contaminant spiked into a sample 

(matrix spike). 

For sampling bias: 

 Properly select and use sampling tools. 

 Institute correct sampling and subsampling 

procedures to limit preferential selection or 

loss of sample media. 

 Use sample handling procedures, including 

proper sample preservation, that limit the 

loss or gain of constituents to the sample 

media. 

Analytical data that are known to be affected by 

either sampling or analytical bias are flagged to 

indicate possible bias. 

Laboratories that are known to generate biased 

data for a specific analyte are asked to correct 

their methods to remove the bias as best as 

practicable. Otherwise, samples are sent to 

other laboratories for analysis. 

Sensitivity Sensitivity is an instrument’s or method’s 

minimum concentration that can be reliably 

measured (i.e., instrument detection limit or 

limit of quantitation). 

Determine the minimum concentration or 

attribute to be measured by an instrument 

(instrument detection limit) or by 

a laboratory (limit of quantitation). 

The lower limit of quantitation is the 

lowest level that can be routinely 

quantified and reported by a laboratory. 

If detection limits do not meet objective: 

 Request reanalysis or remeasurement using 

methods or analytical conditions that will 

meet required detection or limit of 

quantitation. 

 Qualify/reject the data before use. 

Reference: SW-846, Test Methods for Evaluating Solid Waste: Physical/Chemical Methods, Third Edition; Final Update V, as amended. 

DQI = data quality indicator 

 1 
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B2.1.4 Documents and Records 1 

The OU project manager (or designee) ensures that the current version of the SAP is being used and 2 

provides updates to field personnel. The administrative document control process is used to maintain 3 

version control. Changes to sampling documents are made in accordance with HASQARD 4 

(DOE/RL-96-68) and the Tri-Party Agreement Action Plan (Ecology et al., 1989b). The OU project 5 

manager is responsible for tracking all SAP changes, obtaining appropriate review, and alerting DOE-RL 6 

of these changes. Appropriate documentation will follow in accordance with the requirements for the 7 

particular type of change. Table B-8 summarizes possible changes and the documentation requirements. 8 

The sampling FWS and SMR are responsible for ensuring that field instructions are maintained and 9 

aligned with any revisions or approved changes to the SAP. SMR will ensure that any deviations from 10 

the SAP are reflected in revised paperwork for the samplers and the analytical laboratory. The sampling 11 

FWS will ensure that deviations from the SAP or problems encountered in the field are documented 12 

appropriately (e.g., in the field logbook) in accordance with corrective action protocols. 13 

The OU project manager, sampling FWS, or designee is responsible for communicating field corrective 14 

action requirements and ensuring that immediate corrective actions are applied to field activities. 15 

The OU project manager is also responsible for ensuring that project files are maintained. The project 16 

files will contain project records or references to their storage locations. Project files may include the 17 

following information, as appropriate: 18 

 Operational records and logbooks 19 

 Data forms 20 

 Global positioning system data (a copy will be provided to SMR) 21 

 Inspection or assessment reports and corrective action reports 22 

 Field summary reports 23 

 Interim progress reports 24 

 Final reports 25 

 Forms required by WAC 173-160 and the master drilling contract 26 

 Photographs 27 

The following records are managed and maintained by SMR: 28 

 Field sampling logbooks  29 

 Groundwater sample reports and field sample reports  30 

 Chain-of-custody forms 31 

 Sample receipt records 32 

 Laboratory data packages 33 

 Analytical data verification, and validation reports (if any) 34 

 Analytical data “case file purges” (i.e., raw data purged from laboratory files) provided by the 35 

offsite analytical laboratories36 
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Table B-8. Change Control for Sampling Projects 

Type of Change a 

Type of Change 

(Tri-Party Agreement 

Action Plan b) Action Documentation 

Minor change: Change has no impact 

on the sample or field analytical result, 

and little or no impact on performance 

or cost. Furthermore, the change does 

not affect the DQOs specified in 

the SAP. 

Minor field change: Changes that 

have no adverse effect on the 

technical adequacy of the job or the 

work schedule. 

The field personnel recognizing the 

need for a field change will consult with 

the OU project manager (or designee) 

prior to implementing the field change. 

Minor field changes will be 

documented in the field logbook. 

The logbook entry will include the 

field change, the reason for the field 

change, and the names and titles of 

those approving the field change. 

Significant change: Change has 

a considerable effect on performance 

or cost, but still allows for meeting the 

DQOs specified in the SAP. 

Minor change: Changes to approved 

plans that do not affect the 

overall intent of the plan or schedule. 

The OU project manager will inform the 

DOE-RL project manager and the 

regulatory lead of the change and seek 

concurrence at a unit managers’ meeting 

or comparable forum. The lead 

regulatory agency determines there is no 

need to revise the document. 

Documentation of this change 

approval would be in the unit 

managers’ meeting minutes or 

a comparable record, such as 

a change notice. c 

Fundamental change: Change has 

significant effect on the sample or 

the field analytical result, 

performance, or cost, and the 

change does not meet the requirements 

specified in the DQOs in the 

sampling document. 

Revision necessary: Lead regulatory 

agency determines changes to 

approved plans require revision to 

the document. 

If it is anticipated that a fundamental 

change will require the approval of the 

regulatory lead, the applicable DOE-RL 

project manager will be notified by the 

OU project manager and will be 

involved in the decision prior to 

implementation of a fundamental 

change. The lead regulatory agency 

determines if the change requires 

a revision to the document. 

Formal revision of the sampling 

document. 

a. Consistent with DOE/RL-96-68, Hanford Analytical Services Quality Assurance Requirements Document. 

b. Consistent with Sections 9.3 and 12.4 of Ecology et al., 1989b, Hanford Federal Facility Agreement and Consent Order Action Plan (Tri-Party Agreement Action Plan). 

c. The Tri-Party Agreement Action Plan, Section 9.3, defines the minimum elements of a change notice. 

DOE-RL = U.S. Department of Energy, Richland Operations Office 

DQO = data quality objective 

OU = operable unit 

SAP = sampling and analysis plan 

 1 
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The laboratory is responsible for maintaining, and having available upon request, the following: 1 

 Analytical logbooks 2 

 Raw data and QC sample records 3 

 Standard reference material and/or proficiency test sample data 4 

 Instrument calibration information 5 

Records may be stored in either electronic or hardcopy format. Documentation and records, regardless 6 

of medium or format, are controlled in accordance with work requirements and processes to ensure 7 

that stored records are accurate and can be retrieved. Records required by the Tri-Party Agreement 8 

(Ecology et al., 1989a) will be managed in accordance with the requirements therein. 9 

B2.2 Data Generation and Acquisition 10 

This section presents the requirements for analytical methods, measurement and analysis, data collection 11 

or generation, data handling, and field and laboratory QC. The requirements for instrument calibration 12 

and maintenance, supply inspections, and data management are also addressed. 13 

B2.2.1 Analytical Methods Requirements 14 

Table B-9 presents the analytical method performance requirements for the collected samples. 15 

In consultation with the laboratory and the OU project manager, SMR can approve changes to analytical 16 

methods as long as the new method is based upon a nationally recognized standard method (e.g., EPA or 17 

ASTM International [formerly American Society for Testing & Materials]) and the new method delivers 18 

analytical data that are comparable to those provided by the old method. The new method must achieve 19 

project DQOs as well or better than the replaced method and is required due to the nature of the sample 20 

(e.g., high radioactivity). The laboratory using the new method must be accredited by Ecology to perform 21 

analysis using that method. Issues that may affect analytical results are resolved by SMR in coordination 22 

with the OU project manager. 23 

Table B-9. Performance Requirements for Groundwater Analysis 

CAS 

Number Analyte 

Survey or 

Analytical Method a Units 

Action 

Level  PQL  

56-23-5 Carbon tetrachloride (COC) 8260 µg/L 3.4 b 3 

67-66-3 Chloroform (TP) 8260 µg/L 7.17 5 

75-09-2 Dichloromethane (TP) 8260 µg/L 5 5.25 

74-87-3 Chloromethane (TP) 8260 µg/L N/A 10 

79-01-6 Trichloroethene (COC) 8260 µg/L 1 b 2.1 

156-59-2 cis-1,2-Dichloroethene (TP) 8260 µg/L 70 5 

75-01-4 Vinyl chloride (TP) 8260 µg/L 2 2.1 

57-12-5 Cyanide (from 200-BP-5 OU)  9012 or 9014  µg/L 200 10.5 

7440-47-3 Chromium (total) (COC and SSC)c 6020 µg/L 100 10.5 

18540-29-9 
Hexavalent chromium (COC) 

filtered  
7196 µg/L 48 10.5 

14697-55-8 Nitrate-N (COC) 9056 or 300.0 µg/L 10 250 

14797-65-0 Nitrite-N (TP) 9056 or 300.0 µg/L 1 250 
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Table B-9. Performance Requirements for Groundwater Analysis 

CAS 

Number Analyte 

Survey or 

Analytical Method a Units 

Action 

Level  PQL  

15046-84-1 Iodine-129 (COC)  

Low-energy photon 

spectroscopy, liquid 

scintillation, or gas 

proportional counting 

pCi/L 1 1 

14133-76-7 Technetium-99 (COC) Liquid scintillation pCi/L 900 50 

10028-17-8 Tritium (COC) Liquid scintillation pCi/L 20,000 700 

7440-61-1 Uranium (from 200-UP-1 OU) c 6020 µg/L 30 1.05 

TOC Total organic carbon (NAP) 9060 or  415.1 µg/L N/A 1,050 

TDS 
Total dissolved solids (NAP 

and NR) 

Standard Methods 2540 or 

160.1 
mg/L 500 21 

14808-79-8 Sulfate (NAP) 9056 or 300.0 mg/L 250 1.05 

18496-25-8 Sulfide (NAP) 
9034, Standard Methods 

4500S, or 376.1 
mg/L N/A 2.1 

7439-89-6 Iron (NAP and SSC) c 6010 µg/L 300 105 

7439-96-5 Manganese (NAP) c 6020 µg/L 50 5.25 

7440-02-0 Nickel (SSC)c 6020 µg/L 320 21 

ALKALINITY Alkalinity (NAP) 
Standard Methods 2320 or 

310.1 
mg/L N/A 5.25 

16887-00-6 Chloride (NAP) 9056 or 300.0 mg/L 250 0.4 

a.For EPA Method 300.0, see EPA/600/R-93/100, Methods for the Determination of Inorganic Substances in Environmental 

Samples. For EPA Methods 160.1, 310.1, 376.1, and 415.1, see EPA/600/4-79/020, Methods for Chemical Analysis of Water 

and Wastes. For four-digit EPA Methods, see SW-846, Test Methods for Evaluating Solid Waste: Physical/Chemical 

Methods, Third Edition; Final Update VI. For Standard Methods, see APHA/AWWA/WEF, 2017, Standard Methods for the 

Examination of Water and Wastewater.  

b. DOE will cleanup COCs for the 200-ZP-1 OU subject to WAC 173-340, “Model Toxics Control Act—Cleanup” (carbon 

tetrachloride and trichloroethene), so the excess lifetime cancer risk does not exceed 110-5 at the conclusion of the remedy. 

Groundwater standards are applicable or relevant and appropriate requirements that are used in the Comprehensive 

Environmental Response, Compensation, and Liability Act of 1980 cleanup process to select cleanup levels. 

c. Collect filtered and unfiltered samples for metals. 

CAS = Chemical Abstracts Service 

COC = contaminant of concern  

DOE = U.S. Department of Energy 

EPA = U.S. Environmental Protection Agency 

N/A = not applicable 

NAP = natural attenuation evaluation parameter 

NR = new release evaluation parameter 

OU = operable unit 

PQL = practical quantitation limit 

SSC = stainless-steel corrosion evaluation parameter 

TDS = total dissolved solids 

TOC = total organic carbon 

TP = transformation product 

 1 

B2.2.2 Field Analytical Methods 2 

Chemical field screening and radiological field survey data used for site characterization will be measured 3 

in accordance with HASQARD requirements (DOE/RL-96-68), as applicable. Field analytical methods 4 

may also be performed in accordance with manufacturers’ manuals. Section B3 provides the parameters 5 

identified for field survey analyses. 6 
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B2.2.3 Quality Control 1 

The QC requirements specified in this SAP must be followed in the field and analytical laboratory to 2 

ensure that reliable data are obtained. Field QC samples will be collected to evaluate the potential for 3 

cross-contamination and provide information pertinent to sampling variability. Laboratory QC samples 4 

estimate the precision, bias, and matrix effects of the analytical data. Table B-10 summarizes the field 5 

and laboratory QC sample requirements, and Table B-11 lists the acceptance criteria for field and 6 

laboratory QC. Data will be qualified and flagged in the HEIS database, as appropriate. 7 

Table B-10. Project QC Requirements 

Sample Type Frequency Characteristics Evaluated 

Field QC 

Field duplicate One in 20 well trips. 
Precision, including sampling and 

analytical variability 

Field split  

As needed. When needed, the minimum is 

one for every analytical method, for 

analyses performed where detection limit 

and precision and accuracy criteria have 

been defined in the analytical performance 

requirements table. 

Interlaboratory comparability 

Full trip blank One in 20 well trips. 

Contamination from containers, 

preservative reagents, storage, or 

transportation 

Field transfer blank  
One each day that volatile organic 

compounds are sampled. 
Contamination from sampling site 

Equipment blank  As needed. a Contamination from nondedicated 

equipment 

Analytical QC b 

Laboratory duplicate One per analytical batch. c Laboratory reproducibility and precision 

Matrix spike One per analytical batch. c Matrix effect/laboratory accuracy 

Matrix spike duplicate  One per analytical batch. c Laboratory reproducibility and Method 

accuracy and precision 

Laboratory control sample  One per analytical batch. c Evaluate laboratory accuracy 

Method blank  One per analytical batch. c Laboratory contamination 

Surrogate  One per sample. c Recovery/yield 

Tracer One per sample. c Recovery/yield 

a. For portable pumps, equipment blanks are collected one for every 10 well trips. Whenever a new type of nondedicated 

equipment is used, equipment blanks will be collected every time sampling occurs until it can be shown that less frequent 

collection of equipment blanks is adequate to monitor the decontamination methods for the nondedicated equipment. 

Vendor-provided borehole equipment is considered dedicated and equipment blanks are not typically acquired in this instance. 

b. Batching across projects is allowed for similar matrices (e.g., all Hanford Site groundwater). 

c. Unless not required or a different frequency is called out in laboratory analysis methods. 

QC = quality control 

 8 
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Table B-11. Field and Laboratory QC Elements and Acceptance Criteria 

Analyte a QC Element Acceptance Criteria Corrective Action 

General Chemistry Parameters 

Alkalinity 

 
MB  

< MDL 

<5% sample concentration 
Flagged with “C” 

LCS 80–120% recovery  Flagged with “o”b  

DUPc or MS/MSDd ≤20% RPD Data reviewede  

MS/MSDd  75–125% recovery  Flagged with “N” 

EB, FTB 
<MDL 

<5% sample concentration 
Flagged with “Q” 

Field duplicatec ≤20% RPD  Data reviewede  

Cyanide 
MB  

< MDL 

<5% sample concentration 
Flagged with “C” 

 

LCS 80–120% recovery  Flagged with “o”b  

DUPc or MS/MSDd ≤20% RPD Data reviewede  

MS/MSDd  75–125% recovery  Flagged with “N” 

EB, FTB 
<MDL 

<5% sample concentration 
Flagged with “Q” 

Field duplicatec ≤20% RPD  Data reviewede  

Hexavalent chromium 

 
MB  

< MDL 

<5% sample concentration 
Flagged with “C” 

LCS 80–120% recovery  Flagged with “o”b  

DUPc or MS/MSDd ≤20% RPD Data reviewede  

MS/MSDd  75–125% recovery  Flagged with “N” 

EB, FTB 
<MDL 

<5% sample concentration 
Flagged with “Q” 

Field duplicatec ≤20% RPD  Data reviewede  

Sulfide 

 
MB  

< MDL 

<5% sample concentration 
Flagged with “C” 

 LCS 80–120% recovery  Flagged with “o”b  

DUPc or MS/MSDd ≤20% RPD Data reviewede  

MS/MSDd  75–125% recovery  Flagged with “N” 

EB, FTB 
<MDL 

<5% sample concentration 
Flagged with “Q” 

Field duplicatec ≤20% RPD  Data reviewede  
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Table B-11. Field and Laboratory QC Elements and Acceptance Criteria 

Analyte a QC Element Acceptance Criteria Corrective Action 

Total dissolved solids 

 
MB  

< MDL 

<5% sample concentration 
Flagged with “C” 

LCS 80–120% recovery  Flagged with “o”b  

DUPc  ≤20% RPD Data reviewede  

EB, FTB 
<MDL 

<5% sample concentration 
Flagged with “Q” 

Field duplicatec ≤20% RPD  Data reviewede  

Total organic carbon 
MB  

< MDL 

<5% sample concentration 
Flagged with “C” 

 

LCS 80–120% recovery  Flagged with “o”b  

DUPc  or MS/MSDd ≤20% RPD Data reviewede  

MS/MSDd  75–125% recovery  Flagged with “N” 

EB, FTB 
<MDL 

<5% sample concentration 
Flagged with “Q” 

Field duplicatec ≤20% RPD  Data reviewede  

Anions  

Anions by IC 

 
MB 

<MDL 

<5% sample concentration 
Flagged with “C” 

LCS 80–120% recovery Flagged with “o”b  

DUPc or MS/MSDd ≤20% RPD Data reviewed e 

MS/MSDd 75–125% recovery Flagged with “N” 

EB, FTB 
< MDL 

<5% sample concentration 
Flagged with “Q” 

Field duplicatec ≤20% RPD Data reviewed e 

Metals 

ICP metals 

ICP-MS metals 
MB 

<MDL 

<5% sample concentration 
Flagged with “C” 

LCS 80–120% recovery Flagged with “o”b  

DUPc or MS/MSDd ≤20% RPD Data reviewed e 

MS/MSDd 75–125% recovery Flagged with “N” 

EB, FTB 
< MDL 

<5% sample concentration 
Flagged with “Q” 

Field duplicatec ≤20% RPD Data reviewed e 
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Table B-11. Field and Laboratory QC Elements and Acceptance Criteria 

Analyte a QC Element Acceptance Criteria Corrective Action 

Volatile Organic Compounds 

Volatiles by GC/MS 
MB 

<MDL f 

<5% sample concentration 
Flagged with “B” 

LCS 
70–130% recovery or % recovery 

statistically derived g 
Flagged with “o”b  

DUPc or MS/MSDd ≤20% RPD  Data reviewed e 

MS/MSDd 70–130% recovery  Flagged with “T” 

SUR 70–130% recovery  Data reviewed e 

EB, FTB, FXR 
<MDL f 

<5% sample concentration 
Flagged with “Q” 

Field duplicatec ≤20% RPD  Data reviewed e 

Radiochemical Analyses 

Iodine-129 

 
MB 

<MDC 

<5% sample concentration 
Flagged with “B” 

LCS 
80–120% recovery or statistically 

derived limits g 
Flagged with “o”b 

DUPc ≤20% RPD Data reviewed e 

Carrier 40–110% recovery  Data reviewed e 

EB, FTB  
<MDC 

<5% sample concentration  
Flagged with “Q” 

Field duplicatec  ≤20% RPD  Data reviewed e 

Technetium-99 

 
MB 

<MDC 

<5% sample concentration 
Flagged with “B” 

LCS 
80–120% recovery or statistically 

derived limits g 
Flagged with “o”b 

DUPc ≤20% RPD Data reviewed e 

MS 75–125% recovery  Flagged with “N” 

EB, FTB  
<MDC 

<5% sample concentration  
Flagged with “Q” 

Field duplicatec ≤20% RPD  Data reviewed e 
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Table B-11. Field and Laboratory QC Elements and Acceptance Criteria 

Analyte a QC Element Acceptance Criteria Corrective Action 

Tritium 

 
MB 

<MDC 

<5% sample concentration 
Flagged with “B” 

LCS 
80–120% recovery or statistically 

derived limits g 
Flagged with “o”b 

DUPc ≤20% RPD Data reviewed e 

MS 75–125% recovery Flagged with “N” 

EB, FTB  
<MDC 

<5% sample concentration  
Flagged with “Q” 

Field duplicatec ≤20% RPD  Data reviewed e 

a. See Table B-9 for constituent list and analytical methods. 

b. The reporting laboratory will apply the “o” flag with Sample Management and Reporting group concurrence. 

c. Applies when at least one result is greater than the laboratory PQL (chemical analyses) or greater than five times the MDC 

(radiochemical analyses). 

d. Either a DUP or a MS/MSD is to be analyzed to determine measurement precision (if there is insufficient sample volume, a 

laboratory control sample duplicate is analyzed with the acceptance criteria defaulting to the <20% RPD criteria). 

e. After review, corrective actions are determined on a case-by-case basis. Corrective actions may include a laboratory recheck or 

flagging the data. 

f. For common laboratory contaminants such as acetone, methylene chloride, 2-butanone, toluene, and phthalate esters, the 

acceptance criteria is <5 times the MDL. 

g. Laboratory determined, statistically derived control limits based on historical data are used here. Control limits are reported 

with the data. 

DUP        =    laboratory sample duplicate 

EB = equipment blank 

FTB = full trip blank 

FXR = field transfer blank 

GC/MS = gas chromatography/mass spectrometry 

IC = ion chromatography 

ICP = inductively coupled plasma 

ICP/MS = inductively coupled plasma/mass spectrometry 

LCS = laboratory control sample 

MB = method blank 

MDC = minimum detectable concentration 

MDL = method detection limit 

MS = matrix spike 

MSD = matrix spike duplicate 

QC = quality control 

RPD = relative percent difference 

SUR = surrogate 

Data flags: 

B (organics)/C (inorganics/Wetchem)  =  analyte was detected in both the associated QC blank and the sample) 

N = all except GC/MS (matrix spike outlier) 

T = volatile organic analytes and semivolatile organic analytes GC/MS (matrix spike outlier) 

Q = associated QC sample is out of limits 

 1 
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B2.2.3.1 Field Quality Control Samples 1 

Field QC samples are collected to evaluate the potential for cross-contamination and provide information 2 

pertinent to field sampling variability and laboratory performance to help ensure that reliable data are 3 

obtained. Field QC samples include field duplicates, split samples, and three types of field blanks: full trip 4 

blanks (FTBs), field transfer blanks (FXRs), and equipment blanks (EBs). Field blanks are typically 5 

prepared using high-purity reagent water. The QC sample definitions and their required frequency for 6 

collection are described below: 7 

 Field duplicates: Independent samples collected as close as possible to the same time and location as 8 

the scheduled sample that are intended to be identical. Field duplicates are placed in separate sample 9 

containers and are analyzed independently. Field duplicates are used to determine precision for both 10 

sampling and laboratory measurements. 11 

 Field splits (SPLITs): Two samples are collected as close as possible to the same time and location 12 

that are intended to be identical. The SPLITs will be stored in separate containers and analyzed by 13 

different laboratories for the same analytes. The SPLITs are interlaboratory comparison samples used 14 

to evaluate comparability between laboratories. 15 

 Full trip blanks (FTBs): Bottles are prepared by the sampling team prior to traveling to the sampling 16 

site. The preserved bottle set is either for volatile organic analysis (VOA) only or identical to the set 17 

that will be collected in the field. The bottle is filled with high-purity reagent water (or dead water 18 

from well 699-S11-E12AP for low-level tritium FTBs1), and the bottles are sealed and transported 19 

(unopened) to the field in the same storage containers used for samples collected that day. 20 

Collected FTBs are typically analyzed for the same constituents as the samples from the associated 21 

sampling event. FTBs are used to evaluate potential contamination of the samples attributable to the 22 

sample bottles, preservative, handling, storage, and transportation. 23 

 Field transfer blanks (FXRs): Preserved VOA sample vials are filled with high-purity reagent water 24 

at the sample collection site where VOC samples are collected. The samples will be prepared during 25 

sampling to evaluate potential contamination attributable to field conditions. After collection, FXR 26 

sample vials will be sealed and placed in the same storage containers with the samples collected the 27 

same day for the associated sampling event. FXR samples will be analyzed for VOCs only. 28 

 Equipment blanks (EBs): Reagent water is passed through or poured over the decontaminated 29 

sampling equipment and collected in sample containers, as identified on the SAF. The EB sample 30 

bottles are placed in the same storage containers with the samples from the associated sampling event. 31 

The EB samples are analyzed for the same constituents as the samples from the associated sampling 32 

event and are used to evaluate the effectiveness of the decontamination process. EBs are not required 33 

for disposable sampling equipment. 34 

                                                      
1 Because of the low detection levels achieved in the low-level tritium analysis, special low-level tritium water 
must be used. This low-level tritium water, known as “dead water,” is collected yearly (or as needed) from 
well 699-S11-E12AP or other approved source. 
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B2.2.3.2 Laboratory Quality Control Samples 1 

Internal QA/QC programs are maintained by the laboratories used by the project. Laboratory QA includes 2 

a comprehensive QC program that includes the use of matrix spikes (MSs), matrix duplicates, matrix 3 

spike duplicates (MSDs), laboratory control samples (LCSs), surrogates (SURs), tracers, and method 4 

blanks (MBs). These QC analyses, are required by EPA protocol (e.g., EPA/600/4-79/20, Methods for 5 

Chemical Analysis of Water and Wastes), and will be run at the frequency specified in the respective 6 

references, unless superseded by agreement. QC checks outside of control limits are documented in 7 

analytical laboratory reports during assessments of data useability. . Table B-10 lists the QC requirements 8 

and their typical frequencies, and Table B-11 provides the field and laboratory QC elements and the 9 

acceptance criteria.  10 

The various types of laboratory QC samples are defined as follows: 11 

 Laboratory duplicate: An intralaboratory replicate sample that is used to evaluate the precision of 12 

a method in a given sample matrix. 13 

 Matrix spike (MS): An aliquot of a sample spiked with a known concentration of target analytes. 14 

The MS is used to assess the bias of a method in a given sample matrix. Spiking occurs prior to 15 

sample preparation and analysis. 16 

 Post-preparation spike: The same as a MS; however, the spiking occurs after sample preparation. 17 

 Matrix spike duplicate (MSD): A replicate spiked aliquot of a sample that is subjected to the entire 18 

sample preparation and analytical process. The MSD results are used to determine the bias and 19 

precision of a method in a given sample matrix.  20 

 Laboratory control sample (LCS): A control matrix (e.g., reagent water) spiked with analytes 21 

representative of the target analytes or a certified reference material that is used to evaluate 22 

laboratory accuracy. 23 

 Method blank (MB): An analyte-free matrix to which all reagents are added in the same volumes or 24 

proportions as used in the sample processing. The MB is carried through the complete sample 25 

preparation and analytical procedure, and it is used to quantify contamination resulting from the 26 

analytical process.  27 

 Surrogate (SUR): A compound added to all samples in the analysis batch (field samples and QC 28 

samples) prior to preparation. The SUR is typically similar in chemical composition to the analyte 29 

being determined, yet it is not normally encountered. SURs are expected to respond to the preparation 30 

and measurement systems in a manner similar to the analytes of interest. Because SURs are added to 31 

all standards, samples, and QC samples, they are used to evaluate overall method performance in 32 

a given matrix. SURs are used only in organic analyses. 33 

 Tracer: A known quantity of radioactive isotope that is different from that of the isotope of interest 34 

but is expected to behave similarly and is added to an aliquot of sample. Sample results are generally 35 

corrected based on tracer recovery. 36 

Laboratories are required to analyze samples within the holding times specified in Table B-12. In some 37 

instances, constituents in the samples not analyzed within the holding times may be compromised by 38 

volatilization, decomposition, or by other chemical changes. Data from samples analyzed outside the 39 

holding times are flagged in the HEIS database with an “H.” 40 
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Table B-12. Preservation and Holding Time for Laboratory Analyses 

Constituent or 

Parametera Preservation b 

Holding 

Time 

General Chemistry 

Alkalinity Store ≤6°C 14 days 

Cyanide 

Store ≤6°C, adjust pH to >12 with 50% sodium 

hydroxide. If oxidizing agents present, add 5 mL 

0.1 N sodium arsenite/L or 0.06 g ascorbic acid/L 

14 days 

Hexavalent chromium Store ≤6°C 24 hours 

Sulfide 
Store ≤6°C, adjust pH >9 with zinc acetate and 

sodium hydroxide 
7 days 

Total dissolved solids Store ≤6°C 7 days 

Total organic carbon 
Store ≤6°C, adjust pH to <2 with sulfuric acid or 

hydrochloric acid 
28 days 

Anions 

Chloride Store ≤6°C 28 days 

Nitrate Store ≤6°C 48 hours 

Nitrite Store ≤6°C 48 hours 

Sulfate Store ≤6°C 28 days 

Metals 

ICP-AES  Adjust pH to <2 with nitric acid 6 months  

ICP-MS  Adjust pH to <2 with nitric acid 6 months  

Volatile Organic Compounds 

Volatile organics 
Store ≤6°C, adjust pH to <2 with sulfuric acid or 

hydrochloric acid 

7 days unpreserved  

14 days maximum preserved 

Radiochemical Analyses 

Iodine-129 None 6 months 

Technetium-99  Adjust pH to <2 with nitric acid  6 months 

Tritium None 6 months 

Notes: Holding times and preservation methods are dependent on the constituent and are consistent with U.S. 

Environmental Protection Agency guidance and approved analytical methods. Information in this table does not create 

Washington State Department of Ecology or Hanford Sitewide Permit requirements but is intended solely as guidance. 

The container type for a sample is available on the chain-of-custody documentation. 

This table applies only to laboratory analyses. Field measurements (e.g., specific conductance, pH, temperature, and 

turbidity) are not listed because they are measured in the field.  

a. See Table B-9 for constituent list and analytical methods. 

b. For preservation identified as stored at <6C, the sample should be protected against freezing unless it is known that 

freezing will not impact the sample integrity. 

 1 
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B2.2.4 Measurement Equipment 1 

Each user of measuring equipment is responsible for ensuring that the equipment is functioning as 2 

expected, properly handled, and properly calibrated at required frequencies in accordance with methods 3 

governing control of the measuring equipment. Onsite environmental instrument testing, inspection, 4 

calibration, and maintenance will be recorded in accordance with approved methods. Field screening 5 

instruments will be used, maintained, and calibrated in accordance with the manufacturers’ specifications 6 

and other approved methods. 7 

B2.2.5 Instrument and Equipment Testing, Inspection, and Maintenance 8 

Collection, measurement, and testing equipment should meet applicable standards (e.g., ASTM 9 

International) or be acceptable and valid in accordance with instrument-specific methods, requirements, 10 

and specifications. Software applications will be acceptance tested prior to use in the field. 11 

Measurement and testing equipment used in the field or in the laboratory will be subject to preventive 12 

maintenance measures to minimize downtime. Laboratories must maintain and calibrate their equipment. 13 

Maintenance requirements (e.g., documentation of routine maintenance) will be included in the 14 

individual laboratory’s and onsite organization’s QA plan or operating protocols, as appropriate. 15 

Maintenance of laboratory instruments will be performed in a manner consistent with applicable 16 

Hanford Site requirements. 17 

B2.2.6 Instrument and Equipment Calibration and Frequency 18 

Section B3.5 discusses field equipment calibration. Analytical laboratory instruments are calibrated in 19 

accordance with the laboratory’s QA plan and applicable Hanford Site requirements. 20 

B2.2.7 Inspection and Acceptance of Supplies and Consumables 21 

Consumables, supplies, and reagents will be reviewed in accordance with the requirements of SW-846, 22 

Test Methods for Evaluating Solid Waste: Physical/Chemical Methods, Third Edition; Final Update V, 23 

as amended, and will be appropriate for their use. Supplies and consumables used to support sampling 24 

and analysis activities are procured in accordance with internal work requirements and processes. 25 

Responsibilities and interfaces must be in place to ensure that items procured/acquired for the contractor 26 

meet the specific technical and quality requirements. The procurement system ensures that purchased 27 

items comply with applicable procurement specifications. Supplies and consumables are checked and 28 

accepted by users prior to use. 29 

B2.2.8 Nondirect Measurements 30 

Data obtained from sources such as computer databases, programs, literature files, and historical 31 

databases will be technically reviewed to the same extent as the data generated as part of any sampling 32 

and analysis QA/QC effort. All data used in evaluations will be identified by source. 33 

B2.2.9 Data Management 34 

In coordination with the OU project manager, SMR is responsible for ensuring that analytical data are 35 

appropriately reviewed, managed, and stored in accordance with the applicable programmatic 36 

requirements governing data management methods. 37 

Electronic data access, when appropriate, will be through a Hanford Site database (e.g., HEIS) or 38 

a project-specific database, whichever is applicable for the type of data being stored. Where electronic 39 

data are not available, hardcopies will be provided in accordance with Section 9.6 of the Tri-Party 40 

Agreement Action Plan (Ecology et al., 1989b). 41 
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Laboratory errors are reported to SMR on a routine basis. For reported laboratory errors, a sample issue 1 

resolution form will be initiated in accordance with applicable methods. This process is used to document 2 

analytical errors and to establish their resolution with the OU project manager. The sample issue 3 

resolution forms become a permanent part of the analytical data package for future reference and for 4 

records management. 5 

B2.3 Assessment and Oversight 6 

The elements in assessment and oversight address effectiveness of project implementation and associated 7 

QA and QC activities. The purpose of assessment is to ensure that the QAPjP is implemented 8 

as prescribed. 9 

B2.3.1 Assessments and Response Actions 10 

Management assessments and/or independent assessments may be performed at the direction of the 11 

OU project manager to verify compliance with the requirements outlined in this SAP, project field 12 

instructions, the QAPjP, methods, and regulatory requirements. Deficiencies identified by these 13 

assessments will be reported in accordance with existing programmatic requirements. The project’s line 14 

management chain coordinates corrective actions/deficiencies resolutions in accordance with the QA 15 

program, the corrective action management program, and associated methods implementing these 16 

programs. When appropriate, corrective actions will be taken by the OU project manager (or designee). 17 

Oversight activities in the analytical laboratories, including corrective action management, are conducted 18 

in accordance with the laboratory’s QA plan. SMR oversees offsite analytical laboratories and verifies 19 

that the laboratories are qualified for performing Hanford Site analytical work. 20 

B2.3.2 Reports to Management 21 

Management will be made aware of deficiencies identified by management assessments, ECO oversight, 22 

and findings from independent assessments and surveillances. Issues reported by the laboratories are 23 

communicated to SMR, which then initiates a sample issue resolution form. This process is used to 24 

document analytical or sample issues and to establish resolution with the OU project manager. If an 25 

assessment finding results in sampling issues that affect a regulatory requirement, DOE would be 26 

informed and the matter discussed with the regulatory agencies. 27 

B2.4 Data Review and Usability 28 

This section addresses the QA activities that occur after data collection. Implementation of these activities 29 

determines whether the data conform to the specified criteria, thus satisfying the project objectives. 30 

B2.4.1 Data Review and Verification 31 

Data review and verification confirm that sampling, analysis and chain-of-custody documentation are 32 

complete. This review includes linking sample numbers to specific sampling locations, reviewing sample 33 

collection dates and sample preparation/analysis dates to assess if holding times have been met, and 34 

reviewing QC data to determine if analyses meet the data quality requirements specified in this SAP. 35 

The criteria for verification include, but are not limited to, review for contractual compliance 36 

(samples were analyzed as requested), use of the correct analytical method, transcription errors, correct 37 

application of dilution factors, appropriate reporting of dry weight versus wet weight, and correct 38 

application of conversion factors. 39 



DOE/RL-2009-115, REV. 3, DRAFT A 
SEPTEMBER 2019 

 

B-47 

Errors identified by the laboratories are reported to the SMR project coordinator, who initiates a sample 1 

issue resolution form. This process is used to document analytical errors and to establish resolution with 2 

the OU project manager. For analytical data in sample media, field screening results are of lesser 3 

importance in making inferences regarding risk. Field QA/QC results will be reviewed to ensure that the 4 

data are usable. OU project scientist review will help determine if observed changes reflect improved/ 5 

degraded groundwater quality or potential data errors and may result in submittal of a request for review 6 

of questionable data. The laboratory may be asked to check calculations or reanalyze the sample, or the 7 

well may be resampled. Results of the request for data review process are used to flag the data 8 

appropriately in the HEIS database and/or to add comments. 9 

B2.4.2 Data Validation 10 

Data validation is an independent assessment to ensure the reliability of the data. Analytical data 11 

validation provides a level of assurance that an analyte is present or absent. Validation may also include 12 

the following: 13 

 Verification of instrument calibrations 14 

 Evaluation of analytical results based on method blanks 15 

 Recovery of various internal standards 16 

 Correctness of uncertainty calculations 17 

 Correctness of identification and quantification of analytes 18 

 Effect of quality deficiencies on data reliability 19 

The contractor follows the data validation process described in EPA-540-R-2017-001, National 20 

Functional Guidelines for Inorganic Superfund Methods Data Review; and EPA-540-R-2017-002, 21 

National Functional Guidelines for Organic Superfund Methods Data Review; adjusted for use with 22 

SW-846, HASQARD (DOE/RL-96-68), and radiochemistry methods. The criteria for data validation are 23 

based on a graded approach, using five levels of validation: Levels A through E. Level A is the lowest 24 

level and is the same as verification. Level E is a 100% review of all data (e.g., calibration data and 25 

calculations of representative samples from the data set). Data validation will be performed to Level C, 26 

which is a review of the QC data. Level C validation consists of a review of the QC data and specifically 27 

requires verification of deliverables; requested versus reported analytes; and qualification of the results 28 

based on evaluation of analytical holding times, method blank results, MS/MSD results, surrogate 29 

recoveries, and duplicate sample results. Level C data validation is generally equivalent to Level 2A 30 

in EPA 540-R-08-005, Guidance for Labeling Externally Validated Laboratory Analytical Data for 31 

Superfund Use. Level C data validation will be performed on at least 5% of the data by matrix and analyte 32 

group under the direction of SMR. Analyte group refers to categories such as radionuclides, volatile 33 

chemicals, semivolatiles, metals, and anions. The goal is to include each of the various analyte groups and 34 

matrices during the data validation process. The DOE-RL project lead or OU project manager may 35 

specify a higher percentage of data to be validated or that data validation be performed at higher levels. 36 

B2.4.3 Reconciliation with User Requirements 37 

The purpose of reconciliation with user requirements is to determine if quantitative data are of the correct 38 

type and are of adequate quality and quantity to meet the project data needs. The DQA process is the 39 

scientific and statistical evaluation of previously verified and validated data to determine if information 40 

obtained from environmental data operations are of the right type, quality, and quantity to support their 41 

intended use (usability). The DQA process uses the entirety of the collected data to determine usability 42 

for decision making. If a statistical sampling design was used during field sampling activities, then the 43 

DQA will be performed following guidance in EPA/240/B-06/003, Data Quality Assessment: Statistical 44 
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Methods for Practitioners (EPA QA/G-9S). When judgmental (focused) sampling designs are 1 

implemented in the field, DQIs such as precision, accuracy, representativeness, comparability, 2 

completeness, and sensitivity for the specific data sets (individual data packages) will be evaluated in 3 

accordance with EPA/240/R-02/004, Guidance on Environmental Data Verification and Data Validation 4 

(EPA QA/G-8). Data verification and data validation are integral to both the statistical DQA data 5 

evaluation process and the DQI evaluation process. The results of the DQA or DQI processes will be 6 

used by the OU project manager to interpret the data and determine if the DQOs for this activity have 7 

been met. 8 

B3 Field Sampling Plan 9 

This chapter identifies the wells monitored, sampling frequencies, and constituents analyzed. 10 

B3.1 Sampling Objectives 11 

The objectives of groundwater monitoring in the 200-ZP-1 OU are to define the extent, and track the 12 

movement, of the groundwater contaminant plumes; to assess performance of the 200 West P&T; to 13 

assess MNA; and to assess flow path control elements of the selected remedy. These objectives are 14 

accomplished by sampling the groundwater at designated wells and analyzing the samples for 15 

the identified COCs and other constituents listed in Table B-6. 16 

B3.2 Sample Location, Frequency, and Constituents to Be Monitored 17 

With this SAP revision, the sampling schedule for the contaminant monitoring network was evaluated for 18 

redundancy, as presented in 200-ZP-1 OU redundancy analysis (SGW-60527). The redundancy analysis 19 

focused solely on 200-ZP-1 OU monitoring wells and associated sampling schedules, as well as the 20 

resulting changes to the sampling schedule are discussed further in Sections B3.2.1 and B3.2.3. 21 

The redundancy analysis did not evaluate any of the 200-UP-1 OU wells that are included in the VOC 22 

monitoring network for this PMP and SAP; therefore, no changes were made to the sampling schedule for 23 

these 200-UP-1 OU wells. 24 

Appendix C discusses the sampling requirements and groundwater monitoring wells in the 200-ZP-1 OU 25 

network. Appendix F provides information on the hydrogeologic units monitored by the wells. 26 

Table B-13 lists the hydraulic monitoring wells, and Table B-14 identifies the specific constituents to be 27 

analyzed and the sampling frequency for the monitoring wells. Appendix A provides the criteria used to 28 

identify the wells needed to address the DSs identified during the DQO process. Some wells are 29 

co-sampled with other monitoring programs (e.g., to meet RCRA requirements). Monitoring requirements 30 

for the other monitoring programs (e.g., RCRA or AEA) are described in separate plans. The reported 31 

data from these programs are supplementary to the information gathered under this SAP. 32 

All new 200-ZP-1 OU monitoring wells, whether installed under the PMP remediation well installation 33 

SAP (provided in Appendix G), the 200-ZP-1 OU Ringold A SAP (DOE/RL-2019-23), or the 34 

200-ZP-1 OU optimization study (DOE/RL-2019-38), will be incorporated into this SAP in accordance 35 

with the document change requirements described in Section B2.1.4. New monitoring wells will be 36 

sampled on a monthly basis for the first year following installation. After the first year of monthly 37 

sampling is completed, the new monitoring wells will be sampled on an annual basis until other sampling 38 

recommendations are made and approved. New monitoring wells will be sampled for all 200-ZP-1 OU 39 

COCs and other identified constituents of interest listed in Table B-6 for the first 2 years following 40 

installation. After the first 2 years of sampling is complete, data from the new monitoring wells will be 41 

evaluated, and the constituents monitored may be modified following approval of recommended changes. 42 
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Table B-12. 200 West Area Hydraulic Monitoring Well Network 

Well 

Easting 

(m) 

Northing  

(m) 

Surface 

Elevation 

(m) 

Depth to 

Screen Top 

(m) 

Depth to 

Screen Bottom 

(m) 

Date 

Drilled 

Transducer 

Equipment 

Mid-Screen 

Elevation 

(m) Name ID 

299-W5-2 C9439 568175 137621 217.1 105.03 129.44 09/17/2015 No 99.86 

299-W6-3 A4998 567118 137299 214.4 124.82 127.95 10/15/1991 No 87.9 

299-W6-6 A5001 567319 137639 217.5 127.58 130.84 10/24/1991 No 88.3 

299-W7-3 A5009 566292 137639 207.2 136.85 145.29 11/23/1987 No 66.1 

299-W10-1 A7136 566663 136735 207.5 57.91 82.3 08/07/1947 No 137.4 

299-W10-27 C3125 566844 136442 205.6 67.36 78.02 03/23/2001 No 132.9 

299-W10-30 C4989 566083 136739 211.6 73.86 84.53 03/14/2006 Yes 132.4 

299-W10-31 C5194 566266 136968 210.4 73.13 83.82 04/20/2006 No 131.9 

299-W10-33 C5855 566773 136610 206.0 118.87 124.96 06/15/2007 No 84.1 

299-W11-13 A5465 567099 136424 211.9 66.45 143.86 07/31/1961 Yes 106.7 

299-W11-18 A7284 567182 137161 216.5 69.19 89.916 03/01/1967 No 136.9 

299-W11-33Q B2402 567185 136844 217.2 74.41 91.17 09/09/1994 No 134.4 

299-W11-43 C4694 567270 136971 217.5 129.44 134.01 05/23/2005 Yes 85.8 

299-W11-45 C4948 566993 136776 213.6 85.73 90.18 09/02/2005 No 125.7 

299-W11-47 C4990 566934 136681 210.4 83.58 92.89 01/06/2006 No 122.2 

299-W11-48 C5243 566882 136846 209.7 84.56 112.01 11/29/2006 Yes 111.4 

299-W11-87 C5407 568141 136609 223.6 116.36 120.94 03/01/2007 Yes 105.0 

299-W11-88 C5572 567875 137113 221.9 135.66 147.85 10/03/2007 Yes 80.1 

299-W13-1 C4238 568149 136049 223.5 119.15 129.81 02/10/2004 Yes 99.1 

299-W13-2 C9440 568833 135819 225.5 96.93 121.31 10/13/2015 No 116.38 

299-W14-11 C4668 566902 136288 205.1 79.77 82.81 04/26/2005 No 123.8 
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Table B-12. 200 West Area Hydraulic Monitoring Well Network 

Well 

Easting 

(m) 

Northing  

(m) 

Surface 

Elevation 

(m) 

Depth to 

Screen Top 

(m) 

Depth to 

Screen Bottom 

(m) 

Date 

Drilled 

Transducer 

Equipment 

Mid-Screen 

Elevation 

(m) Name ID 

299-W14-14 B8547 566898 136181 205.4 66.13 76.81 11/12/1998 Yes 134.0 

299-W14-17 C3121 567007 136218 205.9 67.64 78.32 10/24/2000 No 132.9 

299-W14-71 C5102 567733 135568 219.4 125.17 129.74 07/27/2006 Yes 92.0 

299-W14-72 C5103 567328 135941 216.3 126.18 130.76 08/15/2006 Yes 87.9 

299-W15-1 A7348 566554 135943 207.0 57.91 82.3 05/02/1947 No 136.9 

299-W15-3 A4928 566729 136371 205.4 60.96 71.93 09/30/1952 No 139.0 

299-W15-7 A5476 566676 135920 204.2 55.47 106.68 03/30/1966 No 123.1 

299-W15-11 A5474 566412 136001 208.3 55.78 90.53 03/08/1968 No 135.1 

299-W15-17 A4921 566307 135719 209.8 128.77 131.82 10/28/1987 No 79.5 

299-W15-30 B2410 566305 135749 210.2 66.47 78.63 05/05/1995 No 137.7 

299-W15-31A B2471 566377 135856 208.5 64.76 76.93 05/26/1995 No 137.7 

299-W15-37 B2753 566716 135248 203.0 64.74 77.98 05/16/1996 Yes 131.68 

299-W15-42 C3803 566582 135627 207.4 69.50 84.74 02/26/2002 No 130.3 

299-W15-46 C3426 566752 135587 204.2 63.86 88.23 10/03/2003 No 128.2 

299-W15-49 C4301 566307 135973 209.1 71.86 82.52 11/01/2004 Yes 131.9 

299-W15-50 C4302 566793 135791 203.2 74.19 84.85 02/28/2005 No 123.7 

299-W15-152 C4685 566309 135550 209.9 71.94 82.61 09/15/2005 No 132.6 

299-W17-1 C4237 565311 135039 199.2 58.99 69.67 12/17/2003 No 134.9 

299-W18-1 A5481 566422 135465 209.1 59.44 111.89 01/12/1959 No 123.4 

299-W18-15 A4932 566380 134733 202.2 51.82 74.07 04/25/1980 No 139.3 

299-W18-16 C4303 566605 135426 208.5 71.47 82.13 10/20/2004 No 131.8 
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Table B-12. 200 West Area Hydraulic Monitoring Well Network 

Well 

Easting 

(m) 

Northing  

(m) 

Surface 

Elevation 

(m) 

Depth to 

Screen Top 

(m) 

Depth to 

Screen Bottom 

(m) 

Date 

Drilled 

Transducer 

Equipment 

Mid-Screen 

Elevation 

(m) Name ID 

299-W18-22 A4934 566089 134990 204.9 126.94 136.39 09/25/1987 No 73.2 

299-W18-40 C3395 566723 134996 203.4 66.53 77.20 09/28/2001 No 131.6 

299-W19-4 A4958 567950 135351 219.0 77.72 135.03 02/15/1960 No 112.3 

299-W19-6 A4959 567133 134694 210.3 115.82 125.27 12/13/1968 No 89.79 

299-W19-18 A7743 567361 135012 214.0 67.06 109.12 12/12/1985 No 125.90 

299-W19-34A A9517 567674 135012 215.1 98.82 103.51 05/18/1994 No 113.9 

299-W19-34B A9513 567663 135011 215.5 125.46 128.41 12/12/1985 No 88.6 

299-W19-35 A9515 567992 135015 213.6 73.13 82.3 04/20/1994 No 135.9 

299-W19-41 B8551 566897 135005 206.5 67.07 77.76 09/23/1998 No 134.1 

299-W19-107 C5193 567998 135206 217.4 94.65 99.22 03/31/2006 Yes 120.5 

299-W21-2 C4639 568124 134574 214.9 79.29 89.96 11/22/2004 No 130.2 

299-W22-47 C4667 566909 134076 206.3 69.70 80.37 01/19/2005 No 131.3 

299-W23-20 C3112 566718 134446 203.8 65.68 76.35 08/21/2000 No 132.8 

299-W26-14 B8828 566683 133539 205.4 68.08 78.75 04/03/2003 No 132.0 

299-W27-2 A5410 566908 133670 207.4 123.79 126.87 12/18/1992 No 82.1 

699-25-70 A5099 568545 131172 193.0 53.34 134.11 08/31/1948 No 99.24 

699-25-80 A8465 565676 131106 189.0 273.41 370.03 11/30/1948 No 321.3 

699-30-66 C4298 569991 132739 210.5 117.35 120.4 10/13/2004 No 91.6 

699-32-62 A5128 571010 133216 216.6 83.82 103.63 04/06/1960 No 122.9 

699-32-62P A9646 571010 133216 216.6 83.82 146.3 04/06/1960 No 101.5 

699-32-70B A5129 568462 133242 204.2 63.09 100.58 08/09/1957 No 122.37 
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Table B-12. 200 West Area Hydraulic Monitoring Well Network 

Well 

Easting 

(m) 

Northing  

(m) 

Surface 

Elevation 

(m) 

Depth to 

Screen Top 

(m) 

Depth to 

Screen Bottom 

(m) 

Date 

Drilled 

Transducer 

Equipment 

Mid-Screen 

Elevation 

(m) Name ID 

699-32-72A A5130 567943 133363 204.7 65.42 74.56 07/31/1957 No 134.7 

699-32-72B A9525 567935 133362 205.1 65.41 74.56 05/18/1994 No 135.1 

699-34-88 A5138 563012 133950 194.0 146.0 127.02 12/20/1948 No 136.5 

699-35-59 A8558 571956 134096 222.1 94.48 106.67 10/31/1985 No 121.5 

699-35-66A A5139 569858 134099 222.5 79.25 98.15 06/13/1957 No 133.76 

699-35-78A A5141 566064 134271 202.4 54.86 85.04 08/17/1950 Yes 132.02 

699-36-70B C4299 568428 134626 215.2 80.51 91.17 06/09/2004 No 129.4 

699-38-61 A5464 571219 134997 228.2 101.83 107.92 11/16/1993 No 123.3 

699-38-65 A5148 570090 135040 230.7 152.4 155.45 12/31/1959 No 76.8 

699-38-68A A9516 569180 134932 219.0 81.59 90.74 06/21/1994 No 132.8 

699-38-70B C4236 568469 135331 222.6 123.96 128.53 02/03/2004 No 96.3 

699-38-70C C4256 569084 135326 226.7 120.60 125.18 02/17/2004 No 103.8 

699-39-79 A5151 565891 135412 206.5 54.44 73.152 09/07/1948 Yes 142.7 

699-40-62 A5158 571164 135764 228.9 102.11 114.0 01/17/1949 No 120.8 

699-40-65 C4235 570057 135881 231.0 100.0 111.5 02/03/2004 Yes 125.3 

699-43-69 C5573 568967 136488 227.4 121.98 132.64 12/11/2007 Yes 100.1 

699-43-89 A5181 562917 136620 197.7 43.28 60.35 01/16/1951 No 145.9 

699-44-64 A5188 570391 136897 222.2 96.32 134.72 01/31/1960 No 106.67 

699-45-69A A5196 568729 137183 222.1 83.52 111.56 06/22/1948 No 124.6 

699-45-69C C5574 568947 137234 222.6 111.86 116.43 07/13/2007 Yes 108.4 

699-47-60 A5202 571474 137969 199.6 71.63 84.43 07/20/1948 No 121.6 
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Table B-12. 200 West Area Hydraulic Monitoring Well Network 

Well 

Easting 

(m) 

Northing  

(m) 

Surface 

Elevation 

(m) 

Depth to 

Screen Top 

(m) 

Depth to 

Screen Bottom 

(m) 

Date 

Drilled 

Transducer 

Equipment 

Mid-Screen 

Elevation 

(m) Name ID 

699-47-80AP A5203 565562 137693 218.26 198.12 204.83 11/30/1983 No 16.8 

699-47-80AQ A5204 565562 137693 218.26 153.31 156.36 11/30/1983 No 63.4 

699-48-71 A5214 568388 138057 210.9 138 156.36 09/26/1956 Yes 63.7 

699-48-77C A8774 566469 138087 206.6 88.39 94.49 04/01/1994 No 115.42 

699-49-79 A5221 565771 138271 211.1 65.58 80.77 07/03/1948 No 137.9 

699-50-74 C4697 567360 138647 201.4 68.07 78.74 07/12/2005 No 128.0 

699-51-63 A5231 570664 139148 175.3 47.85 55.78 11/06/1956 No 123.49 

699-51-75 A5232 566978 138906 196.6 57.91 68.58 10/31/1957 No 133.4 

699-55-76 A5261 566723 140226 178.7 42.98 67.36 01/18/1959 No 123.5 

ID = identification 

 1 



DOE/RL-2009-115, REV. 3, DRAFT A 
SEPTEMBER 2019 

 

B-54 

This page intentionally left blank.1 



DOE/RL-2009-115, REV. 3, DRAFT A 
SEPTEMBER 2019 

 

B-55 

Table B-13. Sampling and Analysis Schedule for 200-ZP-1 Groundwater OU Well Network 
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299-W5-2 C9439 — LU C/2015 A A A A A A A A 5 A A A 5 A A A A 5 5 A 5 A 5 A 5 5 A 

299-W6-3 A4998 — LU N/1991 A 5 5 5 A 2 A 5 5 A A A 5 A A A A 5 5 A 5 5 5 5 5 5 A 

299-W6-6 A5001 AEA, Ringold confined, SALDS LU N/1991 A 5 5 5 A 2 A 5 5 A A A 5 A A A A 5 5 A 5 5 5 5 5 5 A 

299-W6-17 C9738 — LU C/2019 A A A A A A A A A A A A 5 A A A A 5 5 A 5 A 5 A 5 5 A 

299-W7-3 A5009 AEA, Ringold confined, SALDS LU N/1987 A 5 5 5 A 5 A 5 5 A A A 5 A A A A 5 5 A 5 5 5 5 5 5 A 

299-W10-1 A7136 RCRA, WMA T U N/1947 2 2 2 5 — 5 2 — — 2 2 2 5 2 2 2 — 5 5 2 5 2 5 2 5 5 2 

299-W10-14 A4891 — LU N/1987 A — — 5 A 5 A — 5 A A A 5 A A A A 5 5 A 5 5 5 — 5 5 A 

299-W10-27 C3125 RCRA, WMA TX-TY TU C/2001 2 — — 2 - 2 2 — — 2 2 2 5 2 2 2 — 5 5 2 5 5 5 — 5 5 2 

299-W10-30 C4989 AEA and RCRA, LLWMA-3 TU C/2006 2 5 5 — — 5 2 5 — 2 2 2 5 2 2 2 — 5 5 2 5 5 5 5 5 5 2 

299-W10-31 C5194 AEA and RCRA, LLWMA-3 TU C/2006 A 5 5 5 2 5 A 5 — A A A 5 A A A 2 5 5 A 5 5 5 5 5 5 A 

299-W10-33 C5855 — LU C/2007 A 2 2 5 A 2 A 2 5 A A A 5 A A A A 5 5 A 5 2 5 2 5 5 A 

299-W11-13 A5465 — U N/1961 2 — — — — — 2 2 — 2 2 2 5 2 2 2 — 5 5 2 5 5 5 — 5 5 2 

299-W11-18 A7284 — TU N/1967 A 2 2 — A 5 A 2 — A A A 5 A A A A 5 5 A 5 2 5 2 5 5 A 

299-W11-33Q B2402 — TU N/1994 — A A — — 2 — A — — — — 5 — — A — 5 5 A 5 A 5 A 5 5 A 

299-W11-43 C4694 — LU C/2005 A 2 2 2 A 2 A 2 5 A A A 5 A A A A 5 5 A 5 2 5 2 5 5 A 

299-W11-45 C4948 RCRA, WMA T UU C/2005 A — — — — A A 2 5 A A A 5 A A A — 5 5 A 5 5 5 — 5 5 A 

299-W11-47 C4990 RCRA, WMA T U C/2006 2 — — — 2 2 2 2 — 2 2 2 5 2 2 2 2 5 5 2 5 5 5 — 5 5 2 

299-W11-48 C5243 — LU C/2006 A 2 2 — A 2 A 2 — A A A 5 A A A A 5 5 A 5 2 5 2 5 5 A 

299-W11-87 C5407 — LU C/2007 A 2 2 5 — — A 2 — A A A 5 A A A — 5 5 A 5 2 5 2 5 5 A 

299-W11-88 C5572 AEA, Ringold confined LU C/2007 A 2 2 2 A 5 A 2 5 A A A 5 A A A A 5 5 A 5 2 5 2 5 5 A 

299-W13-1 C4238 — MU C/2004 2 5 5 — — 5 2 5 — 2 2 2 5 2 2 2 — 5 5 — 5 5 5 5 5 5 2 

299-W13-2 C9440 — LU C/2015 A A A A A A A A 5 A A A 5 A A A A 5 5 A 5 A 5 A 5 5 A 

299-W14-11 C4668 RCRA, WMA TX-TY UU C/2005 A — — — — — A 2 — A A A 5 A A A — 5 5 A 5 5 5 — 5 5 A 

299-W14-13 B8549 WDOH and RCRA, WMA TX-TY TU C/1998 2 2 2 2 2 A 2 — — 2 2 2 5 2 2 A 2 5 5 A 5 2 5 2 5 5 A 

299-W14-14 B8547 RCRA, WMA TX-TY TU C/1998 — 2 2 — — — — 2 — — — — 5 — — 2 — 5 5 2 5 2 5 2 5 5 2 

299-W14-71 C5102 — LU C/2006 A — — — — — A — — A A A — A A — — — — — — — — — — — A 

299-W14-72 C5103 — LU C/2006 A — — 5 — 5 A 5 5 A A A 5 A A A — 5 5 A 5 5 5 — 5 5 A 

299-W15-7 A5476 — TU N/1966 A — — 5 A 5 A — 5 A A A 5 A A A A 5 5 A 5 5 5 — 5 5 A 

299-W15-11 A5474 — TU N/1968 A 5 5 5 A A A — 5 A A A 5 A A A A 5 5 A 5 5 5 5 5 5 A 
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Table B-13. Sampling and Analysis Schedule for 200-ZP-1 Groundwater OU Well Network 

Well 

Number 

Well 

ID Co-Sample H
y

d
ro

g
eo

lo
g

ic
 U

n
it

 

WAC 

Compliant C
a

rb
o

n
 T

et
ra

ch
lo

ri
d

e 

T
o

ta
l 

C
h

ro
m

iu
m

*
  

H
ex

a
v

a
le

n
t 

C
h

ro
m

iu
m

(f
il

te
re

d
) 

Io
d

in
e
-1

2
9
 

N
it

ra
te

 

T
ec

h
n

et
iu

m
-9

9
 

T
ri

ch
lo

ro
et

h
en

e
 

T
ri

ti
u

m
 

U
ra

n
iu

m
 

C
h

lo
ro

fo
rm

 

D
ic

h
lo

ro
m

et
h

a
n

e
 

C
h

lo
ro

m
et

h
a

n
e
 

C
y

a
n

id
e
 

ci
s-

1
,2

-D
ic

h
lo

ro
et

h
en

e 

V
in

y
l 

C
h

lo
ri

d
e 

C
h

lo
ri

d
e 

N
it

ri
te

 

T
o

ta
l 

O
rg

a
n

ic
 C

a
rb

o
n

 

T
o

ta
l 

D
is

so
lv

ed
 S

o
li

d
s 

S
u

lf
a

te
 

S
u

lf
id

e
 

Ir
o

n
*

  

M
a

n
g

a
n

es
e
*

  

N
ic

k
el

*
 

A
lk

a
li

n
it

y
 

C
a

rb
o

n
a

te
 C

o
n

te
n

t 

F
ie

ld
 P

a
ra

m
et

er
s 

299-W15-17 A4921 AEA and RCRA, LLWMA-4 LU C/1987 A — — 5 A 5 A 5 5 A A A 5 A A A A 5 5 A 5 5 5 — 5 5 A 

299-W15-33 B2643 — UU C/1995 2 5 5 — 2 2 2 5 5 2 2 2 5 2 2 2 2 5 5 2 5 5 5 5 5 5 2 

299-W15-37 B2753 200-UP-1 UU C/1996 A — — — — — A — — A A A — A A — — — — — — — — — — — A 

299-W15-42 C3803 — UU C/2002 A 5 5 2 A 2 A — 5 A A A 5 A A A A 5 5 A 5 5 5 5 5 5 A 

299-W15-46 C3426 — UU C/2003 — 5 5 — 2 2 — 5 — — — — 5 — — — — 5 5 2 5 5 5 5 5 5 2 

299-W15-49 C4301 — UU C/2004 — - — — 2 — — 5 — — — — 5 — — 2 2 5 5 2 5 5 5 — 5 5 2 

299-W15-50 C4302 — MU C/2005 A 5 5 5 — — A 5 — A A A 5 A A A — 5 5 A 5 5 5 5 5 5 A 

299-W15-83 C4683 AEA and RCRA, LLWMA-4 TU C/2005 2 5 5 — — 5 2 5 — 2 2 2 5 2 2 2 — 5 5 2 5 5 5 5 5 5 2 

299-W15-94 C4684 AEA and RCRA, LLWMA-4 TU C/2005 2 5 5 — — 5 2 5 5 2 2 2 5 2 2 2 — 5 5 2 5 5 5 5 5 5 2 

299-W15-152 C4685 AEA and RCRA, LLWMA-4 TU C/2005 2 5 5 — 2 5 2 5 — 2 2 2 5 2 2 2 2 5 5 2 5 5 5 5 5 5 2 

299-W15-763 C3339 RCRA, WMA TX-TY TU C/2001 A — — 5 A A A 2 5 A A A 5 A A A A 5 5 A 5 5 5 — 5 5 A 

299-W15-765 C3397 RCRA, WMA TX-TY TU C/2001 2 — — — 2 A 2 2 — 2 2 2 5 2 2 2 2 5 5 A 5 5 5 — 5 5 A 

299-W18-1 A5481 — U N/1959 A 5 5 A A A A 5 5 A A A 5 A A A A 5 5 A 5 5 5 5 5 5 A 

299-W18-15 A4932 200-UP-1 TU N/1980 A — — — — — A — — A A A — A A — — — — — — — — — — — A 

299-W18-16 C4303 — TU C/2004 2 5 5 5 2 2 2 5 - 2 2 2 5 2 2 2 2 5 5 2 5 5 5 5 5 5 2 

299-W18-21 A4933 
AEA and RCRA, LLWMA-4, 

200-UP-1 
TU C/1987 A — — — — — A — — A A A — A A — — — — — — — — — — — A 

299-W18-22 A4934 
AEA and RCRA, LLWMA-4, 

200-UP-1 
LU C/1987 A — — — — — A — — A A A — A A — — — — — — — — — — — A 

299-W18-40 C3395 AEA and RCRA, WMA U TU C/2001 A — — — — — A — — A A A — A A — — — — — — — — — — — A 

299-W19-4 A4958 200-UP-1 U N/1960 A — — — — — A — — A A A — A A — — — — — — — — — — — A 

299-W19-6 A4959 — MU N/1968 A — — — — — A — — A A A — A A — — — — — — — — — — — A 

299-W19-18 A7743 200-UP-1 TU N/1985 A — — — — — A — — A A A — A A — — — — — — — — — — — A 

299-W19-34A A9517 200-UP-1 MU C/1994 A — — — — — A — — A A A — A A — — — — — — — — — — — A 

299-W19-34B A9513 — MU C/1994 A — — — — — A — — A A A — A A — — — — — — — — — — — A 

299-W19-36 B2461 200-UP-1 UU C/1995 A — — — — — A — — A A A — A A — — — — — — — — — — — A 

299-W19-41 B8551 AEA and RCRA, WMA U TU C/1998 A — — — — — A — — A A A — A A — — — — — — — — — — — A 

299-W19-47 C4258 AEA and RCRA, WMA U TU C/2004 A — — — — — A — — A A A — A A — — — — — — — — — — — A 

299-W19-48 C4300 200-UP-1 UU C/2004 A — — — — — A — — A A A — A A — — — — — — — — — — — A 

299-W19-49 C4695 200-UP-1 TU C/2005 A — — — — — A — — A A A — A A — — — — — — — — — — — A 
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Table B-13. Sampling and Analysis Schedule for 200-ZP-1 Groundwater OU Well Network 

Well 

Number 

Well 

ID Co-Sample H
y

d
ro

g
eo

lo
g

ic
 U

n
it

 

WAC 

Compliant C
a

rb
o

n
 T

et
ra

ch
lo

ri
d

e 

T
o

ta
l 

C
h

ro
m

iu
m

*
  

H
ex

a
v

a
le

n
t 

C
h

ro
m

iu
m

(f
il

te
re

d
) 

Io
d

in
e
-1

2
9
 

N
it

ra
te

 

T
ec

h
n

et
iu

m
-9

9
 

T
ri

ch
lo

ro
et

h
en

e
 

T
ri

ti
u

m
 

U
ra

n
iu

m
 

C
h

lo
ro

fo
rm

 

D
ic

h
lo

ro
m

et
h

a
n

e
 

C
h

lo
ro

m
et

h
a

n
e
 

C
y

a
n

id
e
 

ci
s-

1
,2

-D
ic

h
lo

ro
et

h
en

e 

V
in

y
l 

C
h

lo
ri

d
e 

C
h

lo
ri

d
e 

N
it

ri
te

 

T
o

ta
l 

O
rg

a
n

ic
 C

a
rb

o
n

 

T
o

ta
l 

D
is

so
lv

ed
 S

o
li

d
s 

S
u

lf
a

te
 

S
u

lf
id

e
 

Ir
o

n
*

  

M
a

n
g

a
n

es
e
*

  

N
ic

k
el

*
 

A
lk

a
li

n
it

y
 

C
a

rb
o

n
a

te
 C

o
n

te
n

t 

F
ie

ld
 P

a
ra

m
et

er
s 

299-W19-105 C4968 200-UP-1 TU C/2005 A — — — — — A — — A A A — A A — — — — — — — — — — — A 

299-W19-107 C5193 200-UP-1 UU C/2006 A — — — — — A — — A A A — A A — — — — — — — — — — — A 

299-W21-2 C4639 200-UP-1 TU C/2004 A — — — — — A — — A A A — A A — — — — — — — — — — — A 

299-W22-47 C4667 AEA, WMA S-SX UU C/2005 A — — — — — A — — A A A — A A — — — — — — — — — — — A 

299-W22-72 C4970 AEA, WMA S-SX, 200-UP-1 TU C/2006 A — — — — — A — — A A A — A A — — — — — — — — — — — A 

299-W22-86 C4971 AEA, WMA S-SX, 200-UP-1 TU C/2006 A — — — — — A — — A A A — A A — — — — — — — — — — — A 

299-W22-87 C4977 200-UP-1 TU C/2005 A — — — — — A — — A A A — A A — — — — — — — — — — — A 

299-W22-88 C4978 200-UP-1 TU C/2008 A — — — — — A — — A A A — A A — — — — — — — — — — — A 

299-W23-4 A4987 200-UP-1 U N/1957 A — — — — — A — — A A A — A A — — — — — — — — — — — A 

299-W23-19 B8809 AEA, WMA S-SX TU C/1999 A — — — — — A — — A A A — A A — — — — — — — — — — — A 

299-W26-13 B8817 RCRA, S-10, 200-UP-1 TU C/1999 A — — — — — A — — A A A — A A — — — — — — — — — — — A 

299-W27-2 A5410 RCRA, S-10 LU C/1992 A — — — — — A — — A A A — A A — — — — — — — — — — — A 

699-30-66 C4298 200-UP-1 LU C/2004 A — — — — — A — — A A A — A A — — — — — — — — — — — A 

699-32-62 A5128 200-UP-1 TU N/1960 A — — — — — A — — A A A — A A — — — — — — — — — — — A 

699-32-72A A5130 200-UP-1 U N/1957 A — — — — — A — — A A A — A A — — — — — — — — — — — A 

699-33-75 C4974 RCRA, S-10, 200-UP-1 TU C/2008 A — — — — — A — — A A A — A A — — — — — — — — — — — A 

699-34-61 A5463 200-UP-1 TU C/1993 A — — — — — A — — A A A — A A — — — — — — — — — — — A 

699-35-66A A5139 200-UP-1, ERDF TU N/1957 A — — — — — A — — A A A — A A — — — — — — — — — — — A 

699-35-78A A5141 200-UP-1 TU N/1950 A — — — — — A — — A A A — A A — — — — — — — — — — — A 

699-36-61A A5144 — TU N/1948 A — — — — — A — — A A A — A A — — — — — — — — — — — A 

699-36-66B C6219 ERDF, 200-UP-1 TU C/2007 A — — — — — A — — A A A — A A — — — — — — — — — — — A 

699-36-70A A9901 ERDF, WDOH, 200-UP-1 TU C/1994 A — — — — — A — — A A A — A A — — — — — — — — — — — A 

699-36-70B C4299 200-UP-1 TU C/2004 A — — — — — A — — A A A — A A — — — — — — — — — — — A 

699-37-66 C5704 ERDF, 200-UP-1 TU C/2007 A — — — — — A — — A A A — A A — — — — — — — — — — — A 

699-38-61 A5464 200-UP-1 TU C/1993 A — — — — — A — — A A A — A A — — — — — — — — — — — A 

699-38-65 A5148 200-UP-1 TU N/1959 A — — — — — A — — A A A — A A — — — — — — — — — — — A 

699-38-68A A9516 200-UP-1 TU C/1994 A — — — — — A — — A A A — A A — — — — — — — — — — — A 

699-38-70B C4236 200-UP-1 MU C/2004 A — — — — — A — — A A A — A A — — — — — — — — — — — A 

699-38-70C C4256 200-UP-1 LU C/2004 A — — — — — A — — A A A — A A — — — — — — — — — — — A 
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Table B-13. Sampling and Analysis Schedule for 200-ZP-1 Groundwater OU Well Network 

Well 

Number 

Well 

ID Co-Sample H
y

d
ro

g
eo

lo
g

ic
 U

n
it

 

WAC 

Compliant C
a

rb
o

n
 T

et
ra

ch
lo

ri
d

e 

T
o

ta
l 

C
h

ro
m

iu
m

*
  

H
ex

a
v

a
le

n
t 

C
h

ro
m

iu
m

(f
il

te
re

d
) 

Io
d

in
e
-1

2
9
 

N
it

ra
te

 

T
ec

h
n

et
iu

m
-9

9
 

T
ri

ch
lo

ro
et

h
en

e
 

T
ri

ti
u

m
 

U
ra

n
iu

m
 

C
h

lo
ro

fo
rm

 

D
ic

h
lo

ro
m

et
h

a
n

e
 

C
h

lo
ro

m
et

h
a

n
e
 

C
y

a
n

id
e
 

ci
s-

1
,2

-D
ic

h
lo

ro
et

h
en

e 

V
in

y
l 

C
h

lo
ri

d
e 

C
h

lo
ri

d
e 

N
it

ri
te

 

T
o

ta
l 

O
rg

a
n

ic
 C

a
rb

o
n

 

T
o

ta
l 

D
is

so
lv

ed
 S

o
li

d
s 

S
u

lf
a

te
 

S
u

lf
id

e
 

Ir
o

n
*

  

M
a

n
g

a
n

es
e
*

  

N
ic

k
el

*
 

A
lk

a
li

n
it

y
 

C
a

rb
o

n
a

te
 C

o
n

te
n

t 

F
ie

ld
 P

a
ra

m
et

er
s 

699-40-62 A5158 200-UP-1 TU N/1949 A — — — — — A — — A A A — A A — — — — — — — — — — — A 

699-40-65 C4235 200-UP-1 TU C/2004 A — — — — — A — — A A A — A A — — — — — — — — — — — A 

699-43-69 C5573 AEA, Ringold confined CR C/2007 A 2 2 5 A 5 A 5 5 A A A 5 A A A A 5 5 A 5 2 5 2 5 5 A 

699-44-64 A5188 — TU N/1960 2 5 5 5 2 2 2 5 5 2 2 2 5 2 2 2 2 5 5 2 5 5 5 5 5 5 2 

699-44-70B C9740 — CR C/2019 A A A A A A A A A A A A 5 A A A A 5 5 A 5 A 5 A 5 5 A 

699-45-69A A5196 — TU N/1948 2 — — — — 5 2 5 — 2 2 2 5 2 2 2 — 5 5 2 5 5 5 — 5 5 2 

699-45-69C C5574 AEA, Ringold confined MU C/2007 A 5 5 5 A 5 A 5 5 A A A 5 A A A A 5 5 A 5 5 5 5 5 5 A 

699-46-61 C9936 — LU C/2019 A A A A A A A A A A A A 5 A A A A 5 5 A 5 A 5 A 5 5 A 

699-47-60 A5202 200-BP-5, AEA, Ringold confined TU N/1948 2 5 5 5 2 5 2 5 — 2 2 2 5 2 2 2 2 5 5 2 5 5 5 5 5 5 2 

699-48-71 A5214 SALDS TU N/1956 A 2 2 2 — 2 A A — A A A 5 A A A — 5 5 A 5 2 5 2 5 5 A 

699-50-74 C4697 — TU C/2005 A 5 5 5 A 5 A 5 — A A A 5 A A A A 5 5 A 5 5 5 5 5 5 A 

699-51-63 A5231 — TU N/1956 2 5 5 5 2 5 2 5 5 2 2 2 5 2 2 2 2 5 5 2 5 5 5 5 5 5 2 

Note: Field parameters include temperature, dissolved oxygen, pH, turbidity, and oxidation-reduction measurements. 

*Collect filtered and unfiltered samples for metals. 

A = sample annually 

2 = sample biennially (every 2 years, as recommended by SGW-60527, CR-2016-1543 –  Redundancy Analysis for 

the 200-ZP-1 Groundwater Monitoring Network) 

5 = sample every 5 years (to coincide with preparation of the next Comprehensive Environmental Response, 

Compensation, and Liability Act of 1980 5-year review) 

— = not sampled 

AEA = Atomic Energy Act of 1954 

C = well construction is compliant with resource protection requirements of WAC 173-160, “Minimum Standards for 

Construction and Maintenance of Wells” 

CR = Ringold confined aquifer 

ERDF = Environmental Restoration Disposal Facility 

ID = identification 

LLWMA = low-level waste management area  

LU = lower unconfined aquifer 

MU = middle unconfined aquifer 

N = well construction is not compliant with WAC 173-160 

RCRA = Resource Conservation and Recovery Act of 1976 

SALDS = State-Approved Land Disposal Site 

TU = top of unconfined aquifer 

U = unconfined aquifer 

UU = upper unconfined aquifer 

WDOH = Washington State Department of Health 

WMA = waste management area 

 1 
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B3.2.1 Monitoring Network 1 

This SAP organizes the wells within the 200-ZP-1 OU by constituents. Not all of the wells identified 2 

for the OU monitoring network are needed to monitor each contaminant. An analysis of the network 3 

to identify the wells needed for monitoring specific COC plumes is presented in Chapter 4 in the main 4 

text of this PMP. The monitoring network is comprised of two well groups: monitoring wells 5 

for water-level measurements, and monitoring wells for COC and MNA sampling and analysis. 6 

Figure B-8 shows the hydraulic monitoring well locations, Figure B-9 shows the contaminant-specific 7 

VOC monitoring well locations, and Figures B-10 through B-15 show the other contaminant-specific 8 

monitoring wells. Table B-13 provides information for each hydraulic monitoring well. Appendix F 9 

provides additional information for the current monitoring well network. Table B-14 provides the 10 

sampling schedule for all analytes. 11 

Monitoring locations for each contaminant were originally selected based on detection and data trends. 12 

The data for each constituent were assembled to show the number of samples collected from 1990 13 

through 2012, with sub-data categories for the number of nondetected samples, the number of 14 

nondetected samples greater than the cleanup level, the number of detections, the number of detections 15 

greater than the cleanup level with the associated years, the first year sampled, the latest year sampled, 16 

and data trends in the context of the cleanup level. Each constituent and well was then individually 17 

evaluated against the appropriate plume map to determine whether a reduced analysis frequency was 18 

appropriate for that constituent. This evaluation considered the geographic location of the well with 19 

respect to the plume and the data trend. Wells that were within the plume, were above the cleanup level, 20 

had increasing trends, were recently above the cleanup level, or were the first well downgradient were not 21 

considered for analysis frequency reduction. In some cases, the first well downgradient (the sentinel well) 22 

may be an extraction well. Extraction wells are currently on a quarterly monitoring schedule. The wells 23 

considered for analysis frequency reduction did not have detections above cleanup levels and were stable 24 

or downward trending below the cleanup level. An annual sampling frequency was selected for the VOC 25 

and contaminant-specific well networks. 26 

Prior to this SAP revision, groundwater monitoring optimization was performed in 2017 for the 27 

200-ZP-1 OU to identify potentially redundant locations or analytes, as presented in SGW-60527. 28 

This evaluation provided extensive recommendations for reducing redundant sampling activities under 29 

this SAP, including recommendations for changes to the contaminant-specific monitoring networks and 30 

changes to sampling frequencies for many of the wells. Many of these recommendations have been 31 

considered in this SAP revision. As a result, additional reductions in the frequency and/or occurrence of 32 

sampling in many wells were incorporated into the contaminant monitoring well network sampling 33 

schedule shown in Table B-14 and Table C-3 in Appendix C. Although no wells were identified for 34 

removal from the entire 200-ZP-1 OU monitoring well network, many of the wells have been removed 35 

from one or more of the contaminant-specific monitoring networks associated with each 200-ZP-1 OU 36 

COC and uranium (Figures B-9 through B-15). 37 

B3.2.2 Water-Level Measurements 38 

Figure B-8 depicts the current hydraulic monitoring network. Table B-13 lists the current wells with 39 

pressure transducers installed. Water-level measurements are collected during each groundwater 40 

monitoring event. Periodic water-level data recorded by the pressure transducers are downloaded on 41 

a quarterly to annual basis, depending on the measurement frequency. 42 
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Figure B-8. Hydraulic Monitoring Network  1 
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Figure B-9. Contaminant-Specific Monitoring Well Network (VOCs) 1 
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Figure B-10. Contaminant-Specific Monitoring Well Network (Chromium) 1 
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Figure B-11. Contaminant-Specific Monitoring Well Network (Iodine-129) 1 
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Figure B-12. Contaminant-Specific Monitoring Well Network (Nitrate) 1 
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Figure B-13. Contaminant-Specific Monitoring Well Network (Technetium-99) 1 
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Figure B-14. Contaminant-Specific Monitoring Well Network (Tritium) 1 
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Figure B-15. Contaminant-Specific Monitoring Well Network (Uranium) 1 
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Water-level measurements may also be collected during nonroutine events when a significant change 1 

in P&T operations occurs (e.g., during a system-wide shutdown), when groups of wells are idle for 7 days 2 

or more, or when pumping rates are simultaneously altered at three or more wells for 7 days or more. 3 

The OU project manager has discretion to decide if a nonroutine water-level measurement event 4 

is warranted. 5 

B3.2.3 Groundwater Quality Sampling 6 

Groundwater sampling has been performed annually for the contaminant monitoring wells in the 7 

200 West Area since 2011. Beginning in 2014, a contaminant-specific set of wells (Figures B-9 through 8 

B-15) was identified for sampling annually based on a review of the wells and data trends relative to the 9 

plumes (DOE/RL-2013-22, Hanford Site Groundwater Monitoring Report for 2012). With this revision 10 

of the PMP, many of these wells are now scheduled for sampling biennially (i.e., every 2 years) based on 11 

the recommendations provided in SGW-60527 (Table B-14). All of the 200-ZP-1 OU wells will be 12 

sampled for a well-specific set of analytes in the year prior to the next CERCLA 5-year review, as 13 

specified in Table B-14. 14 

B3.2.4 Groundwater Extraction Well Pumping Rates 15 

Instantaneous pumping rates and total flow for extraction wells, collected via the 200 West P&T O&M 16 

plan (DOE/RL-2009-124), are measured by in-line flow meters, and the data are saved to onsite and 17 

remote servers. The data servers can be queried as needed to obtain daily, weekly, or monthly average 18 

flow rates, as well as total monthly flows. 19 

B3.3 Sampling Methods 20 

Sampling methods may include, but are not limited to, the following: 21 

 Field screening measurements 22 

 Radiological screening 23 

 Groundwater sampling 24 

 Water-level measurements 25 

Water samples will be collected according to the current revision of applicable operating methods. 26 

Water samples are collected after field measurements of purged groundwater have stabilized:  27 

 pH: Two consecutive measurements agree within 0.2 pH units. 28 

 Temperature: Two consecutive measurements agree within 0.2°C (0.4°F). 29 

 Conductivity: Two consecutive measurements agree within 10% of each other. 30 

 Turbidity: Less than 5 nephelometric turbidity units prior to sampling (or project 31 

scientist recommendation). 32 

Field parameters for dissolved oxygen and reduction-oxidation potential may be specified by the project. 33 

For certain types of samples, preservatives are required. While the preservative may be added to the 34 

collection bottles before their use in the field, it is allowable to add the preservative at the sampling 35 

vehicle immediately after collection. Some samples may also require filtering in the field, as noted on the 36 

chain-of-custody forms. 37 
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To ensure sample and data usability, the sampling associated with this SAP will be performed in 1 

accordance with HASQARD requirements (DOE/RL-96-68) regarding sample collection, collection 2 

equipment, and sample handling. 3 

Table B-12 identifies the suggested sample container, preservation, and holding-time requirements 4 

for groundwater samples. These requirements are in accordance with the analytical methods 5 

specified in Table B-9. The final container types and volumes will be identified on the SAF and 6 

chain-of-custody form.  7 

Holding time is the elapsed time period between sample collection and analysis. Exceeding allowed 8 

holding times could result in changes in constituent concentrations due to volatilization, decomposition, 9 

or other chemical alterations. Holding times depend on the analytical method, as specified in appropriate 10 

EPA methods (e.g., EPA/600/4-79-020 or SW-846). This SAP defines a “sample” as a filled sample 11 

bottle for starting the clock for holding-time restrictions. 12 

B3.3.1 Decontamination of Sampling Equipment 13 

Sampling equipment will be decontaminated in accordance with approved sampling equipment 14 

decontamination methods. To prevent potential contamination of the samples, care should be taken to use 15 

decontaminated equipment for each sampling activity. Special care should be taken to avoid the following 16 

common ways in which cross-contamination or background contamination may compromise samples: 17 

 Improperly storing or transporting sampling equipment and sample containers 18 

 Contaminating equipment or sample bottles by setting the equipment/sample bottle on or near 19 

potential contamination sources (e.g., uncovered ground) 20 

 Handling bottles or equipment with dirty hands or gloves 21 

 Improperly decontaminating equipment before sampling or between sampling events. 22 

Decontamination of sampling equipment is performed using high-purity water in each step. In general, 23 

three rinse cycles are performed to decontaminate sampling equipment: detergent, acid, and water. 24 

During the detergent rinse, the equipment is washed in a phosphate-free detergent solution, followed by 25 

rinsing with high-purity water in three sequential containers. After the third high-purity water rinse, 26 

stainless-steel or glass equipment is rinsed in a 1M nitric acid solution (pH <2). Equipment is then rinsed 27 

with high-purity water in three sequential containers (the high-purity water rinses following the acid rinse 28 

are conducted in separate water containers that are not used for detergent rinse). Following the final 29 

high-purity water rinse, equipment is rinsed in hexane and then placed on a rack to dry. Dry equipment is 30 

loaded into a drying oven set at 50°C (122°F) for non-metal or glass items or at 100°C (212°F) for metal 31 

or glass. Once reaching temperature, equipment is baked for 20 minutes and cooled. The equipment is 32 

then removed from the oven and wrapped in clean unused aluminum foil using surgeon’s gloves. 33 

The wrapped equipment is stored in a custody-locked, controlled-access area. 34 

To decontaminate sampling pumps not permanently installed, the cowling is first removed, washed 35 

(if needed) in phosphate-free detergent solution, and reinstalled on the pump, which is submerged in 36 

phosphate-free detergent solution, and 11.4 L (3 gal) of solution is pumped through the unit and disposed. 37 

Detergent solution is then circulated through the submerged pump for 5 minutes. The pump is removed 38 

from solution and rinsed with high-purity water. The pump is submerged in high-purity water, and 30.3 L 39 

(8 gal) of high-purity water is pumped through the unit and disposed. The pump is removed from the 40 

high-purity water, and the intake and housing are covered with plastic sleeving. The cleaning is 41 
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documented on a tag affixed to the pump, which includes the date pump cleaned, pump identification, 1 

comments, and the signature of the person performing decontamination. 2 

B3.3.2 Radiological Field Data 3 

Alpha and beta/gamma data collection in the field using established Hanford procedures will be used as 4 

needed to support sampling and analysis efforts. Radiological screening will be performed by the RCT or 5 

other qualified personnel. The RCT will record field measurements, noting the depth of the sample and 6 

the instrument reading. Measurements will be relayed to the field geologist (for wells) for daily inclusion 7 

in the field logbook or operational records, as applicable. The following information will be distributed to 8 

personnel performing work in support of this SAP: 9 

 Instructions to RCTs on the methods required to measure sample activity and media for gamma, 10 

alpha, and/or beta emissions, as appropriate. 11 

 Information regarding the portable radiological field instrumentation, including the following: 12 

a physical description of the instruments, radiation and energy response characteristics, calibration, 13 

maintenance and performance testing descriptions, and the application/operation of the instrument. 14 

These instruments are commonly used on the Hanford Site to obtain measurements of removable 15 

surface contamination and direct measurements of the total surface contamination. 16 

 Instructions regarding the minimum requirements for documenting radiological controls information 17 

in accordance with 10 CFR 835, “Occupational Radiation Protection.” 18 

 Instructions for managing the identification, creation, review, approval, storage, transfer, and 19 

retrieval of radiological information. 20 

 The minimum standards and practices necessary for preparing, performing, and retaining 21 

radiological-related information. 22 

 The requirements associated with preparing and transporting regulated material. 23 

 Daily reports of radiological surveys and measurements collected during field investigation activities. 24 

Field measured radiological data will be cross-referenced with laboratory analytical data to facilitate 25 

interpretation of the investigation results. 26 

B3.3.3 Water Levels 27 

Groundwater levels are measured annually across the Hanford Site to construct water table maps that are 28 

used to determine the direction and rate of groundwater flow in the unconfined aquifer (SGW-38815, 29 

Water-Level Monitoring Plan for the Hanford Site Soil and Groundwater Remediation Project). Water 30 

levels are also measured in wells that are screened in confined or partially confined aquifers to help 31 

determine horizontal and vertical hydraulic gradients. 32 

Depth-to-water measurements are also recorded in each well prior to sampling using calibrated depth 33 

measurement tapes. Two consecutive measurements are taken that agree within 6 mm (0.02 ft), which are 34 

recorded along with the date, time, and measuring tape number. The depth to groundwater is subtracted 35 

from the elevation of a reference point (usually the top of casing) to obtain the water-level elevation. 36 

The top of casing is a known elevation reference point because it has been surveyed to local 37 

reference data. 38 
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B3.4 Documentation of Field Activities 1 

Logbooks or data forms are required for field activities. A logbook must be identified with a unique 2 

project name and number. The individual(s) responsible for logbooks will be identified in the front of the 3 

logbook, and only authorized persons may make logbook entries. The FWS, cognizant scientist/engineer, 4 

or other responsible manager will review logbook entries, and the review will be documented with 5 

a signature and date. Logbooks will be permanently bound, waterproof, and ruled with sequentially 6 

numbered pages. Pages will not be removed from logbooks for any reason. Entries will be made in 7 

indelible ink. Corrections will be made by marking through the erroneous data with a single line, entering 8 

the correct data, and initialing and dating the changes. 9 

Data forms may be used to collect field information; however, the information recorded on data forms 10 

must follow the same requirements as those for logbooks. The data forms must be referenced in 11 

the logbooks. A summary of information to be recorded on data forms or in logbooks is as follows: 12 

 Purpose of the activity 13 

 Day, date, time, and weather conditions 14 

 Names, titles, and organizations of personnel present 15 

 Deviations from the QAPjP 16 

 All site activities, including field tests 17 

 Materials quality documentation (e.g., certifications) 18 

 Details of samples collected (e.g., preparation, SPLITS, DUPs, MSs, and EBs) 19 

 Location and types of samples 20 

 Chain-of-custody details and variances relating to the chain-of-custody 21 

 Field measurements 22 

 Field calibrations testing, inspections, maintenance and surveys, and equipment identification 23 

numbers, as applicable 24 

 Equipment decontaminated, number of decontaminations, and variations to decontamination methods 25 

 Equipment failures or breakdowns and descriptions of any corrective actions 26 

 Telephone calls or other communication relating to field activities 27 

B3.4.1 Corrective Actions and Deviations for Sampling Activities 28 

The OU project manager, FWS, appropriate buyer’s technical representative (BTR) (or designee), or 29 

SMR must document deviations from protocols; problems pertaining to sample collection, 30 

chain-of-custody forms, target analytes, contaminants, or sample transport; and noncompliant monitoring. 31 

Examples of deviations include samples not collected because of field conditions, changes in sample 32 

locations because of physical obstructions, or additions of sample depth(s). 33 
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As appropriate, such deviations or problems will be documented (e.g., in the field logbook) in accordance 1 

with internal corrective action methods. The OU project manager, FWS, appropriate BTR (or designee), 2 

or SMR will be responsible for communicating field corrective action requirements and for ensuring that 3 

immediate corrective actions are applied to field activities. 4 

Changes to sample activities that require notification, approval, and documentation will be performed as 5 

specified in Table B-8. 6 

B3.5 Calibration of Field Equipment 7 

Onsite environmental instruments are calibrated in accordance with manufacturers’ operating instructions, 8 

internal work requirements and processes, and/or field instructions that provide direction for equipment 9 

calibration or verification of accuracy by analytical methods. Calibration records shall include the new 10 

calibration data, identification of the standards used, associated reports, date of analysis, and analyst’s 11 

name of initials. The results from all instrument calibration activities are recorded in accordance with 12 

HASQARD requirements (DOE/RL-96-68). 13 

Field instrumentation, calibration, and QA checks will be performed as follows: 14 

 Prior to initial use of field analytical measurement equipment 15 

 At the frequency recommended by the manufacturer or methods, or as required by regulations 16 

 Upon failure to meet specified QC criteria 17 

Calibration of radiological field instruments on the Hanford Site is performed by the Mission Support 18 

Alliance prime contractor, as specified by their calibration program. 19 

Daily calibration checks will be performed and documented for each instrument used to characterize areas 20 

under investigation. These checks will be made on standard materials sufficiently similar to the matrix 21 

under consideration for direct comparison of data. Analysis times will be sufficient to establish detection 22 

efficiency and resolution. 23 

Standards used for calibration will be traceable to nationally recognized standard agency source or 24 

measurement system. 25 

B3.6 Sample Handling 26 

Sample handling and transfer will be performed in accordance with established methods to preclude loss 27 

of identity, damage, deterioration, or loss of sample. Custody seals or custody tape will be used to verify 28 

that sample integrity has been maintained during sample transport. The custody seal will be inscribed with 29 

the sampler’s initials and date. If during the chain-of-custody process it is discovered that the custody tape 30 

has been tampered with or broken on both the sample bottle and the cooler, the sample will be analyzed 31 

but the results will include a flag to indicate that custody was broken. If the sample data did not trend with 32 

the other data or were not as expected, the data from the sample would be flagged accordingly. 33 

A sampling and data-tracking database is used to track the samples from the point of collection through 34 

the laboratory analysis process. 35 

B3.6.1 Containers 36 

Where and when appropriate, samples will be collected in break-resistant containers. The field sample 37 

collection record will indicate the laboratory lot number of the bottles used in sample collection. 38 

When commercially pre-cleaned containers are used in the field, the name of the manufacturer, lot 39 

identification, and certification will be retained for documentation. 40 
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Containers will be capped and stored in an environment that minimizes the possibility of sample container 1 

contamination. If contamination of the stored sample containers occurs, corrective actions will be 2 

implemented to prevent reoccurrences. Contaminated sample containers cannot be used for a sampling 3 

event. Container sizes may vary depending on laboratory-specific volumes/requirements for meeting 4 

analytical detection limits. Container types and sample amounts/volumes are identified on the 5 

chain-of-custody form. Table B-12 identifies container types and sample amounts or volumes. 6 

The Radiological Engineering organization will measure both the contamination levels and dose rates 7 

associated with the filled sample containers. Along with other data, this information will be used to select 8 

proper packaging, marking, labeling, and shipping paperwork and to verify that the sample can be 9 

received by the analytical laboratory in accordance with the laboratory’s radioactivity acceptance 10 

criteria. If the dose rate on the outside of a sample container or the curie content exceeds levels acceptable 11 

by an offsite laboratory, the FWS (in consultation with SMR), can send smaller sample volumes to 12 

the laboratory. 13 

B3.6.2 Container Labeling 14 

Each sample container will be labeled with the following information on firmly affixed, 15 

water-resistant labels:  16 

 SAF 17 

 HEIS number 18 

 Sample collection date and time 19 

 Analysis required 20 

 Preservation method (if applicable) 21 

 Chain-of-custody number 22 

 Bottle type and size 23 

 Laboratory performing the analyses 24 

 Sample location 25 

In addition, sample records must include the following information: 26 

 Analysis required 27 

 Source of sample 28 

 Matrix (water) 29 

 Field data (pH, temperature, turbidity, and conductivity) 30 

 Radiological readings (if required by the radiological control group) 31 

B3.6.3 Sample Custody 32 

Sample custody will be maintained in accordance with existing protocols to ensure the maintenance 33 

of sample integrity throughout the analytical process. Chain-of-custody protocols will be followed 34 

throughout sample collection, transfer, analysis, and disposal to maintain sample integrity. 35 

A chain-of-custody record is initiated in the field during sampling and accompanies the sample sets 36 

when they are shipped to the laboratory. 37 
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Shipping requirements will determine how sample shipping containers are prepared for shipment. 1 

The analyses requested for each sample will be indicated on the accompanying chain-of-custody form. 2 

Each time the responsibility for sample custody changes, the new and previous custodians will sign the 3 

record and note the date and time. The sampler will make a copy of the signed record before sample 4 

shipment and will transmit the copy to SMR within 48 hours of shipping. 5 

The following information is required on a completed chain-of-custody form: 6 

 Project name 7 

 Signature of sampler 8 

 Unique sample number 9 

 Date and time of sample collection 10 

 Sample matrix 11 

 Preservatives 12 

 Signatures of individual involved in sample transfer 13 

 Requested analyses (or reference thereto) 14 

Samplers should note any anomalies with the samples that would prevent batching. If anomalies are 15 

found, the samplers should inform SMR before adding any information regarding batching on the 16 

chain-of-custody form. 17 

B3.6.4 Sample Transportation 18 

Packaging and transportation instructions will comply with applicable transportation regulations and DOE 19 

requirements. Regulations for classifying, describing, packaging, marking, labeling, and transporting 20 

hazardous materials, hazardous substances, and hazardous wastes are enforced by the U.S. Department of 21 

Transportation (DOT) as described in 49 CFR 171, “Transportation,” “General Information, Regulations, 22 

and Definitions,” through 177, “Carriage by Public Highway.”2 Carrier-specific requirements defined in 23 

the current edition of the International Air Transportation Association (IATA) Dangerous Goods 24 

Regulations will also be used when preparing sample shipments conveyed by air freight providers. 25 

Samples containing hazardous constituents will be considered hazardous material in transportation and 26 

transported according to DOT/IATA requirements. If the sample material is known or can be identified, 27 

then it will be packaged, marked, labeled, and shipped according to the specific instructions for 28 

that material. 29 

Materials are classified by DOT/IATA as “radioactive” when the isotope-specific activity concentration 30 

and the exempt consignment limits described in 49 CFR 173, “Shippers–General Requirements for 31 

Shipments and Packagings,” are exceeded. Samples will be screened (or relevant historical data will be 32 

used) to determine if these values are exceeded. When screening or historical data indicate that samples 33 

are radioactive, the samples will be properly classified, described, packaged, marked, labeled, and 34 

transported in accordance with DOT/IATA requirements. 35 

                                                      
2 Transportation regulations 49 CFR 174, “Carriage by Rail”; and 49 CFR 176, “Carriage by Vessel,” are not 

applicable, as these two transportation methods are not used. 
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Prior to shipping radioactive samples to the laboratory, the organization responsible for shipping 1 

will notify the laboratory of the approximate number and radiological levels of the samples. 2 

This notification is conducted through the SMR project coordinator. The laboratory is responsible for 3 

ensuring that the applicable license limits are not exceeded. The laboratory will provide SMR with written 4 

acceptance for samples with elevated radioactive contamination or dose.  5 

B4 Management of Waste 6 

Waste materials are generated during sample collection, processing, and sub-sampling activities. 7 

Waste will be managed in accordance with Appendix B of the 200 West P&T O&M plan 8 

(DOE/RL-2009-124).  9 

Offsite analytical laboratories are responsible for disposing unused sample quantities and wastes 10 

associated with analytical activities. Pursuant to 40 CFR 300.440, “National Oil and Hazardous 11 

Substances Pollution Contingency Plan,” “Procedures for Planning and Implementing Off-Site Response 12 

Actions,” approval from the DOE-RL remedial project manager is required before returning unused 13 

samples or waste from offsite laboratories. 14 

B5 Health and Safety 15 

The hazardous waste operations safety and health program was established to ensure the safety and health 16 

of workers involved in hazardous waste site activities. The program was developed to comply with the 17 

requirements of 29 CFR 1910.120, “Occupational Safety and Health Standards,” “Hazardous Waste 18 

Operations and Emergency Response”; and 10 CFR 835. The health and safety program defines the 19 

chemical, radiological, and physical hazards and specifies the controls and requirements for day-to-day 20 

work activities on the Hanford Site. The health and safety program governs personnel training, control of 21 

industrial safety and radiological hazards, personal protective equipment, site control, and general 22 

emergency response to spills, fire, accidents, injury, site visitors, and incident reporting. 23 
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C1 200-ZP-1 Operable Unit Contaminant Monitoring Well Network 1 

Table C-1 provides details on the 200-ZP-1 Operable Unit (OU) contaminant monitoring well 2 

network for volatile organic compounds, including carbon tetrachloride, chloroform, chloromethane, 3 

cis-1,2-dichloroethene, dichloromethane, trichloroethene, and vinyl chloride. Table C-2 provides details 4 

of the monitoring network for the other contaminants of concern. Table C-3 provides well 5 

sampling schedules. 6 

With this performance monitoring plan (PMP) revision, the sampling schedule for the contaminant 7 

monitoring network was evaluated for redundancy in 2017, as presented in SGW-60527, CR-2016-1543 – 8 

Redundancy Analysis for the 200-ZP-1 Groundwater Monitoring Network. The redundancy analysis 9 

focused solely on 200-ZP-1 OU monitoring wells and associated sampling schedules. The resulting 10 

changes made to the sampling schedule are discussed further in Sections 4.1.3 and 4.1.4 in the main text.  11 

In summary, this evaluation provided extensive recommendations to reduce redundant sampling 12 

activities, including recommendations for changes to the contaminant monitoring networks and changes 13 

to sampling frequencies for many of the wells. As a result, some reductions in the frequency and/or 14 

occurrence of sampling were incorporated into the contaminant monitoring well network sampling 15 

schedule shown in Table C-3. Although no wells were identified for removal from the monitoring well 16 

network, many of the wells have been removed from one or more of the contaminant-specific monitoring 17 

networks associated with each 200-ZP-1 OU COC and uranium. 18 

The redundancy analysis did not evaluate any of the 200-UP-1 OU wells that are included in the volatile 19 

organic compound monitoring network included in this PMP, so changes were not made to the sampling 20 

schedule for these 200-UP-1 OU wells in Table C-3. 21 

Table C-1. 200-ZP-1 OU Contaminant Monitoring Well Network for Volatile Organics 
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299-W5-2 C9439 568175 137621 216.9 111.7 87.4 12/1/2015 99.5 

299-W6-3 A4998 567118 137299 214.4 89.5 86.4 10/15/1991 88.0 

299-W6-6 A5001 567319 137639 217.5 89.9 86.6 10/24/1991 88.3 

299-W6-17 C9738 567767 137473 220.2 92.2 86.1 6/6/2019 89.2 

299-W7-3 A5009 566292 137639 207.2 70.3 61.9 11/23/1987 66.1 

299-W10-1 A7136 566663 136735 207.5 149.5 125.2 8/7/1947 137.4 

299-W10-14 A4891 566017 136609 214.3 84.1 78.0 11/18/1987 81.1 

299-W10-27 C3125 566844 136442 205.6 138.3 127.6 3/23/2001 132.9 

299-W10-30 C4989 566083 136739 211.6 137.8 127.1 3/14/2006 132.4 

299-W10-31 C5194 566266 136968 210.4 137.3 126.6 4/20/2006 131.9 

299-W10-33 C5855 566773 136610 206.0 87.1 81.0 6/15/2007 84.1 

299-W11-13 A5465 567099 136424 211.9 145.5 68.4 7/31/1961 106.9 

299-W11-18 A7284 567182 137161 216.5 147.3 126.6 3/1/1967 137.0 
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Table C-1. 200-ZP-1 OU Contaminant Monitoring Well Network for Volatile Organics 
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299-W11-43 C4694 567270 136971 217.5 88.1 83.5 5/23/2005 85.8 

299-W11-45 C4948 566993 136776 213.6 127.9 123.4 9/2/2005 125.7 

299-W11-47 C4990 566934 136681 210.4 126.8 117.5 1/6/2006 122.2 

299-W11-48 C5243 566882 136846 209.7 125.1 97.7 11/29/2006 111.4 

299-W11-87 C5407 568141 136609 223.6 107.3 102.7 3/1/2007 105.0 

299-W11-88 C5572 567875 137113 221.9 86.2 74.0 10/3/2007 80.1 

299-W13-1 C4238 568149 136049 223.5 104.4 93.7 2/10/2004 99.1 

299-W13-2 C9440 568833 135819 225.3 128.4 104.3 3/21/2016 116.4 

299-W14-11 C4668 566902 136288 205.1 125.3 122.3 4/26/2005 123.1 

299-W14-13 B8549 566902 136282 205.1 138.7 128.7 8/31/1998 133.7 

299-W14-71 C5102 567733 135568 219.4 94.2 89.7 7/27/2006 92.0 

299-W14-72 C5103 567328 135941 216.4 90.2 85.6 8/15/2006 87.9 

299-W15-7 A5476 566676 135920 204.2 148.8 97.6 3/30/1966 123.2 

299-W15-11 A5474 566412 136001 208.3 152.5 117.8 3/18/1968 135.2 

299-W15-17 A4921 566307 135719 209.8 81.0 78.0 10/28/1987 79.5 

299-W15-33 B2643 566433 135967 206.8 142.4 127.9 12/31/1995 135.2 

299-W15-37 B2753 566716 135248 203.0 140.3 125.1 5/16/9196 132.7 

299-W15-42 C3803 566582 135627 207.4 137.9 122.7 2/26/2002 130.3 

299-W15-50 C4302 566793 135791 203.2 129.0 118.4 2/28/2005 123.7 

299-W15-83 C4683 566305 135826 209.3 137.7 127.0 8/9/2005 132.4 

299-W15-94 C4684 566308 135640 209.9 137.9 127.2 9/19/2005 132.6 

299-W15-152 C4685 566309 135550 209.9 137.9 127.3 9/15/2005 132.6 

299-W15-763 C3339 566809 136029 202.9 138.4 127.7 1/17/2001 133.1 

299-W15-765 C3397 566697 136373 205.3 138.2 127.6 10/4/2001 132.9 

299-W18-1 A5481 566422 135465 209.1 149.6 79.5 1/12/1959 113.8 

299-W18-15 A4932 566380 134733 202.2 142.8 118.7 4/25/1980 130.7 

299-W18-16 C4303 566605 135426 208.6 137.1 126.4 10/20/2004 131.8 

299-W18-21 A4933 566098 134979 204.9 145.3 136.2 7/29/1987 140.7 

299-W18-22 A4934 566089 134990 204.9 77.9 68.5 9/25/1987 73.2 

299-W18-40 C3395 566723 134996 203.4 136.9 126.2 9/28/2001 131.6 

299-W19-4 A4958 567950 135351 219.0 141.3 56.0 2/15/1960 98.3 



DOE/RL-2009-115, REV. 3, DRAFT A 
SEPTEMBER 2019 

C-3 

Table C-1. 200-ZP-1 OU Contaminant Monitoring Well Network for Volatile Organics 
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299-W19-6 A4959 567133 134694 210.3 94.5 85.1 12/13/1968 89.8 

299-W19-18 A7743 567361 135012 214.0 146.9 104.9 12/12/1985 125.9 

299-W19-34A A9517 567674 135012 215.3 116.5 111.8 5/18/1994 113.3 

299-W19-34B A9513 567663 135011 215.5 90.0 87.1 11/9/1994 87.6 

299-W19-36 B2461 567635 135017 215.4 140.8 127.1 9/1/1995 133.9 

299-W19-41 B8551 566897 135005 206.5 139.5 128.8 9/23/1998 134.1 

299-W19-47 C4258 566895 135162 206.3 137.1 126.4 6/1/2004 131.7 

299-W19-48 C4300 567823 134926 212.9 133.0 122.3 10/5/2004 127.6 

299-W19-49 C4695 567568 134894 214.2 135.1 124.5 8/30/2005 129.8 

299-W19-105 C4968 567565 134745 213.0 135.2 124.5 12/13/2005 129.8 

299-W19-107 C5193 567998 135206 217.4 122.8 118.2 3/31/2006 120.5 

299-W21-2 C4639 568124 134574 214.9 135.6 124.9 11/22/2004 130.2 

299-W22-47 C4667 566909 134076 206.3 136.6 125.9 1/19/2005 131.2 

299-W22-72 C4970 567237 134207 208.0 135.8 125.1 2/22/2006 130.5 

299-W22-86 C4971 567187 134041 206.4 135.9 125.2 3/10/2006 130.5 

299-W22-87 C4977 567542 134540 212.0 135.7 125.1 12/14/2005 130.4 

299-W22-88 C4978 568046 134391 213.9 134.3 123.7 2/6/2008 129.0 

299-W23-4 A4987 566628 134392 203.0 148.1 111.6 6/18/1957 129.9 

299-W23-19 B8809 566759 134167 202.5 139.5 136.4 11/17/1999 137.9 

299-W26-13 B8817 566424 133294 199.8 138.2 127.5 12/28/1999 132.8 

299-W27-2 A5410 566908 133670 207.4 83.6 80.5 12/18/1992 82.1 

699-30-66 C4298 569991 132739 210.5 93.1 90.1 10/13/2004 91.6 

699-32-62 A5128 571010 133216 216.6 132.7 64.2 4/6/1960 98.5 

699-32-72A A5130 567943 133363 204.7 76.7 56.8 7/31/1957 66.7 

699-33-75 C4974 566908 133662 207.4 135.7 125.1 1/8/2008 130.4 

699-34-61 A5463 571396 133810 221.8 129.4 123.3 11/29/1993 126.3 

699-35-66A A5139 569858 134099 222.5 143.2 124.3 6/13/1957 133.8 

699-35-78A A5141 566064 134271 202.4 147.5 117.3 8/17/1950 132.0 

699-36-61A A5144 571395 134557 229.0 128.4 110.5 8/12/1948 119.5 

699-36-66B C6219 569731 134469 221.3 131.7 121.0 12/20/2007 126.4 

699-36-70A A9901 568467 134309 216.0 137.6 128.4 12/10/1994 132.2 
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Table C-1. 200-ZP-1 OU Contaminant Monitoring Well Network for Volatile Organics 

Well Name W
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699-36-70B C4299 568428 134626 215.2 134.7 124.1 6/9/2004 129.4 

699-37-66 C5704 569730 134797 222.0 131.3 120.6 11/28/2007 126.0 

699-38-61 A5464 571219 134997 228.2 126.3 120.2 11/16/1993 123.3 

699-38-65 A5148 570090 135040 230.7 163.7 72.2 12/31/1959 117.9 

699-38-68A A9516 569180 134932 218.9 137.3 128.2 6/21/1994 132.0 

699-38-70B C4236 568469 135331 222.6 98.6 94.0 2/3/2004 96.3 

699-38-70C C4256 569084 135326 226.7 106.1 101.5 2/17/2004 103.8 

699-40-62 A5158 571164 135764 228.9 126.8 115.0 1/17/1949 120.9 

699-40-65 C4235 570057 135881 231.0 130.2 119.5 2/3/2004 124.1 

699-43-69 C5573 568967 136488 227.4 105.4 94.7 12/11/2007 100.1 

699-44-64 A5188 570391 136897 222.2 125.9 87.5 1/31/1960 106.7 

699-44-70B C9740 568670 136810 224.4 102.4 96.3 7/1/2019 99.4 

699-45-69A A5196 568729 137183 222.1 138.6 110.6 6/22/1948 124.6 

699-45-69C C5574 568947 137234 222.6 110.7 106.1 7/13/2007 108.4 

699-46-61 C9936 571431 137442 210.9 121.3 115.1 4/25/2019 118.2 

699-47-60 A5202 571474 137969 199.6 123.4 115.1 7/20/1948 118.5 

699-48-71 A5214 568388 138057 210.9 138.0 118.8 9/26/1956 128.4 

699-50-74 C4697 567360 138647 201.4 133.3 122.7 7/12/2005 128.0 

699-51-63 A5231 570664 139148 175.3 127.4 119.5 11/6/1956 123.5 

*Mid-screen elevations were obtained from the 2008 carbon tetrachloride plume shell data set. 

ID = identification 
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Table C-2. 200-ZP-1 OU Contaminant Monitoring Well Network for Other Contaminants 
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299-W5-2 C9439 568175 137621 216.9 111.7 87.4 12/1/2015 99.5 

299-W6-3 A4998 567118 137299 214.4 89.5 86.4 10/15/1991 88.0 

299-W6-6 A5001 567319 137639 217.5 89.9 86.6 10/24/1991 88.3 

299-W6-17 C9738 567767 137473 220.2 92.2 86.1 6/6/2019 89.2 

299-W7-3 A5009 566292 137639 207.2 70.3 61.9 11/23/1987 66.1 

299-W10-1 A7136 566663 136735 207.5 149.5 125.2 8/7/1947 137.4 

299-W10-14 A4891 566017 136609 214.3 84.1 78.0 11/18/1987 81.1 

299-W10-27 C3125 566844 136442 205.6 138.3 127.6 3/23/2001 132.9 

299-W10-30 C4989 566083 136739 211.6 137.8 127.1 3/14/2006 132.4 

299-W10-31 C5194 566266 136968 210.4 137.3 126.6 4/20/2006 131.9 

299-W10-33 C5855 566773 136610 206.0 87.1 81.0 6/15/2007 84.1 

299-W11-13 A5465 567099 136424 211.9 145.5 68.4 7/31/1961 106.9 

299-W11-18 A7284 567182 137161 216.5 147.3 126.6 3/1/1967 137.0 

299-W11-33Q B2402 567185 136844 217.2 142.8 126.1 9/9/1994 134.4 

299-W11-43 C4694 567270 136971 217.5 88.1 83.5 5/23/2005 85.8 

299-W11-45 C4948 566993 136776 213.6 127.9 123.4 9/2/2005 125.7 

299-W11-47 C4990 566934 136681 210.4 126.8 117.5 1/6/2006 122.2 

299-W11-48 C5243 566882 136846 209.7 125.1 97.7 11/29/2006 111.4 

299-W11-87 C5407 568141 136609 223.6 107.3 102.7 3/1/2007 105.0 

299-W11-88 C5572 567875 137113 221.9 86.2 74.0 10/3/2007 80.1 

299-W13-1 C4238 568149 136049 223.5 104.4 93.7 2/10/2004 99.1 

299-W13-2 C9440 568833 135819 225.3 128.4 104.3 3/21/2016 116.4 

299-W14-11 C4668 566902 136288 205.1 125.3 122.3 4/26/2005 123.1 

299-W14-13 B8549 566902 136282 205.1 138.7 128.7 8/31/1998 133.7 

299-W14-14 B8547 566898 136181 205.4 139.3 128.6 11/12/1998 134.0 

299-W14-72 C5103 567328 135941 216.4 90.2 85.6 8/15/2006 87.9 

299-W15-7 A5476 566676 135920 204.2 148.8 97.6 3/30/1966 123.2 

299-W15-11 A5474 566412 136001 208.3 152.5 117.8 3/18/1968 135.2 

299-W15-17 A4921 566307 135719 209.8 81.0 78.0 10/28/1987 79.5 

299-W15-33 B2643 566433 135967 206.8 142.4 127.9 12/31/1995 135.2 

299-W15-42 C3803 566582 135627 207.4 137.9 122.7 2/26/2002 130.3 
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Table C-2. 200-ZP-1 OU Contaminant Monitoring Well Network for Other Contaminants 
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299-W15-46 C3426 566752 135587 204.2 140.4 116.0 10/3/2003 128.2 

299-W15-49 C4301 566307 135973 209.1 137.3 126.6 11/1/2004 131.9 

299-W15-50 C4302 566793 135791 203.2 129.0 118.4 2/28/2005 123.7 

299-W15-83 C4683 566305 135826 209.3 137.7 127.0 8/9/2005 132.4 

299-W15-94 C4684 566308 135640 209.9 137.9 127.2 9/19/2005 132.6 

299-W15-152 C4685 566309 135550 209.9 137.9 127.3 9/15/2005 132.6 

299-W15-763 C3339 566809 136029 202.9 138.4 127.7 1/17/2001 133.1 

299-W15-765 C3397 566697 136373 205.3 138.2 127.6 10/4/2001 132.9 

299-W18-1 A5481 566422 135465 209.1 149.6 79.5 1/12/1959 113.8 

299-W18-16 C4303 566605 135426 208.6 137.1 126.4 10/20/2004 131.8 

699-43-69 C5573 568967 136488 227.4 105.4 94.7 12/11/2007 100.1 

699-44-64 A5188 570391 136897 222.2 125.9 87.5 1/31/1960 106.7 

699-44-70B C9740 568670 136810 224.4 102.4 96.3 7/1/2019 99.4 

699-45-69A A5196 568729 137183 222.1 138.6 110.6 6/22/1948 124.6 

699-45-69C C5574 568947 137234 222.6 110.7 106.1 7/13/2007 108.4 

699-46-61 C9936 571431 137442 210.9 121.3 115.1 4/25/2019 118.2 

699-47-60 A5202 571474 137969 199.6 123.4 115.1 7/20/1948 118.5 

699-48-71 A5214 568388 138057 210.9 138.0 118.8 9/26/1956 128.4 

699-50-74 C4697 567360 138647 201.4 133.3 122.7 7/12/2005 128.0 

699-51-63 A5231 570664 139148 175.3 127.4 119.5 11/6/1956 123.5 

*Mid-screen elevations were obtained from the 2008 carbon tetrachloride plume shell data set. 

ID = identification 
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Table C-3. 200-ZP-1 OU Monitoring Well Schedule for Analyses 

Well Name W
e
ll

 I
D

 

C
a

r
b

o
n

 T
e
tr

a
c
h

lo
ri

d
e 

T
o

ta
l 

C
h

r
o
m

iu
m

*
 

H
ex

a
v

a
le

n
t 

C
h

ro
m

iu
m

*
 

Io
d

in
e
-1

2
9
 

N
it

r
a

te
 

T
e
c
h

n
e
ti

u
m

-9
9
 

T
r
ic

h
lo

ro
e
th

e
n

e 

T
r
it

iu
m

 

U
r
a

n
iu

m
 

C
h

lo
ro

fo
r
m

 

D
ic

h
lo

ro
m

e
th

a
n

e 

C
h

lo
ro

m
e
th

a
n

e 

C
y

a
n

id
e 

c
is

-1
,2

-D
ic

h
lo

ro
e
th

e
n

e 

V
in

y
l 

C
h

lo
ri

d
e 

C
h

lo
ri

d
e 

N
it

r
it

e 

T
o

ta
l 

O
rg

a
n

ic
 C

a
r
b

o
n

 

T
o

ta
l 

D
is

so
lv

e
d

 S
o

li
d

s 

S
u

lf
a

te
 

S
u

lf
id

e 

Ir
o

n
*

  

M
a

n
g
a

n
e
se

*
  

N
ic

k
el

*
 

A
lk

a
li

n
it

y
 

C
a

r
b

o
n

a
te

 c
o

n
te

n
t 

T
e
m

p
e
ra

tu
r
e 

p
H

 

S
p

e
c
if

ic
 C

o
n

d
u

c
ta

n
c
e 

T
u

r
b

id
it

y
 

D
is

so
lv

e
d

 O
x

y
g

e
n

 

R
e
d

o
x

 P
o

te
n

ti
a

l 

299-W5-2 C9439 A A A A A A A A 5 A A A 5 A A A A 5 5 A 5 A 5 A 5 5 A A A A A A 

299-W6-3 A4998 A 5 5 5 A 2 A 5 5 A A A 5 A A A A 5 5 A 5 5 5 5 5 5 A A A A A A 

299-W6-6 A5001 A 5 5 5 A 2 A 5 5 A A A 5 A A A A 5 5 A 5 5 5 5 5 5 A A A A A A 

299-W6-17 C9738 A A A A A A A A A A A A 5 A A A A 5 5 A 5 A 5 A 5 5 A A A A A A 

299-W7-3 A5009 A 5 5 5 A 5 A 5 5 A A A 5 A A A A 5 5 A 5 5 5 5 5 5 A A A A A A 

299-W10-1 A7136 2 2 2 5 — 5 2 — — 2 2 2 5 2 2 2 — 5 5 2 5 2 5 2 5 5 2 2 2 2 2 2 

299-W10-14 A4891 A — — 5 A 5 A — 5 A A A 5 A A A A 5 5 A 5 5 5 — 5 5 A A A A A A 

299-W10-27 C3125 2 — — 2 — 2 2 — — 2 2 2 5 2 2 2 — 5 5 2 5 5 5 — 5 5 2 2 2 2 2 2 

299-W10-30 C4989 2 5 5 — — 5 2 5 — 2 2 2 5 2 2 2 — 5 5 2 5 5 5 5 5 5 2 2 2 2 2 2 

299-W10-31 C5194 A 5 5 5 2 5 A 5 — A A A 5 A A A 2 5 5 A 5 5 5 5 5 5 A A A A A A 

299-W10-33 C5855 A 2 2 5 A 2 A 2 5 A A A 5 A A A A 5 5 A 5 2 5 2 5 5 A A A A A A 

299-W11-13 A5465 2 — — — — — 2 2 — 2 2 2 5 2 2 2 — 5 5 2 5 5 5 — 5 5 2 2 2 2 2 2 

299-W11-18 A7284 A 2 2 — A 5 A 2 — A A A 5 A A A A 5 5 A 5 2 5 2 5 5 A A A A A A 

299-W11-33Q B2402 — A A — — 2 — A — — — — 5 — — A — 5 5 A 5 A 5 A 5 5 A A A A A A 

299-W11-43 C4694 A 2 2 2 A 2 A 2 5 A A A 5 A A A A 5 5 A 5 2 5 2 5 5 A A A A A A 

299-W11-45 C4948 A — — — — A A 2 5 A A A 5 A A A — 5 5 A 5 5 5 — 5 5 A A A A A A 

299-W11-47 C4990 2 — — — 2 2 2 2 — 2 2 2 5 2 2 2 2 5 5 2 5 5 5 — 5 5 2 2 2 2 2 2 

299-W11-48 C5243 A 2 2 — A 2 A 2 — A A A 5 A A A A 5 5 A 5 2 5 2 5 5 A A A A A A 

299-W11-87 C5407 A 2 2 5 — — A 2 — A A A 5 A A A — 5 5 A 5 2 5 2 5 5 A A A A A A 

299-W11-88 C5572 A 2 2 2 A 5 A 2 5 A A A 5 A A A A 5 5 A 5 2 5 2 5 5 A A A A A A 

299-W13-1 C4238 2 5 5 — — 5 2 5 — 2 2 2 5 2 2 2 — 5 5 2 5 5 5 5 5 5 2 2 2 2 2 2 

299-W13-2 C9440 A A  A A A A A A 5 A A A 5 A A A A 5 5 A 5 A 5 A 5 5 A A A A A A 

299-W14-11 C4668 A — — — — — A 2 — A A A 5 A A A — 5 5 A 5 5 5 — 5 5 A A A A A A 

299-W14-13 B8549 2 2 2 2 2 A 2 — — 2 2 2 5 2 2 A 2 5 5 A 5 2 5 2 5 5 A A A A A A 

299-W14-14 C8547 — 2 2 — — — — 2 — — — — 5 — — 2 — 5 5 2 5 2 5 2 5 5 2 2 2 2 2 2 

299-W14-72 C5103 A — — 5 — 5 A 5 5 A A A 5 A A A — 5 5 A 5 5 5 — 5 5 A A A A A A 

299-W15-11 A5474 A 5 5 5 A A A — 5 A A A 5 A A A A 5 5 A 5 5 5 5 5 5 A A A A A A 

299-W15-7 A5476 A — — 5 A 5 A — 5 A A A 5 A A A A 5 5 A 5 5 5 — 5 5 A A A A A A 

299-W15-17 A4921 A — — 5 A 5 A 5 5 A A A 5 A A A A 5 5 A 5 5 5 — 5 5 A A A A A A 
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Table C-3. 200-ZP-1 OU Monitoring Well Schedule for Analyses 
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299-W15-33 B2643 2 5 5 — 2 2 2 5 5 2 2 2 5 2 2 2 2 5 5 2 5 5 5 5 5 5 2 2 2 2 2 2 

299-W15-42 C3803 A 5 5 2 A 2 A — 5 A A A 5 A A A A 5 5 A 5 5 5 5 5 5 A A A A A A 

299-W15-46 C3426 — 5 5 — 2 2 — 5 — — — — 5 — — 2 2 5 5 2 5 5 5 5 5 5 2 2 2 2 2 2 

299-W15-49 C4301 — — — — 2 — — 5 — — — — 5 — — 2 2 5 5 2 5 5 5 — 5 5 2 2 2 2 2 2 

299-W15-50 C4302 A 5 5 5 — — A 5 — A A A 5 A A A — 5 5 A 5 5 5 5 5 5 A A A A A A 

299-W15-83 C4683 2 5 5 — — 5 2 5 — 2 2 2 5 2 2 2 — 5 5 2 5 5 5 5 5 5 2 2 2 2 2 2 

299-W15-94 C4684 2 5 5 — — 5 2 5 5 2 2 2 5 2 2 2 — 5 5 2 5 5 5 5 5 5 2 2 2 2 2 2 

299-W15-152 C4685 2 5 5 — 2 5 2 5 — 2 2 2 5 2 2 2 2 5 5 2 5 5 5 5 5 5 2 2 2 2 2 2 

299-W15-763 C3339 A — — 5 A A A 2 5 A A A 5 A A A A 5 5 A 5 5 5 — 5 5 A A A A A A 

299-W15-765 C3397 2 — — — 2 A 2 2 — 2 2 2 5 2 2 2 2 5 5 A 5 5 5 — 5 5 A A A A A A 

299-W18-1 A5481 A 5 5 A A A A 5 5 A A A 5 A A A A 5 5 A 5 5 5 5 5 5 A A A A A A 

299-W18-16 C4303 2 5 5 5 2 2 2 5 — 2 2 2 5 2 2 2 2 5 5 2 5 5 5 5 5 5 2 2 2 2 2 2 

699-43-69 C5573 A 2 2 5 A 5 A 5 5 A A A 5 A A A A 5 5 A 5 2 5 2 5 5 A A A A A A 

699-44-64 A5188 2 5 5 5 2 2 2 5 5 2 2 2 5 2 2 2 2 5 5 2 5 5 5 5 5 5 2 2 2 2 2 2 

699-44-70B C9740 A A A A A A A A A A A A 5 A A A A 5 5 A 5 A 5 A 5 5 A A A A A A 

699-45-69A A5196 2 — — — — 5 2 5 — 2 2 2 5 2 2 2 — 5 5 2 5 5 5 — 5 5 2 2 2 2 2 2 

699-45-69C C5574 A 5 5 5 A 5 A 5 5 A A A 5 A A A A 5 5 A 5 5 5 5 5 5 A A A A A A 

699-46-61 C9936 A A A A A A A A A A A A 5 A A A A 5 5 A 5 A 5 A 5 5 A A A A A A 

699-47-60 A5202 2 5 5 5 2 5 2 5 — 2 2 2 5 2 2 2 2 5 5 2 5 5 5 5 5 5 2 2 2 2 2 2 

699-48-71 A5214 A 2 2 2 — 2 A A — A A A 5 A A A — 5 5 A 5 2 5 2 5 5 A A A A A A 

699-50-74 C4697 A 5 5 5 A 5 A 5 — A A A 5 A A A A 5 5 A 5 5 5 5 5 5 A A A A A A 

699-51-63 A5231 2 5 5 5 2 5 2 5 — 2 2 2 5 2 2 2 2 5 5 2 5 5 5 5 5 5 2 2 2 2 2 2 

200-ZP-1 OU VOC Wells in the 200-UP-1 OU 

299-W14-71 C5102 A — — — — — A — — A A A — A A — — — — — — — — — — — A A A A A A 

299-W15-37 B2753 A — — — — — A — — A A A — A A — — — — — — — — — — — A A A A A A 

299-W18-15 A4932 A — — — — — A — — A A A — A A — — — — — — — — — — — A A A A A A 

299-W18-21 A4933 A — — — — — A — — A A A — A A — — — — — — — — — — — A A A A A A 

299-W18-22 A4934 A — — — — — A — — A A A — A A — — — — — — — — — — — A A A A A A 

299-W18-40 C3395 A — — — — — A — — A A A — A A — — — — — — — — — — — A A A A A A 
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Table C-3. 200-ZP-1 OU Monitoring Well Schedule for Analyses 
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299-W19-4 A4958 A — — — — — A — — A A A — A A — — — — — — — — — — — A A A A A A 

299-W19-6 A4959 A — — — — — A — — A A A — A A — — — — — — — — — — — A A A A A A 

299-W19-18 A7743 A — — — — — A — — A A A — A A — — — — — — — — — — — A A A A A A 

299-W19-34A A9517 A — — — — — A — — A A A — A A — — — — — — — — — — — A A A A A A 

299-W19-34B A9513 A — — — — — A — — A A A — A A — — — — — — — — — — — A A A A A A 

299-W19-36 B2461 A — — — — — A — — A A A — A A — — — — — — — — — — — A A A A A A 

299-W19-41 B8551 A — — — — — A — — A A A — A A — — — — — — — — — — — A A A A A A 

299-W19-47 C4258 A — — — — — A — — A A A — A A — — — — — — — — — — — A A A A A A 

299-W19-48 C4300 A — — — — — A — — A A A — A A — — — — — — — — — — — A A A A A A 

299-W19-49 C4695 A — — — — — A — — A A A — A A — — — — — — — — — — — A A A A A A 

299-W19-105 C4968 A — — — — — A — — A A A — A A — — — — — — — — — — — A A A A A A 

299-W19-107 C5193 A — — — — — A — — A A A — A A — — — — — — — — — — — A A A A A A 

299-W21-2 C4639 A — — — — — A — — A A A — A A — — — — — — — — — — — A A A A A A 

299-W22-47 C4667 A — — — — — A — — A A A — A A — — — — — — — — — — — A A A A A A 

299-W22-72 C4970 A — — — — — A — — A A A — A A — — — — — — — — — — — A A A A A A 

299-W22-86 C4971 A — — — — — A — — A A A — A A — — — — — — — — — — — A A A A A A 

299-W22-87 C4977 A — — — — — A — — A A A — A A — — — — — — — — — — — A A A A A A 

299-W22-88 C4978 A — — — — — A — — A A A — A A — — — — — — — — — — — A A A A A A 

299-W23-4 A4987 A — — — — — A — — A A A — A A — — — — — — — — — — — A A A A A A 

299-W23-19 B8809 A — — — — — A — — A A A — A A — — — — — — — — — — — A A A A A A 

299-W26-13 B8817 A — — — — — A — — A A A — A A — — — — — — — — — — — A A A A A A 

299-W27-2 A5410 A — — — — — A — — A A A — A A — — — — — — — — — — — A A A A A A 

699-30-66 C4298 A — — — — — A — — A A A — A A — — — — — — — — — — — A A A A A A 

699-32-62 A5128 A — — — — — A — — A A A — A A — — — — — — — — — — — A A A A A A 

699-32-72A A5130 A — — — — — A — — A A A — A A — — — — — — — — — — — A A A A A A 

699-33-75 C4974 A — — — — — A — — A A A — A A — — — — — — — — — — — A A A A A A 

699-34-61 A5463 A — — — — — A — — A A A — A A — — — — — — — — — — — A A A A A A 

699-35-66A A5139 A — — — — — A — — A A A — A A — — — — — — — — — — — A A A A A A 

699-35-78A A5141 A — — — — — A — — A A A — A A — — — — — — — — — — — A A A A A A 

699-36-61A A5144 A — — — — — A — — A A A — A A — — — — — — — — — — — A A A A A A 

699-36-66B C6219 A — — — — — A — — A A A — A A — — — — — — — — — — — A A A A A A 

699-36-70A A9901 A — — — — — A — — A A A — A A — — — — — — — — — — — A A A A A A 
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Table C-3. 200-ZP-1 OU Monitoring Well Schedule for Analyses 

Well Name W
e
ll

 I
D

 

C
a

r
b

o
n

 T
e
tr

a
c
h

lo
ri

d
e 

T
o

ta
l 

C
h

r
o
m

iu
m

*
 

H
ex

a
v

a
le

n
t 

C
h

ro
m

iu
m

*
 

Io
d

in
e
-1

2
9
 

N
it

r
a

te
 

T
e
c
h

n
e
ti

u
m

-9
9
 

T
r
ic

h
lo

ro
e
th

e
n

e 

T
r
it

iu
m

 

U
r
a

n
iu

m
 

C
h

lo
ro

fo
r
m

 

D
ic

h
lo

ro
m

e
th

a
n

e 

C
h

lo
ro

m
e
th

a
n

e 

C
y

a
n

id
e 

c
is

-1
,2

-D
ic

h
lo

ro
e
th

e
n

e 

V
in

y
l 

C
h

lo
ri

d
e 

C
h

lo
ri

d
e 

N
it

r
it

e 

T
o

ta
l 

O
rg

a
n

ic
 C

a
r
b

o
n

 

T
o

ta
l 

D
is

so
lv

e
d

 S
o

li
d

s 

S
u

lf
a

te
 

S
u

lf
id

e 

Ir
o

n
*

  

M
a

n
g
a

n
e
se

*
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699-36-70B C4299 A — — — — — A — — A A A — A A — — — — — — — — — — — A A A A A A 

699-37-66 C5704 A — — — — — A — — A A A — A A — — — — — — — — — — — A A A A A A 

699-38-61 A5464 A — — — — — A — — A A A — A A — — — — — — — — — — — A A A A A A 

699-38-65 A5148 A — — — — — A — — A A A — A A — — — — — — — — — — — A A A A A A 

699-38-68A A9516 A — — — — — A — — A A A — A A — — — — — — — — — — — A A A A A A 

699-38-70B C4236 A — — — — — A — — A A A — A A — — — — — — — — — — — A A A A A A 

699-38-70C C4256 A — — — — — A — — A A A — A A — — — — — — — — — — — A A A A A A 

699-40-62 A5158 A — — — — — A — — A A A — A A — — — — — — — — — — — A A A A A A 

699-40-65 C4235 A — — — — — A — — A A A — A A — — — — — — — — — — — A A A A A A 

*Collect filtered and unfiltered samples for metals. 

A  = sample annually 

2 = sample biennially (every 2 years, as recommended by SGW-60527, CR-2016-1543 – Redundancy Analysis for the 200-ZP-1 Groundwater Monitoring Network) 

5 = sample every 5 years (to coincide with preparation of the next Comprehensive Environmental Response, Compensation, and Liability Act of 1980 5-year review) 

— = not sampled 

ID = identification 

OU = operable unit 

VOC = volatile organic compound 

 



DOE/RL-2009-115, REV. 3, DRAFT A 
SEPTEMBER 2019 

C-11 

C2 References 1 

Comprehensive Environmental Response, Compensation, and Liability Act of 1980, 42 USC 9601, et seq., 2 

Pub. L. 107-377, December 31, 2002. Available at: 3 

https://www.csu.edu/cerc/researchreports/documents/CERCLASummary1980.pdf. 4 

SGW-60527, 2017, CR-2016-1543 – Redundancy Analysis for the 200-ZP-1 Groundwater Monitoring 5 

Network, Rev. 0, CH2M HILL Plateau Remediation Company, Richland, Washington. 6 

Available at: https://pdw.hanford.gov/document/0065729H.   7 

https://www.csu.edu/cerc/researchreports/documents/CERCLASummary1980.pdf
https://pdw.hanford.gov/document/0065729H


DOE/RL-2009-115, REV. 3, DRAFT A 
SEPTEMBER 2019 

C-12 

 

This page intentionally left blank. 



DOE/RL-2009-115, REV. 3, DRAFT A 
SEPTEMBER 2019 

 

D-i 

Appendix D 

200-ZP-1 Operable Unit Kriged 
Carbon Tetrachloride Error Variance Maps 
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D 200-ZP-1 Operable Unit Kriged Carbon Tetrachloride 1 

Error Variance Maps 2 

To support the data gap analysis, maps of carbon tetrachloride kriging variance (KV) were produced for 3 

several elevation intervals in the aquifer using universal kriging. When using universal kriging, the 4 

KV is a function of the various kriging parameters. In general, absolute values for KV should be 5 

considered with caution because the KV is a conditional variance whose relation to the actual error of 6 

estimation depends on the variogram and the validity of underlying assumptions (among other things). 7 

However, spatial patterns in KV are relatively insensitive to subtle differences in the variogram and can 8 

be used in a comparative manner. It is generally observed that KVs are highest in areas where fewer data 9 

are available; KV values are generally low within the monitoring network and elevated approaching the 10 

boundaries of the monitoring network. 11 

The maps (Figures D-1 through D-9) provided in this appendix show the areas in the kriged 12 

three-dimensional carbon tetrachloride plume depictions of the 200-ZP-1 Operable Unit that have the 13 

greatest error variance or relative uncertainty. 14 
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Figure D-1. Kriged Carbon Tetrachloride Error Variance from 134.5 to 137.5 m Above Mean Sea Level  
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Figure D-2. Kriged Carbon Tetrachloride Error Variance from 128.5 to 131.5 m Above Mean Sea Level  
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Figure D-3. Kriged Carbon Tetrachloride Error Variance from 122.5 to 125.5 m Above Mean Sea Level  
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Figure D-4. Kriged Carbon Tetrachloride Error Variance from 110.5 to 113.5 m Above Mean Sea Level  
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Figure D-5. Kriged Carbon Tetrachloride Error Variance from 98.5 to 101.5 m Above Mean Sea Level  
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Figure D-6. Kriged Carbon Tetrachloride Error Variance from 85.5 to 88.5 m Above Mean Sea Level  
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Figure D-7. Kriged Carbon Tetrachloride Error Variance from 73.5 to 76.5 m Above Mean Sea Level  



 

 

D
-9 

D
O

E/R
L-2009-115, R

EV. 3, D
R

AFT A 
SEPTEM

BER
 2019 

 

 

Figure D-8. Kriged Carbon Tetrachloride Error Variance from 67.5 to 70.5 m Above Mean Sea Level  
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Figure D-9. Kriged Carbon Tetrachloride Error Variance from 61.5 to 64.5 m Above Mean Sea Level 
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Appendix E 

200-ZP-1 Operable Unit  

Hydraulic Monitoring Well Network 
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E 200-ZP-1 OU Hydraulic Monitoring Well Network 1 

Table E-1 provides details for the 200-ZP-1 Operable Unit (OU) hydraulic monitoring well network. 2 

Table E-1. 200-ZP-1 OU Hydraulic Monitoring Well Network 

Well Name W
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E
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299-W5-2 C9439 568175 137621 217.1 105.03 129.44 09/17/2015 No 99.86 

299-W6-3 A4998 567118 137299 214.4 124.82 127.95 10/15/1991 No 87.9 

299-W6-6 A5001 567319 137639 217.5 127.58 130.84 10/24/1991 No 88.3 

299-W7-3 A5009 566292 137639 207.2 136.85 145.29 11/23/1987 No 66.1 

299-W10-1 A7136 566663 136735 207.5 57.91 82.3 08/07/1947 No 137.4 

299-W10-27 C3125 566844 136442 205.6 67.36 78.02 03/23/2001 No 132.9 

299-W10-30 C4989 566083 136739 211.6 73.86 84.53 03/14/2006 Yes 132.4 

299-W10-31 C5194 566266 136968 210.4 73.1913 83.82 04/20/2006 No 131.9 

299-W10-33 C5855 566773 136610 206.0 118.87 124.96 06/15/2007 No 84.1 

299-W11-13 A5465 567099 136424 211.9 66.45 143.86 07/31/1961 Yes 106.7 

299-W11-18 A7284 567182 137161 216.5 69.19 89.916 03/01/1967 No 136.9 

299-W11-33Q B2402 567185 136844 217.2 74.41 91.17 09/09/1994 No 134.4 

299-W11-43 C4694 567270 136971 217.5 129.44 134.01 05/23/2005 Yes 85.8 

299-W11-45 C4948 566993 136776 213.6 85.73 90.18 09/02/2005 No 125.7 

299-W11-47 C4990 566934 136681 210.4 83.58 92.89 01/06/2006 No 122.2 

299-W11-48 C5243 566882 136846 209.7 84.56 112.01 11/29/2006 Yes 111.4 

299-W11-87 C5407 568141 136609 223.6 116.36 120.94 03/01/2007 Yes 105.0 

299-W11-88 C5572 567875 137113 221.9 135.66 147.85 10/03/2007 Yes 80.1 

299-W13-1 C4238 568149 136049 223.5 119.15 129.81 02/10/2004 Yes 99.1 

299-W13-2 C9440 568833 135819 225.5 96.93 121.31 10/13/2015 No 116.38 

299-W14-11 C4668 566902 136288 205.1 79.77 82.81 04/26/2005 No 123.8 

299-W14-14 B8547 566898 136181 205.4 66.13 76.81 11/12/1998 Yes 134.0 

299-W14-17 C3121 567007 136218 205.9 67.64 78.32 10/24/2000 No 132.9 

299-W14-71 C5102 567733 135568 219.4 125.17 129.74 07/27/2006 Yes 92.0 

299-W14-72 C5103 567328 135941 216.3 126.18 130.76 08/15/2006 Yes 87.9 

299-W15-1 A7348 566554 135943 207.0 57.91 82.3 05/02/1947 No 136.9 

299-W15-3 A4928 566729 136371 205.4 60.96 71.93 09/30/1952 No 139.0 
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Table E-1. 200-ZP-1 OU Hydraulic Monitoring Well Network 

Well Name W
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299-W15-7 A5476 566676 135920 204.2 55.47 106.68 03/30/1966 Yes 123.1 

299-W15-11 A5474 566412 136001 208.3 55.78 90.53 03/08/1968 Yes 135.1 

299-W15-17 A4921 566307 135719 209.8 128.77 131.82 10/28/1987 No 79.5 

299-W15-30 B2410 566305 135749 210.2 66.47 78.63 05/05/1995 No 137.7 

299-W15-31A B2471 566377 135856 208.5 64.76 76.93 05/26/1995 No 137.7 

299-W15-37 B2753 566716 135248 203.0 64.74 77.98 05/16/1996 Yes 131.68 

299-W15-42 C3803 566582 135627 207.4 69.50 84.74 02/26/2002 No 130.3 

299-W15-46 C3426 566752 135587 204.2 63.86 88.23 10/03/2003 No 128.2 

299-W15-49 C4301 566307 135973 209.1 71.86 82.52 11/01/2004 Yes 131.9 

299-W15-50 C4302 566793 135791 203.2 74.19 84.85 02/28/2005 No 123.7 

299-W15-152 C4685 566309 135550 209.9 71.94 82.61 09/15/2005 No 132.6 

299-W17-1 C4237 565311 135039 199.2 58.99 69.67 12/17/2003 No 134.9 

299-W18-1 A5481 566422 135465 209.1 59.44 111.89 01/12/1959 No 123.4 

299-W18-15 A4932 566380 134733 202.2 51.82 74.07 04/25/1980 No 139.3 

299-W18-16 C4303 566605 135426 208.5 71.47 82.13 10/20/2004 No 131.8 

299-W18-22 A4934 566089 134990 204.9 126.94 136.39 09/25/1987 No 73.2 

299-W18-40 C3395 566723 134996 203.4 66.53 77.20 09/28/2001 No 131.6 

299-W19-4 A4958 567950 135351 219.0 77.72 135.03 02/15/1960 No 112.3 

299-W19-6 A4959 567133 134694 210.3 115.82 125.27 12/13/1968 No 89.79 

299-W19-18 A7743 567361 135012 214.0 67.06 109.12 12/12/2085 No 125.90 

299-W19-34A A9517 567674 135012 215.1 98.82 103.51 05/18/1994 No 113.9 

299-W19-34B A9513 567663 135011 215.5 125.46 128.41 12/12/1985 No 88.6 

299-W19-35 A9515 567992 135015 213.6 73.13 82.3 04/20/1994 No 135.9 

299-W19-41 B8551 566897 135005 206.5 67.07 77.76 09/23/1998 No 134.1 

299-W19-107 C5193 567998 135206 217.4 94.65 99.22 03/31/2006 Yes 120.5 

299-W21-2 C4639 568124 134574 214.9 79.29 89.96 11/22/2004 No 130.2 

299-W22-47 C4667 566909 134076 206.3 69.70 80.37 01/19/2005 No 131.3 

299-W23-20 C3112 566718 134446 203.8 65.68 76.35 08/21/2000 No 132.8 

299-W26-14 B8828 566683 133539 205.4 68.08 78.75 04/03/2003 No 132.0 

299-W27-2 A5410 566908 133670 207.4 123.79 126.87 12/18/1992 No 82.1 
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Table E-1. 200-ZP-1 OU Hydraulic Monitoring Well Network 

Well Name W
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699-25-70 A5099 568545 131172 193.0 53.34 134.11 08/31/1948 No 99.24 

699-25-80 A8465 565676 131106 189.0 273.41 370.03 11/30/1948 No -132.7 

699-30-66 C4298 569991 132739 210.5 117.35 120.4 10/13/2004 No 91.6 

699-32-62 A5128 571010 133216 216.6 83.82 103.63 04/06/1960 No 122.9 

699-32-62P A9646 571010 133216 216.6 83.82 146.3 04/06/1960 No 101.5 

699-32-70B A5129 568462 133242 204.2 63.09 100.58 08/09/1957 No 122.37 

699-32-72A A5130 567943 133363 204.7 65.42 74.56 07/31/1957 No 134.7 

699-32-72B A9525 567935 133362 205.1 65.41 74.56 05/18/1994 No 135.1 

699-34-88 A5138 563012 133950 194.0 146.0 127.02 12/20/1948 No 136.5 

699-35-59 A8558 571956 134096 222.1 94.48 106.67 10/31/1985 No 121.5 

699-35-66A A5139 569858 134099 222.5 79.25 98.15 06/13/1957 No 133.76 

699-35-78A A5141 566064 134271 202.4 54.86 85.04 08/17/1950 Yes 132.02 

699-36-70B C4299 568428 134626 215.2 80.51 91.17 06/09/2004 No 129.4 

699-38-61 A5464 571219 134997 228.2 101.83 107.92 11/16/1993 No 123.3 

699-38-65 A5148 570090 135040 230.7 152.4 155.45 12/31/1959 No 76.8 

699-38-68A A9516 569180 134932 219.0 81.59 90.74 06/21/1994 No 132.8 

699-38-70B C4236 568469 135331 222.6 123.96 128.53 02/03/2004 No 96.3 

699-38-70C C4256 569084 135326 226.7 120.60 125.18 02/17/2004 No 103.8 

699-39-79 A5151 565891 135412 206.5 54.44 73.152 09/07/1948 Yes 142.7 

699-40-62 A5158 571164 135764 228.9 102.11 114.0 01/17/1949 No 120.8 

699-40-65 C4235 570057 135881 231.0 100.0 111.5 02/03/2004 Yes 125.3 

699-43-69 C5573 568967 136488 227.4 121.98 132.64 12/11/2007 Yes 100.1 

699-43-89 A5181 562917 136620 197.7 43.28 60.35 01/16/1951 No 145.9 

699-44-64 A5188 570391 136897 222.2 96.32 134.72 01/31/1960 No 106.67 

699-45-69A A5196 568729 137183 222.1 83.52 111.56 06/22/1948 No 124.6 

699-45-69C C5574 568947 137234 222.6 111.86 116.43 07/13/2007 Yes 108.4 

699-47-60 A5202 571474 137969 199.6 71.63 84.43 07/20/1948 No 121.6 

699-47-80AP A5203 565562 137693 218.26 198.12 204.83 11/30/1983 No 16.8 

699-47-80AQ A5204 565562 137693 218.26 153.31 156.36 11/30/1983 No 63.4 

699-48-71 A5214 568388 138057 210.9 138 156.36 09/26/1956 Yes 63.7 
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Table E-1. 200-ZP-1 OU Hydraulic Monitoring Well Network 
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699-48-77C A8774 566469 138087 206.6 88.39 94.49 04/01/1994 No 115.42 

699-49-79 A5221 565771 138271 211.1 65.58 80.77 07/03/1948 No 137.9 

699-50-74 C4697 567360 138647 201.4 68.07 78.74 07/12/2005 No 128.0 

699-51-63 A5231 570664 139148 175.3 47.85 55.78 11/06/1956 No 123.49 

699-51-75 A5232 566978 138906 196.6 57.91 68.58 10/31/1957 No 133.4 

699-55-76 A5261 566723 140226 178.7 42.98 67.36 01/18/1959 No 123.5 

ID = identification 
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F1 Sampling Interval Depth Information 1 

for 200-ZP-1 Groundwater Operable Unit Wells 2 

This appendix presents information for the 200-ZP-1 Groundwater Operable Unit (OU) wells. Table F-1 3 

presents and defines the hydrogeologic units to be monitored (i.e., the portion of the aquifer that is located 4 

at the well screen or perforated casing). Table F-2 provides the following sampling interval depth 5 

information for wells within the 200-ZP-1 OU: 6 

 Hydrogeologic unit monitored 7 

 Elevation at top of the screen or perforated interval 8 

 Elevation at the bottom of the screen or perforated interval 9 

 Open interval length (difference between elevations of top and bottom of the screen or 10 

perforated interval) 11 

Table F-1. Hydrogeologic Monitoring Unit Classification Scheme 

Unit Description 

CR 

Confined Ringold: Wells for which the open interval does not extend more than approximately 3 m (10 ft) 

below the top of basalt. Typically open to the Ringold Formation member of Wooded Island – lower mud unit 

and the Ringold Formation member of Wooded Island – unit A. This classification is not used for wells 

completed in the Ringold Formation member of Wooded Island – unit E. 

LU 

Lower unconfined: Open interval begins at greater than 15.2 m (50 ft) below the water table and below the 

middle coarse hydrogeologic unit or within 15.2 m (50 ft) of the top of basalt and does not extend more than 

3 m (10 ft) below the top of basalt. 

MU 
Middle unconfined: Open interval begins at greater than 15.2 m (50 ft) below the water table and does not 

extend below the middle coarse hydrogeologic unit or to within 15.2 m (50 ft) of the top of basalt. 

TU 
Top of unconfined: Screened across the water table or the top of the open interval is within 1.5 m (5 ft) of the 

water table, and the bottom of the open interval is no more than 10.7 m (35 ft) below the water table. 

U 
Undifferentiated unconfined: Open to more than 15.2 m (50 ft) of the unconfined aquifer system, or the 

open/monitoring interval depth is not documented but is known to be within the unconfined aquifer system. 

UU 
Upper unconfined: The top of the open interval is more than 1.5 m (5 ft) below the water table and the 

bottom of the open interval is no more than 15.2 m (50 ft) below the water table. 

  



DOE/RL-2009-115, REV. 3, DRAFT A 
SEPTEMBER 2019 

 

F-2 

Table F-2. Hydrogeologic Monitoring Unit Classification and Well Network Details 
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299-W5-2 C9439 LU 111.7 87.4 12.2 

299-W6-3 A4998 LU 89.5 86.4 3.1 

299-W6-6 A5001 LU 89.9 86.6 3.3 

299-W6-17 C9738 LU 92.2 86.1 6.1 

299-W7-3 A5009 LU 70.3 61.9 8.4 

299-W10-1 A7136 U 149.5 125.2 14.3 

299-W10-14 A4891 LU 84.1 78.0 6.1 

299-W10-27 C3125 TU 138.3 127.6 10.7 

299-W10-30 C4989 TU 137.8 127.1 10.7 

299-W10-31 C5194 TU 137.3 126.6 10.7 

299-W10-33 C5855 LU 87.1 81.0 6.1 

299-W11-13 A5465 U 145.5 68.4 77.1 

299-W11-18 A7284 TU 147.3 126.6 20.7 

299-W11-33Q B2402 TU 142.8 126.1 16.5 

299-W11-43 C4694 LU 88.1 83.5 4.6 

299-W11-45 C4948 UU 127.9 123.4 4.5 

299-W11-47 C4990 U 126.8 117.5 9.3 

299-W11-48 C5243 LU 125.1 97.7 27.4 

299-W11-87 C5407 LU 107.3 102.7 4.6 

299-W11-88 C5572 LU 86.2 74.0 12.2 

299-W13-1 C4238 MU 104.4 93.7 10.7 

299-W13-2 C9440 LU 128.4 104.3 12.2 

299-W14-11 C4668 UU 125.3 122.3 3.0 

299-W14-13 B8549 TU 138.7 128.7 10.0 

299-W14-14 B8547 TU 139.3 128.6 10.7 

299-W14-71 C5102 LU 94.2 89.7 4.5 

299-W14-72 C5103 LU 90.2 85.6 4.6 

299-W15-7 A5476 TU 148.8 97.6 51.2 

299-W15-11 A5474 TU 152.5 117.8 34.7 

299-W15-17 A4921 LU 81.0 78.0 3.0 
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Table F-2. Hydrogeologic Monitoring Unit Classification and Well Network Details 

Well Name Well ID H
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299-W15-33 B2643 UU 142.4 127.9 14.5 

299-W15-37 B2753 UU 140.3 125.1 15.2 

299-W15-42 C3803 UU 137.9 122.7 15.2 

299-W15-46 C3426 UU 140.4 116.0 24.4 

299-W15-49 C4301 UU 137.3 126.6 10.7 

299-W15-50 C4302 MU 129.0 118.4 10.6 

299-W15-83 C4683 TU 137.7 127.0 10.7 

299-W15-94 C4684 TU 137.9 127.2 10.7 

299-W15-152 C4685 TU 137.9 127.3 10.6 

299-W15-763 C3339 TU 138.4 127.7 10.7 

299-W15-765 C3397 TU 138.2 127.6 10.6 

299-W18-1 A5481 U 149.6 79.5 70.1 

299-W18-15 A4932 TU 142.8 118.7 24.1 

299-W18-16 C4303 TU 137.1 126.4 10.7 

299-W18-21 A4933 TU 145.3 136.2 9.1 

299-W18-22 A4934 LU 77.9 68.5 9.4 

299-W18-40 C3395 TU 136.9 126.2 10.7 

299-W19-4 A4958 U 141.3 56.0 85.3 

299-W19-6 A4959 MU 94.5 85.1 9.4 

299-W19-18 A7743 TU 146.9 104.9 42.0 

299-W19-34A A9517 MU 116.5 111.8 4.7 

299-W19-34B A9513 MU 90.0 87.1 2.9 

299-W19-36 B2461 UU 140.8 127.1 13.7 

299-W19-41 B8551 TU 139.5 128.8 10.7 

299-W19-47 C4258 TU 137.1 126.4 10.7 

299-W19-48 C4300 UU 133.0 122.3 10.7 

299-W19-49 C4695 TU 135.1 124.5 10.6 

299-W19-105 C4968 TU 135.2 124.5 10.7 

299-W19-107 C5193 UU 122.8 118.2 4.6 

299-W21-2 C4639 TU 135.6 124.9 10.7 
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Table F-2. Hydrogeologic Monitoring Unit Classification and Well Network Details 

Well Name Well ID H
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299-W22-47 C4667 UU 136.6 125.9 10.7 

299-W22-72 C4970 TU 135.8 125.1 10.7 

299-W22-86 C4971 TU 135.9 125.2 10.7 

299-W22-87 C4977 TU 135.7 125.1 10.6 

299-W22-88 C4978 TU 134.3 123.7 10.6 

299-W23-4 A4987 U 148.1 111.6 36.5 

299-W23-19 B8809 TU 139.5 136.4 3.1 

299-W26-13 B8817 TU 138.2 127.5 10.7 

299-W27-2 A5410 LU 83.6 80.5 3.1 

699-30-66 C4298 LU 93.1 90.1 3.0 

699-32-62 A5128 TU 132.7 64.2 68.5 

699-32-72A A5130 U 76.7 56.8 19.9 

699-33-75 C4974 TU 135.7 125.1 10.6 

699-34-61 A5463 TU 129.4 123.3 6.1 

699-35-66A A5139 TU 143.2 124.3 8.9 

699-35-78A A5141 TU 147.5 117.3 30.2 

699-36-61A A5144 TU 128.4 110.5 17.9 

699-36-66B C6219 TU 131.7 121.0 10.7 

699-36-70A A9901 TU 137.6 128.4 9.2 

699-36-70B C4299 TU 134.7 124.1 10.6 

699-37-66 C5704 TU 131.3 120.6 10.7 

699-38-61 A5464 TU 126.3 120.2 6.1 

699-38-65 A5148 TU 163.7 72.2 91.5 

699-38-68A A9516 TU 137.3 128.2 9.1 

699-38-70B C4236 MU 98.6 94.0 4.6 

699-38-70C C4256 LU 106.1 101.5 4.6 

699-40-62 A5158 TU 126.8 115.0 11.8 

699-40-65 C4235 TU 130.2 119.5 10.7 

699-43-69 C5573 CR 105.4 94.7 10.7 

699-44-64 A5188 TU 125.9 87.5 38.4 
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Table F-2. Hydrogeologic Monitoring Unit Classification and Well Network Details 

Well Name Well ID H
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699-44-70B C9740 CR 102.4 96.3 6.1 

699-45-69A A5196 TU 138.6 110.6 28.0 

699-45-69C C5574 MU 110.7 106.1 4.6 

699-46-61 C9936 LU 121.3 115.1 6.2 

699-47-60 A5202 TU 123.4 115.1 8.3 

699-48-71 A5214 TU 138.0 118.8 19.2 

699-50-74 C4697 TU 133.3 122.7 10.6 

699-51-63 A5231 TU 127.4 119.5 7.9 

CR = confined Ringold 

ID = identification 

LU = lower unconfined 

MU = middle unconfined 

NA = not available 

NAVD88 = North American Vertical Datum 

of 1988 

TU = top of unconfined 

U = undifferentiated unconfined 

UU = upper unconfined 

 1 

F2 References 2 

NAVD88, 1988, North American Vertical Datum of 1988, National Geodetic Survey, Federal Geodetic 3 

Control Committee, Silver Spring, Maryland. Available at: http://www.ngs.noaa.gov/.  4 

http://www.ngs.noaa.gov
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1 Introduction 1 

This sampling and analysis plan (SAP) is for the installation of remediation wells and differs from the 2 

performance monitoring SAP provided in Appendix B of this performance monitoring plan (PMP). 3 

This SAP supports implementation of the 200-ZP-1 Operable Unit (OU) selected remedy, as described 4 

in EPA et al., 2008, Record of Decision Hanford 200 Area 200-ZP-1 Superfund Site, Benton County, 5 

Washington (hereinafter referred to as the 200-ZP-1 OU Record of Decision [ROD]). DOE/RL-2007-28, 6 

Feasibility Study Report for the 200-ZP-1 Groundwater Operable Unit (hereinafter referred to as 7 

the 200-ZP-1 OU feasibility study [FS]), concluded that without remedial action, contaminants in 8 

200-ZP-1 OU groundwater would exceed risk threshold values for future industrial workers and residents 9 

that might use the groundwater as a drinking water supply. The existing contaminant concentrations also 10 

exceed federal and state maximum contaminant levels (MCLs) and state groundwater cleanup standards 11 

for using the groundwater as a drinking water source. 12 

The 200-ZP-1 OU comprises groundwater contaminated by releases from facilities and waste sites 13 

associated with former Hanford Site plutonium concentration and recovery operations at Z Plant and 14 

plutonium separation operations at T Plant. The 200-ZP-1 OU underlies the northern portion of the 15 

200 West Area, located at the western end of the Central Plateau. The 200 West Area is about 8 km 16 

(5 mi) south of the Columbia River and 11 km (7 mi) from the nearest Hanford Site boundary. 17 

The 200-ZP-1 OU includes several groundwater contaminant plumes that span about 13 km2 (5 mi2) 18 

beneath the 200 West Area. Figure G-1 shows the location of the 200-ZP-1 OU at the Hanford Site.  19 

DOE/RL-2008-78, Rev. 0, 200 West Area 200-ZP-1 Pump-and-Treat Remedial Design/Remedial Action 20 

Work Plan (hereinafter referred to as the 200-ZP-1 pump and treat [P&T] remedial design/remedial action 21 

work plan [RD/RAWP]), initially included as many as 16 injection and 20 extraction wells to support the 22 

final remedy. Three previous SAPs were issued for the drilling extraction, injection, and 23 

monitoring wells: 24 

 DOE/RL-2008-57, Sampling and Analysis Plan for the First Set of Remedial Action Wells in the 25 

200-ZP-1 Groundwater Operable Unit 26 

 DOE/RL-2009-95, Sampling Analysis Plan for Eleven ARRA Wells to Support the 200 West 27 

Groundwater Treatment System in Fiscal Year 2010 28 

 DOE/RL-2010-72, Sampling and Analysis Plan for Remediation Wells in the 200-ZP-1 29 

Operable Unit 30 

The injection, extraction, and monitoring wells proposed in this SAP are in addition to those initially 31 

proposed in the 200-ZP-1 P&T RD/RAWP (DOE/RL-2008-78, Rev. 0) and previous SAPs, and the wells 32 

have been included to continue fulfillment of requirements in accordance with the Comprehensive 33 

Environmental Response, Compensation, and Liability Act of 1980 (CERCLA). The proposed injection 34 

and extraction wells are in response to the 2017 P&T optimization effort discussed in the updated 35 

200-ZP-1 P&T RD/RAWP (DOE/RL-2008-78, Rev. 1, Draft A). The rationale and prioritization for the 36 

proposed monitoring wells are discussed further in Section 4.1.2 in the main text of this PMP.  37 



DOE/RL-2009-115, REV. 3, DRAFT A 
SEPTEMBER 2019 

G-2 

 

Figure G-1. Location of Hanford Site and the 200-ZP-1 OU  
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As discussed in Section 5.5 of the 200-ZP-1 P&T RD/RAWP (DOE/RL-2008-78, Rev. 1, Draft A) and in 1 

Section 1.3.1 of the main text of this PMP, a supplemental study will be conducted in accordance with 2 

DOE/RL-2019-23, 200-ZP-1 Operable Unit Ringold Formation Unit A Characterization Sampling and 3 

Analysis Plan (hereinafter referred to as the 200-ZP-1 OU Ringold A SAP). This supplemental study is 4 

focused on further characterization of the Ringold Formation member of Wooded Island – unit A (Rwia), 5 

and the monitoring wells proposed under the 200-ZP-1 OU Ringold A SAP are in addition to the 6 

monitoring wells proposed in this SAP. 7 

As also discussed in Section 5.5 of the 200-ZP-1 P&T RD/RAWP (DOE/RL-2008-78, Rev. 1, Draft A) 8 

and in Section 1.3.1 in the main text of this PMP, an optimization study will be conducted in accordance 9 

with DOE/RL-2019-38, 200-ZP-1 Operable Unit Optimization Study Plan, which is focused on 10 

evaluating the potential for accelerating carbon tetrachloride cleanup by increasing treatment capacity of 11 

the 200 West P&T. Any extraction, injection, and/or monitoring wells proposed to support the 12 

optimization study are not currently identified in this SAP. The proposed optimization study wells may be 13 

installed under a separate SAP or may be incorporated into this SAP by adhering to the document change 14 

control process described in Section G2.1.4. 15 

Under this SAP, a total of 20 injection wells and extraction wells are proposed for installation 16 

through fiscal year (FY) 2025. The schedule for installing these extraction and injection wells will be 17 

determined based on budgetary constraints and priorities presented in the 200-ZP-1 P&T RD/RAWP 18 

(DOE/RL-2008-78, Rev. 1, Draft A). Additionally, a total of 17 monitoring wells are proposed for 19 

installation over the same period at an estimated installation rate of 3 or 4 monitoring wells per year. 20 

The schedule for installing the monitoring wells will also be determined based on budgetary constraints 21 

and priorities presented in the Section 4.1.2 in the main text of this PMP. 22 

Table G-1 lists the proposed injection, extraction, and monitoring wells planned for installation, as well as 23 

the known key hydrogeologic units and anticipated depths for each well. Figure G-2 shows the identified 24 

approximate locations of the proposed injection and extraction wells, and Figure G-3 shows the identified 25 

approximate locations of the proposed monitoring wells.  26 
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699-47-78D C9881 YJ-36 237 71 85 130 NP 460 

699-50-71 D0000 YJ-37 127 NP NP NP NP 108 

699-49-69B D0001 YJ-38 231 NP NP 251 NP 284 

TBD TBD YJ-39 TBD TBD TBD TBD TBD TBD 

TBD TBD YJ-40 TBD TBD TBD TBD TBD TBD 

TBD TBD YJ-41 TBD TBD TBD TBD TBD TBD 
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Table G-1. Proposed Injection, Extraction, and Monitoring Wells with Estimated Geologic Contacts 
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TBD TBD YJ-42 TBD TBD TBD TBD TBD TBD 

TBD TBD YJ-43 TBD TBD TBD TBD TBD TBD 

TBD TBD YJ-44 TBD TBD TBD TBD TBD TBD 

TBD TBD YJ-45 TBD TBD TBD TBD TBD TBD 

TBD TBD YJ-46 TBD TBD TBD TBD TBD TBD 

TBD TBD YJ-47 TBD TBD TBD TBD TBD TBD 

TBD TBD YJ-48 TBD TBD TBD TBD TBD TBD 

TBD TBD YJ-49 TBD TBD TBD TBD TBD TBD 

TBD TBD YJ-50 TBD TBD TBD TBD TBD TBD 

TBD TBD YJ-51 TBD TBD TBD TBD TBD TBD 

TBD TBD YJ-52 TBD TBD TBD TBD TBD TBD 

TBD TBD YJ-53 TBD TBD TBD TBD TBD TBD 

TBD TBD YJ-54 TBD TBD TBD TBD TBD TBD 

TBD TBD YJ-55 TBD TBD TBD TBD TBD TBD 

299-W11-103 D0095 YE-34 237 122.7 147.1 173.9 NP 512.2 

TBD TBD YE-35 TBD TBD TBD TBD TBD TBD 

TBD TBD YE-36 TBD TBD TBD TBD TBD TBD 

TBD TBD YE-37 TBD TBD TBD TBD TBD TBD 

TBD TBD YE-38 TBD TBD TBD TBD TBD TBD 

TBD TBD YE-39 TBD TBD TBD TBD TBD TBD 

TBD TBD YE-40 TBD TBD TBD TBD TBD TBD 

TBD TBD YE-41 TBD TBD TBD TBD TBD TBD 

TBD TBD YE-42 TBD TBD TBD TBD TBD TBD 

TBD TBD YE-43 TBD TBD TBD TBD TBD TBD 

TBD TBD YE-44 TBD TBD TBD TBD TBD TBD 

TBD TBD YE-45 TBD TBD TBD TBD TBD TBD 
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Table G-1. Proposed Injection, Extraction, and Monitoring Wells with Estimated Geologic Contacts 
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299-W11-98 C9739 MW-3A 298 115 149 159 NP 516 

299-W11-99 C9992 MW-3B 298 115 149 159 NP 516 

299-W11-100 C9993 MW-3C 298 115 149 159 NP 516 

299-W10-37 C9994 MW-4A 239 70 85 107 394 471 

299-W10-38 C9995 MW-4B 239 70 85 107 394 471 

299-W14-24 C9996 MW-5A 243 110 123 128 419 523 

299-W14-25 C9997 MW-5B 243 110 123 128 419 523 

699-46-61B C9991 MW-6B 293 80 NP NP NP 331 

699-44-70C C9990 MW-8B 317 75 115 184 370 511 

299-W13-3 C9998 MW-9A 320 140 190 204 398 529 

699-45-65 C9999 MW-10A 321 85 150 243 316 430 

TBD TBD MW-11 TBD TBD TBD TBD TBD TBD 

TBD TBD MW-12 TBD TBD TBD TBD TBD TBD 

TBD TBD MW-13 TBD TBD TBD TBD TBD TBD 

TBD TBD MW-14 TBD TBD TBD TBD TBD TBD 

TBD TBD MW-15 TBD TBD TBD TBD TBD TBD 

TBD TBD MW-16 TBD TBD TBD TBD TBD TBD 

Notes: PNNL-13858, Revised Hydrogeology for the Suprabasalt Aquifer System, 200-West Area and Vicinity, Hanford Site, 

Washington, was used to estimate Rwie outside of the 200 West Area (Plate 7), Rlm (Plate 5), and top of basalt (Plate 2). 

Water levels are estimated from DOE/RL-2008-66, Hanford Site Groundwater Monitoring for Fiscal Year 2008 (using 

2008 data); and DOE/RL-2016-09, Hanford Site Groundwater Report for 2015 (using 2015 data). 

WHC-SD-EN-TI-014, Hydrogeologic Model of the 200 West Groundwater Aggregate Area, was used to estimate the top 

of the CCU (Figure 2-12), top of Rtf (Figure 2-10), and Rwie (Figure 2-8) in the 200 West Area. 

Borehole logs for nearby wells 299-W13-2 (C9440), 299-W10-21 (A5440), 299-W17-2 (C7576), and 699-45-67 (C7578) 

were also used to estimate the top of the CCU and top of the Rtf in and east of the 200 West Area. 

bgs = below ground surface 

CCU = Cold Creek unit 

ID = identification 

NP = not present 

Rlm = Ringold Formation member of Wooded Island – lower mud unit 

Rtf = Ringold Formation member of Taylor Flat 

Rwie = Ringold Formation member of Wooded Island – unit E 

TBD = to be determined 

 1 
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Figure G-2. Approximate Location of Proposed Injection and Extraction Wells 
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Figure G-3. Approximate Location of Proposed Monitoring Wells 
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Currently, locations for only 3 of the proposed 20 injection wells have been identified. Table G-1 1 

provides additional details for the three injection wells (YJ-36 through YJ-38) with identified locations. 2 

One of the 12 extraction well locations has been identified, and additional details for this well are 3 

provided in Table G-1. Lastly, 11 of the proposed 17 monitoring well locations have been identified and 4 

are detailed further in Table G-1. Therefore, Figures G-2 and G-3 present only the approximate well 5 

locations for 3 injection wells, 1 extraction well, and 11 monitoring wells. 6 

The remaining six monitoring well locations (MW-11 through MW-16) will be identified through 7 

a continuation of the data gap analysis process, where the initial analysis was documented in 8 

SGW-61350, Data Gaps Evaluation in Groundwater Monitoring at the Hanford 200-ZP-1 Groundwater 9 

Operable Unit, and summarized in Section 4.1.2 in the main text of this PMP. The remaining 17 injection 10 

well locations (YJ-39 through YJ-55) and 11 extraction well locations (YE-35 through YE-45) will be 11 

identified during a P&T optimization process, which evaluates various modeling scenarios that are 12 

documented separately in an environmental calculation file and in the annual P&T remedy progress 13 

assessment reports. The resulting recommendations for additional extraction and injection well locations 14 

will be provided in an annual consolidated well network assessment. Following the additional analysis 15 

and recommendations, the newly identified injection, extraction, and/or monitoring well locations 16 

will be incorporated into this SAP by adhering to the document change control process described in 17 

Section G2.1.4. 18 

1.1 Project Scope and Objectives 19 

The 200-ZP-1 OU ROD (EPA et al., 2008) presents the remedial action for restoring the aquifer and the 20 

cleanup levels to be achieved. The preferred alternative for the 200-ZP-1 OU consists of P&T, monitored 21 

natural attenuation (MNA), flow-path control, and institutional controls (ICs). The 200-ZP-1 P&T 22 

RD/RAWP (DOE/RL-2008-78, Rev. 1, Draft A) describes how the design and implementation of the 23 

remedial action process required by the ROD will be executed. This SAP addresses the drilling of 24 

remediation wells to support the final remedy. Remediation wells consist of P&T extraction and injection 25 

wells (to support the P&T and flow-path control remedial components) and monitoring wells (to support 26 

the performance evaluation of the selected remedy [not including ICs]).  27 

The components of the remedial action are as follows: 28 

 Groundwater P&T component: Groundwater P&T technology will be used to capture and treat 29 

contaminated groundwater, with a design objective of reducing the carbon tetrachloride mass 30 

(which is the predominant contaminant in the groundwater) by 95% within a timeframe of 25 years or 31 

less. Following extraction, the groundwater contaminants of concern (COCs) will be treated to ensure 32 

that contaminant levels in the injected water are below drinking water standards. Except for nitrate, 33 

the 200-ZP-1 groundwater COCs reside within the boundaries of the carbon tetrachloride plume and 34 

will be addressed concurrently with the 200-ZP-1 OU P&T component. Monitoring will be used to 35 

optimize performance of the P&T component. 36 

 Flow-path control component: The extraction of contaminated water and injection of treated water 37 

will be coordinated to produce groundwater flow paths that (1) contain the contamination within the 38 

Central Plateau geographic area, (2) provide sufficient time to remove the contaminants from the 39 

groundwater, and (3) delay the migration of groundwater in order to maximize natural attenuation 40 

processes. The fate and transport analyses conducted for the 200-ZP-1 OU FS (DOE/RL-2007-28) 41 

indicate that residual contaminant mass will remain within the Central Plateau geographic area until it 42 

attenuates through MNA to the desired cleanup levels. 43 
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 MNA component: For the carbon tetrachloride not captured by the P&T component (i.e., the 1 

remaining 5% of the mass), natural attenuation processes will be used to reduce concentrations below 2 

the cleanup level. The MNA process will also be used to reduce tritium concentrations in the aquifer 3 

to below the cleanup level (there currently is no available active treatment technology for tritium). 4 

Natural attenuation processes that are part of this component include abiotic degradation, dispersion, 5 

sorption, and, for tritium, radioactive decay. Monitoring will be used to evaluate the effectiveness of 6 

natural attenuation processes. Fate and transport analyses conducted as part of the FS indicated that 7 

the timeframe necessary to reduce the remaining carbon tetrachloride concentrations to acceptable 8 

levels through MNA will be approximately 100 years. 9 

 IC component: ICs are required as long as contamination remains above the cleanup levels. The ICs 10 

will, therefore, be in place to control access to the groundwater while cleanup is underway. Once the 11 

cleanup levels are met and the groundwater has been restored to achieve beneficial use, ICs will 12 

no longer be necessary. 13 

Figure G-2 shows the concentration distribution of the carbon tetrachloride plume in 2017. Figure G-3 14 

shows the extent of the carbon tetrachloride plume above cleanup levels in 2017. 15 

1.2 200-ZP-1 Operable Unit Background 16 

The 200 Areas are located on a broad, relatively flat plain that constitutes a local topographic high, 17 

commonly referred to as the Central Plateau. The 200-ZP-1 OU underlies the northern portion of the 18 

200 West Area, which is located at the western end of the Central Plateau. 19 

The following sections summarize the hydrogeology, groundwater flow, contaminant plumes, and sources 20 

of contamination for the 200-ZP-1 OU. An overview of the data quality objective (DQO) process 21 

directing the sampling objectives is also provided, and the contaminants are identified. 22 

1.2.1 Site Geology/Hydrology 23 

The Hanford Site lies in a sediment-filled basin on the Columbia Plateau in southeastern Washington 24 

State (Figure G-1). The Central Plateau, which includes the 200 Areas, is a relatively flat, prominent 25 

terrace near the center of the Hanford Site. The geology underlying the 200 West Area comprises 26 

(in descending order) the Hanford formation, the Cold Creek unit, the Ringold Formation, and the 27 

Columbia River Basalt Group. The suprabasalt sediments are about 169 m (555 ft) thick and primarily 28 

consist of the Ringold Formation and Hanford formation, which are composed of sand and gravel, with 29 

some silt layers. 30 

The uppermost aquifer in the 200-ZP-1 OU is unconfined and occurs in the Ringold Formation. In the 31 

200 West Area, the Ringold Formation is primarily comprised of the Rwia at the bottom; the Ringold 32 

Formation member of Wooded Island – lower mud unit (Rlm), which is an aquitard that is present in part 33 

of the aquifer; and the Ringold Formation member of Wooded Island – unit E above this aquitard. 34 

Groundwater in the unconfined aquifer flows from areas where the water table is higher (west of the 35 

Hanford Site) to areas where the water table is lower (the Columbia River). The depth of the water table 36 

in the 200 West Area varies from about 50 m (164 ft) in the southwest corner (near the former 37 

216-U-10 Pond) to >100 m (328 ft) to the north. 38 
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1.2.2 Groundwater Flow 1 

Groundwater flows predominantly east beneath the Central Plateau from the 200 West Area to the 2 

200 East Area, with velocities typically ranging from 0.0001 to 0.5 m/d (0.00033 to 1.64 ft/d). Historical 3 

effluent discharges in the 200 West Area altered the groundwater flow regime, especially around the 4 

216-U-10 Pond. Seepage from the pond increased the water table elevation, which in turn temporarily 5 

deflected groundwater flow to the north. As the discharges ceased, the water table declined and the 6 

eastwardly groundwater flow pattern was restored. 7 

1.2.3 Sources of Groundwater Contamination 8 

Groundwater COCs identified in the 200-ZP-1 OU ROD (EPA et al., 2008) include carbon tetrachloride, 9 

total chromium, hexavalent chromium (Cr(VI)), iodine-129, nitrate, technetium-99, trichloroethene 10 

(TCE), and tritium. Carbon tetrachloride is the main COC in groundwater, forming a plume about 13 km2 11 

(5 mi2) in area extending north, south, and east from the source areas. The primary carbon tetrachloride 12 

and TCE sources were associated with discharges of liquid waste from plutonium separation processes at 13 

the Plutonium Finishing Plant to the 216-Z-1A, 216-Z-9, and 216-Z-18 Cribs and Trenches. 14 

Sources of chromium, iodine-129, nitrate, TCE, technetium-99, and tritium contamination in the 15 

200-ZP-1 OU include releases from past leaks in single-shell tanks and pipelines in Waste Management 16 

Area (WMA) T and WMA TX-TY, and liquid waste disposal from plutonium-processing operations to 17 

cribs and trenches adjacent to the WMAs. Except for nitrate, the remaining contaminant plumes within 18 

the 200-ZP-1 OU are located within the boundaries of the carbon tetrachloride plume. 19 

1.2.4 Contaminant Plumes 20 

In accordance with the 200-ZP-1 OU ROD (EPA et al., 2008), contaminant distributions within the 21 

200-ZP-1 OU are represented by three categories: 22 

 A high-concentration zone of carbon tetrachloride near the ponds, cribs, and trenches used to dispose 23 

liquid waste. Data do not indicate a continuing source. 24 

 A larger, dispersed or low-concentration zone of carbon tetrachloride that has migrated from 25 

discharge locations or that overlies the high-concentration zone. This less contaminated groundwater 26 

can occur above the high-concentration zone where large quantities of lower concentration effluent 27 

were discharged during or after the high-concentration waste discharges. 28 

 An area of technetium-99 contamination near WMA T and WMA TX-TY. 29 

Data are obtained from a network of monitoring wells to evaluate (in the context of geographic location 30 

relative to the plumes in the 200-ZP-1 OU) the locations for new proposed P&T wells. 31 

1.3 Data Quality Objectives 32 

The DQO process is a strategic planning approach to define the criteria that a data collection design 33 

should satisfy. This process is used to ensure that the type, quantity, and quality of environmental data 34 

used in decision making will be appropriate for the intended application. The DQO process used to 35 

support the sample design presented in this SAP was conducted for the previous remediation well 36 

installation SAP (DOE/RL-2010-72). The previously developed DQOs were determined to still be valid 37 

and applicable for extraction and injection wells, so the DQO process was not updated for these wells in 38 

this SAP. Because the previously developed DQOs did not include language specific to monitoring wells, 39 

additional DQOs were developed with this SAP for the installation of monitoring wells. In addition to 40 

these new monitoring well DQOs, other minor changes to DQO language presented below were made 41 

(as compared to the previous version of the SAP [DOE/RL-2010-72]). These minor changes are only 42 
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editorial in nature and do not change the fundamental intent and principles of the previously developed 1 

language. Additionally, the updated DQO process presented in Appendix A of this PMP applies only to 2 

the performance monitoring SAP in Appendix B, not to this remediation well installation SAP. 3 

This SAP supports implementation of the 200-ZP-1 OU preferred cleanup alternative, as provided in the 4 

200-ZP-1 OU ROD (EPA et al., 2008). The DQO process for DOE/RL-2010-72 and this SAP was 5 

supported by a well-defined conceptual site model and groundwater modeling efforts conducted as part 6 

of the FS process leading to issuance of the ROD. Samples collected as part of this SAP will be used to 7 

support decisions related to well construction and to validate groundwater modeling parameters. Sample 8 

analysis is limited to the COCs in the 200-ZP-1 OU (as provided in the ROD), as well as chloroform, 9 

uranium, and other indicator constituents of interest, to assist in implementing the preferred cleanup 10 

alternative. This section presents the results of the key outputs of the DQO process. 11 

1.3.1 Statement of the Problem 12 

Carbon tetrachloride, TCE, total chromium and Cr(VI), nitrate, technetium-99, iodine-129, and tritium are 13 

present in groundwater within the 200-ZP-1 OU at concentrations exceeding MCLs. The eight COCs in 14 

the groundwater exceed MCLs based on 5 years (2001 through 2005) of groundwater data obtained from 15 

107 wells within the 200-ZP-1 OU. The current contaminant distribution is the result of historical 16 

industrial practices on the Central Plateau, as presented in the 200-ZP-1 OU ROD (EPA et al., 2008). 17 

Data collected to support this DQO process will supplement groundwater modeling to better define 18 

contaminant distribution at depth, which will assist in validating the current conceptual site model and 19 

selecting appropriate screen intervals. 20 

1.3.2 Decision Statements and Decision Rules 21 

The DQO process identifies the key decisions and goals that must be addressed to achieve the final 22 

solution to the problem. As stated in the 200-ZP-1 OU ROD (EPA et al., 2008), the selected remedy 23 

combines P&T, MNA, flow-path control, and ICs. This SAP addresses well installation and data 24 

collection at depth to remediate the problem. The key questions that the data collection must address and 25 

the alternative actions that may result from the data analysis are presented in the following decision 26 

statements (DSs). 27 

The DSs consolidate potential questions and alternative actions. Decision rules (DRs) are generated from 28 

the DSs. A DR is an “if…then…else” statement incorporating the parameter of interest, unit of decision 29 

making, action level, and actions resulting from resolution of the decision. Tables G-2 and G-3 present 30 

the DSs and DRs, respectively, as identified during the DQO process. 31 

Table G-2. Decision Statements 

DS # DSs 

Extraction Wells 

1 

Determine whether, during the drilling of the proposed extraction well, there are one or more intervals 

within the targeted aquifer that exceed 100 µg/L carbon tetrachloride, requiring the well to be completed 

as an extraction well screened in the targeted aquifer at the interval showing the highest concentration of 

carbon tetrachloride; otherwise, complete the well as a monitoring well screened at the interval showing 

the highest carbon tetrachloride concentration. 

2 
Determine whether new data collected during the drilling of the proposed extraction well require 

updating the groundwater model and contaminant transport model; otherwise, no action is required. 
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Table G-2. Decision Statements 

DS # DSs 

3 
Determine the appropriate screen location, slot size, and filter pack for the proposed extraction well 

using sieve analysis, and complete the well using this data to optimize performance. 

Injection Wells 

4 

Determine whether, during the drilling of the proposed injection well, there are one or more intervals 

within the targeted aquifer that exceed 100 µg/L carbon tetrachloride, requiring the well to be 

completed as an extraction well screened in the targeted aquifer at the interval showing the highest 

concentration of carbon tetrachloride; otherwise, complete the well as an injection well screened in the 

targeted aquifer. 

5 
Determine whether new data collected during the drilling of the proposed injection well require 

updating the groundwater model and contaminant transport model; otherwise, no action is required. 

6 
Determine the appropriate screen location, slot size, and filter pack for the proposed injection well 

using sieve analysis, and complete the well using this data to optimize performance. 

Monitoring Wells 

7 

Determine whether, during the drilling of the proposed monitoring well, there are one or more intervals 

within the targeted aquifer that exceed 3.4 µg/L carbon tetrachloride, requiring the well to be completed 

as a monitoring well screened in the targeted aquifer at the interval showing the highest concentration 

of carbon tetrachloride; otherwise, complete the well as a monitoring well screened at the planned 

depth. 

8 
Determine whether new data collected during the drilling of the proposed monitoring well require 

updating the groundwater model and contaminant transport model; otherwise, no action is required. 

9 

Determine the appropriate screen location (i.e., depth of greatest contamination), slot size and filter 

pack for the proposed monitoring well using sieve analysis, and complete the wells using this data to 

optimize performance monitoring. 

DS = decision statement 

 

Table G-3. Decision Rules 

DS # DR # DRs 

Extraction Wells 

1 1 

If the maximum concentration of carbon tetrachloride collected throughout the targeted aquifer 

(during the drilling of proposed extraction wells) shows one or more intervals within the 

targeted aquifer that exceed 100 µg/L carbon tetrachloride, complete as an extraction well 

screened in the targeted aquifer at the interval showing the highest concentration of carbon 

tetrachloride; otherwise, complete as a monitoring well screened at the interval showing the 

highest carbon tetrachloride concentration.  

2 2 

If the new data collected throughout the aquifer (during the drilling of proposed extraction 

wells) show contaminant concentrations significantly different from that calculated by the 

groundwater model and contaminant transport model, update the models as needed; otherwise, 

no action is required. 
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Table G-3. Decision Rules 

DS # DR # DRs 

3 3 
Use sieve analysis data collected during well drilling to determine the appropriate screen 

location, slot size, and filter pack for the proposed extraction well to optimize performance. 

Injection Wells 

4 4 

If the maximum concentration of carbon tetrachloride collected throughout the targeted aquifer 

(during the drilling of proposed injection wells) does not show one or more intervals within the 

targeted aquifer that exceed 100 µg/L carbon tetrachloride, complete as an injection well 

screened in the targeted aquifer; otherwise, complete as an extraction well screened in the 

targeted aquifer at the interval showing the highest concentration of carbon tetrachloride.  

5 5 

If the new data collected throughout the aquifer (during the drilling of proposed injection 

wells) show contaminant concentrations significantly different from that calculated by the 

groundwater model and contaminant transport model, update the models as needed; otherwise, 

no action is required. 

6 6 
Use sieve analysis data collected during well drilling to determine the appropriate screen 

location, slot size, and filter pack for the proposed injection wells to optimize performance. 

Monitoring Wells 

7 7 

If the maximum concentration of carbon tetrachloride collected throughout the targeted aquifer 

(during the drilling of proposed monitoring wells) does not show one or more intervals within 

the targeted aquifer that exceed 3.4 µg/L carbon tetrachloride, complete as a monitoring well 

screened at the planned depth; otherwise, complete as a monitoring well screened in the 

targeted aquifer at the interval showing the highest concentration of carbon tetrachloride.  

8 8 

If the new data collected throughout the aquifer (during the drilling of proposed monitoring 

wells) show contaminant concentrations significantly different from that calculated by the 

groundwater model and contaminant transport model, update the models as needed; otherwise, 

no action is required. 

9 9 

Use sieve analysis data collected during well drilling to determine the appropriate screen 

location, slot size, and filter pack for the proposed monitoring wells to optimize performance 

monitoring. 

DR = decision rule 

DS = decision statement 

 1 

A numerical groundwater model has been developed to support the pre-conceptual design for the 2 

200-ZP-1 OU preferred alternative. This model provides the number, locations, and anticipated rates of 3 

extraction and injection wells, as well as the influent concentrations at individual extraction wells for the 4 

entire P&T system for carbon tetrachloride and technetium-99. 5 

1.3.3 Sampling Designs 6 

The supplemental data gathered from the installation of 13 extraction wells, 21 injection wells, and 7 

20 monitoring wells in the 200-ZP-1 OU will allow the required analytical data to be collected in order to 8 

address the DSs identified in Table G-2. 9 
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Figure G-2 shows the extraction and injection well locations, and Figure G-3 shows the monitoring well 1 

locations. Section G3 summarizes the data required to resolve each DS, the estimated number of 2 

depth-discrete samples to be collected from each well, and the analyses to be performed on individual 3 

water samples. Table G-4 lists the constituents of interest in groundwater and sediments during drilling 4 

and in groundwater post-development. These include the 200-ZP-1 OU COCs and additional constituents 5 

to support other evaluations. Table G-5 presents the selected analytical methods to meet the required 6 

detection limits and the analytical performance requirements for water samples. The required detection 7 

limits will meet the DQO requirements. 8 

Table G-6 presents the selected analytical methods for analyzing water and sediment samples for 9 

biofouling constituents listed in Table G-4. These analyses are conducted at Pacific Northwest National 10 

Laboratory, and the analytical performance requirements for these methods are identified and defined in 11 

the method procedures or in the laboratory’s internal QA requirements (not specified in this SAP). 12 

Table G-4. Constituents of Interest in Groundwater and Sediments 
During Drilling and in Groundwater Post-Development 

Constituent of Interest CAS Number 

Standard Nonradiological Constituents in Groundwater 

Carbon tetrachloride a 56-23-5 

Chloroform 67-66-3 

Chromium, total a, b 7440-47-3 

Chromium, hexavalent a 18540-29-9 

Iron 7439-89-6 

Manganese 7439-96-5 

Nitrate a 14797-55-8 

Orthophosphate 14265-44-2 

Total dissolved solids TDS 

Trichloroethene a 79-01-6 

Standard Radiological Constituents in Groundwater 

Iodine-129 a 15046-84-1 

Technetium-99 a 14133-76-7 

Tritium a 10028-17-8 

Uranium, total c 7440-61-1 

Biofouling Constituents in Groundwater and Sediment 

Total heterotrophic bacteria plate count N/A 

Biological activity reaction tests BART 

Total Kjeldahl nitrogen N-KJELDAHL 
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Table G-4. Constituents of Interest in Groundwater and Sediments 
During Drilling and in Groundwater Post-Development 

Constituent of Interest CAS Number 

Orthophosphate 14265-44-2 

Iron, total 7439-89-6 

Manganese 7439-96-5 

Total organic carbon TOC 

Constituents of Interest in Groundwater Post-Development 

Alkalinity ALKALINITY 

Carbonate content (bicarbonate and carbonate) 71-52-3 and 471-34-1 

Carbon tetrachloride a 56-23-5 

Chloride 16887-00-6 

Chloroform 67-66-3 

Chloromethane 74-87-3 

Chromium, total a 7440-47-3 

Chromium, hexavalent a 18540-29-9 

cis-1,2-Dichloromethene 156-59-2 

Cyanide 57-12-5 

Dichloromethane 75-09-2 

Iodine-129 a 15046-84-1 

Iron b 7439-89-6 

Manganese b 7439-96-5 

Nickel b 7440-02-0 

Nitrate a 14797-55-8 

Nitrite 14797-65-0 

Sulfate 14808-79-8 

Sulfide 18496-25-8 

Technetium-99 a 14133-76-7 

Total dissolved solids TDS 

Total organic carbon TOC 

Trichloroethene a 79-01-6 

Tritium a 10028-17-8 
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Table G-4. Constituents of Interest in Groundwater and Sediments 
During Drilling and in Groundwater Post-Development 

Constituent of Interest CAS Number 

Uranium, total c, b 7440-61-1 

Vinyl chloride 75-01-4 

Field Screening Parameters d 

Dissolved oxygen  N/A 

Oxidation-reduction potential  N/A 

pH  N/A 

Specific conductance  N/A 

Temperature  N/A 

Turbidity  N/A 

a. The COCs are specified in EPA et al., 2008, Record of Decision Hanford 200 Area 200-ZP-1 

Superfund Site, Benton County, Washington. 

b. Both filtered and unfiltered samples will be collected for all metal constituents, except hexavalent 

chromium. 

c. Uranium (total) will also be analyzed as a target constituent. While not a COC specified in the 

200-ZP-1 OU Record of Decision (EPA et al., 2008), it is a COC for the 200-UP-1 OU to the south. 

d. Field screening parameters to be collected in accordance with DOE/RL-96-68, Hanford Analytical 

Services Quality Assurance Requirements Document, Vol. 3, Field Analytical Technical 

Requirements. 

BART = biological activity reaction tests 

CAS = Chemical Abstracts Service 

COC = contaminant of concern 

N/A = not applicable 

OU = operable unit  

TDS = total dissolved solids 

TOC = total organic carbon 

 1 

Table G-5. Water Sample Analytical Performance Requirements 

DS # 

Constituents 

of Interest Survey/Analytical Method a PQL 

Requirement b,c 

Precision Accuracy 

1, 2, 4, 

5, 7, 

and 8 

Groundwater 

constituents 

listed in 

Table G-4 

SW-846, Method 8260, Carbon tetrachloride 3 µg/L ≤20% 70130% 

SW-846, Method 8260, Trichloroethene 2.1 µg/L ≤20% 70130% 

SW-846, Method 8260, Chloroform 5 µg/L ≤20% 70130% 

  SW-846, Method 8260, Chloromethane 10 µg/L ≤20% 70130% 

  SW-846, Method 8260, Dichloromethane 5.25 µg/L ≤20% 70130% 

  SW-846, Method 8260, cis-1,2-Dichloroethene 5 µg/L ≤20% 70130% 

  SW-846, Method 8260, Vinyl chloride 2.1 µg/L ≤20% 70130% 
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Table G-5. Water Sample Analytical Performance Requirements 

DS # 

Constituents 

of Interest Survey/Analytical Method a PQL 

Requirement b,c 

Precision Accuracy 

  SW-846 Method 6020, Chromium 10.5 µg/L ≤20% 80120% 

  Method 7196, Chromium (hexavalent) 10.5 µg/L ≤20% 80120% 

  Method 6010, Iron 105 µg/L ≤20% 80120% 

  Method 6020, Manganese 5.25 µg/L ≤20% 80120% 

  Method 6020, Nickel 21 µg/L ≤20% 80120% 

  SW-846, Method 9056 or 300.0, Nitrate-N 250 µg/L ≤20% 80120% 

  SW-846, Method 9056 or 300.0, Nitrite-N 250 µg/L ≤20% 80120% 

  SW-846, Method 9056 or 300.0, Chloride 400 µg/L ≤20% 80120% 

  SW-846, Method 9056 or 300.0, Sulfate 1,050 µg/L ≤20% 80120% 

  SW-846, Method 4500D/9034 or 376.1, Sulfide 2,100 mg/L ≤20% 80120% 

  SW-846, Method 9012/9014, Cyanide 2.0 µg/L ≤20% 80120% 

  SW-846, Method 2320 or 310.1, Alkalinity 5,250 µg/L ≤20% 80120% 

  
SW-846, Method 2540 or 160.1, Total 

dissolved solids 
21,000 µg/L ≤20% 80120% 

  
SW-846, Method 9060 or 415.1, Total 

organic carbon 
1,050 µg/L ≤20% 80120% 

  SW-846, Method 6020, Uranium (total) 1.05 µg/L ≤20% 80120% 

  Low-energy photon spectroscopy, iodine-129 e 1 pCi/L ≤20% 70130% 

  Liquid scintillation, tritium 700 pCi/L ≤20% 70130% 

  Liquid scintillation, technetium-99 50 pCi/L ≤20% 70130% 

a. Equivalent methods may be substituted in future sampling and analysis instructions or other documents. For 

EPA Method 300.0, see EPA/600/R-93/100, Methods for the Determination of Inorganic Substances in Environmental 

Samples. For EPA Methods 160.1, 310.1, 376.1 and 415.1, see EPA/600/4-79/020, Methods for Chemical Analysis of Water 

and Wastes. For four-digit EPA methods, see SW-846, Test Methods for Evaluating Solid Waste: Physical/Chemical Methods, 

Third Edition; Final Update VI. For Standard Methods, see APHA/AWWA/WEF, 2017, Standard Methods for the 

Examination of Water and Wastewater.  

b. Precision and accuracy requirements are identified and defined in referenced EPA procedures. 

c. Accuracy criteria are the minimum for associated batch laboratory control sample percent recoveries. Laboratories must meet 

statistically based control if more stringent. Additional analyte-specific evaluations also performed for matrix spikes and 

surrogates as appropriate to the method. Precision criteria for batch laboratory replicate matrix spike analyses. 

COC = contaminant of concern 

DS = decision statement 

EPA = U.S. Environmental Protection Agency  

PQL = practical quantitation limit 

 1 
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Table G-6. Biofouling Constituent Analytical Methods for Groundwater and Sediment Samples 

Constituent of Interest Analytical Method 

Total heterotrophic bacteria plate count APHA Method 9215A a 

Biological activity reaction tests Hach BART Test Combo Package b 

Total Kjeldahl nitrogen Hach s-TKN Method 10242 c 

Orthophosphate Hach USEPA PhosVer3 Method 8048 d 

Iron, total Hach USEPA FerroVer Method 8008 e 

Manganese Hach Method 8149 f 

Total organic carbon APHA Method 5310B a 

Note: Equivalent methods may be substituted in future sampling and analysis instructions or other documents.  

a. For APHA methods, see APHA/AWWA/WEF, 2017, Standard Methods For the Examination of Water and Wastewater. 

b. For Hach BART Test Combo Package methods, see Cullimore, 2018, Microbiology of Well Biofouling; Cullimore, 2007, 

Practical Manual of Groundwater Microbiology; and Cullimore, 1990, “An Evaluation of the Risk of Microbial Clogging and 

Corrosion in Boreholes.” 

c. For Hach s-TKN Method 10242, see Sweeney and Kabouris, 2010, “Modeling, Instrumentation, Automation, and 

Optimization of Wastewater Treatment Facilities.” 

d. For Hach USEPA PhosVer3 Method 8048 (equivalent to EPA Method 365.2 and Standard Method 4500-PE), see 

EPA/600/4-79/020, Methods of Chemical Analysis of Water and Wastes; APHA/AWWA/WEF, 2017; and 

Weinrich et al., 2016, “Contribution of assimilable organic carbon to biological fouling in seawater reverse osmosis 

membrane treatment.” 

e. For Hach USEPA FerroVer Method 8008 (adapted from APHA/AWWA/WEF, 2017), see Al Nozaily and Al Sabahi, 2012, 

“Ecological Study on Ground Water Pollution Around IBB Landfill Using Physicochemical Analysis.” 

f. For Hach Method 8149, see Pacini et al., 2005, “Removal of Iron and Manganese using Biological Roughing Up Flow 

Filtration Technology.” 

APHA = American Public Health Association 

BART = biological activity reaction tests 

EPA = U.S. Environmental Protection Agency 

TKN = total Kjeldahl nitrogen 

 1 

1.4 Contaminants of Concern 2 

Section G1.2.3 lists the COCs for the 200-ZP-1 OU, as identified the 200-ZP-1 OU ROD 3 

(EPA et al., 2008). Table G-4 lists the groundwater and sediment constituents of interest for the samples 4 

that are collected and analyzed during drilling and after well development. The constituents of interest 5 

that are not COCs were derived from a review of the documents listed in Table G-7. These additional 6 

constituents include degradation products of the COCs and biofouling constituents in the sediments. 7 

Additional parameters for post-development sampling include the contaminants sampled under the 8 

performance monitoring SAP (Appendix B). 9 
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Table G-7. Document References for Constituents of Interest 

Reference Summary 

DOE/RL-2000-40, Waste Management 

Plan for the Expedited Response Action 

for 200 West Area Carbon Tetrachloride 

Plume and the 200-ZP-1 and 

200-PW-1 Operable Units 

Provides the plan for managing and disposing waste associated with 

the groundwater and vapor treatment systems. Identifies listed waste 

codes for waste that comes into contact with contaminated 

groundwater associated with the 200-ZP-1 OU. Waste codes “F001” 

through “F005” are identified for groundwater-contacted 

200-ZP-1 OU waste. 

DOE/RL-2003-55, 2004, Remedial 

Investigation/Feasibility Study Work 

Plan for the 200-ZP-1 Groundwater 

Operable Unit 

Summarizes the details of the remedial investigation/feasibility study 

data quality objective summary report. 

DOE/RL-2006-19, Sampling and 

Analysis Plan for Characterizing 

Groundwater in 200-West Area in 

Vicinity of Old Laundry Facility and 

T Plant 

Provides the SAP for five groundwater wells targeting the 

unconfined aquifer on the east side of the 200 West Area, near the 

Old Laundry Facility and just west of T Plant. 

DOE/RL-2006-24, Remedial 

Investigation Report for the 

200-ZP-1 Groundwater Operable Unit 

Includes a summary of data for the 200-ZP-1 OU, including 

individual well information and a summary of the logic for screening 

contaminants based on available data. 

DOE/RL-2007-28, Feasibility Study 

Report for the 200-ZP-1 Groundwater 

Operable Unit 

Establishes a basis for remedial action in the 200-ZP-1 OU, 

formulates preliminary objectives for conducting the remedial action, 

and develops and evaluates alternatives for remediation of the 

groundwater in the 200-ZP-1 OU. A baseline risk assessment is 

also presented. 

DOE/RL-2007-33, Proposed Plan for 

Remediation of the 

200-ZP-1 Groundwater Operable Unit 

Issued by DOE and EPA for public and Tribal Nations comment, and 

Ecology has concurred with the preferred alternative. The plan 

identifies the preferred approach for remediation of 200-ZP-1 OU 

groundwater and explains the reasons for this preference. The plan 

facilitates public and Tribal Nations review by summarizing the 

findings of the remedial investigation report, feasibility study report, 

and baseline risk assessment contained in the feasibility study report. 

DOE/RL-2008-57, Sampling and 

Analysis Plan for the First Set of 

Remedial Action Wells in the 

200-ZP-1 Groundwater Operable Unit 

Provides the SAP for nine extraction wells in support of the preferred 

cleanup alternative in the 200-ZP-1 OU. 

DOE/RL-2008-78, Rev. 1, Draft A, 

200 West Area 

200-ZP-1 Pump-and-Treat Remedial 

Design/Remedial Action Work Plan 

Includes the plan and schedule for implementing all of the tasks 

to design, install, and operate the remedy set forth in the 

200-ZP-1 OU ROD (EPA et al., 2008). 

DOE/RL-2009-95, Sampling Analysis 

Plan for Eleven ARRA Wells to Support 

the 200 West Groundwater Treatment 

System in Fiscal Year 2010 

Provides the SAP for six extraction wells and five injection wells in 

support of the preferred cleanup alternative in the 200-ZP-1 OU. 
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Table G-7. Document References for Constituents of Interest 

Reference Summary 

DOE/RL-2009-115, Rev. 2, Performance 

Monitoring Plan for the 200-ZP-1 

Groundwater Operable Unit 

Remedial Action 

Provides guidance for collection of groundwater monitoring 

data associated with implementation of the 200-ZP-1 OU 

remedial action. 

EPA et al., 2008, Record of Decision 

Hanford 200 Area 200-ZP-1 Superfund 

Site, Benton County, Washington 

Presents the selected remedy for the 200-ZP-1 OU, which is part of 

the Hanford Site 200 Areas. 

WMP-28389, T-Area Technetium-99 

Data Quality Objectives Summary 

Report 

Provides the data quality objective summary report to support 

decision-making activities pertaining to evaluation of technetium-99 

in the unconfined aquifer in the Hanford Site T Area. 

Note: The references cited in this table are included in the reference list (Chapter G5). 

DOE = U.S. Department of Energy 

Ecology = Washington State Department of Ecology 

EPA = U.S. Environmental Protection Agency 

OU =  operable unit 

ROD =  Record of Decision 

SAP =  sampling and analysis plan 

 1 

The 200-ZP-1 OU FS (DOE/RL-2007-28) outlines the statistical measures used to determine the COCs. 2 

In addition to the COCs presented in the 200-ZP-1 OU ROD (EPA et al., 2008), other parameters or 3 

constituents may be analyzed (including chloroform) to support future MNA monitoring. The reporting 4 

requirements for certain broad-spectrum U.S. Environmental Protection Agency (EPA) methods are 5 

provided in SW-846, Test Methods for Evaluating Solid Waste: Physical/Chemical Methods, Third 6 

Edition; Final Update VI, as amended; and Methods 8260, 6020, and EPA 300.0. If analysis indicates 7 

tentatively identified compounds beyond those listed in Table G-4, these will also be reported in the 8 

Hanford Environmental Information System (HEIS) database and will have a “J” qualifier 9 

(estimated value). 10 

2 Quality Assurance Project Plan 11 

The quality assurance project plan (QAPjP) establishes the quality requirements for environmental data 12 

collection. It includes planning, implementation, and assessment of sampling tasks, field measurements, 13 

laboratory analysis, and data review. This chapter describes the applicable environmental data collection 14 

requirements and controls based on the quality assurance (QA) elements found in EPA/240/B-01/003, 15 

EPA Requirements for Quality Assurance Project Plans (EPA QA/R-5); and DOE/RL-96-68, Hanford 16 

Analytical Services Quality Assurance Requirements Document (HASQARD). DoD/DOE, 2019, 17 

Department of Defense (DoD) Department of Energy (DOE) Consolidated Quality Systems Manual 18 

(QSM) for Environmental Laboratories (hereinafter referred to as the DoD/DOE CSM), is also discussed. 19 

Section 7.8 of Ecology et al., 1989b, Hanford Federal Facility Agreement and Consent Order Action 20 

Plan (Tri-Party Agreement Action Plan), requires that QA/quality control (QC) and sampling and analysis 21 

activities specify the QA requirements for past-practice processes. This QAPjP also describes applicable 22 

requirements and controls based on guidance provided in Ecology Publication No. 04-03-030, 2004, 23 

Guidelines for Preparing Quality Assurance Project Plans for Environmental Studies; and 24 

EPA/240/R-02/009, Guidance for Quality Assurance Project Plans (EPA QA/G-5). This QAPjP 25 

supplements the contractor’s environmental QA program plan. 26 
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The QAPjP includes the following sections, which describe the quality requirements and controls 1 

applicable to Hanford Site OU sampling activities:  2 

 Section G2.1, “Project Management”  3 

 Section G2.2, “Data Generation and Acquisition” 4 

 Section G2.3, “Assessment and Oversight” 5 

 Section G2.4, “Data Review and Usability” 6 

2.1 Project Management 7 

This section addresses planned project goals, management approaches, and output documentation. 8 

2.1.1 Project/Task Organization 9 

The contractor (or its approved subcontractor) is responsible for planning, coordinating, sampling, and 10 

shipping samples to the appropriate laboratory. The contractor is also responsible for preparing and 11 

maintaining configuration control of the SAP and assisting the U.S. Department of Energy (DOE), 12 

Richland Operations Office (DOE-RL) project manager in obtaining approval of the SAP and future 13 

proposed revisions. The project organization for routine groundwater monitoring is described in the 14 

following sections and is illustrated in Figure G-4. 15 

2.1.1.1 Regulatory Lead 16 

The lead regulatory agency is responsible for regulatory oversight of cleanup projects and activities, has 17 

SAP approval authority for the OUs managed, and works with DOE-RL to resolve concerns regarding 18 

the work described in this SAP in accordance with Ecology et al., 1989a, Hanford Federal Facility 19 

Agreement and Consent Order (Tri-Party Agreement). 20 

2.1.1.2 DOE-RL Manager 21 

Hanford Site cleanup at the 200-ZP-1 OU is the responsibility of DOE-RL. The DOE-RL manager is 22 

responsible for authorizing the contractor to perform activities at the Hanford Site under CERCLA, the 23 

Resource Conservation and Recovery Act of 1976, the Atomic Energy Act of 1954, and the Tri-Party 24 

Agreement (Ecology et al., 1989a). 25 

2.1.1.3 DOE-RL Project Lead 26 

The DOE-RL project lead is responsible for providing day-to-day oversight of the contractor’s 27 

performance of the work scope, working with the contractor to identify and work through issues, and 28 

providing technical input to the DOE-RL management. 29 

2.1.1.4 Project Director 30 

The project director provides oversight and coordinates with DOE-RL and primary contractor 31 

management in support of sampling and reporting activities. The project director also provides support to 32 

the OU project manager to ensure that work is performed safely and cost effectively. 33 
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2.1.1.5 Operable Unit Project Manager 1 

The OU project manager (or designee) provides oversight for activities and coordinates with DOE-RL, 2 

the regulatory agencies, and contractor management in support of sampling activities to ensure that work 3 

is performed safely and cost effectively. In addition, the OU project manager (or designee) is also 4 

responsible for managing sampling documents and requirements, field activities, and subcontracted tasks, 5 

and for ensuring that the project file is properly maintained. 6 

2.1.1.6 Operable Unit Project Scientist 7 

The OU project scientist is responsible for developing specific sampling design, analytical requirements, 8 

and QC requirements, either independently or as defined through a systematic planning process. 9 

The OU project scientist ensures that sampling and analysis activities (as delegated by OU project 10 

manager) are carried out in accordance with the SAP. The OU project scientist works closely with the 11 

environmental compliance officer (ECO), the QA and Health and Safety organizations, the field work 12 

supervisor (FWS), and the Sample Management and Reporting (SMR) organization to integrate these 13 

and other technical disciplines in planning and implementing the work scope. 14 

2.1.1.7 Sample Management and Reporting 15 

SMR oversees offsite analytical laboratories, coordinates laboratory analytical work to ensure that 16 

laboratories conform to the requirements of the SAP and verifies that laboratories are qualified to perform 17 

Hanford Site analytical work. SMR generates field sampling documents, labels, and instructions for field 18 

sampling personnel and develops the sample authorization form, which provides information and 19 

instructions to the analytical laboratories. SMR ensures that field sampling documents are revised to 20 

reflect approved changes. SMR receives analytical data from the laboratories, ensures that the data are 21 

appropriately reviewed, performs data entry into the HEIS database, and arranges for data validation and 22 

recordkeeping. SMR is responsible for resolving sample documentation deficiencies or issues associated 23 

with Field Sampling Operations (FSO), laboratories, or other entities. The SMR organization is 24 

responsible for informing the OU project manager of any issues reported by the analytical laboratories. 25 

2.1.1.8 Field Sampling Operations 26 

FSO is responsible for planning and coordinating field sampling resources and provides the FWS for 27 

sampling operations. The FWS directs nuclear chemical operators who collect samples in accordance 28 

with this SAP and corresponding standard methods and work packages. The FWS ensures that deviations 29 

from field sampling documents or issues encountered in the field are documented appropriately in the 30 

field logbook. The FWS ensures that samplers are appropriately trained and available. Samplers collect 31 

samples in accordance with sampling documentation; complete field logbooks, data forms, and 32 

chain-of-custody forms (including any shipping paperwork); and enable delivery of the samples to the 33 

analytical laboratory. 34 

Pre-job briefings are conducted by FSO in accordance with work management and work release 35 

requirements to evaluate activities and associated hazards by considering the following factors: 36 

 Objective of the activities 37 

 Individual tasks to be performed 38 

 Hazards associated with the planned tasks 39 

 Controls applied to mitigate the hazards 40 

 Environment in which the job will be performed 41 

 Facility where the job will be performed 42 

 Equipment and material required 43 
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2.1.1.9 Quality Assurance 1 

The QA point of contact provides independent oversight and is responsible for addressing QA issues 2 

on the project and overseeing implementation of project QA requirements. Responsibilities include 3 

reviewing project documents (including the QAPjP) and participating in QA assessments on sample 4 

collection and analysis activities, as appropriate. 5 

2.1.1.10 Environmental Compliance Officer 6 

The ECO provides technical oversight, direction, and acceptance of project and subcontracted 7 

environmental work and also develops appropriate mitigation measures, with the goal of minimizing 8 

adverse environmental impacts. 9 

2.1.1.11 Health and Safety 10 

The Health and Safety organization is responsible for coordinating industrial safety and health support 11 

within the project as carried out through health and safety plans, job hazard analyses, and other pertinent 12 

safety documents required by federal regulation or internal primary contractor work requirements. 13 

2.1.1.12 Radiological Engineering 14 

Radiological Engineering is responsible for radiological engineering and health physics support for the 15 

project. Specific responsibilities include conducting as low as reasonably achievable (ALARA) reviews, 16 

exposure and release modeling, and radiological controls optimization for work planning. In addition, 17 

radiological hazards are identified, and appropriate controls are implemented to maintain worker 18 

exposures to hazards at ALARA levels. Radiological Engineering interfaces with the project Health and 19 

Safety representative and other appropriate personnel as needed to plan and direct radiological control 20 

technician (RCT) support for activities. 21 

2.1.1.13 Waste Management 22 

Waste Management is responsible for identifying waste management sampling/characterization 23 

requirements to ensure regulatory compliance and for interpreting data to determine waste designations 24 

and profiles. Waste Management communicates policies and procedures and ensures project compliance 25 

for storage, transportation, disposal, and waste tracking in a safe and cost-effective manner. 26 

2.1.1.14 Analytical Laboratories 27 

The analytical laboratories analyze samples in accordance with established procedures, methods, and 28 

subcontract requirements and provide necessary data packages containing analytical and QC results. 29 

The laboratories provide explanations of results to support data review and in response to resolving 30 

analytical issues. Laboratory quality requirements are consistent with the HASQARD (DOE/RL-96-68). 31 

The laboratories are evaluated under the DOE Consolidated Audit – Accreditation Program or its 32 

successor programs to DoD/DOE CSM (DoD/DOE, 2019) requirements. HASQARD requirements, 33 

beyond those within the DoD/DOE QSM, are also evaluated under the DOE Consolidated Audit – 34 

Accreditation Program. Laboratories are accredited by Ecology for the analyses performed under this 35 

SAP. 36 
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2.1.1.15 Well Drilling and Well Maintenance 1 

The well drilling and maintenance and well coordination and planning managers are responsible for 2 

the following:  3 

 Planning, coordinating, and executing drilling construction 4 

 Performing well maintenance activities, in accordance with SGW-63048, Hanford Site Well 5 

Maintenance Plan 6 

 Coordinating with the OU project scientist regarding field constraints that could affect 7 

sampling design 8 

 Coordinating well decommissioning with DOE-RL and Ecology approval, as appropriate, in 9 

accordance with WAC 173-160, “Minimum Standards for Construction and Maintenance of Wells”  10 

2.1.2 Quality Objectives and Criteria 11 

For the analytical methods, Table G-5 summarizes the practical quantitation limits and the precision and 12 

accuracy requirements for each water analysis to be performed (not including analyses for biofouling 13 

constituents). Procedures from the DOE prime contractor (or its approved subcontractor) will be used 14 

for sampling. 15 

The QA objective of this plan is to ensure that the generation of analytical data of known and 16 

appropriate quality is acceptable and useful in order to meet the evaluation requirements stated in the 17 

SAP. Data quality indicators (DQIs) are data descriptors that help determine the acceptability and 18 

usefulness of data to the user. For the purposes of this document, the principal DQIs (precision, accuracy, 19 

representativeness, comparability, completeness, bias, and sensitivity) are defined in Table G-8. 20 

2.1.3 Special Training Requirements and Certification 21 

Workers receive a level of training that is commensurate with their responsibility for collecting and 22 

transporting samples in compliance with applicable DOE orders and government regulations. In 23 

coordination with line management, the FWS will ensure that special training requirements for field 24 

personnel are met. 25 

Training has been instituted by the contractor management team to meet training and qualification 26 

programs that satisfy multiple training drivers imposed by applicable DOE, Code of Federal Regulations, 27 

and Washington Administrative Code requirements. 28 

Training records are maintained for each employee in an electronic training record database, and 29 

the contractor’s training organization maintains the database. Line management confirms that an 30 

employee’s training is appropriate and up to date prior to the employee performing any field work. 31 

2.1.4 Documentation and Records 32 

The OU project manager (or designee) is responsible for ensuring that the current version of the SAP is 33 

being used and for providing updates to field personnel. The administrative document control process is 34 

used to maintain version control. Changes to the sampling document are in accordance with HASQARD 35 

(DOE/RL-96-68) and the Tri-Party Agreement Action Plan (Ecology et al., 1989b). The OU project 36 

manager is responsible for tracking all SAP changes, obtaining appropriate reviews, and notifying 37 

DOE-RL of the changes. Appropriate documentation will follow in accordance with the requirements for 38 

the particular type of change. Table G-9 defines the types of changes that may impact the sampling and 39 

the associated approvals, notifications, and documentation requirements. 40 
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Table G-8. Data Quality Indicators 

Data Quality Indicator 

(QC Element) Definition 

Determination 

Methodologies Corrective Actions 

Precision a 

(field duplicates, 

laboratory sample 

duplicates, and matrix 

spike duplicates) 

Precision measures the agreement among a set 

of replicate measurements. Field precision is 

assessed through the collection and analysis of 

field duplicates. Analytical precision is 

estimated by duplicate/replicate analyses, 

usually on laboratory control samples, spiked 

samples, and/or field samples. The most 

commonly used estimates of precision are the 

relative standard deviation and, when only two 

samples are available, the relative percent 

difference. 

Use the same analytical instrument 

to make repeated analyses on the 

same sample. 

Use the same method to make 

repeated measurements of the same 

sample within a single laboratory. 

Acquire replicate field samples for 

information on sample acquisition, 

handling, shipping, storage, 

preparation, and analytical processes 

and measurements. 

If duplicate data do not meet objective: 

 Evaluate apparent cause (e.g., sample 

heterogeneity). 

 Request reanalysis or 

remeasurement. 

 Qualify the data before use. 

Accuracy a 

(laboratory control 

samples, matrix spikes, 

surrogates, carriers, and 

tracers, as applicable) 

Accuracy is the closeness of a measured result 

to an accepted reference value. Accuracy is 

usually measured as a percent recovery. QC 

analyses used to measure accuracy include 

standard recoveries, laboratory control samples, 

spiked samples, and surrogates. 

Analyze a reference material or 

reanalyze a sample to which 

a material of known concentration or 

amount of pollutant has been added 

(a spiked sample). 

If recovery does not meet objective: 

 Qualify the data before use. 

 Request reanalysis or 

remeasurement. 



 
 

 

G
-27 

D
O

E/R
L-2009-115, R

EV. 3, D
R

AFT A 
SEPTEM

BER
 2019  

Table G-8. Data Quality Indicators 

Data Quality Indicator 

(QC Element) Definition 

Determination 

Methodologies Corrective Actions 

Representativeness 

(field duplicates) 

Sample representativeness expresses the degree 

to which data accurately and precisely 

represent a characteristic of a population, 

parameter variations at a sampling point, a 

process condition, or an environmental 

condition. It is dependent on the proper design 

of the sampling program and will be satisfied 

by ensuring that the approved plans were 

followed during sampling and analysis. 

Evaluate whether measurements are 

obtained and physical samples 

collected in such a manner that the 

resulting data appropriately reflect 

the environment or condition being 

measured or studied. 

If results are not representative of the 

system sampled: 

 Identify the reason for results not 

being representative. 

 Flag for further review. 

 Review data for usability. 

 If data are usable, qualify the data for 

limited use and define the portion of 

the system that the data represent. 

 If data are not usable, flag as 

appropriate. 

 Redefine sampling and measurement 

requirements and protocols. 

 Resample and reanalyze, as 

appropriate. 

Comparability 

(field duplicate, field 

splits, laboratory control 

samples, matrix spikes, 

and matrix spike 

duplicates) 

Comparability expresses the degree of 

confidence with which one data set can be 

compared to another. It is dependent on the 

proper design of the sampling program and will 

be satisfied by ensuring that the approved plans 

are followed and that proper sampling and 

analysis techniques are applied. 

Use identical or similar sample 

collection and handling methods, 

sample preparation and analytical 

methods, holding times, and quality 

assurance protocols. 

If data are not comparable to other 

data sets: 

 Identify appropriate changes to data 

collection and/or analysis methods. 

 Identify quantifiable bias, 

if applicable. 

 Qualify the data as appropriate. 

 Resample and/or reanalyze if needed. 

 Revise sampling/analysis protocols 

to ensure future comparability. 
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Table G-8. Data Quality Indicators 

Data Quality Indicator 

(QC Element) Definition 

Determination 

Methodologies Corrective Actions 

Completeness 

(no QC element; 

addressed in data quality 

assessment) 

Completeness is a measure of the amount of 

valid data collected compared to the amount 

planned. Measurements are considered to be 

valid if they are unqualified or qualified as 

estimated data during validation. Field 

completeness is a measure of the number of 

samples collected versus the number of 

samples planned. Laboratory completeness is 

a measure of the number of valid measurements 

compared to the total number of 

measurements planned. 

Compare the number of valid 

measurements completed (samples 

collected or samples analyzed) with 

those established by the project’s 

quality criteria (data quality 

objectives or performance/ 

acceptance criteria). 

If data set does not meet the 

completeness objective: 

 Identify appropriate changes to data 

collection and/or analysis methods. 

 Identify quantifiable bias, 

if applicable. 

 Resample and/or reanalyze if needed. 

 Revise sampling/analysis protocols 

to ensure future completeness. 

Bias 

(equipment blanks, field 

transfer blanks, full trip 

blanks, laboratory control 

samples, matrix spikes, 

and method blanks) 

Bias is the systematic or persistent distortion of 

a measurement process that causes error in one 

direction (e.g., the sample measurement is 

consistently lower than the sample’s true 

value). Bias can be introduced during sampling, 

analysis, and data evaluation. 

Analytical bias refers to deviation in one 

direction (i.e., high, low, or unknown) of the 

measured value from a known spiked amount. 

Sampling bias may be revealed by 

analysis of replicate samples. 

Analytical bias may be assessed by 

comparing a measured value in 

a sample of known concentration to 

an accepted reference value or by 

determining the recovery of 

a known amount of contaminant 

spiked into a sample (matrix spike). 

For sampling bias: 

 Properly select and use 

sampling tools. 

 Institute correct sampling and 

subsampling practices to limit 

preferential selection or loss of 

sample media. 

 Use sample handling practices, 

including proper sample 

preservation, that limit the loss or 

gain of constituents to the sample 

media. 

 Analytical data that are known to be 

affected by either sampling or 

analytical bias are flagged to indicate 

possible bias. 

 Laboratories that are known to 

generate biased data for a specific 

analyte are asked to correct their 

methods to remove the bias as best as 

practicable. Otherwise, samples are 

sent to other laboratories for analysis. 
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Table G-8. Data Quality Indicators 

Data Quality Indicator 

(QC Element) Definition 

Determination 

Methodologies Corrective Actions 

Sensitivity 

(method detection limit, 

practical quantitation 

limit, and relative 

percent difference) 

Sensitivity is an instrument’s or method’s 

minimum concentration that can be reliably 

measured (i.e., instrument detection limit or 

limit of quantitation). 

Determine the minimum 

concentration or attribute to be 

measured by an instrument 

(instrument detection limit) or by 

a laboratory (limit of quantitation). 

The lower limit of quantitation b is 

the lowest level that can be routinely 

quantified and reported by 

a laboratory. 

If detection limits do not meet 

objective: 

 Request reanalysis or remeasurement 

using methods or analytical 

conditions that will meet required 

detection or limit of quantitation. 

 Qualify/reject the data before use. 

Source: SW-846, Test Methods for Evaluating Solid Waste: Physical/Chemical Methods, Third Edition; Final Update V, as amended. 

a. Acceptance criteria for QC elements of precision and accuracy are provided in Table G-5. 

b. For purposes of this sampling and analysis plan, the lower limit of quantitation is interchangeable with the practical quantitation limit as specified in Table G-5. 

QC = quality control 
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Table G-9. Change Control for Sampling Projects 

Type of Change a 

Type of Change 

(Tri-Party Agreement 

Action Plan b) Action Documentation 

Minor change: Change 

has no impact on the 

sample or field analytical 

result, and little or no 

impact on performance or 

cost. Further, the change 

does not affect the DQOs 

specified in the SAP. 

Minor field change: 
Changes that have no 

adverse effect on the 

technical adequacy of 

the job or the work 

schedule. 

The field personnel 

recognizing the need for 

a field change will consult 

with the OU project manager 

(or designee) prior to 

implementing the field 

change. 

Minor field changes 

will be documented in 

the field logbook. 

The logbook entry will 

include the field change, 

the reason for the field 

change, and the names 

and titles of those 

approving the 

field change. 

Significant change: 
Change has a 

considerable effect on 

performance or cost, but 

still allow for meeting the 

DQOs specified in the 

SAP. 

Minor change: 
Changes to approved 

plans that do not affect 

the overall intent of the 

plan or schedule. 

The OU project manager will 

inform the DOE-RL project 

manager and the regulatory 

lead of the change and seek 

concurrence at a unit 

managers’ meeting or 

comparable Tri-Party 

Agreement forum. The lead 

regulatory agency determines 

there is no need to revise 

the document. 

Documentation of this 

change approval would 

be in the unit managers’ 

meeting minutes or 

a comparable Tri-Party 

Agreement record, such 

as a change notice. c 

Fundamental change: 
Change has significant 

effect on the sample or 

the field analytical result, 

performance, or cost, and 

the change does not meet 

the requirements specified 

in the DQOs in the 

sampling document. 

Revision necessary: 
Lead regulatory agency 

determines changes to 

approved plans require 

revision to document. 

If it is anticipated that 

a fundamental change will 

require the approval of the 

regulatory lead, the 

applicable DOE-RL project 

manager will be notified by 

the OU project manager and 

will be involved in the 

decision prior to 

implementation of 

a fundamental change. 

The lead regulatory agency 

determines the change 

requires a revision to 

the document. 

Formal revision of the 

sampling document. 

a. Consistent with DOE/RL-96-68, Hanford Analytical Services Quality Assurance Requirements Document. 

b. Consistent with Sections 9.3 and 12.4 of Ecology et al., 1989b, Hanford Federal Facility Agreement and Consent Order 

Action Plan (Tri-Party Agreement Action Plan). 

c. The Tri-Party Agreement Action Plan, Section 9.3, defines the minimum elements of a change notice. 

DOE-RL = U.S. Department of Energy, Richland Operations Office 

DQO = data quality objective 

OU = operable unit 

SAP = sampling and analysis plan 

Tri-Party Agreement  = Hanford Federal Facility Agreement and Consent Order 



DOE/RL-2009-115, REV. 3, DRAFT A 
SEPTEMBER 2019 

 

G-31 

Logbooks and data forms required by WAC 173-160 and the master drilling contract are required for field 1 

activities. The logbook must be identified with a unique project name and number. Individuals 2 

responsible for the logbooks will be identified in the front of the logbook, and only authorized individuals 3 

may make entries into the logbooks. Logbooks will be controlled in accordance with internal work 4 

requirements and processes. 5 

The FWS and SMR are responsible for ensuring that the field instructions are maintained and aligned 6 

with any revisions or approved changes to the SAP. SMR will ensure that any deviations from the SAP 7 

are reflected in revised field sampling documents for the samplers and the analytical laboratory. 8 

The FWS will ensure that deviations from the SAP or problems encountered in the field are documented 9 

appropriately (e.g., in the field logbook). 10 

The OU project manager, FWS, or designee, is responsible for communicating field corrective action 11 

requirements and ensuring that immediate corrective actions are applied to field activities. 12 

The OU project manager is also responsible for ensuring that project files are appropriately set up and 13 

maintained. The project files will contain project records or references to their storage locations. Project 14 

files may include the following information: 15 

 Forms required by WAC 173-160 and the master drilling contract 16 

 Field drilling and geology data forms 17 

 Borehole summary reports 18 

 Geophysical log data reports 19 

 Civil survey data reports 20 

 Inspection or assessment reports and corrective action reports 21 

 Photographs 22 

The following records are managed and maintained by SMR personnel: 23 

 Completed field sampling logbooks 24 

 Field screening and analytical data 25 

 Completed chain-of-custody forms 26 

 Sample receipt records 27 

 Laboratory data packages 28 

 Analytical data verification and validation reports  29 

 Analytical data “case file purges” (i.e., raw data purged from laboratory files) provided by the 30 

offsite analytical laboratories 31 

The laboratory is responsible for maintaining, and having available upon request, the following: 32 

 Analytical logbooks 33 

 Raw data and QC sample records 34 

 Standard reference material and/or proficiency test sample data 35 

 Sample chain-of-custody and sample storage temperature logs 36 

 Instrument calibration information 37 

 Training records for employees, as they relate to analytical methods 38 
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 Laboratory state accreditation records 1 

 Laboratory audit records 2 

Convenience copies of laboratory analytical results are maintained in the HEIS database. Records may be 3 

stored in either electronic (e.g., in the managed records area of the Integrated Document Management 4 

System) or hardcopy format (e.g., DOE Records Holding Area). Documentation and records, regardless 5 

of medium or format, are controlled in accordance with internal work requirements and processes that 6 

ensure accuracy and retrievability of stored records. Records required by the Tri-Party Agreement 7 

(Ecology et al., 1989a) will be managed in accordance with Tri-Party Agreement requirements. 8 

2.2 Data Generation and Acquisition 9 

This section addresses data generation and acquisition to ensure that the project’s methods for sampling 10 

measurement and analysis, data collection or generation, data handling, and QC activities are appropriate 11 

and documented. Requirements for instrument calibration and maintenance, supply inspections, and data 12 

management are also addressed. 13 

2.2.1 Sampling Methods Requirements 14 

The procedures to be implemented in the field should be in accordance with those presented in 15 

Section G3.4 of this SAP. In the event that sampling activities cannot be performed in accordance 16 

with this SAP, deviations will be communicated by the FWS to SMR and the OU project manager, 17 

documented in the field logbook, and may result in field changes to the work package and/or changes to 18 

the SAP. 19 

2.2.2 Sampling Identification 20 

A sample and data-tracking database will be used to track the samples from the point of collection 21 

through the laboratory analysis process. The HEIS database is the repository for laboratory analytical 22 

results. The HEIS sample numbers will be issued to the sampling organization for this project, and the 23 

numbers are to be carried through the laboratory data-tracking system. 24 

2.2.3 Sample Preservation, Containers, and Holding Times 25 

Sample preservation, containers, and holding-time requirements will be prepared for specific sample 26 

events, as specified on the sampling authorization and chain-of-custody forms in accordance with the 27 

requirements specified for the applicable analytical method. 28 

2.2.4 Sample Handling, Shipping, and Custody Requirements 29 

The procedures to be implemented for sample handling, shipping, and custody requirements will be 30 

in accordance with those presented in Section G3.4. 31 

2.2.5 Laboratory Sample Custody 32 

Sample custody during laboratory analysis will be addressed in the applicable laboratory’s standard 33 

operating procedures. Laboratory custody procedures will ensure that sample integrity and identification 34 

are maintained throughout the analytical process. 35 

2.2.6 Analytical Methods Requirements 36 

Tables G-5 and G-6 provide information regarding analytical method requirements for samples collected. 37 

Updated EPA methods and nationally recognized standard methods may be substituted for the analytical 38 

methods identified in Tables G-5 and G-6 to follow any changed requirements in the method update. The 39 

new method must achieve project DQOs as well or better than the replaced method. 40 
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2.2.7 Field Screening Requirements 1 

Field screening parameters used for site characterization will be measured in accordance with 2 

HASQARD requirements (DOE/RL-96-68), as applicable. Field screening methods may also be 3 

performed in accordance with manufacturers’ manuals. Table G-4 provides the parameters identified 4 

for field screening. 5 

2.2.8 Quality Control 6 

The QC requirements specified in this SAP must be followed in the field and analytical laboratory to 7 

ensure that reliable data are obtained. Field QC samples will be collected to evaluate the potential for 8 

cross-contamination and provide information pertinent to sampling variability. Laboratory QC samples 9 

estimate the precision, bias, and matrix effects of the analytical data. Table G-10 summarizes the field 10 

and laboratory QC sample requirements, and Table G-11 lists the field and laboratory QC elements and 11 

acceptance criteria. Data will be qualified and flagged in the HEIS database, as appropriate. 12 

Table G-10. Project QC Requirements 

Sample Type Frequency Characteristics Evaluated 

Field QC 

Field duplicate One in 20 samples. 
Precision, including sampling and 

analytical variability 

Field split  

As needed. 

When needed, the minimum is one for every 

analytical method, for analyses performed 

where detection limit and precision and 

accuracy criteria have been defined in the 

analytical performance requirements table. 

Precision, including sampling, 

analytical, and interlaboratory 

Full trip blank  One in 20 samples for each media collected. 

Cross-contamination from 

containers, preservative reagents, 

storage, or transportation 

Field transfer blank  
One each day that volatile organic compounds 

are sampled per laboratory. 
Contamination from sampling site 

Equipment blank  As needed. a 
Contamination from nondedicated 

equipment 

Analytical QC b 

Laboratory duplicate One per analytical batch. c 
Laboratory reproducibility 

and precision 

Matrix spike  One per analytical batch. c Matrix effect/laboratory accuracy 

Matrix spike duplicate  One per analytical batch. c Laboratory accuracy and precision 

Laboratory control 

sample  
One per analytical batch. c Evaluate laboratory accuracy 

Method blank  One per analytical batch. c Laboratory contamination 

Surrogate  One per analytical batch. c Recovery/yield 
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Table G-10. Project QC Requirements 

Sample Type Frequency Characteristics Evaluated 

Carriers (as required) One per sample. c Recovery/yield 

Tracer (as required) One per sample. c Recovery/yield 

a. For portable pumps, equipment blanks are collected one for every 10 well trips. Whenever a new type of nondedicated 

equipment is used, equipment blanks will be collected every time sampling occurs until it can be shown that less frequent 

collection of equipment blanks is adequate to monitor the decontamination methods for the nondedicated equipment. Vendor 

provided borehole equipment is considered dedicated and equipment blanks are not typically acquired in this instance. 

b. Batching across projects is allowed for similar matrices (e.g., all Hanford Site groundwater). 

c. Unless not required or a different frequency is called out in laboratory analysis methods. 

QC = quality control 

 1 

Table G-11. QC Elements and Acceptance Criteria 

Analyte QC Element 

Acceptance Criteria 

Corrective Action Water 

General Chemistry Parameters 

Alkalinity MB < MDL 

< 5% sample concentration 

Flag with “C” 

LCS 80%-120% recovery Flag with “o” a 

DUP b or MS/MSD c ≤ 20% RPD Review data d 

MS/MSD c 75%-125% recovery Flag with “N” 

EB, FTB < MDL 

< 5% sample concentration 

Flag with “Q” 

Field duplicate b ≤ 20% RPD Review data d 

Total dissolved solids MB < MDL 

< 5% sample concentration 

Flag with “C” 

LCS 80%-120% recovery Flag with “o” a 

DUP b ≤ 20% RPD Review data d 

EB, FTB < MDL 

< 5% sample concentration 

Flag with “Q” 

Field duplicate b ≤ 20% RPD Review data d 

Total organic carbon MB < MDL 

< 5% sample concentration 

Flag with “C” 

 LCS 80%-120% recovery Flag with “o” a 

 DUP b or MS/MSD c ≤ 20% RPD Review data d 

 MS/MSD c 75%-125% recovery Flag with “N” 
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Table G-11. QC Elements and Acceptance Criteria 

Analyte QC Element 

Acceptance Criteria 

Corrective Action Water 

 EB, FTB < MDL 

< 5% sample concentration 

Flag with “Q” 

 Field duplicate b ≤ 20% RPD Review data d 

Anions 

Anions by IC MB < MDL 

< 5% sample concentration 

Flag with “C” 

LCS 80%-120% recovery Flag with “o” a 

DUP b or MS/MSD c ≤ 20% RPD Review data d 

MS/MSD c 75%-125% recovery Flag with “N” 

EB, FTB < MDL 

< 5% sample concentration 

Flag with “Q” 

Field duplicate b ≤ 20% RPD Review data d 

Cyanide (total) MB < MDL 

< 5% sample concentration 

Flag with “C” 

LCS 80%-120% recovery Flag with “o” a 

DUP b or MS/MSD c ≤ 20% RPD Review data d 

MS/MSD c 75%-125% recovery Flag with “N” 

EB, FTB < MDL 

< 5% sample concentration 

Flag with “Q” 

Field duplicate b ≤ 20% RPD Review data d 

Sulfide MB < MDL 

< 5% sample concentration 

Flag with “C” 

LCS 80%-120% recovery Flag with “o” a 

DUP b or MS/MSD c ≤ 20% RPD Review data d 

MS/MSD c 75%-125% recovery Flag with “N” 

EB, FTB < MDL 

< 5% sample concentration 

Flag with “Q” 

Field duplicate b ≤ 20% RPD Review data d 

Metals 

ICP-AES Metals MB < MDL 

< 5% sample concentration 

Flag with “C” 

 LCS 80%-120% recovery Flag with “o” a 

 DUP b or MS/MSD c ≤ 20% RPD Review data d 
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Table G-11. QC Elements and Acceptance Criteria 

Analyte QC Element 

Acceptance Criteria 

Corrective Action Water 

 MS/MSD c 75%-125% recovery Flag with “N” 

 EB, FTB < MDL 

< 5% sample concentration 

Flag with “Q” 

 Field duplicate b ≤ 20% RPD Review data d 

ICP-MS Metals (including 

uranium, total) 

MB < MDL 

< 5% sample concentration 

Flag with “C” 

LCS 80%-120% recovery Flag with “o” a 

DUP b or MS/MSD c ≤ 20% RPD Review data d 

MS/MSD c 75%-125% recovery Flag with “N” 

EB, FTB < MDL 

< 5% sample concentration 

Flag with “Q” 

Field duplicate b ≤ 20% RPD Review data d 

Hexavalent chromium MB < MDL 

< 5% sample concentration 

Flag with “C” 

LCS 80%-120% recovery Flag with “o” a 

DUP b or MS/MSD c ≤ 20% RPD Review data d 

MS/MSD c 75%-125% recovery Flag with “N” 

EB, FTB < MDL 

< 5% sample concentration 

Flag with “Q” 

Field duplicate b ≤ 20% RPD Review data d 

Volatile Organic Compounds 

Volatile Organics by 

GC-MS 

MB < MDL f 

< 5% sample concentration 

Flag with “B” 

LCS 70%-130% recovery or % recovery 

statistically derived e 

Flag with “o” a 

DUP b or MS/MSD c ≤ 20% RPD Review data d 

MS/MSD c 70%-130% recovery Flag with “T” 

SUR 70%-130% recovery Review data d 

EB, FTB, FXR < MDL f  

< 5% sample concentration 

Flag with “Q” 

Field duplicate b ≤ 20% RPD Review data d 
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Table G-11. QC Elements and Acceptance Criteria 

Analyte QC Element 

Acceptance Criteria 

Corrective Action Water 

Radiological Parameters 

Iodine-129 MB < MDC 

< 5% sample activity concentration 

Flag with “B” 

LCS 80%-120% recovery or statistically 

derived limits e 

Flag with “o” a 

DUP b ≤ 20% RPD Review data d 

Carrier 40%-110% recovery Review data d 

EB, FTB < MDC 

< 5% sample activity concentration 

Flag with “Q” 

Field duplicate b ≤ 20% RPD Review data d 

Technetium-99 MB < MDC 

< 5% sample activity concentration 

Flag with “B” 

LCS 80%-120% recovery or statistically 

derived limits e 

Flag with “o” a 

DUP b ≤ 20% RPD Review data d 

MS 75%-125% recovery Flag with “N” 

EB, FTB < MDC 

< 5% sample activity concentration 

Flag with “Q” 

Field duplicate b ≤ 20% RPD Review data d 

Tritium MB < MDC 

< 5% sample activity concentration 

Flag with “B” 

LCS 80%-120% recovery or statistically 

derived limits e 

Flag with “o” a 

DUP b ≤ 20% RPD Review data d 

MS 75%-125% recovery Flag with “N” 

EB, FTB < MDC 

< 5% sample activity concentration 

Flag with “Q” 

Field duplicate b ≤ 20% RPD Review data d 

a. The reporting laboratory will apply the “o” flag with SMR concurrence. 

b. Applies when at least one result is greater than the laboratory PQL (chemical analyses) or greater than five times the MDC 

(radiochemical analyses). 

c. Either a sample duplicate or a MSD is to be analyzed to determine measurement precision (if there is insufficient sample 

volume, an LCSD is analyzed with the acceptance criteria defaulting to the DUP/MSD criteria). 

d. After review, corrective actions are determined on a case-by-case basis. Corrective actions may include a laboratory 

recheck or flagging the data. 
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Table G-11. QC Elements and Acceptance Criteria 

Analyte QC Element 

Acceptance Criteria 

Corrective Action Water 

e. Laboratory-determined, statistically derived control limits based on historical data are used here. Control limits are reported 

with the data. 

f. For the common laboratory contaminants acetone, methylene chloride, 2-butanone, toluene, and phthalate esters, the 

acceptance criterion is less than five times the MDL. 

Data Flags: 

B, C = possible laboratory contamination: analyte was detected in the associated method blank – laboratory applied. The 

B flag is used for organic analytes and radioanalytes. The C flag is used for general chemical parameters and 

inorganic analytes, 

o = result may be biased: associated laboratory control sample result was outside the acceptance limits – laboratory 

applied. 

N = result may be biased: associated MS result was outside the acceptance limits (all methods except GC-MS) – 

laboratory applied. Q = problem with associated field QC samples: results were out of limits – SMR review. 

T = result may be biased: associated MS result was outside the acceptance limits (GC-MS only) – laboratory applied. 

DUP = laboratory sample duplicate  

EB = equipment blank 

FTB = full trip blank 

GC-MS = gas chromatography – mass spectrometry  

ICP-AES = inductively coupled plasma – atomic 

emission spectroscopy 

ICP-MS = inductively coupled plasma – mass 

spectrometry  

LCS = laboratory control sample 

LCSD = laboratory control sample duplicate 

MB = method blank 

MDC = minimum detectable concentration  

MDL = method detection limit 

MS = matrix spike 

MSD = matrix spike duplicate  

PQL = practical quantitation limit  

QC = quality control 

RPD = relative percent difference 

SMR = Sample Management and Reporting 

SUR = surrogate 

2.2.8.1 Field Quality Control Samples 1 

Field QC samples are collected to evaluate the potential for cross-contamination and provide information 2 

pertinent to field sampling variability and laboratory performance to help ensure that reliable data are 3 

obtained. Field QC samples include field duplicates, split samples, and three types of field blanks: full trip 4 

blanks (FTBs), field transfer blanks (FXRs), and equipment blanks (EBs). Field blanks are typically 5 

prepared using high-purity reagent water. The QC sample definitions and their required frequency for 6 

collection are described below: 7 

 Field duplicates: Independent samples collected as close as possible to the same time and location as 8 

the scheduled sample that are intended to be identical. Field duplicates are placed in separate sample 9 

containers and are analyzed independently. Field duplicates are used to determine precision for both 10 

sampling and laboratory measurements. 11 

 Field splits (SPLITs): Two samples are collected as close as possible to the same time and location 12 

that are intended to be identical. The SPLITs will be stored in separate containers and analyzed by 13 

different laboratories for the same analytes. The SPLITs are interlaboratory comparison samples used 14 

to evaluate comparability between laboratories. 15 
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 Full trip blanks (FTBs): Bottles are prepared by the sampling team prior to traveling to the sampling 1 

site. The preserved bottle set is either for volatile organic analysis (VOA) only or identical to the set 2 

that will be collected in the field. The bottle is filled with high-purity reagent water (or dead water 3 

from well 699-S11-E12AP for low-level tritium FTBs1), and the bottles are sealed and transported 4 

(unopened) to the field in the same storage containers used for samples collected that day. Collected 5 

FTBs are typically analyzed for the same constituents as the samples from the associated sampling 6 

event. FTBs are used to evaluate potential contamination of the samples attributable to the sample 7 

bottles, preservative, handling, storage, and transportation. 8 

 Field transfer blanks (FXRs): Preserved VOA sample vials are filled with high-purity reagent water 9 

at the sample collection site where volatile organic compound (VOC) samples are collected. 10 

The samples will be prepared during sampling to evaluate potential contamination attributable to 11 

field conditions. After collection, FXR sample vials will be sealed and placed in the same storage 12 

containers with the samples collected the same day for the associated sampling event. FXR samples 13 

will be analyzed for VOCs only. 14 

 Equipment blanks (EBs): Reagent water is passed through or poured over the decontaminated 15 

sampling equipment and collected in sample containers, as identified on the sample authorization 16 

form. The EB sample bottles are placed in the same storage containers with the samples from the 17 

associated sampling event. The EB samples are analyzed for the same constituents as the samples 18 

from the associated sampling event and are used to evaluate the effectiveness of the decontamination 19 

process. EBs are not required for disposable sampling equipment. 20 

2.2.8.2 Laboratory Quality Control Samples 21 

Internal QA/QC programs are maintained by the laboratories used by the project. Laboratory QA includes 22 

a comprehensive QC program that includes the use of matrix spikes (MSs), matrix duplicates, matrix 23 

spike duplicates (MSDs), laboratory control samples (LCSs), surrogates (SURs), tracers, and method 24 

blanks (MBs). These QC analyses are required by EPA protocol (e.g., EPA/600/4-79/20, Methods for 25 

Chemical Analysis of Water and Wastes), and will be run at the frequency specified in the respective 26 

references, unless superseded by agreement. The QC checks outside of control limits are documented in 27 

analytical laboratory reports during assessments of data usability. Table G-10 lists laboratory QC and 28 

typical frequencies. Table G-11 provides the field and laboratory QC elements and the acceptance criteria. 29 

The various types of laboratory QC samples are defined as follows: 30 

 Laboratory duplicate: An internal laboratory replicate sample that is used to evaluate the precision 31 

of a method in a given sample matrix. 32 

 Matrix spike (MS): An aliquot of a sample spiked with a known concentration of target analytes. 33 

The MS is used to assess the bias of a method in a given sample matrix. Spiking occurs prior to 34 

sample preparation and analysis. 35 

 Post-preparation spike: The same as a MS; however, the spiking occurs after sample preparation. 36 

 Matrix spike duplicate (MSD): A replicate spiked aliquot of a sample that is subjected to the entire 37 

sample preparation and analytical process. The MSD results are used to determine the bias and 38 

precision of a method in a given sample matrix.  39 

                                                      
1 Because of the low detection levels achieved in the low-level tritium analysis, special low-level tritium water 
must be used. This low-level tritium water, known as “dead water,” is collected yearly (or as needed) from 
well 699-S11-E12AP or other approved source. 
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 Laboratory control sample (LCS): A control matrix (e.g., reagent water) spiked with analytes 1 

representative of the target analytes or a certified reference material that is used to evaluate 2 

laboratory accuracy. 3 

 Method blank (MB): An analyte-free matrix to which all reagents are added in the same volumes or 4 

proportions as used in the sample processing. The MB is carried through the complete sample 5 

preparation and analytical procedure, and it is used to quantify contamination resulting from the 6 

analytical process. 7 

 Surrogate (SUR): A compound added to all samples in the analysis batch (field samples and QC 8 

samples) prior to preparation. The SUR is typically similar in chemical composition to the analyte 9 

being determined, yet it is not normally encountered. SURs are expected to respond to the preparation 10 

and measurement systems in a manner similar to the analytes of interest. Because SURs are added to 11 

all standards, samples, and QC samples, they are used to evaluate overall method performance in 12 

a given matrix. SURs are used only in organic analyses. 13 

 Tracer: A known quantity of radioactive isotope that is different from that of the isotope of interest 14 

but is expected to behave similarly and is added to an aliquot of sample. Sample results are generally 15 

corrected based on tracer recovery. 16 

Laboratories are required to analyze samples within the holding times specified in Table G-12. In some 17 

instances, constituents in the samples not analyzed within the specified holding times may be 18 

compromised by volatilization, decomposition, or by other chemical changes. Data from samples 19 

analyzed outside the holding times are flagged in the HEIS database with an “H.” 20 

Table G-12. Preservation, Container, and Holding-Time Guidelines 

Constituent or Parameter Preservation a,b 

Holding 

Time a 

Groundwater Samples 

General Chemistry Parameters 

Residue, filterable total dissolved solids Store ≤6C 7 days 

Alkalinity Store ≤6C 14 days 

Total organic carbon 
Store ≤6C, adjust pH to <2 with H2SO4 

or HCl 
28 days 

Anions and Cyanide  

Chloride, Sulfate Store ≤6C 28 days 

Nitrate, Nitrite, Phosphate Store ≤6C 48 hours 

Cyanide 

Store ≤6C, adjust pH to >12 with 50% 

NaOH; if oxidizing agents present, add 

5 mL 0.1 N NaAsO2/L or 0.06 g 

ascorbic acid/L 

14 days 

Sulfide 
Store ≤6C, adjust pH to >9 with zinc 

acetate and NaOH 
7 days 
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Table G-12. Preservation, Container, and Holding-Time Guidelines 

Constituent or Parameter Preservation a,b 

Holding 

Time a 

Organic Analyses 

Volatile organics 
Store ≤6C (if free Cl2, 

add 4 drops of 10% sodium thiosulfate), 

adjust pH to <2 with HCl 

14 days 

Metals  

ICP/MS (without mercury; including 

uranium, total) 
Adjust pH to <2 with nitric acid 6 months  

ICP/AES (without mercury) Adjust pH to <2 with nitric acid 6 months  

Hexavalent chromium Store ≤6C 24 hours 

Sulfide Store ≤6C, ZnAc+NaOH to pH >9 7 days 

Radiochemical Analyses 

Iodine-129 None 6 months 

Technetium-99  Adjust pH to <2 with HNO3 6 months 

Tritium None 6 months 

Sediment Samples 

Anions 

Phosphate Store ≤6C 

28 days to digestion/ 

48 hours digestion to 

analysis 

General Chemistry Parameters 

Total organic carbon Store ≤6C 28 days 

Metals  

ICP/MS (without mercury) None 6 months  

ICP/AES (without mercury) None 6 months  

Notes: The information in this table does not represent EPA requirements; it is intended solely as guidance. Selection of 

container, preservation techniques and applicable holding times should be based on the stated project-specific data 

quality objectives. 

a. Pacific Northwest National Laboratory specific analyses of constituents in Table G-6 adhere to the preservation and hold 

times for the specified method(s). 

b. For preservation identified as store at ≤6C, the sample should be protected against freezing unless it is known that 

freezing will not affect the sample integrity.  

EPA = U.S. Environmental Protection Agency 

ICP/AES = inductively coupled plasma/atomic emission spectroscopy 

ICP/MS  = inductively coupled plasma/mass spectrometry 

 1 
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2.2.9 Measurement Equipment 1 

Each user of the measuring equipment is responsible for ensuring that the equipment is functioning as 2 

expected, properly handled, and properly calibrated at required frequencies in accordance with methods 3 

governing control of the measuring equipment. Onsite environmental instrument testing, inspection, 4 

calibration, and maintenance will be recorded in accordance with approved methods. Field screening 5 

instruments will be used, maintained, and calibrated in accordance with the manufacturers’ specifications 6 

and other approved methods. 7 

2.2.10 Instrument/Equipment Testing, Inspection, and Maintenance 8 

Collection, measurement, and testing equipment should meet applicable standards (e.g., ASTM 9 

International [formerly the American Society for Testing and Materials]) or have been evaluated as 10 

acceptable and valid in accordance with instrument-specific methods, requirements, and specifications. 11 

Software applications will be acceptance tested prior to use in the field. 12 

Measurement and testing equipment used in the field or the laboratory will be subject to preventive 13 

maintenance measures to minimize downtime. Laboratories must maintain and calibrate their equipment. 14 

Maintenance requirements (e.g., documentation of routine maintenance) will be included in the 15 

individual laboratory and onsite organization’s QA plan or operating protocols, as appropriate. 16 

Maintenance of laboratory instruments will be performed in a manner consistent with applicable 17 

Hanford Site requirements. 18 

2.2.10.1 Instrument/Equipment Calibration and Frequency 19 

Section G3.5 discusses field equipment calibration. Analytical laboratory instruments are calibrated in 20 

accordance with the laboratory’s QA plan and applicable Hanford Site requirements. 21 

2.2.10.2 Inspection/Acceptance of Supplies and Consumables 22 

Consumables, supplies, and reagents will be reviewed in accordance with SW-846 requirements and will 23 

be appropriate for their use. Supplies and consumables used to support sampling and analysis activities 24 

are procured in accordance with internal work requirements and processes. Responsibilities and interfaces 25 

necessary to ensure that items procured/acquired for the contractor meet the specific technical and quality 26 

requirements must be in place. The procurement system ensures that purchased items comply with 27 

applicable procurement specifications. Supplies and consumables are checked and accepted by users 28 

prior to use. 29 

2.2.11 Data Management 30 

SMR, in coordination with the OU project manager, is responsible for ensuring that analytical data are 31 

appropriately reviewed, managed, and stored in accordance with applicable programmatic requirements 32 

governing data management methods. 33 

Electronic data access, when appropriate, will be through the HEIS database. Where electronic data are 34 

not available, hardcopies will be provided in accordance with Section 9.6 of the Tri-Party Agreement 35 

Action Plan (Ecology et al., 1989b). 36 

Laboratory errors are reported to SMR through an established process. For reported laboratory errors, 37 

a sample issue resolution form will be initiated in accordance with applicable methods. This process is 38 

used to document analytical errors and to establish their resolution with the OU project manager. 39 

The sample issue resolution forms become a permanent part of the analytical data package for future 40 

reference and for records management. 41 
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2.3 Assessment/Oversight 1 

Assessment and oversight activities address the effectiveness of project implementation and associated 2 

QA/QC activities. The purpose of assessment is to ensure that the QAPjP is implemented as prescribed 3 

Routine evaluation of data quality described for this project will be documented and filed with the data 4 

in the project file. The OU project manager and/or the drilling and sampling FWS will monitor field 5 

activities for this SAP. The OU project manager retains overall responsibility for sampling but may 6 

delegate specific responsibilities to the drilling and sampling FWS or other appropriate DOE prime 7 

contractor staff. SMR will select a laboratory to perform the soil and groundwater analyses for this SAP. 8 

SMR will also assess and verify that analytical data are reported by the laboratory and will then enter the 9 

verified data into the HEIS database. 10 

2.3.1 Assessments and Response Action 11 

Management assessments and/or independent assessments may be performed to verify compliance with 12 

the requirements outlined in this SAP, project field instructions, the QAPjP methods, and regulatory 13 

requirements. Deficiencies identified by these assessments will be reported in accordance with existing 14 

programmatic requirements. The project management chain coordinates the corrective actions/deficiency 15 

resolutions in accordance with the QA program, the corrective action management program, and 16 

associated methods implementing these programs. When appropriate, corrective actions will be taken by 17 

the OU project manager (or designee). Assessments of data usability will be performed for the identified 18 

SAP activities, and the results will be provided to the OU project manager. No other planned assessments 19 

have been identified. If circumstances arise in the field dictating the need for additional assessments, then 20 

additional assessments will be performed. 21 

Oversight activities in the analytical laboratories, including corrective action management, are conducted 22 

in accordance with the laboratories’ QA plans. SMR oversees offsite analytical laboratories and verifies 23 

that the laboratories are qualified to perform Hanford Site analytical work. 24 

2.3.2 Reports to Management 25 

Program and project management (as appropriate) will be made aware of deficiencies identified by 26 

management assessments, ECO oversight, and findings from independent assessments and surveillances. 27 

Issues reported by the laboratories are communicated to SMR, which then initiates a sample issue 28 

resolution form. The process is used to document analytical or sample issues and to establish resolution 29 

with the OU project manager. If an assessment finding results in sampling issues that affect a regulatory 30 

requirement, DOE will be informed and the matter discussed with the regulatory agencies. 31 

2.4 Data Review and Usability 32 

This section addresses QA activities that occur after data collection. Implementation of these activities 33 

determines whether the data conform to the specified criteria, thus satisfying the project objectives. 34 

2.4.1 Data Review and Verification 35 

Data review and verification are performed to confirm that sampling and chain-of-custody documentation 36 

are complete. This review includes linking sample numbers to specific sampling locations and reviewing 37 

sample collection dates and sample preparation and analysis dates to assess whether holding times (if any) 38 

have been met. Furthermore, review of QC data is used to determine whether analyses have met the data 39 

quality requirements specified in this SAP. 40 



DOE/RL-2009-115, REV. 3, DRAFT A 
SEPTEMBER 2019 

 

G-44 

The criteria for verification include, but are not limited to, review for contractual compliance 1 

(i.e., samples were analyzed as requested), use of the correct analytical method, transcription errors, 2 

correct application of dilution factors, appropriate reporting of dry weight versus wet weight, and correct 3 

application of conversion factors. Field QA/QC results will be reviewed to ensure that the results 4 

are usable. 5 

The OU project scientist performs data reviews to help determine if observed changes reflect potential 6 

data errors, which may result in submitting a request for data review for questionable data. The laboratory 7 

may be asked to check calculations or reanalyze the sample. In extreme cases, another sample may be 8 

collected. Results of the request for the data review process are used to flag the data appropriately in 9 

HEIS database and/or to add comments. 10 

2.4.2 Data Validation 11 

Data validation will be performed by an independent third party not involved in sampling, analysis, or 12 

assessment. Data validation will be performed at a frequency of a minimum of 5% per method per matrix 13 

and will be based on EPA functional guidelines (EPA-540-R-2017-001, National Functional Guidelines 14 

for Inorganic Superfund Methods Data Review; and EPA-540-R-2017-002, National Functional 15 

Guidelines for Organic Superfund Methods Data Review) adjusted for use with SW-846 and HASQARD 16 

(DOE/RL-96-68). 17 

2.4.3 Reconciliation with User Requirements 18 

The purpose of reconciliation with user requirements is to determine if quantitative data are of the correct 19 

type and are of adequate quality and quantity to meet the project data needs. The DQA process is the 20 

scientific and statistical evaluation of previously verified and validated data to determine if information 21 

obtained from environmental data are of the right type, quality, and quantity to support their intended use. 22 

The DQA process uses the entirety of the collected data to determine usability for decision making. 23 

If a statistical sampling design was used during field sampling activities, then the DQA will be performed 24 

following the guidance in EPA/240/B-06/003, 2006, Data Quality Assessment: Statistical Methods for 25 

Practitioners (EPA QA/G-9S). When judgmental (focused) sampling designs are implemented in 26 

the field, DQIs such as precision, accuracy, representativeness, comparability, completeness, and 27 

sensitivity for the specific data sets (individual data packages) will be evaluated in accordance with 28 

EPA/240/R-02/004, 2002, Guidance on Environmental Data Verification and Data Validation 29 

(EPA QA/G-8). Data verification and data validation are integral to both the statistical DQA evaluation 30 

process and the DQI evaluation process. Results of the DQA or DQI processes generated by SMR will be 31 

used by the OU project manager to interpret the data and determine if the DQOs for this activity have 32 

been met. 33 

3 Field Sampling Plan 34 

This SAP includes the wells proposed through FY 2025. The field sampling plan defines the sampling 35 

and analysis requirements for samples and the field measurements to be collected from each well. 36 

Groundwater samples will be analyzed for the eight COCs identified in the 200-ZP-1 OU ROD 37 

(EPA et al., 2008), as well as uranium and other constituents (including additional VOCs), and their 38 

concentrations will influence the treatment process. The sampling data results will be entered into the 39 

HEIS database and will be used to aid in constructing well design and updating groundwater 40 

modeling parameters. 41 

Additional details regarding field-specific sample collection requirements are provided in the 42 

following sections. 43 
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3.1 Sampling Objectives 1 

The objective of the field sampling plan is to clearly identify project sampling and analysis activities. 2 

The field sampling plan uses the sampling design identified during the DQO process and identifies 3 

sampling locations, total number of samples to be collected, sampling procedures to be implemented, 4 

analyses to be performed, and sample bottle requirements. 5 

The extraction, injection, and monitoring wells to be installed will support the groundwater P&T remedy. 6 

The drilling schedule will be defined by the drilling manager. 7 

3.2 Sampling Locations and Frequencies 8 

This section identifies the locations of the new groundwater wells to be installed and defines the sampling 9 

and analysis requirements for the samples and measurements to be collected from each well. Figure G-2 10 

shows the identified approximate locations of the proposed new P&T injection and extraction wells, and 11 

Figure G-3 shows the identified approximate locations of the proposed new monitoring wells. The actual 12 

locations of the wells will be determined based on field reconnaissance of current site conditions to 13 

comply with the National Historic Preservation Act of 1966 and avoid restrictions, roads, waste sites, and 14 

other obstructions. After installing the well screens, the wells may be hydraulically tested as part of an 15 

aquifer test plan, which is outside the scope of this SAP. Geophysical logging will be conducted based on 16 

direction from the drilling manager. Table G-13 lists the locations and depths to be sampled at each well 17 

during drilling, and Table G-10 lists the field QC requirements. 18 

Figures G-2 and G-3 show the identified extraction, injection and monitoring well locations proposed in 19 

this SAP. The well locations were selected based upon the following information about contaminant 20 

distribution and migration: 21 

 Maps depicting the extent of contamination of the primary COC, carbon tetrachloride, as presented 22 

in the 200-ZP-1 OU FS (DOE/RL-2007-28) and PNNL-18100, Spatial Analysis of Contaminants 23 

in 200 West Area Groundwater in Support of the 200-ZP-1 Operable Unit Pre-Conceptual 24 

Remedy Design 25 

 Results of groundwater flow and particle-tracking simulations completed using the 200-ZP-1 OU 26 

model (further described below) 27 

 Relatively simple analytical calculations to verify conclusions based on flow modeling and 28 

particle tracking 29 

The data gap analysis process documented in SGW-61350 and summarized in Section 4.1.2 in the main 30 

text of this PMP (for monitoring wells only) The well locations were selected to achieve the following 31 

objective in the 200-ZP-1 OU ROD (EPA et al., 2008): “Groundwater pump-and-treat technology will be 32 

used to capture and treat the contaminated groundwater with a design requirement of reducing the mass of 33 

carbon tetrachloride, the predominant contaminant in the groundwater, by 95%.”34 
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Table G-13. Well Sample/Measurement Locations and Depth 

Sampling 

Location a 

Vadose Zone Sampling Depth, 

Frequency, and Analysis 

Aquifer Sampling Depth, Frequency, and Analysis 

Water Samples 

Soil Samples (Sediment) 

Below Water Table b 

YJ-36, YJ-37, YJ-38, 

YJ-39, YJ-40, YJ-41, 

YJ-42, YJ-43, YJ-44, 

YJ-45, YJ-46, YJ-47, 

YJ-48, YJ-49, YJ-50, 

YJ-51, YJ-52, YJ-53, 

YJ-54, and YJ-55 

(all injection wells) 

Ground surface to water table at 

each of the new wells during 

drilling (in accordance with Section 

G3.4.6), as follows:  

 Archive grab samples for 

geological purposes will be 

collected every 5 ft and where 

lithology changes occur in one-pint 

jar and a chip tray from the 

drill cuttings. 

During drilling, water samples to be 

collected (in accordance with 

Section G3.4.6), as follows:  

 At 100 ft intervals, starting at the water 

table (up to three samples). Samples to be 

analyzed for Table G-4 biofouling 

constituents at quick turnaround times. 

 At the water table and at 20 ft, 50 ft, 100 ft, 

and 170 ft below the water table (up to 

five samples), and at 10 ft below the Rlm 

(if present), unless visual observation in 

aquifer material change by the field 

geologist calls for additional sampling for 

further clarification: 

– Carbon tetrachloride for quick-

turnaround samples c 

– Table G-4 standard nonradiological and 

radiological constituents at standard 

turnaround time d 

– Field screening parameters 

(temperature, pH, dissolved oxygen, 

specific conductance, oxidation-

reduction potential, and turbidity) 

 Following construction and development 

of each well, one water sample will be 

collected and analyzed for Table G-4 

post-development constituents at standard 

turnaround times to provide baseline 

concentrations for each constituent. d 

During drilling, soil samples to be 

collected (in accordance with Section 

G3.4.6), as follows: 

 Split-spoon samples for analytical 

purposes will be collected at 100 ft 

intervals, starting at the water table (up to 

three samples). Samples to be analyzed 

for Table G-4 biofouling constituents at 

quick turnaround times. 

 Every 5 ft, grab archive samples will be 

collected and where lithology changes 

occur in one-pint jar and a chip tray from 

the drill cuttings. 

 Every 20 ft, grab two composite soil 

samples in pint jars from drill cuttings 

over the 20 ft interval for field screening 

grain-size (sieve) analysis. 
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Table G-13. Well Sample/Measurement Locations and Depth 

Sampling 

Location a 

Vadose Zone Sampling Depth, 

Frequency, and Analysis 

Aquifer Sampling Depth, Frequency, and Analysis 

Water Samples 

Soil Samples (Sediment) 

Below Water Table b 

YE-34, YE-35, YE-

36, YE-37, YE-38, 

YE-39, YE-40, 

YE-41, YE-42, 

YE-43, YE-44, 

and YE-45 

(all extraction wells) 

Ground surface to water table at 

each of the new wells during 

drilling (in accordance with Section 

G3.4.6), as follows:  

 Archive grab samples for 

geological purposes will be 

collected every 5 ft and where 

lithology changes occur in one-pint 

jar and a chip tray from the 

drill cuttings. 

During drilling, water samples to be 

collected (in accordance with 

Section G3.4.6), as follows:  

 At 20 ft intervals throughout aquifer, 

unless visual observation in aquifer 

material change by the field geologist calls 

for additional sampling for further 

clarification: 

– Carbon tetrachloride for quick-

turnaround samples c 

– Table G-4 standard nonradiological and 

radiological constituents at standard 

turnaround time d 

– Field screening parameters 

(temperature, pH, dissolved oxygen, 

specific conductance, oxidation-

reduction potential, and turbidity) 

 Following construction and development 

of each well, one water sample will be 

collected and analyzed for Table G-4 

post-development constituents at standard 

turnaround times to provide baseline 

concentrations for each constituent. d 

During drilling, soil samples to be 

collected (in accordance with Section 

G3.4.6), as follows: 

 Every 5 ft, grab archive samples will be 

collected and where lithology changes 

occur in one-pint jar and a chip tray from 

the drill cuttings. 

 Every 20 ft, grab two composite soil 

samples in pint jars from drill cuttings 

over the 20 ft interval for field screening 

grain-size (sieve) analysis. 
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Table G-13. Well Sample/Measurement Locations and Depth 

Sampling 

Location a 

Vadose Zone Sampling Depth, 

Frequency, and Analysis 

Aquifer Sampling Depth, Frequency, and Analysis 

Water Samples 

Soil Samples (Sediment) 

Below Water Table b 

MW-9A e  

(deep Rwia 

monitoring well 

collocated with MW7 

[299-W13-2]) 

Ground surface to water table at 

each of the new wells during 

drilling (in accordance with Section 

G3.4.6), as follows:  

 Archive grab samples for 

geological purposes will be 

collected every 5 ft and where 

lithology changes occur in one-pint 

jar and a chip tray from the 

drill cuttings. 

During drilling, water samples to be 

collected (in accordance with 

Section G3.4.6), as follows:  

 At 20 ft intervals below the Rlm, unless 

visual observation in aquifer material 

change by the field geologist calls for 

additional sampling for further 

clarification: 

– Carbon tetrachloride for quick-

turnaround samples c 

– Table G-4 standard nonradiological and 

radiological constituents at standard 

turnaround time d 

– Field screening parameters 

(temperature, pH, dissolved oxygen, 

specific conductance, oxidation-

reduction potential, and turbidity) 

 Following construction and development 

of each well, one water sample will be 

collected and analyzed for Table G-4 

post-development constituents at standard 

turnaround times to provide baseline 

concentrations for each constituent. d 

During drilling, soil samples to be 

collected (in accordance with Section 

G3.4.6), as follows: 

 Every 5 ft, grab archive samples will be 

collected and where lithology changes 

occur in one-pint jar and a chip tray from 

the drill cuttings. 

 Every 20 ft below the Rlm, grab two 

composite soil samples in pint jars from 

drill cuttings over the 20 ft interval for 

field screening grain-size 

(sieve) analysis. 
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Table G-13. Well Sample/Measurement Locations and Depth 

Sampling 

Location a 

Vadose Zone Sampling Depth, 

Frequency, and Analysis 

Aquifer Sampling Depth, Frequency, and Analysis 

Water Samples 

Soil Samples (Sediment) 

Below Water Table b 

MW-3A, MW-4A, 

MW-5A, MW-10A, 

MW-11, MW-12, 

MW-13, MW-14, 

MW-15, and MW-16 

(initially drilled and 

characterized 

monitoring wells 

at each identified 

location) 

Ground surface to water table at 

each of the new wells during 

drilling (in accordance with Section 

G3.4.6), as follows:  

 Archive grab samples for 

geological purposes will be 

collected every 5 ft and where 

lithology changes occur in one-pint 

jar and a chip tray from the 

drill cuttings. 

During drilling, water samples to be 

collected (in accordance with 

Section G3.4.6), as follows:  

 At 20 ft intervals throughout aquifer, 

unless visual observation in aquifer 

material change by the field geologist calls 

for additional sampling for further 

clarification: 

– Carbon tetrachloride for quick-

turnaround samples c 

– Table G-4 standard nonradiological and 

radiological constituents at standard 

turnaround time d 

– Field screening parameters 

(temperature, pH, dissolved oxygen, 

specific conductance, oxidation-

reduction potential, and turbidity) 

 Following construction and development 

of each well, one water sample will be 

collected and analyzed for Table G-4 

post-development constituents at standard 

turnaround times to provide baseline 

concentrations for each constituent. d 

During drilling, soil samples to be 

collected (in accordance with Section 

G3.4.6), as follows: 

 Every 5 ft, grab archive samples will be 

collected and where lithology changes 

occur in one-pint jar and a chip tray from 

the drill cuttings. 

 Every 20 ft, grab two composite soil 

samples in pint jars from drill cuttings 

over the 20 ft interval for field screening 

grain-size (sieve) analysis. 
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Table G-13. Well Sample/Measurement Locations and Depth 

Sampling 

Location a 

Vadose Zone Sampling Depth, 

Frequency, and Analysis 

Aquifer Sampling Depth, Frequency, and Analysis 

Water Samples 

Soil Samples (Sediment) 

Below Water Table b 

MW-3B, MW-3C, 

MW-4B, MW-5B, 

MW-6B f, and 

MW-8B g 

(monitoring wells 

installed following 

drilling and 

characterization of 

collocated monitoring 

wells) 

Ground surface to water table at 

each of the new wells during 

drilling (in accordance with Section 

G3.4.6), as follows:  

 Archive grab samples for 

geological purposes will be 

collected every 5 ft and where 

lithology changes occur in one-pint 

jar and a chip tray from the 

drill cuttings. 

During drilling, water samples to be 

collected (in accordance with 

Section G3.4.6), as follows:  

 Following construction and development 

of each well, one water sample will be 

collected and analyzed for Table G-4 

post-development constituents at standard 

turnaround times to provide baseline 

concentrations for each constituent. d 

During drilling, soil samples to be 

collected (in accordance with Section 

G3.4.6), as follows: 

 Every 5 ft, grab archive samples will be 

collected and where lithology changes 

occur in one-pint jar and a chip tray from 

the drill cuttings. 

 Every 20 ft, grab two composite soil 

samples in pint jars from drill cuttings 

over the 20 ft interval for field screening 

grain-size (sieve) analysis. 

a. Specific locations have not been identified for extraction wells YE-35 through YE-45, injection wells YJ-39 through YJ-55, and monitoring wells MW-11 and MW-16. 

b. If field screening instruments indicate radiological contamination above background at a given interval, two additional samples will be obtained. Send one sample for 

24-hour turnaround gamma energy analysis and one additional sample for testing based on the gamma energy analysis results (as determined by the groundwater 

remediation manager). 

c. If samples have elevated organic concentrations, an “E” flag may be applied to the data due to a lack of time for dilutions and reruns on a quick-turnaround time. 

The standard turnaround time sample will account for dilutions and reruns, as applicable. 

d. Collect filtered and unfiltered samples for metals. 

e. MW-9A will be drilled adjacent to recently installed monitoring well 299-W13-2 where characterization was completed in the unconfined aquifer; therefore, no samples 

will be collected during drilling for laboratory analyses above the Rlm. 

f. MW-6B will be drilled adjacent to recently installed monitoring well 699-46-61 where characterization was completed throughout the aquifer to the underlying basalt; 

therefore, no samples will be collected during drilling for laboratory analyses. 

g. MW-8B will be drilled adjacent to recently installed monitoring well 699-44-70B where characterization was completed throughout the aquifer to the underlying basalt; 

therefore, no sampling will be needed during drilling for laboratory analyses. 

MW = monitoring wells 

Rlm = Ringold Formation member of Wooded Island – lower mud unit 

Rwia = Ringold Formation member of Wooded Island – unit A 

YE = extraction wells 

YJ  = injection wells 
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Extraction well locations are expected to exhibit carbon tetrachloride concentrations >100 µg/L at any 1 

depth based on groundwater modeling conducted as part of the 200-ZP-1 OU FS (DOE/RL-2007-28), 2 

which supported the 200-ZP-1 OU ROD (EPA et al., 2008). As such, the extraction well locations will be 3 

positioned near the center of mass for the dissolved carbon tetrachloride contamination. Maps depicting 4 

the extent of carbon tetrachloride contamination in the groundwater suggest that the center of mass is 5 

oriented east-northeast from suspected source areas at the 216-Z-1A, 216-Z-18, and 216-Z-9 Cribs and 6 

Trenches to Route 3. This orientation is also consistent with previous interpretations of likely historical 7 

groundwater flow and contaminant migration directions (e.g., DOE/RL-2007-28). 8 

The spacing of the existing extraction wells along the carbon tetrachloride contamination plume 9 

(i.e., in the direction of groundwater flow) was developed based on the following: 10 

 Particle tracking completed using the groundwater model of the area encompassing the 200-ZP-1 OU 11 

 Relatively simple analytical calculations made to verify conclusions drawn on the basis of flow 12 

modeling and particle tracking 13 

 Location of rights of way and other accessibility restrictions 14 

Well spacing for future extraction wells may be based on new data collected during well installation and 15 

aquifer testing. The first extraction well installed was 299-W15-225 (YE-1), located near the presumed 16 

source areas and the interim remedial treatment system that is no longer operating. Installation of this well 17 

enabled the completion of rigorous well development and aquifer testing activities, as water recovered 18 

from the well could be treated at the 200 West P&T. The results of the aquifer test provided estimates of 19 

aquifer properties and influent concentrations for the COCs used to validate and update the groundwater 20 

model and to update estimates of the ideal extraction well spacing.  21 

The locations for the remaining proposed monitoring wells and any additional monitoring well locations 22 

will be identified through a data gap analysis process, as documented in SGW-61350 and summarized 23 

in Section 4.1.2 in the main text of this PMP. The remaining injection and extraction well locations 24 

will be identified through a P&T optimization process evaluating various modeling scenarios that are 25 

documented separately in an environmental calculation file and in the annual 200 Areas P&T report 26 

Newly identified injection, extraction, and monitoring well locations will be incorporated into this SAP 27 

by adhering to the document change control process described in Section G2.1.4 28 

3.3 Well Drilling and Completion Procedures 29 

Well drilling will be performed in accordance with WAC 173-160 for resource protection wells. 30 

The wells will be constructed using 8 in. diameter casing for injection and extraction wells and either 31 

6 in. or 4 in. diameter casing for monitoring wells. The drilling method will likely use an air circulation 32 

technique; however, the final drilling method will be determined based on negotiation of the 33 

drilling contract. 34 

The wells will be drilled either to the Rlm or to basalt based on quick-turnaround carbon tetrachloride 35 

results collected during drilling (as specified in Table G-13). Unless otherwise specified, the initially 36 

installed well at each clustered location will be drilled to basalt for characterization of the entire vertical 37 

extent at that location. Any subsequently wells drilled at those locations (following installation of the first 38 

well) will be drilled to the targeted depth for screen placement based on the characterization data 39 

collected from the initially installed well. 40 

The wells will be constructed with Schedule 10, Type 304 or 316 stainless-steel, continuous wire-wrap 41 

screen (V-slot or other, depending on application and sieve analysis results), on top of approximately 42 
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a 1.5 to 3 m (5 to 10 ft) long, stainless-steel sump with end cap. A Schedule 10 stainless-steel riser will be 1 

used to extend the permanent well into the vadose zone, with Schedule 10 stainless-steel casing through 2 

the vadose zone to the ground surface. Screen slot size and sand-pack grain size will be determined after 3 

evaluating the sample data collected and composited every 6.1 m (20 ft) from drill cuttings for field 4 

screening grain-size (sieve) analysis (Table G-13). Colorado silica sand (or an equivalent quality material) 5 

will be used for the sand pack. Sodium bentonite pellets and/or natural sodium bentonite chunks, 6 

crumbles, or powdered bentonite will be used for bentonite sealing material. Type I/II Portland cement 7 

will be used for cement grout. A bentonite seal will be placed between the well screen sections (for wells 8 

with multiple screen sections), as required by the design. Any portion of the borehole below the sand pack 9 

will be sealed with bentonite or cement to prevent cross-communication between aquifers. Bentonite 10 

slurry or cement will not be poured down the long annulus but will instead be placed by tremie tube. 11 

Surface construction consisting of protective casing, protective guard posts, and cement pad must be in 12 

place prior to job completion. The protective casing will be a minimum 2 in. larger in diameter than the 13 

permanent casing. Protective casing will rise approximately 0.9 m (3 ft) above ground surface. Permanent 14 

casing will rise to approximately 0.3 m (1 ft) below the top of the protective casing. Protective casing will 15 

have a lockable well cap that extends approximately 38.1 cm (15 in.) above the top of the protective 16 

casing. An access port will be provided on the protective casing and configured as depicted in Figure G-5. 17 

If the proposed completion is different than WAC 173-160 requirements, an approved variance must be 18 

obtained from Ecology before the well is completed. 19 

 

Figure G-5. Diagram Showing Configuration of Access Port in Protective Casing 
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3.3.1 Extraction Wells 1 

Extraction wells will have a long screen, typically 30.5 m (100 ft) or more in length. The well screens will 2 

be installed and centered at the interval showing the highest carbon tetrachloride concentration to capture 3 

as much of the >100 µg/L concentration plume as possible, although the well design may specify the 4 

screen to fully penetrate the targeted aquifer. In addition, one or more blank sections of casing may 5 

separate screen intervals within the same aquifer based on grain size (in areas of low permeability) and 6 

contaminant concentration (in areas with low contaminant concentrations); however, this will be 7 

a single-casing well completion. The blank sections are part of the well screen installation and are only 8 

used to facilitate well pump efficiency. Figures G-6 and G-7 provide conceptual illustrations of the well 9 

designs for extraction wells installed in unconfined and confined aquifers, respectively. Actual well 10 

designs, including screen lengths, will be determined by observations made and characterization data 11 

collected during drilling. Sieve analysis will be used to size the filter pack and for well screen slot-size 12 

selection. The well designs will enable groundwater extraction from the entire contaminated aquifer 13 

thickness, if needed, and will allow the wells to preferentially extract more highly contaminated water to 14 

maximize attainment of remediation goals with the current treatment system capacity. 15 

Actual well screen interval lengths will be based on depth-discrete groundwater sample analytical results 16 

for carbon tetrachloride, technetium-99, and nitrate collected during well drilling, contaminant 17 

concentrations in nearby monitoring wells, and the extraction well location in regard to the carbon 18 

tetrachloride plume. The minimum screened interval of the extraction well will be based on the 19 

groundwater sample analytical results, with the well screen sufficiently long enough to encompass carbon 20 

tetrachloride concentrations >100 µg/L. The minimum screened interval of the extraction well may be 21 

increased (up to the entire thickness of the targeted aquifer) based on the concentrations of other COCs 22 

identified during drilling and/or concentrations of carbon tetrachloride and other COCs in other wells and 23 

borings upgradient from the extraction well locations. 24 

The well yield is dependent on the length of the screen, aquifer thickness, and aquifer hydraulic 25 

properties. The current assumption for well yield is 12.4 L/min/m (1 gal/min/ft) of well screen. 26 

An extraction well with at least 30.5 m (100 ft) of well screen is expected to be capable of producing 27 

378.5 L/min (100 gal/min). Based on the heterogeneity known to be present (particularly the mixed 28 

sedimentary sequences and the variability of cementing in the Ringold Formation), it is not possible to 29 

ensure that each individual well will produce 378.5 L/min (100 gal/min), and some wells may produce 30 

>378.5 L/min (100 gal/min). Sieve analyses will be used to size the filter pack and, in turn, for well 31 

screen slot-size selection. 32 

Well development and aquifer testing should follow the same approach described in SGW-40266, 33 

Description of Work for Aquifer Testing at Well 299-W15-225, unless it is determined that other well 34 

development methods are more appropriate. The description of work describes the approach, procedures 35 

to be used, management structure, and benefits of each of the aquifer tests. Not all of the aquifer testing 36 

described in SGW-40266 may be conducted at each well, but it is anticipated that each well may either 37 

undergo the more extensive well development procedures (described in the description of work) or will 38 

use other current well development methods (described in DOE/RL-2010-78, 200 West Area 39 

Groundwater Pump-and-Treat Facility Extraction and Injection Well Maintenance Plan) to improve the 40 

efficiency of each well. The OU project manager will decide which (if any) aquifer tests (i.e., slug test 41 

characterization during or following drilling, electromagnetic borehole flow meter surveys, or 42 

constant-rate pump tests) may be applied at each of the individual wells. 43 
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Figure G-6. Conceptual Illustration of Extraction Well Design in the Unconfined Aquifer  
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Figure G-7. Conceptual Illustration of Extraction Well Design in the Confined Aquifer 
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3.3.2 Injection Wells 1 

Injection wells will have a long screen, typically 30.5 m (100 ft) or more in length, as a single-casing 2 

well. These wells will likely be screened across the entire thickness of the targeted aquifer. For injection 3 

wells installed in the unconfined aquifer, the well screen will likely extend into the vadose zone to 4 

provide increased injection capacity. Figures G-8 and G-9 provide conceptual illustrations of well designs 5 

for injection wells installed in unconfined and confined aquifers, respectively. Actual well designs, 6 

including screen lengths, will be determined by observations made and characterization data collected 7 

during drilling. Sieve analysis will be used to size the filter pack and select the well screen slot size. 8 

The designs will enable groundwater injection from the P&T system across the entire thickness of the 9 

targeted aquifer and will allow the wells to inject a sufficient quantity of water to meet treatment system 10 

injection needs. 11 

3.3.3 Monitoring Wells 12 

Monitoring wells will typically have a minimum 6.1 m (20 ft) screen length as a single-casing well. 13 

Figures G-10 and G-11 provide conceptual illustrations of well designs for monitoring wells installed 14 

in unconfined and confined aquifers, respectively. Monitoring wells will generally be constructed 15 

with 6 in. or 4 in. diameter casing. Actual well designs, including screen lengths, will be determined by 16 

observations made and characterization data collected during drilling. Sieve analysis will be used to size 17 

the filter pack and select well screen slot size. 18 

3.4 Field-Specific Collection Requirements 19 

The field-specific collection requirements for sampling are outlined in this section. 20 

3.4.1 Sample Location and Depth 21 

The sample number, well identification number, and depth will be documented. Each bottle and 22 

chain-of-custody form must be identified by sample number and sample authorization form number. 23 

3.4.2 Sample Identification 24 

A sample data-tracking database will be used to track the samples from collection and through the 25 

laboratory analysis process. The HEIS database is the repository for laboratory analytical results. 26 

The HEIS sample numbers will be issued to the sampling organization for this project. The radiological 27 

and physical properties of each sample will be identified and labeled with a unique HEIS sample number. 28 

The sample location, depth, and corresponding HEIS number will be documented in the sampler’s field 29 

logbook/data forms. Each sample container will be labeled with the following information, using 30 

a waterproof marker on firmly affixed, water-resistant labels: 31 

 Sample authorization form number 32 

 HEIS number 33 

 Sample collection date and time 34 

 Analysis required 35 

 Preservation method (if applicable) 36 



DOE/RL-2009-115, REV. 3, DRAFT A 
SEPTEMBER 2019 

 

G-57 

 

Figure G-8. Conceptual Illustration of Injection Well Design in the Unconfined Aquifer 
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Figure G-9. Conceptual Illustration of Injection Well Design in the Confined Aquifer 
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Figure G-10. Conceptual Illustration of Monitoring Well Design in the Unconfined Aquifer 
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Figure G-11. Conceptual Illustration of Monitoring Well Design in the Confined Aquifer 
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3.4.3 Field Sample Logbook 1 

Information pertinent to sampling and analysis will be recorded on data forms and in bound logbooks in 2 

accordance with existing sample collection protocols (DOE/RL-96-68). The sampling team is responsible 3 

for recording relevant sampling information. Logbook entries will be dated and signed by the individual 4 

making the entry. Program requirements for managing the generation, identification, transfer, protection, 5 

storage, retention, retrieval, and disposition of records will be followed. At a minimum, the information 6 

noted in Section G3.4.1 will be documented. 7 

3.4.4 Sample Custody 8 

Sample custody will be maintained in accordance with existing Hanford Site protocols. The custody 9 

of samples will be maintained from the time of sample collection until ultimate disposal of the samples, 10 

as appropriate. A chain-of-custody record will be initiated in the field at the time of sampling and will 11 

accompany each set of samples shipped to the laboratory. Sample shipping procedures will be followed 12 

throughout sample shipping. Each chain-of-custody form will include the sample identification number, 13 

associated well identification number, and remediation system designation. The analyses requested for 14 

each sample will be indicated on the accompanying chain-of-custody form.  15 

Chain-of-custody procedures will be followed throughout sample collection, storage, transfer, analysis, 16 

and disposal to ensure that sample integrity is maintained. Each time the responsibility for sample 17 

custody changes, the new and previous custodians will sign the record and note the date and time. 18 

A custody seal (e.g., evidence tape) is affixed to each sample container and/or the sample collection 19 

package in such a way as to indicate potential tampering. Except for VOA samples, a custody seal will be 20 

affixed to the lid of each sample container, and the custody seal will be inscribed with the sampler’s 21 

initials and date. Custody seals are not applied directly to VOA bottles collected because of the potential 22 

for affecting analytical results and/or fouling of laboratory equipment. Custody seals and any other 23 

required labels/documentation can be fixed to the exterior of a plastic bag holding the VOA vials in such 24 

a manner to detect potential tampering. Sample custody during laboratory analysis will be addressed in 25 

the applicable laboratory’s standard operating procedures. 26 

3.4.5 Sample Containers, Preservatives, and Holding Times 27 

Appropriate sample containers will be used for soil and groundwater samples collected for radiological 28 

and chemical analysis. Container sizes may vary, depending on the laboratory-specific volumes needed to 29 

meet analytical detection limits. However, if the dose rate on the outside of a sample jar or the specific 30 

activity within the sample exceeds levels acceptable for an offsite laboratory, the sample coordinator 31 

may send smaller volumes to the laboratory after consultation with SMR to determine acceptable 32 

volumes. The final container type and volumes will be provided on the sample authorization form and 33 

chain-of-custody form. For the purpose of starting the clock for holding-time restrictions, a “sample” is 34 

defined as a filled sample bottle.  35 

3.4.6 Sampling Procedure 36 

Depth-discrete soil samples from drill cuttings will be collected from the vadose zone and the aquifer. 37 

This will enable sieve analyses to be completed to design both the filter pack and the slot size for the 38 

screen in the aquifer for all wells and in the vadose zone for injection wells. 39 

Most groundwater samples will be collected from selected intervals using a submersible pump, although 40 

collecting samples with a bailer is also acceptable (e.g., near the water table where insufficient head may 41 

be available for pumping, or where groundwater turbidity is high enough to interfere with pumping). 42 

Prior to sample capture, the pump will be operated for a sufficient period of time to provide stabilized 43 

field readings. 44 
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Samples collected as the boring is advanced will assist in validating the conceptual model for COC 1 

distribution and might lead to changes in the screened interval. 2 

3.4.7 Sample Shipping 3 

Samples may not be transported without authorization from the Soil and Groundwater Remediation 4 

Project authorized shipper. If the proposed wells have a medium or high risk of encountering radiological 5 

material, RCT surveys will be required. If radiological materials are not anticipated, RCT surveys may 6 

not be required if the RCT field readings show no activity above background. As applicable, the RCT will 7 

measure the contamination levels on the outside of each sample jar and the dose rates on each sample jar. 8 

As applicable, the RCT will also measure the radiological activity on the outside of the sample container 9 

(through the container) and will document the highest contact radiological reading in millirem per hour 10 

(mrem/hr). This information and other data will be used to select proper packaging, marking, labeling, 11 

and shipping paperwork in accordance with U.S. Department of Transportation regulations (49 CFR, 12 

“Transportation”) and to verify that the sample can be received by the analytical laboratory in accordance 13 

with the laboratory’s acceptance criteria. The sampler will send copies of the shipping documentation to 14 

SMR within 48 hours of shipping. 15 

As a general guideline, samples with activities <5 µSv/hr (0.5 mrem/hr) can be shipped to an appropriate 16 

offsite laboratory (e.g., DOE contract laboratory, or a laboratory with a U.S. Nuclear Regulatory 17 

Commission or state license for specific radionuclides). Samples with activities between 5 and 100 µSv/hr 18 

(0.5 and 10 mrem/hr) may be shipped to an offsite laboratory, although samples with dose rates within 19 

this range will be evaluated on a case-by-case basis by SMR. Samples with activities >100 µSv/hr 20 

(10 mrem/hr) may be sent to an onsite laboratory, as arranged by SMR. 21 

3.4.8 Radiological Field Data 22 

Alpha and beta/gamma data collection in the field using established Hanford Site procedures will be used 23 

as needed to support sampling and analysis efforts. The following information will be distributed to 24 

personnel performing work in support of this SAP: 25 

 Instructions to RCTs on the methods required to measure sample activity and media for gamma, 26 

alpha, and/or beta emissions, as appropriate. 27 

 Information regarding the Geiger-Müller portable instrument, to include a physical description of the 28 

instrument, radiation and energy response characteristics, calibration/maintenance and performance 29 

testing descriptions, and the application/operation of the instrument. The Geiger-Müller is 30 

a beta/gamma instrument commonly used at the Hanford Site to obtain removable surface 31 

contamination measurements and direct measurements of the total surface contamination. 32 

 Information regarding the portable alpha meter, to include a physical description of the instrument, 33 

the radiation and energy response characteristics, calibration/maintenance and performance testing 34 

descriptions, and the application/operation of the instrument. The portable alpha meter is an alpha 35 

instrument commonly used at the Hanford Site to obtain removable surface contamination 36 

measurements and direct measurements of total surface contamination. 37 

 Information on the characteristics associated with the hand-held probes to be used for obtaining 38 

direct radiological measurements, to include a physical description of the probe, the radiation and 39 

energy response characteristics, calibration/maintenance and performance testing descriptions, and 40 

the application/operation of the instrument. The hand-held probe is an alpha instrument commonly 41 

used at the Hanford Site to obtain removable surface contamination measurements and direct 42 

measurements of total surface contamination. 43 
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3.5 Calibration of Field Equipment 1 

Onsite environmental instruments are calibrated in accordance with the manufacturer’s operating 2 

instructions, internal work requirements and processes, and/or field instructions that provide direction for 3 

equipment calibration or verification of accuracy by analytical methods. Calibration records will include 4 

the raw calibration data, identification of the standards used, associated reports, date of analysis, and 5 

analyst’s name or initials. The results from all instrument calibration activities are recorded in accordance 6 

with HASQARD requirements (DOE/RL-96-68). 7 

Field instrumentation calibration and QA checks will be performed as follows: 8 

 Prior to initial use of a field analytical measurement system. 9 

 At the frequency recommended by the manufacturer or methods, or as required by regulations. 10 

 Upon failure to meet specified QC criteria. 11 

 Calibration of radiological field instruments on the Hanford Site is performed by the Mission Support 12 

Alliance prime contractor, as specified by their calibration program. 13 

 Daily calibration checks will be performed and documented for each instrument used. These checks 14 

will be made on standard materials sufficiently like the matrix under consideration for direct 15 

comparison of data. Analysis times will be sufficient to establish detection efficiency and resolution. 16 

 Using standards for calibration that are traceable to a nationally recognized standard agency source or 17 

measurement system. Manufacturer’s recommendations for storage and handling of standards (if any) 18 

will be followed. Expired standards will not be used for calibration.  19 

4 Management of Waste 20 

Waste generated by drilling and sampling activities (e.g., personal protective clothing and equipment) 21 

will be managed in accordance with the 200-ZP-1 OU waste management plan (Appendix B of 22 

DOE/RL-2009-124, Rev. 6, Draft A, 200 West Pump and Treat Operations and Maintenance Plan). 23 

The waste management plan establishes the requirements for managing and disposing waste associated 24 

with groundwater wells used to monitor and remediate the 200-ZP-1 OU, as required by the 200-ZP-1 OU 25 

ROD (EPA et al., 2008). Remediation-derived waste from well sampling and installation activities is 26 

handled in accordance with CERCLA. The characterization of waste generated by drilling and the 27 

sampling of wells identified in this SAP vary by location, depth, and the time of each well’s installation. 28 

Saturated zone soils and related miscellaneous solid waste will be designated for disposal on the 29 

basis of an existing waste profile developed using data previously obtained from numerous other 30 

200-ZP-1 OU wells in accordance with the 200-ZP-1 OU waste management plan (Appendix B of 31 

DOE/RL-2009-124). Off-site analytical laboratories are responsible for disposal of unused sample 32 

quantities and wastes generated during analytical processes. 33 

5 Health and Safety 34 

Field operations will be performed in accordance with health and safety requirements and appropriate 35 

Soil and Groundwater Remediation Project requirements. Additionally, work control documents will be 36 

prepared to further control site operations. Safety documentation will include an activity hazard analysis 37 

and, as applicable, radiological work permits. The sampling procedures and associated activities will 38 

implement ALARA practices to minimize radiation exposure to the sampling team, consistent with the 39 

requirements defined in 10 CFR 835, “Occupational Radiation Protection.” 40 
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