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METRIC CONVERSION CHART 


Into Metric Units Out of Metric Units 
If You Know Multiply By To Get If You Know Multiply By To Get 


Length Length 
inches 25 .4 millimeters millimeters 0.039 inches 


inches 2.54 centimeters centimeters 0.394 inches 


feet 0.305 meters meters 3.28 1 feet 


yards 0.914 meters meters 1.094 yards 


miles 1.609 kilometers kilometers 0.621 miles 


Area Area 
sq. inches 6.452 sq. centimeters sq. centimeters 0.155 sq. inches 


sq. feet 0.093 sq. meters sq. meters 10.76 sq. fee t 


sq. yards 0.0836 sq. meters sq. meters 1.196 sq. yards 


sq. miles 2.6 sq. kilometers sq. kilometers 0.4 sq. miles 


acres 0.405 hectares hectares 2.47 acres 


Mass (weight) Mass (weight) 
ounces 28.35 grams grams O.o35 ounces 


pounds 0.454 kilograms kilograms 2.205 pounds 


ton 0.907 metric ton metric ton 1.102 ton 


Volume Volume 
teaspoons 5 milliliters milliliters 0.033 fluid ounces 


tablespoons 15 milliliters liters 2. 1 pints 


fluid ounces 30 milliliters liters 1.057 quarts 


cups 0.24 liters liters 0.264 gallons 


pints 0.47 liters cubic meters 35.315 cubic feet 


quarts 0.95 liters cubic meters 1.308 cubic yards 


gallons 3.8 liters 


cubic feet 0.028 cubic meters 


cubic yards 0.765 cubic meters 


Temperature Temperature 
Fahrenheit subtract 32, Celsius Celsius multiply by Fahrenheit 


then multiply 9/5, then add 
by 5/9 32 


Radioactivity Radioactivity 
picocuries 37 mi ll ibecquerel millibecquerel 0.027 picocuries 
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The purpose of this data quality objective (DQO) process is to assess the current groundwater 
monitoring well network at the 200-ZPI and 200-UP-1 Operable Units (OUs). This assessment 
is needed to address changing contaminant plume conditions (e.g., plume migration) and to 
ensure that monitoring activities meet the requirements for remediation performance monitoring 
(i.e., Comprehensive Environmental Response, Compensation, and Liability Act of 1980 
[CERCLA] monitoring) and Site-wide surveillance monitoring to meet the requirements of 
U.S. Department of Energy [DOE] orders. This DQO summary report was prepared in response 
to the CERCLA 5-year review of groundwater remedial actions at the Hanford Site, and it 
supports Action Items 200-3 and 200-6. 


The objective of DQO Step 1 is to use the information gathered from the DQO scoping process, 
as well as other relevant information, to clearly and concisely state the problem to be resolved. 
The tables provided in this section document the personnel involved in the DQO process, 
identify the contaminants of concern (COCs), and summarize the key information needed to 
support the writing of the problem statement. 


1.1 PROJECT OBJECTIVES 


Because of the changing shape of the groundwater contaminant plume contours over time and 
changing programmatic needs, the 200-ZP-1 and 200-UP-1 OU groundwater monitoring network 
is required to be periodically re-evaluated. 


The objective of the groundwater remediation performance monitoring program is to provide 
a routine assessment of the effectiveness of groundwater remediation activities within the 
200-ZP-1 and 200-UP-1 OUs. The objectives of the Site-wide surveillance are as follows: 


• Determine baseline conditions of groundwater quality and quantity 


• Characterize and define hydrogeologic, physical, and chemical trends in the groundwater 
system 


• Identify existing and potential groundwater contamination sources 


• Assess existing and emerging groundwater quality problems 


• Evaluate existing and potential off site impacts of groundwater contamination 


• Provide data on which decisions can be made concerning land disposal practices and the 
management and protection of groundwater resources. 
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This DQO process will identify the optimum number of groundwater wells to be monitored to 
meet these objectives and will determine if any new groundwater wells need to be instalJed, the 
sampling frequency, the analyses to be performed, the detection limit requirements, and other 
analytical performance requirements (e.g. , precision and accuracy). 


1.2 PROJECT ASSUMPTIONS 


The following list of project assumptions were taken into consideration during the preparation of 
this DQO summary report: 


• The groundwater monitoring network resulting from this DQO process shall be used to 
address the requirements for groundwater remediation performance monitoring (CERCLA 
monitoring) and Site-wide surveillance monitoring (to meet the requirements of DOE orders) 
for the 200-ZP-1 and 200-UP-1 OUs. This includes both surveillance monitoring of 
contaminants in groundwater and the monitoring of groundwater elevations. 


• The existing monitoring network for Resource Conservation and Recovery Act of 1976 
(RCRA) waste management areas located within the 200-ZP-1 and 200-UP-1 OUs was 
established through a separate process and is regarded as a boundary condition for this DQO 
process. 


• The interim Record of Decision (ROD) for the 200-ZP-I OU (EPA et al. 1995) addresses 
only the remediation of carbon tetrachloride, chloroform, and trichloroethylene (TCE), and 
the interim ROD for the 200-UP-l OU (EPA et al. 1997) addresses only uranium and 
technetium-99. However, the final monitoring network developed by this DQO process takes 
into consideration carbon tetrachloride, chloroform, TCE, chromium (total), arsenic, 
cadmium, strontium-90, iodine-129, technetium-99, uranium, tritium, nitrate, and fluoride 
contaminant plumes, as these need to be tracked as part of Site-wide surveillance monitoring. 


• A geostatistical analysis of the existing wells in the 200-ZP-l and 200-UP-1 OUs shall be 
performed to support the selection of the existing wells to be included in the final 
groundwater monitoring network. This analysis shall include performing a vario-gram 
analysis in combination with stochastic simulation . 


• The final groundwater monitoring network resulting from this DQO process shall monitor 
only the upper 50 ft of the unconfined aquifer. This is based on the limited number of 
existing deep-screened groundwater monitoring wells within the 200-ZP-1 and 200-UP-1 
OUs. 


• Wells that have either gone dry, are going dry, are damaged, or are of poor construction have 
been removed from the list of existing wells that were considered available for groundwater 
monitoring. At a future date, these removed wells may be considered for either 
decommissioning or well deepening. 
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• If one or more wells within the 200-ZP-l or 200-UP-1 OUs become(s) unsamplable after the 
final monitoring network has been establi hed, the well(s) may either be replaced by another 
nearby existing well, or plans will be made to either deepen the existing well or to install a 
new well. 


• Appendix B of this DQO establishes an initial frequency of sampling for the 200-ZP-l and 
200-UP-l groundwater monitoring network. This frequency will be re-assessed on an annual 
basis and adjustments will be made as needed. 


• If the extent of contamination from any of the COCs (as defined by the action levels) has 
spread beyond bounding (peripheral) monitoring wells, then the need for additional existing 
or new monitoring wells will be assessed. 


• The intent of this DQO process is to maximize the use of existing monitoring wells and to 
minimize the need for new monitoring wells. 


• The monitoring well network resulting from this DQO process will be re-evaluated on an 
annual basis to ensure that the network continues to provide the data needed to track the 
performance of the pump-and-treat systems (as required by the 200-ZP-1 and 200-UP-l 
interim RODs [EPA et al. 1995, 1997]), and to perform the surveillance monitoring of 
groundwater contaminant plumes (as required by DOE orders). 


• Decisions related to testing the effectiveness of the Environmental Restoration Contractor 
(ERC) program's groundwater pump-and-treat system are beyond the scope of this DQO 
process. 


• The monitoring well network resulting from this DQO process shall be used to support 
Site-wide surveillance monitoring requirements. 


• Monitoring for the Environmental Restoration Disposal Facility (ERDF) is considered a 
boundary condition for this DQO process. 


• Quality assurance sampling is not addressed by this DQO process; however, it will be 
addressed in the sampling and analysis plan (SAP) to be prepared following the completion 
of this DQO summary report. 


• It is very likely that one or more of the groundwater wells presented in the final monitoring 
network (see Section 7.3) will go dry over the next few years. As a result, the SAP that will 
the issuance of this DQO summary report will need to be updated on an annual basis to 
ensure the document stays current. In the timeframe between annual revisions of the SAP, 
all changes to the monitoring network require approval from DOE and applicable regulatory 
agencies. This approval can be documented in meeting minutes . 


• The U.S. Environmental Protection Agency (EPA) is the lead regulatory agency in charge of 
overseeing groundwater monitoring activities within the 200-ZP-1 OU. 
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• The Washington State Department of Ecology (Ecology) is the lead regulatory agency in 
charge of overseeing groundwater monitoring activities within the 200-UP-1 OU. 


1.3 PROJECT ISSUES 


1.3.1 Global Issues 


The following section presents issues that needed to be agreed upon between the decision 
makers. The global issues that were identified during the decision-maker interviews are as 
follows: 


l . What is the optimum sampling frequency for the monitoring wells? 


It was concluded that the frequency at which monitoring wells are sampled should be based 
on the amount of historical data that is available for a particular well and the stability of the 
data over time. For example, it was agreed that a r:easonable approach would be to sample 
wells quarterly beginning the first year after installation, semi-annually the second year after 
installation, and annually after the third year after installation. It was also concluded that 
bi-annual sampling may be appropriate for perimeter wells that have shown stable 
concentrations for several years. If irregular trends or increasing trends appear, the sampling 
frequency should be increased accordingly. 


2. Which carbon tetrachloride isopleths are needed to support remedial action decision 
making? 


The interim ROD (EPA et al. 1995) requires that the 2,000-3,000 µg/L contour for carbon 
tetrachloride be tracked based on monitoring. The 5 µg/L isopleth should also be monitored 
because it is the maximum contaminant level for carbon tetrachloride and, therefore, defines 
the extent of the plume. Until the final ROD is in place, these are the only two isopleths that 
need to be monitored for carbon tetrachloride. 


1.3.2 Task-Specific Technical Issues and Resolutions 


One technical issue that was identified during the DQO process meeting was the need to resolve 
discrepancies between the ERC and Pacific Northwest National Laboratory (PNNL) contaminant 
plume maps that are presented in annual reports. The discrepancies between the maps prior to 
year 2001 resulted from modeling interpretations for those areas with little or no well coverage. 
These discrepancies were resolved in the year 2001 through improved communication . 
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Table 1-1 presents a list of all of the references that were reviewed as part of the scoping process, 
as well as a summary of the pertinent information contained within each reference. These 
references are the primary source for the background information presented in Section 1.5 of this 
DQO summary report. 


Table 1-1. Existing References. (2 Pages) 


Reference Summary 


Record of Decision for the 200-UP-l interim Presents a description of the selected remedy for uranium and 
Remedial Measure (EPA et al. 1997) technetium-99 groundwater contamination in the 200-UP-1 OU. 


Record of Decision for the 200-ZP-J Interim 
Presents a description of the selected remedy for carbon 
tetrachloride, chloroform, and TCE groundwater contamination 


Remedial Measure (EPA et al. 1995) 
in the 200-ZP-1 OU. 


Interim Action Waste Management Plan for 
Establi shes the requirements for management and disposal of 


the 200-UP-J Operable Unit, 
waste generated from groundwater wells in the 200-UP-1 OU. 


DOE/RL-2000-51 , Rev. 1 (DOE-RL 2001b) 


Provides data required to refine the site conceptual model and 


Limited Field Investigation for the 200-UP-J 
conduct a risk assessment. The fo llowing high-priority 
contaminants were found to exceed MCLs within the 200-UP-1 


Operable Unit, DOE/RL-96-33, Rev. 0 
OU: 1,2-dichloroethane, carbon tetrachloride, trichloroethene, 


(DOE-RL 1996b) 
strontium-90, technitium-99, iodine-129, uranium, cadmium, and 
chromium. 


Presents the remedial action objectives for the interim remedial 
200-UP-I Groundwater Remedial Design/ measure, which are to (1) hydraulically contain and treat the 
Remedial Action Work Plan, high-concentration portion of the uranium and technetium-99 
DOE/RL-97-36, Rev. 2 (DOE-RL 1997) groundwater plumes, and (2) provide data to support a final 


remediation measure. 


Presents the 1995 perimeter of the carbon tetrachloride plume 


200-ZP-I Groundwater Sampling and 
within the 200-ZP- l OU and identifies the wells to be sampled 
for remedial action assessment and to track the plume periphery. 


Analysis Plan/Quality Assurance Plan, 
Identifies the sampling frequency , analyses to be performed, and 


BHI-00038, Rev. 1 (BHI 1995) 
the li st of wells from which groundwater level measurements 
wil l be collected . 


Identifies the water-level monitoring well network and 
groundwater sampling network used to monitor groundwater 


200-ZP-l /RM Phase II and Ill Remedial conditions within the 200-ZP- l OU. Some of the wells li sted for 
Design Report, DOE/RL-96-07, Rev. 0 monitoring are different from those identified in BHI (1995) 
(DOE-RL 1996a) because the shape of the carbon tetrachloride plume has changed 


over time, new wells were installed , etc . Provides computer 
simulation results. 
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Table 1-1. Existing References. (2 Pages) 


Reference 


Hanford Site Groundwater Monitoring 
for Fiscal Year 2000, PNNL-13404 
(PNNL 2001) 


Fiscal Year 2000 Annual Summary Report 
for the 200-UP-1 and 200-ZP-1 Pump-and­
Treat Operations, DOE/RL-2000-71, Rev. 0 
(DOE-RL 2001 a) 


Hanford Well Information System database 


FY= fi scal year 
MCL = maximum contaminant level 
PFP = Plutonium Finishing Plant 


Summary 


Presents groundwater contours and the perimeter of the carbon 
tetrachloride, chloroform, and TCE plumes within the 200-ZP-l 
OU. Presents groundwater contours and the perimeter of the 
technetium-99 and uranium plumes within the 200-UP-l OU 
Also provides maps showing the location of sampled 
groundwater well s, and identifies the frequency at which wells 
are sampled, depth of well screens, etc. 


Summarizes the performance of the groundwater treatment 
system in FY00 and discusses the changes that have been 
observed in the plume shape and concentration during the 
reporting period. Recommendations provided based on an 
evaluation of the FY00 data were as follows: 


• An additional monitoring well or extraction well should be 
installed beneath the PFP. 


• Continue to analyze monitoring wells and extraction wells for 
radionuclides to determine technitium-99 and tritium 
concentrations. Contaminant levels remained steady during 
FY0O but may increase in the future because the 
technetium-99 plume is within the capture zone of the 
northern extraction wells. 


This database was used to obtain well completion forms in order 
to identify the well screening intervals, depth to water, etc., in 
each of the sampled wells. 


1.5 HISTORICAL GROUNDWATER REMEDIATION ACTIVITIES 


The following section provides a summary of historical groundwater remediation activities for 
the 200-ZP-1 and 200-UP-1 OUs. 


1.5.1 200-ZP-1 Operable Unit 


DOE-RL (1996a) reports that between 1955 and 1973, an estimated 600,000 to 900,000 kg of 
carbon tetrachloride were discharged to the soil column within the 200-ZP- l OU. The total 
estimated mass of dissolved carbon tetrachloride, TCE, and chloroform in groundwater is 
4,400 kg, 0.14 kg, and 30.6 kg, respectively. 


The pump-and-treat system for the 200-ZP-l OU, located near the Plutonium Finishing Plant 
(PFP), was implemented as an interim ROD (EPA et al. 1995). The interim remedial action 
objectives (RAOs) are as follows: 
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• Prevent further movement of contaminants from the highest concentration area of the plume 
(i.e., >2,000 µg/L contour). 


• Reduce contamination in the area of highest carbon tetrachloride concentrations. 


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


The pump-and-treat operations were implemented in a three-phased approach. Phase I 
operations, which have been terminated, consisted of a pilot-scale treatability test from 
August 29, 1994, through July 19, 1996. During the test period, contaminated groundwater was 
removed from a single extraction well , treated using granular activated carbon (GAC), and was 
then returned to the aquifer through an injection well. For more detailed information about 
operations during the treatability test, refer to the Treatability Test Report for the 200-ZP-1 
Operable Unit-Hanford Site (DOE-RL 1995c). 


Phase II operations commenced August 5, 1996, and ended on August 8, 1997, for transition to 
Phase III operations. The well configuration during Phase II operations consisted of three 
extraction wells, which were all completed in the top 15 m of the aquifer. The groundwater was 
treated using an air stripper, followed by GAC treatment of the air stream. The groundwater was 
then returned to the aquifer through a single injection well. 


From August 8 through 28, 1997, well field piping and treatment equipment were upgraded for 
Phase III operations, which were initiated on August 29, 1997. The well configuration was 
expanded to six extraction wells (in the top 15 m of the aquifer) and five injection wells . The 
extraction wells included 299-W15-33, 299-W15-34, 299-W15-35, 299-W15-32, 299-W15-36, 
and 199-W15-37. The injection wells included 699-39-79, 299-W18-36, 299-W18-37, 
299-W18-38, and 299-W18-39. The Phase III treatment system uses air stripping combined with 
vapor-phase, GAC technology to remove the volatile organic compounds (VOCs) from the 
contaminated groundwater. Extraction well 299-WlS-37 was taken offline in February 2001. 


Carbon tetrachloride contamination in the groundwater was reduced in the area of highest 
concentrations through mass removal. Approximately 300.4 million L of contaminated 
groundwater were treated in fiscal year 2000 (FY00) at an average flow rate of 709 Umin. 


- • Extraction rates for the six extraction wells ranged from 62 to 278 Umin. The average influent 
concentration for the extraction wells was 4,041 µg/L, ranging from 3,200 to 4,900 µg/L. 


Treatment of the contaminated water resulted in the removal of 1,183 kg of carbon tetrachloride 
in FYOO. Since initiation of pump-and-treat operations in August 1994, approximately 
1.25 billion L of water have been treated, resulting in removal of 4,570 kg of carbon 
tetrachloride. 


There were no significant changes in chloroform and TCE concentrations in the extraction wells 
for FYO0 in comparison to FY99 concentrations. Chloroform concentrations ranged from 
18 to 27 µg/L, and TCE concentrations ranged from 2 to 13 µg/L. 
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Several conclusions can be drawn from changes in the carbon tetrachloride plume maps (see 
DOE-RL 2001a for additional information): 


• The plume center is moving primarily in a northerly and easterly direction, toward the four 
northernmost extraction wells. 


• A zone of high carbon tetrachloride concentrations is inferred to be present beneath the PFP. ., 


• Concentrations of carbon tetrachloride south and east of injection well 299-Wl 5-29 are 
decreasing, which implies that injection of the treated water is displacing the plume to the 
east. 


• General groundwater flow near the extraction wells remains east-northeast in this area. 
Water levels are estimated to be declining in this area at a rate of about 0.4 m/year 
(DOE-RL 2001a). 


1.5.2 200-UP-1 Operable Unit 


DOE-RL (1997) reports that between 1951 and 1968, a total of 12.1 milJion gallons of 216-U-l/2 
wastewater was released to the 200-UP-1 OU. This wastewater is estimated to have contained 
approximately 0.15 kg of technetium-99 and 136.7 kg of uranium. 


The specific RAOs, as stated in the interim ROD (EPA et al. 1997), are as follows: 


• Reduce contamination in the areas of highest concentration of uranium and technetium-99 to 
below 10 times the cleanup level in accordance with the Model Toxics Control Act (MTCA) 
cleanup level for uranium (480 µg/L) (Washington Administrative Code [WAC] 173-340) 
and 10 times the maximum contaminant level (MCL) for technetium-99 (9,000 pCi/L). 


• Reduce potential adverse human health risks through reduction of contaminant mass. 


• Prevent further movement of these contaminants from the highest concentration area. 


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


Initial operation of the 200-UP-l OU pump-and-treat system consisted of a pilot-scale 
treatability test conducted from March 1994 to September 1995 (DOE-RL 1995b). The 
treatability test demonstrated that ion exchange was effective for removing uranium and 
technetium-99 from extracted groundwater to levels below RAO guidelines. Another pump-and­
treat remediation system was operated in 1985 to reduce elevated uranium concentrations from 
source cribs (located approximately 700 m west of the current pump-and-treat location). 
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Phase I pump-and-treat operations commenced September 25, 1995, and continued until 
February 7, 1997, using a single extraction well and a single injection well. During this period of 
time, operations continued in anticipation of the issuance of the Interim Remedial Measure 
Proposed Planfor the 200-UP-1 Operable Unit, Hanford, Washington (DOE-RL 1995a) and 
the ROD. 


On February 25, 1997, an interim ROD was issued (EPA et al. 1997) for the 200-UP-1 pump­
and-treat operations. The selected remedy consisted of pumping the highest concentration zone 
of the uranium and technetium-99 groundwater plumes and routing the groundwater to the 
Effluent Treatment Facility (ETF) for treatment. System operations were shut down from 
February 8 to March 30, 1997, while the extraction well piping was reconfigured for transport of 
groundwater to the ETF. 


Phase II operations were initiated on March 31, 1997, and contaminated groundwater was 
transported 11.3 km through a pipeline from the extraction well in the 200 West Area, to the ETF 
in the 200 East Area for treatment. Treated groundwater is discharged to the state-approved land 
disposal site, north of the 200 West Area. Before issuance of the interim ROD, groundwater was 
treated onsite using ion-exchange technology and GAC. The resin was effective in removing 
uranium and technetium-99, and the GAC was effective in removing carbon tetrachloride. After 
treatment, the water was returned to the aquifer through upgradient injection well 299-Wl 9-36. 


From October 1, 1999, through September 30, 2000, extraction well 299-W1 9-39 operated at a 
discharge rate of about 180 L/min, pumping 76.2 million L of groundwater from the 200 West 
Area to the Liquid Effluent Retention Facility (LERF) in the 200 East Area. The water is stored 
at the LERF until it is processed at the ETF. During this same time, the ETF processed 
approximately 63 .2 million L, which is less water than the total pumped to the LERF basin. The 
ETF uses the storage capability of the LERF to accommodate other water treatment campaigns 
requiring the use of the ETF. 


Contaminant mass removed during FY00 and since start of operations in March 1994 is as 
follows: 


• Technetium-99 = 5.6 gin FY00; 67 .3 g since startup 
• Uranium= 13.6 gin FY00; 114.8 kg since startup . 
• Carbon tetrachloride= 1.7 kg in FY00; 17.4 kg since startup 
• Nitrate= 2,807 kg in FY00; 15,576 kg since startup. 


During FY00, 63.2 million L of groundwater were treated by the 200-UP-1 pump-and-treat 
system. Since March 1994, 420.8 million L of groundwater have been treated by this system. 
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Individual members _of the DQO team were carefully selected to participate in the seven-step 
DQO process based on their technical background to provide expertise in all of the technical 
areas needed to meet the task objectives. The key decision makers included representatives from 
the U.S. Department of Energy, Richland Operations Office (RL) and EPA Region 10. The role 
of the key decision makers was to make final decisions related to the sampling approach. 


Tables 1-2 and 1-3 identify each of the individual members of the DQO team and the key 
decision makers. These tables also identify the organization that each DQO team member or key 
decision maker represents and their technical area of expertise. 


Name 


Jane Borghese 


Mark Byrnes 


Yi-Ju Chien 


Lynn Curry 


Garrett Day 


Evan Dresel 


Randy Jackson 


Tim Lee 


William McMahon 


Chris Murray 


Virginia Rohay 


Craig Swanson 


BHI = Bechtel Hanford, Inc. 
CHI = CH2M Hill Hanford, Inc. 


Table 1-2. DQO Team Members. 


Organization Role and Responsibility 


CHI Hydrogeologist 


BHI DQO Facilitator 


PNNL Geostatistical Modeler 


BHI Project Engineer 


BHI Groundwater Remediation Specialist 


PNNL Hydrogeologist 


BHI Waste Disposition 


CHI Task Lead 


CHI Groundwater Modeler 


PNNL Geostatistical Modeler 


CHI Hydrogeologist 


CHI Hydrogeologist 


Table 1-3. DQO Key Decision Makers. 


Name Organization Role and Responsibility 


Dennis Faulk EPA EPA, Region 10 Representative 


John Price Ecology Ecology Representative 


Arlene Tortoso RL RL Representative 
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