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The Environmental Restoration Contractor (ERC), Bechtel Hanford, Inc. (BHI), conducts 
groundwater remediation activities across the Hanford Site for the U.S. Department of Energy 
(DOE). Operable units, as defined under CERCLA, have been established to address 
groundwater contamination issues in various areas of the Site. Groundwater within these 
operable units has been contaminated by a variety of chemical and radiological constituents 
associated with past-practices liquid effluent disposal, as well as accidental leaks and spills. 

. The ERC is currently operating three pump-and-treat systems in the I 00 Area: Strontium-90 is 
being addressed in the 100-NR-2 Operable Unit, while hexavale~t chromium is being addressed 
in the 100-KR-4 and 100-HR-3 Operable Units. In the 200 Area, technetium-99, uranium, 
carbon tetrachloride, and nitrate are being addressed in the 200-UP-l Operable Unit, while 
carbon tetrachloride, trichloroethene, and chloroform are being addressed in the 200-ZP-l 
Operable Unit. 

This report is an annual progress report for the 100-NR-2, 200-UP-l, and 200-ZP-l Operable 
Units. The first Performance Evaluation Report for the remediation activities in the 100-KR-4 
and 100-HR-3 Operable Units is being prepared concurrently. These two operable units will be 
covered in subsequent annual reports. 

In the past, the ERC produced separate documents to report groundwater monitoring and 
remedial action data. The information previously presented in multiple reports is now 
summarized under a single cover in order to streamline the reporting process and to present data 
in the context of the entire operable unit. 

The purpose of this report is to present the status of the treatment systems and their influence on 
aquifer conditions and status of groundwater conditions beneath the operable unit. This report 
covers fiscal year (FY) 1997 and is designed to support the following information needs: 

• Document groundwater remediation system performance and status 
• Document general aquifer conditions and aquifer response to remedial action 
• Provide a tool for discussions on remediation efforts 
• Provide a tool for updating other site reports. 

The report is organized into three main sections, presenting an annual summary for each operable 
unit: 100-NR-2 (Section 2.0), 200- UP-I (Section 3.0) and 200-ZP-l (Section 4.0). Within each 
of these main sections, the following topics are discussed: overview of the operable unit and 
goals of the treatment system, treatment system summary, and summary and analyses of aquifer 
monitoring. Supporting information is contained in appendices. 

1-1 
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2.0 100-NR-2 ANNUAL SUMMARY 

2.1 OVERVIEW OF THE 100-NR-2 OPERABLE UNIT 
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The 100-N Area is divided into two operable units (Figure 2-1). The 100-NR-1 Operable Unit, a 
source operable unit, includes liquid, sludge, and solid waste disposal sites associated with 
operation of the N Reactor. Among these sites are several liquid waste disposal facilities that are 
regulated under the Resource Conservation and Recovery Act (RCRA) as treatment, storage, or 
disposal (TSD) facilities. The RCRA facilities are the 1301-N Crib/Trench, 1324-N/NA Surface 
Impoundment/Percolation Pond, and 1325-N Crib/Trench. The 100-NR-2 Operable Unit 
addresses the groundwater beneath the 100-NR-1 source operable unit, as well as the adjacent 
groundwater, surface water, and sediments affected by 100-N Area operations. 

2.1.1 History of Operations 

The principal aspects ofN Reactor operations are described in a technical baseline report 
(Cote 1994) that was prepared to support the environmental restoration effort. The following is 
summarized from that report, unless otherwise cited. 

2.1.1.1 Description ofN Reactor. N Reactor was constructed in 1963 and represents the last of 
the Hanford Site plutonium production reactors. It was designed as a graphite-moderated, 
light-water-cooled reactor. The byproduct steam from N Reactor was used to produce 860 
megawatts of electrical power in the adjacent Hanford Generating Plant. The reactor was placed 
in standby status in 1988 and is currently undergoing complete decommissioning. 

The primary cooling systems of the reactor were cleaned and decontaminated periodically. 
Decontamination solutions and rinsate from these activities were transferred to a storage tank. 
As the tank neared full capacity, the decontamination solution and some of the rinsate were 
transferred to railcars and shipped to the tank farms in the 200 Areas. The remaining rinsate was 
diverted to the 1301-N or 1325-N liquid waste disposal facilities. 

Diesel fuel and No. 6 fuel oil were stored in above-ground tanks at several locations within the 
100-N Area. Two storage areas that are sites ofleaks and spills are the 166-N Diesel Tank Farm 
and the 184-N Day Tank Storage Area. The diesel tank farm was constructed in a large 
excavated area with a containment pit surrounded by an earthen berm. The day tank storage area 
was surrounded by a concrete wall for containment of potential spills. Spills and pipeline leaks 
released petroleum products to the soil in the area. 

Also included in the 100-N Area are a Bonneville Power Administration electrical substation and 
a former military site. Unplanned releases ofpolychlorinated biphenyl-contaminated oils have 
been reported in operations documents for the substation. The military site included several 
facilities that housed military personnel and equipment (e.g., radar). This site includes sewage 
and solid waste-disposal areas. 

2-1 
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2.1.1.2 Principal Sources of Groundwater Contamination. Four liquid waste disposal sites 
are located within the 100-N Area: 1301-N Crib/Trench, 1324-N Surface Impoundment, 
1324-NA Percolation Pond, and 1325-N Crib/Trench. Figure 2-2 shows the locations of these 
facilities and of groundwater monitoring wells in the 100-N Area. 

The 1301-N facility was the primary liquid waste disposal facility for N Reactor from 1963 until 
1985. Liquid discharges to this facility contained radioactive fission and activation products. 
Minor amounts of dangerous waste also were discharged, including hydrazine, ammonium 
hydroxide, diethylthiourea, sodium dichromate, morpholine, phosphoric acid, lead, and 
cadmium. The 1301-N facility consists of a concrete basin with an unlined, zigzag extension 
trench that is covered with concrete panels. 

The 1325-N facility was constructed in 1983 as an alternative to 1301-N; effluent was discharged 
to both facilities for a brief period. In 1985, discharge to 1301-N ceased and all effluent was sent 
to 1325-N. Subsequently, all discharge to 1325-N ceased in late 1991. The facility consists of a 
concrete basin with an unlined extension trench that is covered with concrete panels. 

The 1324-N Surface Impoundment was a treatment facility that was in service from May 1986 to 
November 1988. This facility is a double-lined pond that was used to neutralize high- and 
low-pH waste from a demineralization plant. The 1324-NA pond is an unlined pond that was 
used to treat waste between August 1977 and May 1986, and to dispose of treated waste between 
May 1986 and August 1990. The effluent to both facilities contained sulfuric acid and sodium 
hydroxide. The pH of the effluent was occasionally high or low enough to classify the effluent 
as a dangerous waste. 

2.1.2 Groundwater Monitoring Programs 

A proposed consolidated groundwater monitoring program was developed in 1995 to provide for 
efficient collection of groundwater data in support of several programs (Borghese et al. 1996). 
Based on this proposed consolidation and existing RCRA groundwater monitoring plans 
(Hartman 1993a, 1993b), the DOE, Washington State Department of Ecology (Ecology), and 
U.S. Environmental Protection Agency (EPA) entered into Federal Facility Agreement and 
Consent Order (Tri-Party Agreement) Change Control Form, Change No. M-15-96-08, which 
was signed October 9, 1996. This agreement lists the wells and analyses to be performed to 
satisfy groundwater monitoring requirements for (1) the 100-NR-2 Operable Unit under the 
Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA) and (2) 
the 1301-N, 1325-N, and 1324-N/NA TSO facilities under RCRA. 

Under the ERC's 100 Area Groundwater project, riverbank seepage samples are collected 
annually within each 100 Area groundwater operable unit (Peterson and Raidl 1996). During fall 
1997, a project to install aquifer sampling tubes along the 100 Area shoreline was implemented, 
with completion in early December (Peterson et al. 1997). Screening results for chemical and 
radiological contamination from these tubes are now available (Peterson et al., 1998). These data 
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will be used to support characterization and performance monitoring objectives for remediation 
activities within the operable units, including 100-NR-2. 

National Pollutant Discharge Elimination System (NPDES) Permit WA-000374-3 requires that 
I 00-N Area well 199-N-ST be sampled quarterly for oil, grease, iron, ammonium, chromium, 
and temperature. The original purpose of this sampling was to monitor the effects of effluent 
discharge that was associated with the 1301-N and 1325-N facilities at a near-river location. 
Because neither facility has been in operation since 1991, a requ~st to remove well 199-N-8T 
from the Permit has been submitted to the EPA. The well continues to be sampled while 
awaiting concurrence from the EPA. 

The Sitewide Environmental Surveillance Program, which is conducted under DOE Order 
5400. I "Environmental Protection Program", collects groundwater and riverbank seepage 
samples periodically from the I 00-N Area. The schedule for sampling is published annually 
( e.g., Bisping 1997). 

The Washington State Department of Health (DOH) also collects environmental samples in 
collaboration with the Sitewide Environmental Surveillance program, as part of the DOH's 
oversight role. The DOH recently conducted a sampling project along the I 00-N shoreline 
adjacent to the 1301-N facility that included obtaining samples of water, periphyton coatings on 
submerged cobbles, and aquatic organisms. Results from that project are not yet available. 

2.1.3 Expedited Response Action 

On September 23, 1994, Ecology and the EPA issued an action memorandum to the DOE, 
Richland Operations Office (RL ), to immediately initiate groundwater remedial actions at the 
I 00-N Area (Ecology and EPA 1994). The remedial actions requested included a groundwater 
pump-and-treat system and a sheet pile barrier wall at N-Springs. In a letter dated March 23, 
1995, Ecology and EPA concurred with RL that installation of a jointed-hinge sheet pile wall 
could not be achieved in the manner specified, based on a construction test conducted in 
December 1994 (Ecology 1995). 

Ecology and the EPA subsequently directed RL to proceed with installing a pump-and-treat 
system as an Expedited Response Action (ERA). The N-Springs pump-and-treat system was 
completed by August 1995 and in full operation by September 1995, thus meeting Tri-Party 
Agreement Milestone M-16-12D. 

The goals of the ERA are to: 

• Reduce strontium-90 contamination flux from the groundwater to the river 
• Evaluate commercially available treatment options for strontium-90 
• Provide data necessary to set demonstrable strontium-90 groundwater cleanup 

standards. 
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In July 1996, an evaluation of the initial operation of the pump-and-treat system was presented in 
N-Springs Expedited Response Action Performance Evaluation Report (DOE-RL 1996a). This 
report contained the results and an evaluation of the initial operation of the treatment system, 
reported on concurrent characterization and evaluation work, and assessed appropriate interim 
actions to support the action memorandum goals. 

The report recommended operating three pumping wells (199-N-75, 199-N-103A, and 
199-N-106A) and increasing the combined pumping rate from 189 L/min to 227 L/min. In 
November 1996, the N-Springs pump-and-treat system was taken off-line to upgrade the facility. 
During that time, various recommendations made by personnel in engineering, operations, and 
health and safety, and from the lessons learned process, were implemented. The upgraded 
facility was brought back on-line on December 17, 1996, at which time an optimization study 
was initiated. The results of the optimization study are reported in the N-Springs 
Pump-and-Treat System Optimization Study (DOE-RL 1997a). 

The initial groundwater monitoring schedule envisioned for evaluating the performance of the 
N-Springs Pump-and-Treat system is described in a performance monitoring plan (BHI 1996a). 
This schedule was subsequently modified to reflect a shift in emphasis in data quality objectives 
(DQOs), and a new monitoring schedule was agreed upon (Tri-Party Agreement Change Control 
Form M-16-96-04, signed August 2, 1996). Subsequent to that agreement, the optimization 
study (DOE-RL 1997a) was conducted, which included a review of performance monitoring data 
and schedules. As a result of the optimization study, the monitoring schedule was again refined 
and is the current schedule being followed (100-NPL Agreement/Change Control Form Number 
113, signed March 25, 1997). 

2.2 EXPEDITED RESPONSE ACTION PUMP-AND-TREATMENT SYSTEM 

The 100-NR-2 Operable Unit pump-and-treat facility, hereafter referred to as the N-Springs 
pump-and-treat, began operation in September of 1995. The N-Springs pump-and-treat is 
located northeast of the N Reactor complex. The N-Springs pump-and-treat is a water treatment 
facility designed to remove strontium-90 from contaminated groundwater. The pump-and-treat 
consists of an extraction well network, treatment facility, and injection well network operating at 
a minimum rate of 227 L/min (60 gal/min). 

The extraction well network includes four wells located between the Columbia River and the 
1301-N Crib (Figure 2-3). When pumped, these wells create a hydraulic barrier between the 
river and crib. This barrier reduces the rate at which contaminated groundwater discharges into 
the river. During normal operations, three of the four wells provide water to the treatment 
facility while the fourth well is in stand-by. The pumping rate for each well is set to maximize 
the overall hydraulic influence of the extraction well network. 

The treatment facility includes an ion-adsorption system using clinoptilolite, a natural zeolite 
mineral, for removing strontium-90 from the groundwater. The treated water is injected into the 
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aquifer upgradient of the 1301-N Crib via an injection well network. The injection well network 
includes two wells, each receiving half of the treated water. 

From startup of the system in September 1995 through November 8, 1996, the N-Springs 
pump-and-treat operated at a nominal rate of 189 L/min (50 gal/min). The system was shut 
down and upgraded to operate at 227 L/min (60 gal/min) between November 8, 1996 and 
December 17, 1996. The pump-and-treat was brought back on-line December 17, 1996 and has 
operated at a nominal rate of 227 L/min ( 60 gal/min) through the remainder of FY 1997. 

An optimiz.ation study was performed in FY 1997 (DOE-RL 1997a) in an effort to assess and 
quantify the conditions and operating parameters that could be used to enhance the operating 
efficiency and cost effectiveness of the upgraded pump-and-treat. The study indicated that the 
mode of operation for the upgraded system could be revised to lower operating costs, but without 
decreasing system performance. Figure 2-4 provides the curves generated during the 
optimization study. The upper curve show the average removal rate over the entire period of the 
study. The lower curve shows the removal rate experienced at any given time during the study. 
For example, an instantaneous removal rate of75% correlates to an average removal rate of90%. 

Key to implementing the revised mode of operation was an agreement between the DOE and 
Ecology on the definition of 90% contaminant removal by the treatment system. The 90% 
reduction in strontium-90 concentrations from the extracted groundwater, as the minimum 
requirement stated in the Expedited Response Action - Action Memorandum, was interpreted to 
mean an average removal rate of 90% for the total volume of water treated over a given period of 
time (100-NPL Agreement/Change Control Form 113 [NP-113], dated March 25, 1997). Prior to 
this revised interpretation of the 90% removal rate, the pump-and-treat operated on 
approximately a 12-day cycle. The revised interpretation permitted the pump-and-treat to be 
operated on an approximately 50-day cycle, or until 17 million L ( 4.5 million gal) were 
processed, and served to significantly reduce the overall operating cost of the pump-and-treat. 
The pump-and-treat operated from December 17, 1996 through the remainder of FY 1997 under 
the revised mode of operation. 

From October 1, 1996 through November 8, 1996, during the 189-L/min (50-gal/min) period, the 
planned process volume was 10,628,000 L (2,808,000 gal). The actual volume processed during 
the same period was 10,740,000 L (2,838,000 gal). The system was shut down between 
November 8, 1996 and December 17, 1996 for system upgrades, and no water was processed. 
From December 17, 1996, through September 30, 1997, during the 227 L/min (60 gal/min) 
period, the planned process volume was 87,888,000 L (23,220,000 gal). The actual volume 
processed during the same period was 91,635,000 L (24,210,000 gal). For FY 1997, the total 
planned volume was 98,516,000 L (26,028,000 gal). The actual volume processed was 
102,375,000 L (27,048,000 gal). 

The average influent strontium-90 concentration during the period of FY 97 was 1,943 pCi/L. 
This higher influent strontium-90 concentration compared to previous years was the result of the 
increased flow from well 199-N-106A and the well's relatively higher strontium-90 
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concentration. Generally higher concentrations, because of the higher water table, also 
contributed (see Section 2.3.6). The average effluent concentration was less than 285 pCi/L. 
These average influent and effluent concentrations yield an instantaneous removal rate of 85%. 
This corresponds to an average removal rate of 94%. Approximately 0.17 Ci of strontium-90 
was removed from the extracted groundwater. 

Eight clinoptilolite change-out events occurred during FY 1997. Three change-outs occurred 
while the system was operating at the 189 L/min (50 gal/min) processing rate. The clinoptilolite 
from only one vessel was replaced during these change outs. During the remainder of the year, 
when the system was operating at the 227 L/min (60 gal/min) processing rate, five clinoptilolite 
change-out events took place. The clinoptilolite from all four vessels was replaced during these 
change outs. A total of 23 waste boxes of spent clinoptilolite were generated during FY 1997. 
The waste boxes are currently staged at the pump-and-treat and are awaiting disposal. 

2.3 AQUIFER CONDITIONS 

The hydrogeologic units of relevance to environmental restoration activities in the 100-N Area 
include the vadose zone and the uppermost unconfined aquifer. The vadose zone is composed of 
loosely consolidated gravelly sediments locally referred to as the "Hanford formation." The 
unconfined aquifer is contained within sandy/gravelly sediments of the Ringold Formation, 
Unit E. A complete description of the hydrogeology of the 100-N Area is presented in Hartman 
and Lindsey (1993). Depth to groundwater is typically in the range of 18 to 21 m (60 to 70 ft). 

2.3.1 Contaminants of Concern in Groundwater 

Contaminants of concern (COCs) that have been identified for both groundwater and river 
protection are described in the Corrective Measures Study (CMS) report (DOE-RL 1997b). 
COCs for groundwater protection are strontium-90, tritium, hexavalent chromium, manganese, 
nitrate, sulfate, and petroleum hydrocarbons ( dissolved and free product phases). Contaminants 
of concern for river protection are strontium-90, tritium, and hexavalent chromium. The 
Expedited Response Action addresses strontium-90 (see previous Section 2.1.3). Interim 
remedial measures for other contaminants of concern were not deemed necessary; these 
contaminants will be addressed in a future record-of-decision for the operable unit 

2.3.2 Current Distribution of Contaminants 

The following information was originally presented in an update to the 100-NR-2 Operable Unit 
conceptual site model (Borghese and Connelly 1997). The update incorporated new groundwater 
data and information that have accumulated since the last annual report for 100-NR-2 (Johnson 
et al. 1996). A description of the unusually high Columbia River discharge that occurred during 
1996 and 1997 is also provided in Borghese and Connelly 1997, along with an evaluation of the 
effects of the elevated water table on strontium-90 concentrations. 
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Previous reports have presented COC plume maps that show the distributions of nitrate, sulfate, 
strontium-90, and tritium using data collected during 1996 (Borghese and Hartman 1997) and 
manganese using 1995 data (DOE-RL 1997b ). Additional COCs, hexavalent chromium, and 
petroleum hydrocarbons are present in only a few wells and, therefore, contour lines are not used 
to characterize plumes. 

New data collected in February/March 1997 (100-NR-2, Round 11) for strontium-90, tritium, 
and nitrate were used to update the previously published plume maps. Insufficient new data on 
manganese and sulfate were available in 1997 to warrant updating existing plume maps for those 
constituents. The Round 11 sampling effort was the semiannual event that supports the 
N-Springs ERA pump-and-treat performance monitoring. A more comprehensive sampling 
event included additional constituents and wells was completed in September 1997. The 
distribution of 100-NR-2 COCs is discussed in the following paragraphs. 

2.3.2.1 Strontium-90. Figure 2-5 shows the strontium-90 plume as indicated by 
February/March 1997 results. (Note: Aquifer conditions in early 1997 are similar to those 
present in early 1996; some 1996 data are included where needed to fill in coverage for the 
plume map). Average concentrations shown in Figure 2-5 are generally higher than 
concentrations shown in earlier plume maps because of the anomalously high water table that 
was present during 1996 and 1997. 

The areal extent of the strontium-90 plume has remained fairly constant during approximately 
the last 5 years. However, contaminant concentrations within the plume have varied 
considerably. This variation is directly correlated with the height of the water table, which in 
turn responds to river levels. The Columbia River experienced unusually high discharges during 
1996 and 1997, thus raising the water table beneath the 100-N Area. 

The elevated water table results in normally unsaturated sediments in the vadose zone to become 
saturated. Because strontium-90 is more concentrated in some vadose zone sediments than in 
the newly introduced groundwater, the strontium-90 on the soils desorbs, causing an increase in 
concentration in the groundwater. Where variability in strontium-90 concentrations is observed 
during periods of an elevated water table, it can be assumed that the overlying soil column 
contains strontium-90. Where strontium-90 concentrations remain constant, in spite of an 
elevated water table, the suggestion is that the overlying soil column is not contaminated and that 
the contamination has migrated into the area with groundwater movement. (Additional 
strontium-90 plume maps reflecting different time intervals for averaging data are presented in 
Section 2.2.3 that follows, to further describe the impact of high water table conditions on 100-N 
Area water quality.) 

2.3.2.2 Tritium. A tritium plume map is shown in Figure 2-6. Concentrations at near-river 
wells are lower than those shown on the 1995 or 1996 maps. There is a decreasing trend in 
tritium concentrations in this area. The highest value of tritium is at well 199-N-32 centered near 
the 1325-N Crib. The areal extent of this plume has been fairly constant for the last 3 years. 
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2.3.2.3 Chromium. Chromium concentrations higher than the Washington State water quality 
standard of 50 µg/L have been consistently observed in two wells: 199-N-74, located to the 
southwest of the 1325-N Crib/french, and 199-N-80, located northwest of the 1301-N Crib. 
Concentration trend charts for the two wells are shown in Figures 2-7 and 2-8, respectively. 
Nearby wells do not show similarly high concentrations of chromium. In well 199-N-74, results 
for filtered samples are below the 50 µg/L State standard; the higher concentrations for the 
unfiltered samples may be caused by trivalent chromium associated with particulate matter. Well 
199-N-80 is completed in the lower portion of the unconfined aquifer, and the source of the 
elevated chromium concentrations is uncertain. The concentrations for filtered samples, which X 
are considered to be representative of dissolved hexavalent chromium, for both these wells have 
been relatively constant for the last 3 years. 

2.3.2.4 Manganese. Manganese is present at high concentrations in samples from well 
199-N-16 (Figure 2-9). The most recent results suggest a slight increase compared to previously 
reported results. The source of manganese is unknown, although manganese is a common 
naturally occurring constituent in Hanford sediments. 

2.3.2.5 Nitrate. Nitrate concentrations above the 45 mg/L maximum contaminant level (MCL) 
were observed in the February/March 1997 data at wells 199-N-67 and 199-N-32 (Figure 2-10). 
Previous relatively high values in 1995 and 1996 were located in the same general area. Wells 
199-N-2 and 199-N-3 have previously shown nitrate concentrations that slightly exceed the 45 
mg/L MCL (Figures 2-11 and 2-12, respectively). However, recent results have dropped back 
below the MCL. 

2.3.2.6 Sulfate. During the February/March 1997 semiannual sampling event, no new data for 
sulfate were obtained from wells located near the main area of the sulfate plume, which extends 
to the north from the 1324-N/NA Facility (Borghese and Hartman 1997). However, data 
gathered from wells 199-N-2 and 199-N-3, which are located some distance downgradient along 
the plume's track, both show an increasing sulfate trend, with the most recent sample results 
slightly exceeding the MCL of 250 mg/L. Concentration trend charts for these wells are shown 
in Figures 2-13 and 2-14, respectively. The semiannual sampling event in September 1997 
included sampling additional 100-N Area wells and will provide more sulfate data to help 
interpret these trends. 

2.3.2. 7 Petroleum Hydrocarbons. Petroleum hydrocarbons are present as dissolved and free 
product phases at several locations in the 100-N Area. Dissolved phases of oil and grease are 
indicated by groundwater analysis for total petroleum hydrocarbons (TPH). Areas where 
dissolved oil and grease have been observed are identified in the 100-NR-1/100-NR-2 Corrective 
Measure Study (DOE-RL 1997b) and the Proposed Plan (DOE-RL 1997c). 

Floating petroleum product, i.e. diesel, has been observed in wells 199-N-17 and 199-N-18 (see 
Figure 2-2 for well locations). The thickness observed during the first quarter of 1996 varies 
from a maximum of0.5 m (1.6 ft) to just a trace. The thickness of the free product appears to be 
controlled by the elevation of the water table, which in turn is related to river stage. During fall 
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1996, well 199-N-8T, which is used to support the NPDES Permit, had consistent detection of oil 
and grease as indicated by TPH analysis. However, the samplers observed no floating product at 
the time of that sampling. 

To ensure that the N-Springs Pump-and-Treat system was not being exposed to hydrocarbons, 
which would have a detrimental effect on performance, wells 199-N-103A (an extraction well), 
199-N-96A, and 199-N-3 were sampled for TPH analysis on December 19, 1996, January 13, 
1997, and January 9, 1997, respectively. All results for these samples were below the detection 
limit. Well 199-N-96A, located at the river shoreline, was checked for the presence of floating 
product by field observation and interface probe measurement on February 18, 1997; none was 
detected. 

2.3.3 Water Quality at Shoreline Monitoring Locations 

Shoreline monitoring locations for the 100-N Area are concentrated in the area directly 
downgradient frc;>m the 1301-N Crib and Trench. During historical operations of this facility, 
springs were observed along the riverbank. Carbon-steel casings ("seep points") were installed 
in the bank to facilitate sampling these springs. The seep points are measured annually by the 
Near-Facility Environmental Monitoring Program (Perkins et al. 1997). Only a few of the seep 
points were accessible during the 1996 sampling event, because of high river stage. Data from 
that event can be found in Perkins et al. (1997). The samples collected from these wells were 
analyzed for radioactive constituents. Seep point NS-3 had the highest strontium-90 value (5,800 
pCi/L) and the highest tritium value (16,000 pCi/L). 

Several wells are located very close to the river shoreline along the shoreline road. These include 
199-N-46, 199-N-92A, 199-N-94A, and 199-N-96A. Well 199-N-46 was sampled several times 
during 1997 by the Near-Facility Environmental Monitoring Program (Perkins et al. 1997). The 
well exhibited generally increasing strontium-90 concentrations as the year progressed, reaching 
a maximum of 11,300 pCi/L on September 11, 1997. Concentrations in the well appear to 
fluctuate with the season, and the previous high also occurred during the fall (1996). Well 
199-N-96A was the only other shoreline well sampled during 1997, and it revealed a 
strontium-90 concentration of 9 pCi/L. 

2.3.4 Groundwater Flow 

Water table elevation maps that represent the typical seasonal high and low conditions are shown 
in Figures 2-15 (June) and 2-16 (October), respectively. These maps were prepared for the 1995 
100-NR-2 Annual Report (Johnson et al. 1996) and are repeated here to demonstrate typical 
conditions. During 1996 and 1997, the Columbia River's discharge was unusually high, and 
water table elevations in the 100 Areas were consequently also anomalously high. A discussion 
of the consequences of the elevated water table during 1996 and 1997 is presented in 
Section 2.3.6. 
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For most of the year, groundwater flows across the 100-N Area in a northwesterly direction 
towards the Columbia River (Note: Flow direction can be inferred by drawing arrows 
perpendicular to the contour lines in Figures 2-15 and 2-16, and pointing in the direction of lower 
elevation). Farther inland, in the vicinity of the 1325-N Crib/Trench, flow tends to be more 
northerly. Variations in flow orientation are probably related to differences in aquifer hydraulic 
properties, which vary with changing stratigraphic parameters, such as grain size and 
cementation. 

During the several months of seasonal high river discharge (generally May and June), the high 
river stage impedes the flow of groundwater toward the river by reducing the difference in 
elevation between the water table and river level. Groundwater is essentially dammed up against 
the high river level, and the water table rises upward into normally unsaturated sediments. The 
rate of groundwater discharge into the river decreases and river water infiltrates farther into the 
ban.ks. 

Capture zone modeling was performed as part of the performance evaluation report 
(DOE-RL 1996a). This modeling effort determined the groundwater flow reduction from the 
shallow unconfined aquifer to the river, using a variety of well configurations. Using three 
extraction wells, 199-N-103A, 199-N-75, and 199-N-106A, and a total pumping rate of 
227 L/min (60 gal/min), the groundwater flow to the river is reduced by about 96% from 
pre-operating conditions. This is the current operating configuration of the N-Springs 
pump-and-treat. Because strontium-90 moves into the river with groundwater, the amount of 
strontium-90 going into the river was also decreased. 

2.3.5 Aquifer Conditions Prior to Startup of the Expedited Response Action 

This section summarizes relevant hydrologic baseline conditions, hydraulic head monitoring, and 
contaminant monitoring in the vicinity of the 100-NR-2 ERA that addresses strontium-90 in 
groundwater. Baseline conditions refer to conditions prior to startup of the pump-and-treat 
system. A comprehensive description of pre-ERA conditions is presented in the Corrective 
Measures Study for the 100-NR-1 and 100-NR-2 Operable Units (DOE-RL 1997b). 

2.3.5.1 Hydraulic Head Measurements. Hydraulic head monitoring to support ERA DQOs is 
described in the ERA Performance Monitoring Plan (BHI 1996a). Depth-to-water measurements 
are also made by several other programs that monitor the water table in the 100-N Area. The 
data are stored in the Hanford Site Environmental Information System (HEIS). As part of the 
ERA, pressure transducers and data loggers are used to record hourly measurements of water 
table elevations in selected wells, and also the Columbia River stage at 100-N (Connelly et. al., 
1995). These data are used in groundwater flow models as part of the ERA performance 
assessment. 

2.3.5.2 Strontium-90 Baseline Conditions. Operation of the N-Springs pump-and-treat system 
began in September 1995. Hydrologic and groundwater contamination information for 
conditions prior to that time is presented in the 1995 Annual 100-NR-2 Groundwater Summary 
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Report (Johnson et al. 1996). Additional baseline information on pre-ERA 100-N Area 
groundwater is available in the Hanford Site Groundwater Surveillance Project 1995 Annual 
Report (Dresel et al. 1996). 

The 100-NR-2 1995 Annual Report presents distribution maps for several groundwater 
constituents of interest in the 100-N Area, along with water table maps that illustrate seasonal 
high and seasonal average elevations. Several figures from the 1995 Annual Report are 
reproduced in this report to illustrate baseline conditions. 

Figure 2-17 shows the distribution of strontium-90 for samples collected between October 1994 
and October 1995. The highest strontium-90 concentrations were located in a plume associated 
with the 1301-N Cribffrench facility. Peak concentrations exceeded 4,000 pCi/L in wells 
199-N-46, 199-N-67, and 199-N-94A; the highest concentration is in well 199-N-94A 
(5,510 pCi/L). The plume shape suggests a northerly to northwesterly migration from the 
1301-N facility towards the Columbia River. The extraction network designed to intercept the 
strontium-90 plume consists of wells 199-N-75, 199-N-103A, 199-N-105A, and 199-N-106A. 

October conditions are representative oflong-term average elevations (see water table elevation 
map for October 1995, Figure 2-16). Groundwater flow direction is roughly perpendicular to 
contour lines of equal elevation. Flow direction near the N-Springs ERA is generally towards the 
northwest. However, during high river stage conditions (typically May and June), river water 
infiltrates the river bank and creates a hydraulic barrier that impedes groundwater discharge into 
the river and also raises the water table in the area. Unusually high Columbia River discharge 
during 1996 and 1997 caused a significant rise in water table elevations in the 100 Area. 

2.3.6 Aquifer Response to 1996/97 River Flood Conditions 

In 1996 and 1997, the Columbia River seasonal high discharge through the Hanford Reach was 
greater than in previous years because of unusually high precipitation during the year and the 
timing of the seasonal snow melt. The river forms a boundary for discharge from the unconfined 
aquifer such that high river conditions raise the water table beneath the Hanford Site, especially 
at locations near the river. 

2.3.6.1 Historical Perspective. During the 1996 and 1997 peak discharge periods, the water 
table underlying the 100-N Area rose into sediments that are normally part of the vadose zone. 
In some areas, these normally unsaturated sediments contain higher levels of strontium-90 than 
the underlying saturated soils within the unconfined aquifer. This causes an increase of 
strontium-90 in the unconfined aquifer as the result of desorption of strontium-90 held on 
sediment in the vadose zone. When this occurs, a positive correlation between water table 
elevation and strontium-90 concentration should exist, i.e., as the water table rises, so do 
strontium-90 concentrations. 

The 1997 high river stage caused the concentration of strontium-90 in the average influent to the 
pump-and-treat system to rise from approximately 2,000 pCi/L to approximately 3,400 pCi/L. 
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The high groundwater elevations caused by near-flood conditions in the Hanford Reach 
presented a unique opportunity to (1) investigate the impact that changing water table elevations 
have on strontium-90 concentrations in groundwater, and (2) calculate the approximate mass of 
strontium-90 held in that portion of the vadose zone affected by the atypically high water table. 
To take advantage of this opportunity, a special monitoring event was proposed to sample 19 
wells for strontium-90 during the near-flood conditions on the Hanford Reach (Baseline Change 
Proposal No. 97262, Rev. 0, dated June 27, 1997). 

The highest river stages occurred in mid-June 1997, and the sampling occurred approximately 10 
days after the proposal was approved in late June (Figure 2-18). By the time sampling actually 
took place, the river level had dropped approximately 2.4 m (8 ft). The water level at which the 
sampling occurred is still considered high, but not as high as the near-flood conditions that 
occurred approximately 3 weeks earlier. 

The evaluation presented in the following section was performed to meet the following 
objectives: 

• Document the effects that high water conditions in the Hanford Reach have on water 
table elevations and strontium-90 concentrations in the unconfined aquifer at the 100-N 
Area 

• Estimate the mass of strontium-90 held in the 100-N vadose zone soils that are influenced 
by the atypical water table elevations during unusually high river discharge conditions. 

2.3.6.2 High River Stage and Strontium-90 Concentrations. To assemble a data set sufficient 
to define the locations of strontium-90 isopleths, it was necessary to supplement the most recent 
1997 data from wells with sampling results for June 1996. The water level in June 1996 was also 
higher than average. (Note: The additional wells sampled in 1996 were not included in the 1997 
sampling because either the well was inaccessible due to high water or an analysis of the 
historical data shows that, even with high water, the concentration of strontium-90 is unlikely to 
change.) The wells sampled in July 1997 and June 1996 are used to define the areal limits and 
concentration levels of the 100-N Area strontium-90 plume. These wells are grouped as follows: 

Boundary Wells. Strontium-90 concentrations in these wells rarely exceed the MCL of8 pCi/L. 
The wells are located at the leading edge of the strontium-90 plume. 

Low Concentration Wells. Strontium-90 concentrations consistently exceed the MCL but are 
below 100 pCi/L. The leading edge of the plume has passed these wells. There is little or no 
correlation between a rise in strontium-90 concentrations and a rise in water table elevation. 

,Medium Concentration Wells. Strontium-90 concentrations consistently exceed 100 pCi/L but 
are below 1,400 pCi/L. A possible correlation exists between a rise in strontium-90 
concentrations and a rise in water table elevation. 
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Center-of-Plume Wells. Strontium-90 concentrations vary widely. A strong correlation exists 
between a rise in strontium-90 concentration and a rise in water table elevation. These wells are 
located where the water table was directly affected by historical groundwater mounding. Soil 
sampling in the vicinity of these wells shows the highest levels of strontium-90 occur at the 
elevation of the historical operational water table. Strontium-90 concentrations in soil decrease 
with increasing depth below the ground surface. For this reason, the strontium-90 concentrations 
in groundwater will tend to increase when the water table is raised. 

Pumping Wells. These wells are a subset of the center-of-plume wells. 

Table 2-1 shows strontium-90 results for 1995 (typical water table elevations), 1996 (high water 
table), and 1997 (high water table), for each well group. Concentration trend charts for each well 
group have also been prepared that show strontium-90 concentrations as a function of time from 
1994 through the present. Superimposed on these figures are hydrographs for the well and 
average monthly water elevations for the river, as calculated from hourly measurements (the 
hydrographs are plotted against the secondary y-axis) . 

. Concentration trend charts for the boundary well group are shown in Figures 2-19, 2-20, and the 
upper two plots of Figure 2-21. Well 199-N-96 is the only well in this group in which 
strontium-90 concentrations are occasionally higher than the MCL of 8 pCi/L. There is little or 
no correlation between water levels and strontium-90 concentrations in the boundary wells, with 
the possible exception ofwell 199-N-21. However, there are too few strontium-90 
measurements from this well to determine the existence of a correlation. 

Trend charts for the low concentration well group are shown in the lower two graphs of Figure 
2-21 and the upper left-hand plot of Figure 2-22. (The dark background on these particular plots 
alerts the user to a change in the scale used for the y-axis.). Strontium-90 concentrations are 
distinctly above the MCL but less than 100 pCi/L. Although strontium-90 data are too few to 
define a correlation with water table elevation, there is the suggestion of a positive correlation in 
well 199-N-31 and possibly 199-N-34. (Well 199-N-31 has an anomalous result of 156 pCi/L 
for September 1994, which is nonrepresentative based on results of less than 45 pCi/L for the 
period before and after this sample.) 

Plots for the medium concentration wells are shown on the remaining graphs in Figure 2-22. 
Concentrations in these wells range from approximately 100 pCi/L in 199-N-28 to almost 
1,400 pCi/L in 199-N-14. Neither well 199-N-14 nor 199-N-28 shows a strong correlation 
between strontium-90 concentrations and the height of the water table. Increases in 
concentrations in 199-N-27 appear to be correlated with the water table rise, although there are 
very few strontium-90 results available to help interpret this relationship. The increasing 
strontium-90 trend at 199-N-27 might also be associated with the arrival of higher concentrations 
of strontium-90 that have migrated from liquid eflluent disposal at 1325-N. 

Concentration trend charts for the center-of-plume group are shown in Figures 2-23 and 2-24. A 
strong positive correlation exists in most wells between strontium-90 concentrations and 
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elevation of the water table. This is especially true in wells 199-N-2, 199-N-76, 199-N-67, and 
199-N-96 and, to a lesser extent, wells 199-N-3 and 199-N-81. For well 199-N-81, although a 
correlation is suggested, there are too few strontium-90 measurements to confirm the correlation 
or to help provide an interpretation. As in well 199-N-27, the rise in strontium-90 in well 
199-N-81 could be the consequence of higher strontium-90 concentrations from disposal at 
1325-N just now reaching this well. 

Within the center-of-plume group, well 199-N-46 is anomalous because water levels and 
strontium-90 concentrations are negatively correlated, i.e., concentrations go up when the water 
levels drop and vice versa. The cause of the negative correlation is uncertain, but dilution by 
river water is suspected because of the proximity ofwell 199-N-46 to the shoreline. It is unclear, 
however, why a similar response is not observed at well 199-N-99A, which is even closer to the 
nver. 

Trend charts for the pumping wells associated with the ERA treatment system are shown in 
Figure 2-25. Although all show a general rise in strontium-90 concentrations that seem to 
correspond to a rise in water table elevation, it is tenuous to attribute all the change to high water 
table conditions at these wells 

2.3.6.3 Estimates for Strontium-90 in the Lower Portion of the Vadose Zone. The following 
steps were used to calculate the mass of strontium-90 contained in the lower portion of the 
vadose zone that was saturated by the unusually high water table during 1996 and 1997: 

Step 1. A contour map of strontium-90 was prepared for the 1997 high water table ( shown as the 
lower plot in Figure 2-26 along with the 1995 strontium-90 contour map [ upper plot]). The 
differences between the 1995 and 1997 strontium-90 plume maps were compared and contrasted. 
These differences are shown as additional isopleths for the 1997 map, and are most pronounced 
around wells N-67, N-81, and N-99A. 

Step 2. A contour map of the average 1995 water table elevations was prepared (upper plot in 
Figure 2-27). 

Step 3. A contour map of the high water 1997 water table elevations was prepared (lower plot in 
Figure 2-27). 

Step 4. Using the water table maps, an isopach map (upper Figure 2-28) was prepared showing 
the difference (i.e., thickness of the vadose zone between the two water tables). 

Step 5. From the strontium-90 contour maps, the area between two isopleths was calculated. 

Step 6. A volume of contaminated soil between two strontium-90 isopleths was estimated by 
combining the area with the thickness. 
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The lower plot in Figure 2-28 shows the volume contained between the 1,000 and 3,000 pCi/L 
and the 1995 water table and 1997 high water table. Once the volume between the two isopleths 
is known, the mass between the two isopleths can be calculated using the porosity (0.28), the Ktt 
(15 L/kg), and the particle density (2,780 kg/m3

). 

Seme and Legore (1996) ran a similar analysis for the 1995 water table. Their calculations 
assumed a depth of 4 m, and their results are shown in upper half of Table 2-2. The additional 
mass caused by the high water is shown in the lower half ofTal:>le 2-2. The high water caused by 
the near-flood conditions of the Columbia River adds approximately 50 Ci (47.98 Ci) to the 
inventory of strontium-90 held on the soil in the aquifer. Even though the pump-and-treat is 
removing more strontium-90 when the water table is high, there is additional strontium-90 
inventory available to be pumped. When the unusually high water table drops, the influent 
concentrations at the pump-and-treat are expected to decrease. 

2.4 CONCLUSIONS 

• The N Springs Expedited Response Action continues to reduce the rate at which 
strontium-90 is entering into the Columbia River by pumping groundwater from the 
aquifer near the river, thereby reducing the hydraulic gradient that is directed toward the 
river. Naturally occurring high river levels during 1996 and 1997 complemented this 
effect. 

• The treatment system has met the strontium-90 removal requirements as stated in the 
NPL agreement. This is interperted to mean an average removal rate of 90% was 
achieved for the total volume of water treated over a period of time, e.g., over a 50-day 
cycle or until 17 million L ( 4.5 million gal) was processed. 

• The elevated water table that occurred during 1996 and 1997 remobilized strontium-90 
held in the normally unsaturated vadose zone, causing an increase in groundwater 
concentrations in some areas. 

• Groundwater monitoring associated with the 100-NR-2 remedial investigation has 
generally confirmed previous interpretations of contaminant distributions. The most 
recent sampling rounds have helped to reveal the impact that the elevated water table has 
on groundwater quality. 

2.5 RECOMMENDATIONS 

• Continued water quality monitoring to verify that observed changes in strontium-90 
concentrations are associated with an elevated water table. Determine how quickly 
concentrations return to "normal" following drop in water table elevation. 
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• Coordinate monitoring of seep wells, natural riverbank seepage, and near-river wells into 
a single sampling schedule. 

• Continue operation of the N Springs pump-and-treat with current well configuration to 
reduce flux of strontium-90 to the river. 
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Figure 2-1. Facilities and Operable Units in the 100-N Area. 

i 
-N-

~ 

Meters 

0 400 800 

HGP - Hanford Generating Plant 
BPA - Bonneville Power Administration 

2-17 

100-NR-1 Operable 
/ Unit Boundary 

(100-NR-2 is the 
Underlying 

Groundwater) 

,.__ 1325-N 
Crib/Trench 

· ·--:.:·:environmental 
Restoration 
Disposal 
Facility 

10 kilometers 
WW:ilZ-l'Sii~ 
O Smiles 

BHI-01126 
Rev.O 

i 
-N-

~ 

E9704083.1 



N 
I ..... 

00 

Northing 

150500 

150300 

150100 

149900 

149700 

149500 

Easting 

~ 
·~0 
~ ·~ ~ 

:i'~ 
c.,O 

a' 
f::' 

• {;:-"rt) 

1
6 ... N-8T .}-N•Sp_j V~ N-5. 

~
tf-103A;·10 ~ 

N- 2 • ":>~ 
•• ~ N-69 "-

_/- N-13e tit 

A.
/4:, •• ... ';' CJ•lN- ·9 
N-6 • N-84 •N• Nz3·e 

• N-86'N N-66 e 

N- • • 

N-49 • 

N-37 • 

N-36 • 

N-32 • 

Z
( • N-54 e .- • N-4 N-S N-31 • 

I ~N-N-55 N-87 • N-65 -34 

1'
'48• N- N-57 ,-2 • • N-7 e N-

N~S e • N-64 N ~ -15 r,; • N-104A -~- . . .~;:J~. (:;:; N-28• 

N-74 • 

N-71 • 

N-50 • 

N-40 • 

571400 571600 571800 572000 

a' 
f::' 

{;:-"rt) 

~ 
~(J 

rt1 
~ 

N-52 • 

572200 572400 

State Plane Coordinates (meters) 

0 

0 

N-71 

• 

572600 

Meters 

! 100 200 300 400 -N-

Feet I 
300 600 900 1200 

100-N Area 

Well Number (Prefixed with 199-) 
Well Location 

572800 573000 573200 

.. 

l'!l!j .... , 
ri 
l-.J 

~ 
~ 
('D = 
~ 
0 n = :t. 
0 
r:s 
t;ll 

= = C. 
l'!l!j 

= n = :t. 
fD 
t;ll 

E:i' .... 
1:1"' 
('D .... 
= = I 

2 
> 
ri 
~ 

:,::i to 
~ iE 
• I 
oo .... .... 
~ 



N 
I -\0 

i 
-N-

0 

0 

~ ~<¢,~ 
~\ 

~\~ 
\)t 

ov 
G 

0 

0 0 

0 

0 

0 
0 

0 Other Monitoring Wells 
(Not to scale) 

0 

0 

0 

199-N-106A 
Extraction Well 

. 
• 

Influent Tank 

Ion Exchange Skid 

Effluent Tank 

//o - Piping/Electrical 

0 

0 

O O 0 

o~-------­
--

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

0 

,' 
,' 

,' 

,,,,' 
,' 

e, ,' 
-.>~/ 

"e, ,' 
«_0~/ 

,,,,' 
,' ,, 

,,' ,,,' 
,' ,' 

0 ,,' ,,,' 
,,' ,,' 

__ ,,........ ,,' ,' 
..... - ' , , .... •·· -,,,' / 

' , ' , 
// 

\ .. ----, ....... 

' ' ' ' 
.... -------

199-N-29 Injection Well 

E9802016.2 

~ ~-
ri 
N 

~ 
z 
I 

.g1 
e· 
~ 
t_!l!j 

~ s. -· s: 
r 
'O c:, 

e? 
fD 

~ 
:t. c:, 

= 
i 
El 
~ 

~ c:, 

= r"' ~ t,:J 
~ e; 
• I 
oo --N 

°' 



0 
0 
0 ..... 

BHI-01126 
Rev.0 

Figure 2-4. NR-2 Removal Rate Versus Volume of Processed Water 
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Figure 2-7. Chromium Concentrations in Well 199-N-74. 

Well Data Evaluation Summary Report, Filtered Data 
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Figure 2-8. Chromium Concentrations in Well 199-N-80. 
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Figure 2-9. Manganese Concentrations in Well 199-N-16. 

Well Data Evaluation Summary Report, Filtered Data 
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Figure 2-11. Nitrate Concentrations in Well 199-N-2. 

17-Dec-97 
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199-N-2, Nitrate (ug/L) 
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Figure 2-12. Nitrate Concentrations in Well 199-N-3. 

Well Data Evaluation Summary Report, All Data 
199-N-3, Nitrate (ug/L) 

17-Dec-97 

Statistical Summary for: Well 199-N-3 
Constituent: Nitrate (ug/L) 

Samples Taken between 2/14/90 and 9/10/97 
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Figure 2-13. SuHate Concentrations in Well 199-N-2. 

Well.Data Evaluation Summary Report, All Data 
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17-Dec-97 

Figure 2-14. Sulfate Concentrations in Well 199-N-3. 

Well Data Evaluation Summary Report, All Data 
199-N-3, Sulfate (ug/L) 

Statistical Summary for: Well 199-N-3 
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Figure 2-18. Columbia River Elevation at 100-N Area River Station During 
June/July 1997. 
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Figure 2-21. Strontium-90 Time History and Hydrographs for Boundary Wells N-92A and 
N-96A and Low Concentration Wells N-19 and N-31. 
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Figure 2-22. Strontium-90 Time History and Hydrographs for Low Concentration Well 
N-34 and Medium Concentration Wells N-14, N-27, and N-28. 
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Figure 2-26. Contour Maps of the 1995 Strontium-90 Plume and the High Water 1997 
Strontium-90 Plume. 
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Figure 2-27. Contour Maps of the 1995 Average Water Table Elevations and the 1997 
High Water - Water Table Elevations. 
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Figure 2-28. Isopach Map of the Thickness of the Vadose Zone Between the Average 1995 
Water Table and the 1997 High Water Table (Upper). Sample Volume Contained Between 

1,000 and 3,000 pCi/L Isopleths and the Two Water Tables (Lower). 

Looking in this Direction for 
the Three Dimensional view 

:J 120 
c,: 
::e ,., 
i; 118 

-§ 

!:; 

~ 116 

;; 
cl] 114 

,,. 
I • 

\ 

\ 

' ' ' 
I 
! 

I 

5.75- - - - -

-4 .25- -

4-

2-44 

100-N Area 

Difference in Water Elevations 
Between 1995 and 1997 

Water Table Difference 
High W:acr 1997 minus 
Avcr;igc 1995 Water Table (fl) 

State Plane Coordinates (meters) 

Meters 

100 200 300 400 

Feet 

0 300 600 900 1200 

! 
-N-

I 



..---------------------------------------------- ---

BHI-01126 
Rev. 0 

Table 2-1. Wells and Strontium-90 Concentrations Used in the High Water Level 
Evaluation. 

Well Group 1997 Sr-90 (pCi/L) 1996 Sr-90 (pCi/L) 1995 Sr-90 (pCi/L) 

199-N-21 Boundary 3 >l 

199-N-32 Boundary >l >l 

199-N-41 Boundary >l >1 

199-N-50 Boundary >l >l 

199-N-51 Boundary >l >l 

199-N-52 Boundary >l >1 

199-N-64 Boundary >l >l 

199-N-74 Boundary >l >l 

199-N-92A Boundary >1 >l 

199-N-96A Boundary 6 9.3 

199-N-19 Low 41 44 

199-N-31 Low 81 40 

199-N-34 Low 64 52 

199-N-14 Medium 574 1065 

199-N-27 Medium 474 164 

199-N-28 Medium 124 122 

199-N-2 Center 3900 137 

199-N-3 Center 1400 794 

199-N-46 Center 4830 5090 

199-N-67 Center 12200 4247 

199-N-76 Center 2560 101 

199-N-81 Center 1260 621 

199-N-99A Center 19100 6500 

199-N-75 Pumping 1740 1304 

199-N-103A Pumping 2300 777 

199-N-105A Pumping 1880 323 

199-N-106A Pumping 3830 3750 
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Table 2-2. Mass Estimate for Average 1995 Water Table and 1997 High Water Table. 

Volume of Cone. Limits for Area (pCi/L) Concentration Used Mass on Soil Mass in Water 
Plume between for Mass (Ci) (Ci) 
Cone. Limits Calculation 

(pCi/L) 

1995 Mass Estimates (Seme and Legore, 1997) 

720,962 8 <n <42 25 0.54 0.005 

895,951 42 < n< 400 221 5.94 0.055 

263,588 400<n<l000 700 5.54 0.052 

526,820 1000 < n < 3000 2000 31.61 0.295 

211,064 3000 < n < 4000 3500 22.16 0.207 

164,772 n >4000 4500 22.24 0.208 

Total Mass in 1995 Average Unconfined Aquifer 88.03 0.822 

1997 Mass Estimates 
236,948 8<n<42 25 0.18 0.002 

322,594 42 <n<400 221 2.14 0.020 

108,232 400 < n < 1000 700 227 0.021 

242,162 1000 < n < 3000 2000 14.53 0.136 

86,730 3000 < n < 4000 3500 9.11 0.085 

69,020 4000 < n < 7500 5750 11.91 0.111 

9,981 7500 < n < 10000 8750 2.62 0.024 

11,627 > 10000 15000 5.23 0.049 

Total Mass in Normally the Vadose Zone (Ci) 47.98 0.448 

Total Mass including Higher Water (Ci) 136.02 1.27 
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This section provides the annual performance report required by the 200-UP-1 Groundwater 
Remedial Design/Remedial Action Work Plan (DOE-RL 1997d) for the reporting period of 
October 1, 1996 to September 30, 1997. A groundwater pump-and-treat system is currently 
removing the primary contaminants, technetium-99 and uranium, and the secondary 
contaminants, carbon tetrachloride and nitrate, from a contaminant plume in the 200-UP-1 
Groundwater Operable Unit. 

The purpose of this section is to evaluate treatment system and aquifer performance data 
collected during implementation of the interim remedial measure (IRM) to assess compliance 
with the remedial objectives as stated in the interim action record of decision (ROD) 
(DOE et al. 1997). The remedial action designated by the ROD has the following specific 
remedial action objectives (RAOs): 

• Reduce contamination in the areas of highest concentration of uranium and 
technetium-99 to below 10 times (480 µg/L) the cleanup level under the Model Toxics 
Control Act (MTCA) for uranium, and 10 times (9,000 pCi/L) the MCL for 
technetium-99. 

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

The following subsections summarize and evaluate the performance of the pump-and-treat 
system and the response of the aquifer in relation to these RAOs. Section 3.1 gives a brief 
overview of the historical operations. Section 3.2 focuses on the treatment system performance. 
Section 3.3 looks at the aquifer response including the baseline conditions, hydraulic effects, and 
numerical modeling. Section 3 .4 discusses contaminant response to operations. Finally, the 
conclusions and recommendations are presented in Section 3.5. 

3.1 IDSTORICAL OPERATIONS 

The pump-and-treat system for this operable unit is located on the north side of the 216-U-17 
Crib. Figure 3-1 is a site location map that shows the treatment system configuration prior to 
February 1997. The system was constructed to contain and treat elevated groundwater 
concentrations of uranium and technetium-99. Co-contaminants of carbon tetrachloride and 
nitrate are also present. Early operations consisted of a 57-L/min treatability test conducted from 
March 1994 to September 1995 (DOE-RL 1995a). Note: A pump-and-treat remediation system 
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also operated in 1985 near the 216-U-1 and 216-U-2 Cribs to reduce elevated uranium 
concentrations. For a discussion of this remediation effort, refer to Balcer et al. (1988). 

Phase I pump-and-treat operations commenced September 25, 1995, using a single extraction and 
single injection well, pumping at an increased rate of 190 L/min. This system operated until 
February 7, 1997. During this period of time, operations continued anticipating release of the 
Interim Remedial Measure Proposed Plan for the 200-UP-l Operable Unit, Hanford, 
Washington (DOE-RL 1995b ), and issuance of a ROD. System operations were shut down from 
February 8 to March 30, 1997, while the extraction well surface discharge piping was 
reconfigured for transport of groundwater to the Effluent Treatment Facility (ETF). 

On February 25, 1997 a ROD was issued (DOE 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 ETF in the 
200 East Area for treatment. Prior to issuance of the ROD, groundwater was treated onsite 
using ion-exchange technology and granular activated carbon (GAC). After the ion-exchange 
treatment, the water was returned to the aquifer through an upgradient injection well. Since 
March 31, 1997, contaminated groundwater has been pumped from the extraction well and 
transported via pipeline 11.3 km (7 mi) to the ETF in the 200 East Area for treatment. Treated 
groundwater is discharged to the State Approved Land Disposal Site (SALOS) north of the 200 
West Area. 

More detailed site characterization and background information on the operable unit and the 
pump-and-treat activity is provided in the Remedial Investigation/Feasibility Study Work Plan 
for the 200-UP-l Groundwater Operable Unit (DOE-RL 1994) and the Engineering 
Evaluation/Conceptual Plan for the 200-UP-l Groundwater Operable Unit Interim Remedial 
Measure (BHI 1996b ). For a listing of site background and characterization documents, refer to 
the work plan (DOE-RL 1997d). 

3.2 TREATMENT SYSTEM PERFORMANCE 

This section describes treatment system operations and sampling activities that occurred during 
FY 1997. Specific details include changes to the system configuration in February and March 
1997; contaminant removal efficiencies during operations, in terms of quantity and quality of 
extracted and disposed groundwater; waste generation; system availability; transfer line flow 
data; and contaminant trends at extraction well 299-W19 .. 39. 

From February 8 to March 30, 1997, system operations were shut down while the extraction well 
surface discharge piping was reconfigured for transport of groundwater to the ETF. 

The 200-UP-1 operations for FY 1997 can be divided into three distinct time periods: 

3-2 



BHI-01126 
Rev.0 

• October 1996 to February 7, 1997. The system operated at 190 L/min using the onsite 
treatment train. 

• February 7 to March 30, 1997. The system was shut down while piping was set up for 
transfer of groundwater to the EFT. 

• March 31 to September 30, 1997. The system was operated at 190 L/min with water 
treated at the ETF and discharged to the SALDS. 

The operational data for these operational periods are summarized below. 

3.2.1 System Operations 

From October 1, 1996 to February 7, 1997, treatment consisted of an ion-exchange process using 
Dowex 21K™ resin (Dow Chemical Company, Midland, Michigan) to remove uranium and 
technetium-99 from the groundwater. Following ion-exchange treatment, in-line liquid-phase 
GAC was used to remove carbon tetrachloride. Groundwater was then returned to the aquifer 
after treatment through an upgradient injection well (299-W19-36). Figure 3-2 shows the 
treatment system configuration during this operating period. 

From March 1994 (start of the treatability test) through February 7, 1997 (Phase I operations), 
more than 131.5 million L of water was treated, resulting in removal of 3 7 .8 g of technetium-99, 
45.8 kg of uranium, and 10.6 kg of carbon tetrachloride (Table 3-1). 

The groundwater pump-and-treat system operated on a near-continuous basis from October 1 
through December 30, 1996. System availability was 97.5% (hours operating/total hours), 
exceeding the operational goal of 90% system availability from October to December 1996. For 
January and early February, system availability was about 60% because of pump problems. 

Pump-and-treat operations were then shut down February 7 while the discharge line from the 
extraction well was connected to the ETF cross-area transfer line. Operations resumed on March 
31, 1997 with contaminated groundwater going to the ETF for treatment. Based on Tables 3-2 
and 3-3, system availability was approximately 100% since switchover of treatment operations to 
the ETF. In place of the ion-exchange resin and GAC previously used, the treatment train at the 
ETF consists of the following process units: 

• Filtration of suspended solids 
• Ultraviolet light oxidation for organic destruction 
• pH adjustment to neutralize the waste stream 
• Hydrogen peroxide decomposer to remove excess hydrogen peroxide 
• Degasification for removal of carbon dioxide 
• Reverse osmosis to remove dissolved solids and radionuclides 
• Ion exchange for removal of dissolved solids and radionuclides. 
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From April through September 1997, more than 49 .4 million L of water was transported from the 
200-UP-l site to the ETF at an average flow rate of 190 L/min. Greater than 32.4 million L of 
this water was treated (the remaining water has not been treated yet), resulting in the removal of 
0.0946 Ci (5.6 g) oftechnetium-99, 11 kg of uranium, 0.89 kg of carbon tetrachloride, and 2,260 
kg of nitrate (Table 3-2). Nitrate treatment was not performed prior to bringing the ETF online. 
Table 3-3 shows the transfer line flow data for this period, which are used to monitor water 
losses during transport of groundwater from the 200 West Area to the 200 East Area storage 
basin. There were no known water losses during this period. 

Since rerouting of groundwater to the ETF, process operations, waste generation, sampling, and 
disposal are all handled by the ETF facility. Three general types of waste are generated: liquid, 
solid, and maintenance. Treated liquid waste goes to the SALOS north of the 200 West Area for 
disposal. Solid and maintenance wastes are disposed at the Environmental Restoration Disposal 
Facility (ERDF). Table 3-1 lists the volume of groundwater treated at the ETF and the mass of 
contaminants removed. Table 3-3 gives the average flow rates by day from April to September 
1997. 

A total of203 powder-waste drums (solid waste) were generated from April to September 1997. 
Eighty of these drums were shipped to ERDF for disposal, while the other 123 drums remained 
in storage at the end of the fiscal year. The maintenance waste was packaged in a bulk container 
and will be shipped to the ERDF when filled. 

3.2.2 Extraction Well Operations 

Average influent concentrations observed during the treatability test were 1,254 µg/L for 
uranium (ranging from 500 to 2,080 µg/L) and 15,027 pCi/L for technetium-99 (ranging from 
8,800 to 20,000 pCi/L) (BHI 1997a). Note that during the treatability test the two extraction 
wells (299-Wl 9-23 and 299-Wl 9-24) were located directly in the high concentration portion of 
the plume. 

During FY 1997, technetium-99 concentrations from extraction well 299-Wl9-39 remained 
relatively constant, averaging approximately 3,041 pCi/L and ranging from 1,790 to 3,540 pCi/L 
(Figure 3-3). For comparison, the concentration at the start of Phase I activities in September 
1995 was about 6,140 pCi/L. Uranium concentrations were also relatively constant throughout 
the year with a mean concentration of approximately 271 µg/L and varying from 196 to 360 µg/L 
(Figure 3-4). The highest sustained concentrations of uranium were observed in February 1995 
at approximately 325 µg/L. 

From October 1996 to February 1997, carbon tetrachloride concentrations from the extraction 
well averaged about 155 µg/L with a range of 140 to 200 µg/L (Figure 3-5). However, after 
rerouting groundwater to the ETF, the concentrations were found to be significantly less, 
averaging about 25 µg/L (ranging from 10 to 34.6 µg/L prior to treatment). 
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To determine why the carbon tetrachloride concentrations were so low, an investigation was 
initiated by the ETF. The conclusion of the study was that carbon tetrachloride volatized from 
the dissolved phase to the air phase during transport in the pipeline from the 200 West Area to 
the ETF. About 80% of the pipeline cross-sectional area is composed of air, which provided 
favorable conditions for this transfer. A calculation of the theoretical amount lost to the air phase 
was estimated to be equal to the observed concentration reduction. Following transfer to the air 
phase, relief valves in the transfer pipeline allowed the carbon tetrachloride to vent to the 
environment. A regulatory analysis of these emissions determined that the venting falls below 
the Acceptable Source Impact Level. 

Nitrate is also removed from the groundwater now that groundwater treatment is performed at 
the ETF. From April to September 1997, nitrate concentrations from the extraction well 
averaged 57.5 mg/Land ranged from 38.5 to 75.3 mg/L. A total of 2,260 kg was removed 
during this time (Figure 3-6). 

3.2.3 Operational Sampling (Onsite) 

For the onsite treatment system (October 1996 to February 1997), process sampling was 
performed to assess contaminant loading on the ion-exchange and GAC columns using 
field-screening analytical techniques. Breakthrough in the lead ion-exchange column was 
monitored on a biweekly basis by sampling both the column influent and effluent and comparing 
the results. Breakthrough was established when the effluent concentrations reached about 90% 
of the influent concentrations. The GAC treatment system was sampled on a weekly basis. This 
sampling effort included an influent, post-lead GAC, and post-polish GAC sample. 
Breakthrough was established when the effluent carbon tetrachloride concentration from the lead 
GAC skid reached about 50% of the influent concentrations. 

The 222-S Laboratory and field-screening data were used to monitor technetium-99 and total 
uranium concentrations for breakthrough in the lead ion-exchange column. Offsite laboratory 
data were used to monitor treatment system efficiency. Table 3-4 presents the process influent 
and effluent data for the period from October to December 1996 for the onsite operations. The 
sample results for the ETF influent and effluent data from April to September 1997 are presented 
in Table 3-5. 

Breakthrough in the lead ion-exchange column occurred five times in the first quarter of 
FY 1997, with a total of 5 m3 of resin consumed. The total volume of resin consumed in the 29 
resin change outs since initiation of Phase I activities up to December 31, 1996 is approximately 
29 m3

• Data were not available for the number of breakthroughs for the January to February 7 
time period. 

Influent and effluent filters were replaced approximately every 2 weeks. Routine maintenance 
activities included instrument calibrations and performing treatment system interlock checks. 
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Based on the monthly confirmatory sampling data, the treatment system achieved a contaminant 
removal efficiency for technetium-99, uranium, and carbon tetrachloride for the October to 
December time period of99%, 99.9%, and 87-95%, respectively (Table 3-4 contains the data for 
this calculation). The decrease in efficiency during the last month of the year was a result of 
reaching near saturation in the lead GAC column. Removal efficiency was not calculated for the 
January to February data. The GAC columns were changed out once early in the fiscal year. For 
the ETF the removal efficiencies were 99.9% for technetium-99, uranium, and nitrate for the 
April to September 1997 period. The removal efficiency for carbon tetrachloride was 97 .6%. 
The efficiencies were calculated using data from Table 3-5. 

3.3 AQUIFER RESPONSE 

The following sections discuss the response of the aquifer during FY 1997 operations at the 200-
UP- l Phase I pump-and-treat site. A summary of baseline conditions prior to initiation of Phase 
I operations (September 1995) is presented, including the hydrologic and plume characteristics at 
that time. The baseline section is followed by a discussion of hydraulic responses, numerical 
modeling results, and contaminant changes observed during remediation. 

3.3.1 Baseline Status 

Baseline water table and plume maps were constructed during suspended operations (August 
1995) and prior to initiation of Phase I operations. Figure 3-7 presents the water table map 
generated at this time. Figure 3-8 is a water table map showing conditions as of September 1997. 
On this later map the effects of pumping at the extraction well are apparent. Based on the 
equipotential lines, groundwater flows from northwest to southeast across the site. 

The baseline plume maps were constructed for technetium-99 and uranium. These maps are 
shown in Figures 3-9 and 3-10. The 1995 baseline plume map is overlaid on the contaminant 
plume map generated for September 1997. The baseline plume map is a heavy, dashed ellipse 
that shows the combined area for both uranium and technetium-99 needing remediation. The 
significance of the plume changes is discussed below (section 3.4). 

Phase I operations resulted in the extraction, processing, and injection of 116.3 million L of 
groundwater since start up in September 1995 through February 1997 (Table 3-1). From April to 
September 1997, extraction well 299-Wl 9-39 has delivered 49 .5 million L of groundwater to the 
ETF, discharging at an average rate of about 190 L/min (footnote to Table 3-1 ). 

Water levels in the area of the pump-and-treat system are declining as the residual groundwater 
mound from the 216-U-10 Pond diminishes. The pond was decommissioned in 1984. This 
regional water table decline was estimated at about 0.18 m from July to September 1997, based 
on the well hydrographs 299-Wl 9-24 and 299-Wl 9-29 (Figure 3-11 ). Applying this quarterly 
rate of decline to the entire year yields a decline of 0. 7 m/yr. This rate is consistent with a 
similar calculation performed last year (BHI 1996c ). 
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The high rate of regional water level decline will significantly affect the 200-UP-1 monitoring 
network in calendar years 1998 and 1999. Of the 14 wells currently being monitored, 6 may 
become unsamplable during this time period with two already dry (299-Wl 9-25 and 
299-W19-26). Table 3-6 lists the entire 200-UP-1 monitoring network and the estimated time 
when groundwater samples can no longer be collected. Figure 3-12 is a graphical representation 
showing the estimated water level decline from 1997 to the year 2000. The loss of these wells 
will impede the ability to monitor remediation progress of the pump-and-treat operations and to 
determine compliance with the RAOs. 

A diminishing discharge rate from extraction well 299-Wl 9-39 was noted the first and second 
quarter of FY 1997. In March 1997, the pump and tubing were removed to determine the cause 
of reduced water production. It was discovered that the riser pipe was severely corroded, with 
most of the water discharging through the side of the pipe. The riser pipe was repaired and the 
flow rate restored to 190 L/min. The extraction well came online again in April 1997 and began 
supplying water to the ETF. Operations have been relatively continuous since April 21, 1997, 
based on the transducer data collected during this period. 

3.3.2 Hydraulic Response 

Both extraction well 299-W19-39 and injection well 299-W19-36 operated from October 1996 to 
February 7, 1997. These wells were shut down while the discharge line from the extraction well 
was connected to the cross-site transfer line to the ETF. Pumping started again on March 31, 
1997. Since that time, the injection well has been used only for contaminant monitoring. 

Water levels at the pump-and-treat site have been affected by pumping and injection operations 
(in addition to the regional declining water table noted in the last section). Hydrographs for the 
extraction and injection wells over the fiscal year are shown in Figure 3-13. Hydrographs for 
observation wells near 299-W19-36 are presented in Figure 3-14. Observation well hydrographs 
for wells close to extraction well 299-W19-39 are provided in Figure 3-15. Hydrographs for 
intermediate observation wells (between the injection and extraction well) are presented in 
Figure 3-16. The effects of injection and extraction on the wells nearest to these sites are most 
readily observed at times when operations started up or shut down. These types of water level 
changes are of relatively short-duration compared to the continuous long-term regional decline. 

To estimate the radius of influence of the pumping well (and hence the area of hydraulic 
containment and eventual capture), water levels from September 1995 and March 1997 were 
compared to water levels collected in October 1997. The September and March water levels 
were collected when the system was not operational, and therefore they represent natural or 
baseline conditions. The October water levels were taken while the pumping well was operating. 

The amount of drawdown at the three monitoring wells near 299-Wl 9-39 was calculated by 
removing the regional water level decline and then noting any additional water level change that 
may have occurred. This residual water level decline is attributed to the pumping well. Table 
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3-7 shows this calculation and lists the estimated steady-state drawdown at monitoring wells 
299-W19-26, 299-W19-20, and 299-W19-19. As expected, the amount of drawdown decreases 
at wells farther away from the pumping well. 

Based on this analysis, the radius of influence probably exceeds 80 m in the upgradient direction 
from the extraction well, perhaps beyond well 299-W19-19. Drawdown was not observed at 
downgradient well 299-Wl 9-40 even though it is about the same distance from the pumping well 
as 299-W19-19. There are several reasons that could account for this: (1) any error in the 
calculation may hide a small drawdown; (2) the northwest to southeast sloping water table may 
restrict the distance of the drawdown cone in this direction; and (3) heterogeneity in the aquifer 
may favor upgradient spread of the drawdown cone. 

To check the validity of the drawdown calculation, drawdown versus distance was plotted on 
semi-log graph paper. If the distance/drawdown pairs all fall on a straight line, then it is 
reasonable to assume that these values represent actual drawdown at each well. And in fact, a 
straight line can be drawn through all three data points. By extending this straight line to zero 
drawdown, the maximum distance for the radius of influence can be estimated. Based on this 
graphical analysis, the maximum upgradient radius of influence is estimated at 106.7 m (350 ft). 
It should be noted that the hydraulic radius of influence is not necessarily the same as the capture 
zone. Whereas the radius of influence is established fairly soon after pumping begins (within a 
couple of months) the capture zone expands indefinitely. 

3.3.3 Numerical Modeling 

A capture zone analysis, using the same model as reported in previous 200-UP-1 annual and 
quarterly reports, shows that the ratio of capture zone area intersecting the baseline high 
concentration portion of the plume has increased from 86% (September 1996) to 92% 
(September 1997). Figure 3-17 shows the results of this capture zone analysis including the 
outlines for the baseline high concentration portion of the plume, the total capture area (FY 1997) 
and the plume capture area (FY 1997). Table 3-8 gives the areas for each of the outlines as well 
as the percentages for capture for FY 1997. For comparison purposes, the capture areas for FY 
1996 have also been included. Additionally, approximately 70% of one pore volume of water has 
been removed from the original baseline high concentration portion of the plume since the 
startup of the Phase I pump-and-treat operations. 

During FY 1997, continued progress has been made toward the goals of removing uranium and 
technetium-99 while containing their further movement downgradient from the extraction well. 
Average concentrations for uranium and technetium-99 have decreased by 35% and 50%, 
respectively, from FY 1996 to FY 1997 at downgradient well 299-W19-40, if the duplicates and 
anomalous values are removed. 
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Contaminant distribution and concentrations have been changing in response to Phase I 
operations. Appendix A contains the contaminant trend plots for uranium, technetium-99, and 
carbon tetrachloride. Changes in contaminant distribution are best demonstrated by comparing 
the baseline target area (1995 baseline plume map) with the contaminant plume maps from 
September 1997 (Figure 3-9 and 3-10). By examining these plume maps, several features are 
noted. 

• The contaminant plumes were displaced and diluted around former injection well 
299 _ Wl 9-36. Injecting clean water has contributed to reduction of contaminant 
concentrations. 

• A portion of the plume may have been forced to the south because of the induced 
hydraulic gradient while the injection well was operating (although an alternate 
interpretation is possible as discussed below regarding well 299-Wl 9-28). 

• The size of the high concentration portion of the plume in the original target areas has 
been reduced significantly in size since initiation of operations. 

• The high concentration portion of the plume has moved closer to the extraction well. 

As of September, the high concentration portion of the plumes were not fully remediated to 
levels required by the ROD, although significant progress has been made. Perhaps as much as 
80% of the targeted areal extent of the technetium-99 plume has been removed, and up to 50% of 
the uranium plume. Even so, part of the plume has moved to the south, out of the baseline target 
area. Without additional well control in this area, the southward extent of the plume can only be 
estimated. Even so, based on the modeling results (Figure 3-16) it appears that all of the plume 
is still captured. 

At least two explanations are possible for the increased plume concentrations at the southern 
edge of the baseline boundary. The plume may have been pushed to the south during injection 
well operations (as stated above) and/or another portion of this plume may be entering the 
remediation area from upgradient. While the injection well was operating, it formed a hydraulic 
barrier preventing downgradient movement of contamination. Now that this barrier is 
eliminated, contamination can again move through this area. The timing of the increases in 
technetium-99 supports the latter scenario. Technetium-99 values began increasing almost 
immediately after shutdown of the injection well. Without a hydraulic gradient from the 
injection well, the slug of contamination would not be expected to move to the southwest, 
contrary to the regional gradient (to the southeast). 

The increase in technetium-99 concentrations at 299-W19-28 was observed after shutdown of the 
injection well (February 7, 1997). Technetium-99 concentrations increased by a factor of almost 
2 over 1994 levels. If contamination was pushed south from the injection well, then a high 
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concentration zone must have resided between this well and the injection well prior to use of the 
injection well. The maximum concentration measured at the injection well immediately after 
construction (prior to operation), was about 2,190 pCi/L. Therefore, it does not seem likely that 
a high concentration plume (greater than 20,000 pCi/L) was forced south. Uranium and carbon 
tetrachloride concentrations may also be increasing at this well, but additional sample rounds are 
needed to confirm this apparent trend. 

Technetium-99 concentrations have been increasing at wells 299-W19-29 and 299-W19-30 since 
shutdown of299-W19-36 (Appendix A contains the trend plots). While water was injected in 
299-Wl 9-36, technetium-99 concentrations decreased significantly (as they did in 299-Wl 9-28). 
A similar decrease during injection was observed for uranium, especially in wells 299-Wl 9-28 
and 299-Wl 9-29. Since injections ceased an increase in uranium has not been observed in 
contrast to technetium-99 perhaps because of a delay due to uranium's tendency to absorb the 
aquifer matrix. 

The increase in technetium-99 concentrations at wells 299-Wl 9-29 and 299-Wl 9-30 may 
represent a re-equilibration while the effects of displacement and dilution dissipate. At this time, 
the increase in concentrations at these wells is still below historic levels. 

Uranium and technetium-99 concentrations declined over the year at well 299-Wl 9-3 7 which is 
located between the injection and extraction well. This change may indicate that the plume has 
moved past this well and/or the plume was diluted due to clean injection water. 

Plume concentrations were relatively constant during the year at 299-Wl 9-23 and 299-Wl 9-24. 
Well 299-W19-24 may be at maximum uranium concentrations as the plume moves toward the 
extraction well. This possibility can be observed in the time series plots of Figure 3-18. Note 
the progression as the uranium concentration peak moves from 299-W19-37 to 299-W19-24 and 
299-W19-26. These wells are at distances of 188.9 m, 135.7 m, and 30.8 m, respectively, from 
the extraction well. Well 299-W19-26 was also included in this figure, but it does not show the 
same pattern, perhaps because of its close proximity to the previous treatability-test injection 
well (299-Wl 9-25) and dilution that occurred during that period. 

Contaminant concentrations have also decreased at well 299-Wl 9-40, located 83 m 
downgradient from the extraction well. Based on this reduction, it appears that the radial 
influence of the extraction well extends to this well. 

Carbon tetrachloride concentrations responded in much the same manner as technetium-99, 
decreasing in concentration while groundwater was injected. Since shutdown of the injection 
well , concentrations appear to be increasing at 299-Wl 9-28. Carbon tetrachloride 
concentrations never exceeded 400 to 500 µg/L at any monitoring wells. 
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3.5.1 System Operations 
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The Phase I groundwater pump-and-treat system at the 200-UP-1 Operable Unit averaged 98.6% 
availability from October 1996 to December 1996. Treatment removal efficiencies during the 
same period of time were 99.9%, 99%, and 87 to 95% for uranium, technetium-99, and carbon 
tetrachloride, respectively. A total of20.3 million L of groundwater was treated during this 
period. 

The injection well was shut off after groundwater treatment was redirected to the ETF in April 
1997. Treatment removal efficiencies from April to September 1997 were more than 99.9% for 
uranium, technetium-99, and carbon tetrachloride, and 97.6% for nitrate. About 83% of the 
carbon tetrachloride transfers to the vapor phase in transport to the ETF and is vented at relief 
valves along the way. This outgassing does not exceed regulatory limits. A total of 49.5 million 
L of water was conveyed to the ETF, and of this, 32.4 million L was treated during FY 1997. 

3.5.2 Remedial Action Objectives 

During FY 1997 measurable progress was made toward meeting the remedial action objectives 
for the 200-UP-1 pump-and-treat IRM. The first RAO is the reduction of contamination in the 
areas of highest concentration of uranium and technetium-99 to below 10 times the MTCA 
cleanup level for uranium (480 µg/L), and 10 times the MCL for technetium-99 (9,000 pCi/L). 
Progress was made toward meeting this RAO based on these observations: 

• The high concentration portion of the plume has been reduced in size by about 80% for 
technetium-99 and 50% for uranium since Phase I operations commenced. 

• Contaminant concentrations were significantly reduced in the area of the former injection 
well (299-W19-36) and downgradient past well 299-W19-37. 

The second RAO is to reduce potential adverse human health risks through reduction of 
contaminant mass. Total contaminant mass removed from the aquifer to date includes 43.4 g of 
technetium-99, 56.8 kg of uranium, 11.5 kg of carbon tetrachloride, and 2,260 kg of nitrate. 

The third RAO addresses the prevention of further movement of these contaminants from the 
highest concentration area. At this time the high concentration area appears to be hydraulically 
contained, as demonstrated by the following: 

• An analysis of water level changes shows that the radius of influence is over 80 m 
upgradient from the extraction well, and may extend over 105 m. 
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• Contaminant concentrations have decreased at nearby well 299-Wl 9-40 ( downgradient 
from pumping well), confirming that this well is under the hydraulic influence of 
extraction well 299-W19-39. 

• The water table map shows a hydraulic sink area around the extraction well that is 
coincident with the high concentration area. 

• One high concentration portion of the plume is located immediately upgradient from the 
extraction well. The plume therefore will continue to move under the natural and induced 
hydraulic gradient to the extraction well. 

• The predictive modeling results shows plume capture by: the extraction well (Figure 
3-16), including the high concentration of technetium-99 near well 299-Wl 9-28. 

The increased high technetium-99 concentrations at well 299-Wl 9-28 need further evaluation. 
Concentrations are increasing now, either because a portion of the plume was forced south by 
mounding at the former injection well, or the injection well created a hydraulic barrier, 
preventing a high concentration slug of technetium-99 from moving past well 299-Wl 9-28. That 
the technetium-99 concentrations started increasing after the injection well was shut down 
(February 7, 1997) supports the later scenario. Uranium concentrations may also be increasing, 
but additional sample rounds are needed to establish such a trend. 

The fourth RAO requires collection of information that will lead to development and 
implementation of a final remedy that will be protective of human health and the environment. 
Operational and performance monitoring data collected during FY 1997 can be used to support 
this RAO. Other than routine monitoring and sampling directed technical evaluations were not 
performed this fiscal year. 

Other significant conclusions and recommendations for the coming fiscal year are as follows. 

• A declining water table will leave many of the monitoring wells dry in calendar years 
1998 and 1999. This situation will affect the ability to monitor remediation progress and 
should be assessed relative to the RA.Os. Additional monitoring wells may be required. 

• Periodic confirmation sampling for carbon tetrachloride should be performed at the 
extraction well to quantify carbon tetrachloride loss to vapor phase, and hence to the 
environment, in transport to the ETF. Confirmatory samples should also be collected for 
technetium-99 and uranium from the extraction well. 

• The contaminant plume configuration can be interpreted ( contoured) in a number of 
different ways because of plume changes during operations and known elevated 
contaminant concentrations at the 200-U-l/2 Cribs. It is recommended that, if additional 
wells are installed, one or more of these wells be strategically located to aid in plume 
definition. This well would also help determine the continuity of contamination between 
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these cribs and the pump-and-treat area. In addition, it may provide an explanation for 
the higher technetium-99 concentrations at well 299-Wl 9-28, information that will also 
support the final ROD. 
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Figure 3-4. Uranium Influent Concentrations. 
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Figure 3-5. Carbon Tetrachloride Influent Concentrations. 
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Figure 3-6. Nitrate Influent Concentrations. 
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Figure 3-7. Baseline 200-UP-1 Water Table Map for August/September 1995. 
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Figure 3-11. Hydrographs for Wells 299-W19-24 and 299-W19-29 Showing the Water 
Level Decline from July to September 1997. 
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Figure 3-12. Graphical Representation for the Estimated Water Level Decline from 1997 
to the Year 2000 at 200-UP-1. 
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Figure 3-13. Well Hydrograph for the Injection and Extraction Wells. 
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Figure 3-14. Well Hydrographs for Monitoring Wells Near the Injection Well. 
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Figure 3-15. Well Hydrograpbs for Monitoring Wells Near the Extraction Well. 
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Figure 3-16. Well Hydrographs for the Intermediate Monitoring Wells. 
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Figure 3-18. Contaminant Trend Plot for Monitoring Wells Along the Axis Between the 
Injection and Extraction Wells. 
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Table 3-1. Quantity of Treated Groundwater and Contaminant Mass Removed Since 
Initiation of Pump-and-Treat Operations. 

Mass Total Mass 

Liters 
Mass 

Uranium 
Mass Carbon Nitrate 

Reporting Period 
Treated 

Technetium-99 
Removed 

Tetrachloride Removed 
Removed (g) 

(g) 
Removed (g) (kg) 

March 1994 -
3,898,550 3.41 4,422 Not Reported NIA 

November 1994• 

December 1994 -
11,391,491 7.79 9,831 992 NIA 

August 1995 

September 1995 -
17,198,571 3.95 3,895 630 NIA 

November 1995 

December 1995 -
31,311,340 9.05 9,105 1,609 NIA 

March 1996 

April 1996 -
22,459,108 5.40 6,845 1,569 NIA 

June 1996 

July 1996 -
22,370,327 4.01 5,134 2,790 NIA 

September 1996 

October 1996 -
20,300,000 3.33 5,607 2,980 NIA 

December 1996 

January 1997 -
2,667,600 0.83 963 73 NIA 

February 1997b 

February-
Shutdown NIA NIA NIA NIA 

March 30, 1997 

March 31 - 32,414,48lc 5.6 11,000 888 2,260 
September 30, 1997 

Total 164,011,468 43.37 56,802 11,531 2,260 

a Data from the treatability test as reported in DOE-RL (1995a). 

b Estimated values based on 189 L/min (50 gal/min) flow, running 24 hours/day, at 97.5% efficiency. 

c Number of liters treated; actual volume pumped to the Effluent Treatment Facility during this period was 
49,469,950 L. 
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Table 3-2. Quantity of Treated Groundwater and Contaminant Mass Removed Since 
Treatment Operations were Transferred to the Effluent Treatment Facility. 

(Page 1 of2) 

200-UP-1 GROUNDWATER TREATMENT BASED ON CHARACTERIZATION IN LERF 
BASIN 43 AND THE ETF VERIFICATION TANK 

Parameter 
Sample 

Results Amount Removed Accumulative 
Date nerTank Amount Removed 

200-UP-1 GROUNDWATER CHARACTERIZATION AT LERFBASIN 43 
Carbon Tetrachloride 23-Apr-97 29u2/L 
Nitrate as (N) 23-Apr-97 73.8 m2/L 
Technetium-99 23-Apr-97 3,lO0pCi/L 
Uranium (total) 23-Apr-97 360 u!!ll 
TREATED 200-UP-t GROUNDWATER DISCHARGED FROM ETF VERIFICATION TANKS 

Volume: 474,976 gal Released: 18-Jun-97 
Carbon Tetrachloride 30-Mav-97 0.7u2/L u 5.21E-02 kg 5.21E-02 kg 
Nitrate as (N) 30-Mav-97 0.047m2/L u l.33E+o2 kg l.33E+o2 kg 
Technetium-99 30-Mav-97 3.61>Ci/L 5.57E-03 Ci 5.57E-03 Ci 
Uranium (total) 30-Mav-97 0.3 u2/L u 6.47E-Ol kg 6.47E-01 kg 

·•·•·• ·•·•·•·•·•· ·•·•·•·•·• 
.;,:-:.:.:•:•:•:•:•:-:,:.;,: 

•·•·•·• •·•·•·•·•·•· ·•·•··· •··•·•·•·•· ·•·•·•·•· 

Volume: 576,201 gal Released: 3-Jul-97 
Carbon Tetrachloride 18-Jun-97 0.7 u2/L u 6.32E-02 kg l.ISE-01 kg 
Nitrate as (N) 18-Jun-97 0.047 m2/L u l.61E+o2 kg 2.94E+o2kg 
Technetium-99 18-Jun-97 4.41>Ci/L 6.75E-03 Ci l.23E-02 kg 
Uranium (total) 18-Jun-97 0.3 u2/L u 7.85E-Ol kg l.43E+oo kg 

·•··•· ·•·•·•· 
········ O•O•O·O• •O❖O❖ ·•·•·•·•·•·•·• ·•·•·•·•·• 

Volume: 576,201 gal Released: I l-Jul-97 
Carbon Tetrachloride 06-Jul-97 0.7ug/l., u 6.32E-02 kg l.79E-01 kg 
Nitrate as (N) 06-Jul-97 0.047 mg/L u l.61E+o2 kg 4.55E+o2kg 
Technetium-99 06-Jul-97 2.3 pCi/L u 6.76E-03 Ci l.91E-02 Ci 
Uranium (total) 06-Jul-97 0.3 ug/L u 7.85E-Ol kg 2.22E+o0kg 
·•·•·•·•·•·•·••·•·•·• ·•·•·•·•·•·•·••·•·•·• •·•·•·•·•·•·•·•·•· ·•·•·•·• 

-:•:-:-:.:.:-:-:-:.:-: ,:,:-:-: 

Volume: 607,647 gal Released: 26-Jul-97 
Carbon Tetrachloride 12-Jul-97 0.7 u2/L u 6.67E-02 kg 2.45E-Ol kg 
Nitrate as (N) 12-Jul-97 0.047 mg/I., u l.70E+o2 kg 6.24E+o2kg 
Technetium-99 12-Jul-97 2.2 pCi/L u 7.13E-03 Ci 2.62E-02 Ci 
Uranium (total) 12-Jul-97 0.3 u2fI, u 8.28E-Ol kg 3.0SE+ookg 

·•·•·•·•·•·•·•·••·•·•·• ·•·•·•·• ·•·•·•·•·• ·•·•·•·•·• ·•·•·•·•·• 
•·•·•·• 

Volume: 653,330 gal Released: 2-Aug-97 
Carbon Tetrachloride 27-Jul-97 0.7 u2/L u .7. l 7E-02 kg 3.17E-01 kg 
Nitrate as (N) 27-Jul-97 0.047 m2/L u l.82E+o2 kg 8.07E+o2kg 
Technetium-99 27-Jul-97 3.6 pCi/L u 7.67E-03 Ci 3.39E-02 Ci 
Uranium (total) 27-Jul-97 0.3 u2/L u 8.90E-Ol kg 3.94E+o0kg - ·•·•·•·•·• •·•·•·•·• ·•·•·•·• ·•·•·•·············•·•·•· 

Volume: 661.853 gal Released: 12-Aug-97 
Carbon Tetrachloride 03-Aug-97 0.7 u2/L u 7.26E-02 kg 3.90E-Ol kg 
Nitrate as (N) 03-Aug-97 0.047 mg/L u l.85E+o2 kg 9.92E+o2kg 
Technetium-99 03-Aug-97 2.3 pCi/L u 7.77E-03 Ci 4.16E-02 Ci 
Uranium (total) 03-Aug-97 0.3 u2/L u 9.02E-01 kg 4.84E+o0kg 

·•·•·····•·•·····•·•·· 
··•···•·•·•· ·•·•·•· ::::;:::::_:.:::·:::::::;:::::;:::::;:;::::::.:-:::::·::: -:-:-:-:;:·:·::::::::::::::-:-:-:-: ··•·•··•· ,:,·-:-:-:-:-:-;-:.:-;-;:::-:-:-: -:-:-:-,:.:-·• ,;,:.;:•;:;:::::: -:-:-:.; 

Volume: 638.493 gal Released: 17-Aug-97 
Carbon Tetrachloride 12-Aug-97 0.7 u2/L u 7.0lE-02 kg 4.60E-Ol kg 
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Table 3-2. Quantity of Treated Groundwater and Contaminant Mass Removed Since 
Treatment Operations were Transferred to the Effluent Treatment Facility. 

(Page 2 of 2) · 

200-UP-1 GROUNDWATER TREATMENT BASED ON CHARACTERIZATION IN LERF 
BASIN 43 AND THE ETF VERIFICATION TANK 

Parameter 

Nitrate as 
Technetium-99 
Uranium (total 

Technetium-99 
Uranium (total) 

Technetium-99 
Uranium (total) 

Sample 
Date 

Results qualifier is U, indicating not detected. 

Results Amount Removed Accumulative 
er Tank Amount Removed 

U 1.78E+o2 k 1.17E+o3 k 

U 8.70E-Ol k 

22-Au -97 
U 7.18E-02k 
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w 
I w 

V. 

West Area 
Fl-80F-2 Time DIIT Fl-80F-2 

Fl-80F-2 AVE East Area 
Fl-80F-1 Fl-80F-t 

Fl-80F-t AVE GallonDIIT 
l>•te Time FI-80F-2 (gal/min) (min) (gal din) 

Flow Rate FI-80F-1 
(gal/min) (gal/din) 

Flow Rate Between West %Dlfl" 
(total "al) (!!al/min) (total l!al) (!!al/min) and East 

4/15/97 22:35 40644 50.6 ii 16380 51 
4/16/97 21:45 110923 50.5 1390 70279 50.56 i18S897 50.4 69Sl7 S0.01 762.00 1.08 
4/17/97 22:15 185003 50.5 1470 74080 50.39 1259211 50.2 73314 49.87 766.00 1.03 
4/18/97 19:24 249275 50.6 1269 64272 50.65 1323062 50.36 63851 50.32 421.00 0.66 
4/19/97 19:35 322573 50.4 1451 73298 50.52 1395377 50.37 7231S 49.84 983.00 1.34 
4/20/97 7:47 359884 50.5 732 37311 50.97 1432208 50.39 36831 50.32 480.00 1.29 
4/20/97 At 9AM the GW pumo was down. Restarted at 14:30 on 4/21/97. 

4/21/97 19:25 387556 50.5 1450198 50.17 
4122191 19:49 452715 50.5 1464 65159 44.51 1523517 50.2 73319 50.08 -8160.00 -12.52 
4/23/97 9:40 494497 50.6 831 41782 50.28 1565584 50.43 42067 50.62 -285.00 -0.68 
4i23/97 19:20 523941 50.6 580 29444 50.77 1593951 S0.4 28367 . 48.91 1077.00 3.66 
4/24/97 19:25 597085 50.6 1445 73144 50.62 1666274 50.06 72323 50.05 821.00 1.12 
4/25/97 8:45 637376 50.5 800 40291 50.36 1706215 S0.22 39941 49.93 350.00 0.87 
4/25/97 19:42 670564 50.6 657 33188 SO.SI 1739233 50.41 33018 50.26 170.00 0.51 
4/26/97 19:33 742946 50.6 1431 72382 S0.S8 1810793 50.44 71560 50.01 822.00 1.14 
4/27/97 19:20 815012 S0.6 1427 72066 50.50 1882040 50.29 71247 49.93 819.00 1.14 
4/28/97 19:48 888959 S0.5 1468 73947 50.37 1955483 S0.24 73443 S0.03 S04.00 0.68 
4/29/97 19:30 961357 50.5 1422 72398 50.91 2026700.8 50.33 71217.8 50.08 1180.20 1.63 
4/30/97 20:15 1036090 50.4 148S 74733 S0.33 2100799 50.13 74098.2 49.90 634.80 0.85 

5/1/97 20:20 1108970 50.5 1445 72880 50.44 2172164 50.63 71365 49.39 1515.00 2.08 
512197 21:25 1184983 S0.6 l50S 76013 50.Sl 2247359 50.7 7Sl95 49.96 818.00 1.08 
S/3/97 21:10 1256928 50.5 1425 71945 S0.49 23l857S 50.2 71216 49.98 729.00 1.01 
514197 20:45 1328169 50.4 1415 71241 50.3S 2389126 51 70SSI 49.86 690.00 0.97 
S/5/91 21:35 1403670 50.4 1490 75501 50.67 2463880 so 747S4 S0.17 747.00 0.99 
5/6/97 20:02 1471568 50.S 1347 67898 50.41 2531719 51 67839 50.36 59.00 0.09 
5/7/97 20:58 1547043 50.37 1496 75475 S0.4S 2606215 50.4 74496 49.80 979.00 1.30 
5/8/97 21:38 1622122 50.3 1480 7S079 50.73 2680621 50.49 74406 50.27 673.00 0.90 
519/91 19:46 1688460 50.3 1328 66338 49.95 2746352 50.22 65731 49.50 607.00 0.92 

5/10/97 23:09 1771280 50.4 1643 82820 50.41 2828546 50.4 82194 50.03 626.00 0.76 
5/11/97 19:40 1833360 50.3 1231 62080 50.43 2890146 50.48 61600 50.04 480.00 0.77 
5112197 21:31 1911265 50.5 1551 77905 50.23 2967568 50.7 77422 49.92 483.00 0.62 
5/13/97 22:50 1981777 50.3 1519 70512 46.42 3040948 50.5 73380 48.31 -2868.00 -4.07 
5/14/97 20:05 2052425 50.3 1275 70648 55.41 3109030 50.5 68082 53.40 2566.00 3.63 
5/15/97 20:25 2125343 50.3 1460 72918 49.94 3180379 50.4 71349 48.87 1569.00 2.15 
5/16/97 21:30 220I083 50.3 1505 75740 50.33 3255697 50.56 75318 50.05 422.00 0.56 
5/17/97 19:50 2268534 50.25 1340 67451 50.34 3322724 50.4 67027 50.02 424.00 0.63 
5/18/97 20:35 2343328 50.3 1485 74794 50.37 3397001 50.6 74277 50.02 517.00 0.69 
5/20/97 1:05 2429328 50.3 1710 86000 50.29 3483333 50.6 86332 50.49 -332.00 -0.39 
5/20/97 19:44 2485695 50.4 1119 56367 50.37 3538427 50.6 55094 49.24 1273.00 2.26 
5/21/97 19:14 2556659 50.4 14IO 70964 50.33 3608858 50.8 70431 49.95 533.00 0.75 
5/22197 19:30 2629865 50.2 1456 73206 50.28 3681657 50.4 72799 50.00 407.00 0.56 
5/23/97 20:03 2703723 50.3 1473 73858 50.14 3754348 50.9 72691 49.35 1167.00 1.58 
5/24/97 9:00 2743032 50.4 777 39309 50.59 3793255 50.5 38907 50.07 402.00 1.02 

•The combined measurement error ror the West and East Area flowmeters is a few percent Valves that exceeded this error load are due to software problems; initial startup and shutdown operations or flowrneter malfuncations. 

i-3 = C"' -rD 
~ 

~ 
i-3 ., 

..... = er= 
rD ~ 
~ rD =~ = Er 8 rD 
..... "'!j 

i-3 -
~ ~ a ~ a a ; = ..... S' 
"'!j ., 

~ ~ ~., 
;:.:Q ~= Erg_ 
;. ~ 
rD ..... 

N~ 
g~ 
~~ = .... '"" = ..... (JQ 

> t:;' ri Q 
£O a 
~;. = rD 

~ ~ 
"""" Q 

""" d 

= 

I 
> 
ri = s-

~ 0:, 
< 23 
• I 
oo --N 

0\ 



w 
I w 

O'\ 

West Area 
FI-80F-2 TlmeDIIT FI-80F-2 

FI-80F-2 AVE East Area 
Fl-80F-l Fl-80F-l 

FI-80F-l AVE GallonDIIT 

Date Time FI-80F-2 
(gal/min) (min) (gal dill) 

Flow Rate FI-80F-l 
(gal/min) (gal/dill) 

Flow Rate Between West ¾Dlfr 
(total Pal) (Pal/min) (total Pal) (pal/min) and East 

5/25/97 20:10 2849309 50.3 2110 106277 50.37 3899015 50.4 105760 50.12 517.00 0.49 
5/26/97 20:02 2920994 50.2 1432 71685 50.06 3970298 50 71283 49.78 402.00 0.56 
5/28/97 7:53 3028972 50.2 2151 107978 50.20 4077661 52.5 !07363 49.91 615.00 0.57 
5/29/97 7:26 3100222 50.2 1413 71250 50.42 4148620 50.3 70959 50.22 291.00 0.41 
5/30/97 0:45 3152275 50 1039 52053 50.10 4200555 50.2 51935 49.99 118.00 0.23 
5/30/97 21:31 3214725 50.3 1246 62450 50.12 4262750 50.2 62195 49.92 255.00 0.41 
5/31/97 19:26 3280915 50.2 1315 66190 50.33 4328575 50.3 65825 50.06 365.00 0.55 
6/1/97 20:00 3354778 50.2 1474 73863 SO.II 4402196 50.3 73621 49.95 242.00 0.33 
612191 20:03 3427021 50.2 1443 72243 50.06 4474211 50.4 72015 49.91 228.00 0.32 
6/3/97 20:45 3501547 50.2 1482 74526 50.29 4548370 50.4 74159 50.04 367.00 0.49 
615191 8:30 3609206 50.1 2145 107659 50.19 4655660 SO.I 107290 50.02 369.00 0.34 
6/6/97 9:45 3684680 50.2 1515 75474 49.82 4730753 50.3 75093 49.57 381.00 0.50 
6/6/97 22:28 3723759 50.3 2278 39079 17.15 4767462 50.4 36709 16.11 2370.00 6.06 
6/7/97 20:02 3788374 50.2 1294 64615 49.93 4832078 50.1 64616 49.94 -1.00 0.00 
6/8/97 22:57 3869688 50.1 1615 81314 50.35 4913556 50.4 81478 50.45 -164.00 -0.20 
6/9/97 19:20 3931138 50.1 1223 61450 50.25 4975300 50.4 61744 50.49 -294.00 -0.48 

6/10/97 23:20 4015099 50.1 1680 83961 49.98 5059155 50.3 83855 49.91 106.00 0.13 
6/12197 19:20 4147265 50.1 2640 132166 50.06 5191194 50.3 132039 50.01 127.00 0.10 
6/13/97 7:34 4184459 50.2 734 37194 50.67 5228179 50.3 36985 50.39 209.00 0.56 
6/14/97 7:46 4257226 50.1 1452 72767 50.12 5300831 50.I 72652 50.04 115.00 0.16 
6/15/97 8:21 4331086 49.6 1475 73860 50.07 5374603 50.3 73772 50.01 88.00 0.12 
6/16/97 7:35 4399840 49.6 1394 68754 49.32 5443934 50.3 69331 49.74 -577.00 -0.84 
6/17/97 9:07 4475750 49.6 1532 75910 49.55 5520514 49.7 76580 49.99 -670.00 -0.88 
6/18/97 9:45 4548917 49.6 1478 73167 49.50 5594194 49.6 73680 49.85 -513.00 -0.70 
6/18/97 19:35 4578746 49.6 590 29829 50.56 5624258 49.6 30064 50.96 -235.00 -0.79 
6/19/97 10:35 4622875 49.6 900 44129 49.03 5668737 49.7 44479 49.42 -350.00 -0.79 
6/19/97 19:35 4650135 49.6 540 27260 50.48 5696222 49.8 27485 50.90 -225.00 -0.83 
6/20/97 8:04 4686739 49.6 749 36604 48.87 5733211 49.9 36989 49.38 -385.00 -1.05 
6/21/97 10:40 4766178 49.7 1596 79439 49.77 5813211 49.7 80000 50.13 -561.00 -0.71 
6/22197 10:30 4837128 49.6 1430 70950 49.62 5884654 49.9 71443 49.96 -493.00 -0.69 
6/23/97 8:20 4901615 49.6 1310 64487 49.23 5950112 49.7 65458 49.97 -971.00 -1.51 
6/24/97 7:30 4970972 49.7 1390 69357 49.90 6019490 49.7 69378 49.91 -21.00 -0.03 
6/25/97 7:37 5042649 49.4 1447 71677 49.53 6091802 49.4 72312 49.97 -635.00 -0.89 
6/26/97 7:40 5114219 49.6 1443 71570 49.60 6163996 49.6 72194 50.03 -624.00 -0.87 
6/26/97 21:50 5156487 49.6 850 42268 49.73 6206690 49.6 42694 50.23 -426.00 -1.01 
6/27/97 21:34 5227396 49.5 1424 70909 49.80 6278162 49.9 71472 50.19 -563.00 -0.79 
6/28/97 21:03 5297240 49.6 1409 69844 49.57 6348667 49.6 70505 50.04 -661.00 -0.95 
6/29/97 7:37 5328227 49.5 634 30987 48.88 6380313 49.7 31646 49.91 -659.00 -2.13 
6/30/97 1:30 5381188 49.4 1073 52961 49.36 6433494 49.7 53181 49.56 -220.00 -0.42 
6/30/97 20:59 5439240 49.5 1169 58052 49.66 6492010 49.8 58516 50.06 -464.00 -0.80 

7/1/97 19:45 5506945 49.5 2535 67705 26.71 6560377 49.6 68367 26.97 -662.00 -0.98 
112191 19:20 5576970 49.5 1415 70025 49.49 6631124 49.6 70747 50.00 -722.00 -1.03 
7/3/97 19:32 5648641 49.4 1452 71671 49.36 6703554 49.7 72430 49.88 -759.00 -1.06 

*The combined measurement error for the West and East Area Rowmeters is a few percent. Valves that exceeded this error load are due to software problems; initial startup and shutdown operations or flowmeter malfuncations 
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West Area 
Fl-80F-2 Time our FI-SOF-2 

Fl-80F-2 AVE East Area 
FI-SOF-1 Fl-80F-1 

Fl-80F-1 AVE GaUonDllf 

Date Time Fl-80F-2 
(gal/min) (min) (gal dlfl) 

Flow Rate Fl-80F-1 
(gal/min) (gal/dlfl) 

Flow Rate Between West ¾DIil" 
(total l!al) ,.,al/mht) /total l!al) (l!allmin) and East 

7/4/97 7:43 5684826 49.5 731 36185 49.50 6740224 49.6 36670 50.16 -485.00 -1.34 
7/5/97 19:26 5791483 49.6 2143 106657 49.77 6847878 49.8 107654 50.24 -997.00 -0.93 
7/6/97 19:33 5863081 49.5 1447 71598 49.48 6920230 49.7 72352 50.00 -754.00 -1.05 
7/7/97 23:30 5945314 49.5 1677 82233 49.04 7003456 49.5 83226 49.63 -993.00 -1.21 
7/8/97 21:20 6009640 49.5 1310 64326 49.10 7068620 49.58 65164 49.74 -838.00 -1.30 

7/10/97 1:08 6091515 49.4 1668 81875 49.09 7152404 49.6 83784 50.23 -1909.00 -2.33 
7/10/97 20:27 6149734 49.6 1159 58219 50.23 72!0296 49.7 57892 49.95 327.00 0.56 
7/11/97 7:53 6183670 49.5 686 33936 49.47 7244602 49.5 34306 50.01 -370.00 -1.09 
7/12/97 7:30 6252664 49.5 1417 68994 48.69 7315455 49.5 70853 50.00 -1859.00 -2.69 
7/13/97 10:12 6332680 49.4 1602 80016 49.95 7395585 49.6 80130 50.02 -114.00 -0.14 
7/14/97 5:00 6388527 49.4 1128 55847 49.51 7452027 49.6 56442 50.04 -595.00 -1.07 
7/14/97 19:30 6431422 49.4 870 42895 49.30 7495466 49.78 43439 49.93 -544.00 -1.27 
7/15/97 21:20 6507619 49.4 1550 76197 49.16 7572629 49.4 77163 49.78 -966.00 -1.27 
7/16/97 23:10 6584442 49.3 1550 76823 49.56 7650477 49.5 77848 50.22 -1025.00 -1.33 
7/17/97 8:13 6611215 49.4 543 26773 49.31 7677726 49.3 27249 50.18 -476.00 -1.78 
7/18/97 19:52 6716691 49.3 2139 105476 49.31 7788112 49.5 110386 51.61 -4910.00 -4.66 
7/21/97 19:55 6929738 49.3 4323 213047 49.28 8000803 49.5 212691 49.20 356.00 0.17 
7/22/97 13:22 6981491 49.3 1047 51753 49.43 8053166 49.4 52363 50.01 -610.00 -1.18 
7/23/97 8:13 7037197 49.3 1131 55706 49.25 8109883 49.5 56717 50.15 -1011.00 -1.81 
7/24/97 4:28 7096857 49.2 1215 59660 49.IO 8170290 49.5 60407 49.72 -747.00 -1.25 
7/25/97 21:13 7217445 49.3 2445 120588 49.32 8292670 49.3 122380 50.05 -1792.00 -1.49 
7/26/97 21:39 7289579 49.3 1466 72134 49.20 8365805 49.5 73135 49.89 -1001.00 -1.39 
7/27/97 22:18 7362761 49.3 1479 73182 49.48 8435895 49.4 70090 47.39 3092.00 4.23 
7/28/97 21:39 7431816 49.2 1401 69055 49.29 85!0066 49.4 74171 52.94 -5116.00 -7.41 
7/29/97 19:19 7495882 49.3 1300 64066 49.28 8575021 49.3 64955 49.97 -889.00 -1.39 
7/30/97 23:25 7578904 49.2 1686 83022 49.24 8659287 49.2 84266 49.98 -1244.00 -1.50 
7/31/97 19:56 7639668 49.2 1231 60764 49.36 8720876 49.56 61589 50.03 -825.00 -1.36 

8/1/97 22:13 7717273 49.5 1577 77605 49.21 8799538 49.3 78662 49.88 -!057.00 -1.36 
8/2/97 20:41 7783864 49.2 1348 66591 49.40 8867139 49.6 67601 50.15 -1010.00 -1.52 
8/3/97 19:43 7851598 49.2 1382 67734 49.01 8929671 49.7 62532 45.25 5202.00 7.68 
8/4/97 9:17 7891774 49.1 814 40176 49.36 8951814 49.2 22143 27.20 18033.00 44.89 
8/4/97 20:17 7924123 49.2 660 32349 49.01 8967699 49.2 15885 24.07 16464.00 50.89 

Due to the software oroblem, East Area flow totalizer, Fl-80F-OO I was having oroblem in totalizing the gallon of groundwater to basin 43 
8/6/97 9:56 8035262 49.1 9121614 49.1 
8/7/97 8:37 8102141 49.2 1361 66879 49.14 9188939 49.5 67325 49.47 -446.00 -0.67 
8/7/97 20:44 8137816 49.3 727 35675 49.07 9224781 49.4 35842 49.30 -167.00 -0.47 
8/9/97 0:32 8219923 49.1 1668 82107 49.22 9307358 49.6 82577 49.51 -470.00 -0.57 
8/9/97 8:13 8239664 49.3 461 19741 42.82 9327251 49.8 19893 43.15 -152.00 -0.77 

8/10/97 7:46 8312307 49.3 1413 72643 51.41 9400744 49.6 73493 52.01 -850.00 -1.17 
8/10/97 21:05 8351736 49.2 799 39429 49.35 9440631 49.4 39887 49.92 -458.00 -1.16 
8/11/97 10:10 8390197 49.2 785 38461 48.99 9479621 49.4 38990 49.67 -529.00 -1.38 
8/12/97 8:55 8457518 49.3 1365 67321 49.32 9547822 49.6 68201 49.96 -880.00 -1.31 
8/12/97 21:14 8493657 49.3 739 36139 48.90 9584572 49.4 36750 49.73 -611.00 -1.69 

•rhe combined measurement error for the West and East Area Oowmeters is a few percent Valves that exceeded this error load are due to software problems; initial startup and shutdown operations or flowmeter malfuncations 
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West Area 
FI-S0F-2 Time Dllf FI-S0F-2 

Fl-80F-2 A VE East Area 
FI-S0F-1 Fl-80F-1 

Fl-80F-1 AVE Gallon Dllf 
Date Time Fl-80F-2 

(gal/min) (min) (gal dill) 
Flow Rate Fl-80F-1 

(gal/min) (gal/dill) 
Flow Rate Between West % Difr 

(total l!al) (2al/mln) (total 2al) (2al/mln) and East 
8/13/97 9:20 8528608 49.2 726 34951 48.14 9620883 49.5 36311 50.02 -1360.00 -3.89 
8/13/97 21:35 8566000 49.2 735 37392 50.87 9657867 49.5 36984 50.32 408.00 1.09 
8/14/97 22:10 8638444 49.2 1475 72444 49.11 9731418 49.3 73551 49.87 -1 !07.00 -1.53 
8/15/97 8:40 8669394 49.3 630 30950 49.13 9763150 49.4 31732 50.37 -782.00 -2.53 
8/15/97 20:01 8703225 49.2 681 33831 49.68 9797251 49.5 34101 50.07 -270.00 -0.80 
8/16/97 8:05 8738727 49.3 724 35502 49.04 9833460 49.4 36209 50.01 -707.00 -1.99 
8/16/97 19:41 8773155 49.2 696 34428 49.47 9868269 49.7 34809 50.01 -381.00 -I.II 
8/17/97 16:49 8835342 49.2 1268 62187 49.04 9931360 49.4 63091 49.76 -904.00 -1.45 
8/17/97 19:15 8842596 49.2 146 7254 49.68 9938540 49.4 7180 49.18 74.00 1.02 
8/18/97 7:27 8878835 49.3 732 36239 49.51 9975534 49.3 36994 50.54 -755.00 -2.08 
8/18/97 19:46 8915014 49.l 739 36179 48.96 !0012473 49.4 36939 49.99 -760.00 -2.IO 
8/19/97 7:36 8949987 49.2 710 34973 49.26 10048023 49.3 35550 50.o? -577.00 -1.65 
8/20/97 1:05 9001094 49.2 1049 51107 48.72 10099984 49.34 51961 49.53 -854.00 -1.67 
8/21/97 0:30 9070258 49.2 1405 69164 49.23 !0170437 49.76 70453 50.14 -1289.00 -1.86 
8/21/97 7:40 9091802 49.2 430 21544 50.10 10192174 49.6 21737 50.55 -193.00 -0.90 
8/22/97 0:55 9142337 49.1 !035 50535 48.83 10243555 49.56 51381 49.64 -846.00 -1.67 

Groundwater pump was shut down approximately 5 hrs for down sizinl! transformer on 8/22/97 morning. 
8/23/97 20:17 9258054 49.8 2602 115717 44.47 !0343764 49.9 100209 38.51 15508.00 13.40 
8/24/97 20:12 9327474 49.6 1435 69420 48.38 10419530 49.8 75766 52.80 -6346.00 -9.14 
8/25/97 8:45 9366679 49.7 753 39205 52.07 10452900 49.9 33370 44.32 5835.00 14.88 
8/26/97 7:44 9435315 49.7 1379 68636 49.77 IOS21900 SO.I 69000 50.04 -364.00 -0.53 
8/26/97 20:03 9471968 49.7 739 36653 49.60 10559023 49.9 37123 50.23 -470.00 -1.28 
8/27/97 8:40 9509524 49.7 757 37556 49.61 !0596828 49.9 37805 49.94 -249.00 -0.66 
8/27/97 19:31 9541945 49.7 651 32421 49.80 !0629369 so 32541 49.99 -120.00 -0.37 
8/28/97 19:52 9614436 49.7 1461 72491 49.62 10702378 50.2 73009 49.97 -518.00 -0.71 
8/29/97 9:58 9656687 49.6 846 42251 49.94 10744952 49.9 42574 50.32 -323.00 -0.76 
8/29/97 19:56 9685991 49.7 598 29304 49.00 !0774483 49.8 29531 49.38 -227.00 -0.77 
8/30/97 10:36 9730124 49.7 880 44133 SO.IS 10818825 49.8 44342 50.39 -209.00 -0.47 
8/30/97 19:30 9756224 49.6 534 26100 48.88 I0845160 49.8 26335 49.32 -235.00 -0.90 
8/31/97 9:12 9797426 49.8 822 41202 50.12 10886619 so 41459 50.44 -257.00 -0.62 
8/31/97 20:19 9829882 49.8 667 32456 48.66 I0919614 49.9 32995 49.47 -539.00 -1.66 

9/1/97 8:58 9867988 49.7 759 38!06 50.21 10957570 49.9 37956 50.01 150.00 0.39 
9/1/97 19:48 9900271 49.7 650 32283 49.67 !0990078 49.9 32508 50.01 -225.00 -0.70 
9/2/97 9:52 9942320 49.7 844 42049 49.82 11032415 49.7 42337 50.16 -288.00 -0.68 
9/2/97 19:50 9971944 49.6 598 29624 49.54 11062241 49.8 29826 49.88 -202.00 -0.68 
9/3/97 9:43 10013340 49.7 833 41396 49.70 11103983 49.8 41742 50.11 -346.00 -0.84 
9/3/97 19:30 10042440 49.7 587 29100 49.57 11133266 50 29283 49.89 -183.00 -0.63 
9/4/97 19:40 IOll4264 49.6 1450 71824 49.53 11205614 49.8 72348 49.90 -524.00 -0.73 
9/5/97 8:04 10151450 49.7 744 37186 49.98 11243042 49.9 37428 50.31 -242.00 -0.65 
9/6/97 8:25 10224024 49.7 1461 72574 49.67 11316054 49.8 73012 49.97 -438.00 -0.60 
9/7/97 7:58 10294193 49.7 1413 70169 49.66 11386696 49.9 70642 49.99 -473.00 -0.67 
9/8/97 8:05 10366060 49.6 1447 71867 49.67 11459011 49.7 72315 49.98 -448.00 -0.62 
9/9/97 4:20 10426251 49.6 1215 60191 49.54 11519672 50 60661 49.93 -470.00 -0.78 

•The combined measurement error for the West and East Area flowmeters 1s a few percent. Valves that exceeded this error load are due to software problems, initial startup and shutdown operations or flowmeter malfuncations. 
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West Area 
Fl-80F-2 TimeDIIT Fl-80F-2 

FI-80F-2 A VE East Area 
Fl-80F-l Fl-80F-l 

FI-80F-l A VE GallonDIIT 
Date Time Fl-80F-2 Flow Rate Fl-80F-l Flow Rate Between West %DIil" 

ftotal "al\ 
(gal/min) (min) (gal dlll) 

f1>al/mln) (total "al) 
(gal/min) (gal/dill) 

(Pal/min) and East 
9/9/97 19:50 10472385 49.5 930 46134 49.61 11566302 49.8 46630 50.14 -496.00 -1.08 

9/10/97 7:51 10506696 49.6 721 34311 47.59 11602201 49.5 35899 49.79 -1588.00 -4.63 
9/10/97 19:55 10544008 49.6 724 37312 51.54 11638392 49.9 36191 49.99 1121.00 3.00 
9/11/97 19:56 10615499 49.6 1441 71491 49.61 11710404 50 72012 49.97 -521.00 -0.73 
9/1'})97 8:10 10651885 49.7 734 36386 49.57 11747200 49.8 36796 50.13 -410.00 -1.13 
9/l'JJ97 19:37 10686067 49.6 687 34182 49.76 11781587 49.8 34387 50.05 -205.00 -0.60 
9/13/97 8:45 10725129 49.6 788 39062 49.57 11820877 49.9 39290 49.86 -228.00 -0,58 

9/13/97 19:34 10757450 49.7 649 32321 49.80 11853423 50 32546 50.15 -225.00 -0.70 
9/14/97 8:55 10797086 49.6 801 39636 49.48 11893300 49.9 39877 49.78 -241.00 -0.61 
9/14/97 19:37 10829145 49.7 642 32059 49.94 11925525 49.5 32225 50.19 -166.00 -0.52 
9/15/97 7:48 l0865392 49.6 731 36247 49.59 11962033 49.7 36508 49.94 -261.00 -0.72 
9/15/97 19:32 10900431 49.6 704 35039 49.77 11997525 50 35492 50.41 -453.00 -1.29 
9/16/97 9:12 10941075 49.6 820 40644 49.57 12038217 49.8 40692 49.62 -48.00 -0.12 
9/17/97 1:50 10990526 49.7 998 49451 49.55 12088236 50 50019 50.12 -568.00 -1.15 
9/17/97 7:50 11008528 49.6 360 18002 50.01 12106139 49.7 17903 49.73 99.00 0.55 
9/18/97 3:15 I I066182 49.6 1165 57654 49.49 12164295 50.02 58156 49.92 -502.00 -0.87 
9/18/97 10:42 11088464 49.6 447 22282 49.85 12186719 49.9 22424 50.17 -142.00 -0.64 
9/19/97 4:25 11141088 49.6 1063 52624 49.51 12239726 49.9 53007 49.87 -383.00 -0.73 
9/19/97 9:15 11155150 49.7 290 14062 48.49 12254510 49.7 14784 50.98 -722.00 -5.13 
9/19/97 21:15 11191242 49.6 720 36092 50.13 12290745 49.7 36235 50.33 -143.00 -0.40 
9/20/97 21:35 11263747 49.6 1460 72505 49.66 12363466 49.6 72721 49.81 -216.00 -0.30 
9/21/97 10:04 I 1300890 49.6 749 37143 49.59 12400910 49.7 37444 49.99 -301.00 -0.81 
9/21/97 20:51 11332842 49.5 647 31952 49.38 12433174 50 32264 49.87 -312.00 -0.98 
9/W91 7:40 11365278 49.5 649 32436 49.98 12465948 49.7 32774 50.50 -338.00 -1.04 
9/2'})91 20:37 11403114 49.5 777 37836 48.69 12504554 49.8 38606 49.69 -770.00 -2.04 
9/23/97 8:00 11437S09 49.S 683 3439S 50.36 12538760 49.6 34206 S0.08 189.00 0.55 
9/23/97 19:30 11471583 49.S 690 34074 49.38 12573164 49.7 34404 49.86 -330.00 -0.97 
9/24/97 19:11 11542118 49.5 1421 70S35 49.64 12644166 49.8 71002 49.97 -467.00 -0.66 
9l2S/91 19:27 11614116 49.6 1456 71998 49.45 12716896 49.6 72730 49.9S -732.00 -1.02 
9/26/97 20:26 11688321 49.S 1499 7420S 49.SO 12791826 49.9 74930 49.99 -725.00 -0.98 
9/27/97 10:30 11730000 49.6 844 41679 49.38 128340S6 49.9 42230 S0.04 -SSl.00 -1.32 
9/27/97 19:54 11758161 49.6 564 28161 49.93 12862293 49.8 28237 50.07 -76.00 -0.27 
9/28/97 11:07 11803389 49.7 913 45228 49.54 12907968 50 45675 50.03 -447.00 -0.99 
9/28/97 19:57 11829507 49.6 530 26118 49.28 12934S08 49.6 26540 50.08 -422.00 -1.62 
9/29/97 8:40 11867S29 49.5 763 38022 49.83 12972643 49.8 3813S 49.98 -113.00 -0.30 
9/29/97 19:57 11901054 49.5 677 33S25 49.52 13006487 49.S 33844 49.99 -319.00 -0.95 
9/30/97 8:40 11938869 49.6 763 3781S 49.S6 13044619 49.7 38132 49.98 -317.00 -0.84 
9/30/97 20:05 11972776 49.6 685 33907 49.50 13078814 49.4 3419S 49.92 -288.00 -0.85 
10/1/97 8:08 12008742 49.6 723 35966 49.7S 1311S089 49.7 3627S 50.17 -309.00 -0.86 
10/1/97 20:00 12043986 49.6 712 35244 49.50 13150605 49.8 35516 49.88 -272.00 -0.77 
IO/'JJ97 13:46 12096830 49.6 1066 52844 49.57 13203912 49.7 S3307 50.01 -463.00 -0.88 
10/'})97 20:20 12116334 49.6 394 19S04 49.50 13223606 49.6 19694 49.98 -190.00 -0.97 
10/3/97 7:25 12149342 49.7 665 33008 49.64 13254167 49.5 30561 4S.96 2447.00 7.41 

•The combined measurement error for the West and East Area nowmeters is a few percent. Valves that exceeded this error load are due to software problems; initial startup 3.nd shutdown operations or flowmeter malfuncations 
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West Area 
FI-80F-2 TlmeDIIT Fl-80F-2 

Fl-80F-2 AVE East Area 
Fl-80F-1 Fl-80F-1 

Fl-80F-1 A VE GallonDIIT 
Date Time Fl-80F-2 (gal/min) (min) (gal dill) 

Flow Rate Fl-80F-1 
(gal/min) (gal/dill) 

Flow Rate Between West %Dirr 
(total "al) (l!al/mln) (total fl'al) (l!al/mln) and East 

10/4/97 7:15 12220182 49.5 1430 70840 49.54 13300228 49.7 46061 32.21 24779.00 34.98 
I0/5/97 3:30 12280290 49.6 1215 60108 49.47 13339290 49.7 39062 32.15 21046.00 35.01 
10/5/97 7:32 12292487 49.5 242 12197 50.40 13345536 49.7 6246 25.81 5951.00 48.79 
10/6/97 2:10 12347685 49.5 lll8 55198 49.37 13378013 . 49.8 32477 29.05 22721.00 41.16 
10/6/97 9:10 12368505 49.5 420 20820 49.57 13386967 50 8954 21.32 I 1866.00 56.99 
10/7/97 1:30 12417093 49.6 980 48588 49.58 13416408 50 29441 30.04 19147.00 39.41 
10/7/97 8:45 12438790 49.6 435 21697 49.88 13425162 49.8 8754 20.12 12943.00 59.65 

Due to the software nroblem, East Area flow totalizer, Fl-80F-OO I was having vrobiem in totalizing the gallon of groundwater to basin 43 
10/7/97 20:17 12473038 49.5 34248 13583387 49.6 
10/8/97 8:55 125!0485 49.5 758 37447 49.40 13619468 49.8 36081 47.60 1366.00 3.65 
I0/8/97 19:32 12542102 49.5 637 31617 49.63 13652836 49.8 33368 52.38 -1751.00 -5.54 
10/9/97 22:54 12623486 49.5 1642 81384 49.56 13734530 49.7 81694 49.75 -310.00 -0.38 

10/10/97 10:20 12657224 49.4 686 33738 49.18 13768374 49.6 33844 49.34 -I06.00 -0.31 
10/I0/97 19:55 12685797 49.6 575 28573 49.69 13796994 49.5 28620 49.77 -47.00 -0.16 
10/11/97 8:50 12724115 49.5 775 38318 49.44 13835429 49.8 38435 49.59 -117.00 -0.31 
10/11/97 19:54 12757093 49.5 664 32978 49.67 13868721 49.5 33292 50.14 -314.00 -0.95 
I0/12/97 8:29 12794462 49.5 755 37369 49.50 13906273 49.7 37552 49.74 -183.00 -0.49 
I0/12/97 19:27 12827125 49.5 658 32663 49.64 13939193 49.5 32920 50.03 -257.00 -0.79 
I0/13/97 10:41 12898905 49.4 1454 71780 49.37 14011350 49.5 72157 49.63 -377.00 -0.53 
I0/14/97 8:50 12938153 49.4 789 39248 49.74 14050862 49.8 39512 50.08 -264.00 -0.67 
I0/15/97 1:00 12986166 49.4 970 48013 49.50 14099348 49.6 48486 49.99 -473.00 -0.99 
10/15/97 7:40 13005512 49.5 400 19346 48.37 14ll9280 49.6 19932 49.83 -586.00 -3.03 
10/16/97 2:02 13060459 49.5 ll02 54947 49.86 14174379 49.6 55099 50.00 -152.00 -0.28 
I0/16/97 7:31 13076640 49.5 329 16181 49.18 14190789 49.5 164IO 49.88 -229.00 -1.42 
10/17/97 1:40 13130483 49.5 I089 53843 49.44 14245ll8 49.8 54329 49.89 -486.00 -0.90 
I0/17/97 8:43 13151534 49.4 423 21051 49.77 14266372 49.5 21254 50.25 -203.00 -0.96 
10/17/97 23:26 13195035 49.5 883 43501 49.27 14310360 49.5 43988 49.82 -487.00 -1.12 
10/18/97 9:15 13224328 49.4 589 29293 49.73 14339885 49.6 29525 50.13 -232.00 -0.79 
I0/19/97 4:15 13280458 49.4 1140 56130 49.24 14396711 49.7 56826 49.85 -696.00 -1.24 
I0/19/97 8:40 13293836 49.5 265 13378 50.48 14410176 49.5 13465 50.81 -87.00 -0.65 
10/19/97 20:25 13328559 49.5 705 34723 49.25 14445256 49.6 35080 49.76 -357.00 -1.03 
10/20/97 9:00 13365889 49.5 755 37330 49.44 14482893 49.2 37637 49.85 -307.00 -0.82 
I0/20/97 19:50 13398275 49.5 650 32386 49.82 14515584 49.5 32691 50.29 -305.00 -0.94 
10/21/97 9:27 13438442 49.4 817 40167 49.16 14556203 49.6 40619 49.72 -452.00 -1.13 
I0/21/97 19:50 13469450 49.5 623 31008 49.77 14587463 49.2 31260 50.18 -252.00 -0.81 
I0/22/97 22:35 13548860 49.5 1605 79410 49.48 14667648 49.76 80185 49.96 -775.00 -0.98 
10/23/97 8:06 13576942 49.6 571 28082 49.18 14695951 49.8 28303 49.57 -221.00 -0.79 
I0/23i97 19:55 13612158 49.5 709 35216 49.67 14732859 49.5 36908 52.06 -1692.00 -4.80 
10/24/97 20:30 13685338 49.5 1475 73180 49.61 14805337 49.7 72478 49.14 702.00 0.96 
10/25/97 I0:30 13726925 49.4 840 41587 49.51 14847461 49.7 42124 50.15 -537.00 -1.29 
10/25/97 20:40 13757140 49.5 6IO 30215 49.53 14877807 49.79 30346 49.75 -131.00 -0.43 
10/26/97 15:15 13815388 49.7 1115 58248 52.24 14936691 50 58884 52.81 -636.00 -1.09 
10/27/97 8:13 13865810 49.5 1018 50422 49.53 14987551 49.65 50860 49.96 -438.00 -0.87 

•The combined measurement error for the West and East Area flowmeters is a fe,.y percent. Valves that exceeded this error load are due to software problems; initial startup and shutdown operations or flowmeter malfuncat1ons 
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West Area 
FI-BOF-2 Time Dlff Fl-BOF-2 

FI-BOF-2 AVE East Area 
Fl-80F-l Fl-80F-l 

FI-BOF-1 AVE GallonDllf 
Date Thne Fl-80F-2 

(gal/min) (min) (gal dlO) 
Flow Rate Fl-HOF-I 

(gal/min) (gal/dlO) 
Flow Rate Between West ¾Dirr 

<total l!al\ (l!al/mln) (total l!al\ (l!al/mln) and East 
10/27/97 20:18 13901584 49.4 725 35774 49.34 15023694 49.5 36143 49.85 -369.00 -1.03 
10/28/97 8:15 13937055 49.4 717 35471 49.47 15059579 49.7 35885 50.05 -414.00 -1.17 
10/28/97 21:03 13974832 49.5 768 37777 49.19 15097784 49.6 38205 49.75 -428.00 -1.13 
10/29/97 9:43 14012610 49.5 760 37778 49.71 15135702 49.7 37918 49.89 -140.00 -0.37 
10/30/97 8:27 14080675 49.5 1364 68065 49.90 15204084 49.7 68382 50.13 -317.00 -0.47 

200-UP-1 Groundwater oump was shutdown at 10 AM on 10/30/97 for aooroximately 2 weeks to fix the oumo tent. 
200-UP-1 eroundwater I umo restarted on I 0/6/97 

10/6/97 21:50 14107340 49.5 15215161 49.4 
10/7/97 8:20 14138484 49.4 630 31144 49.43 15246614 49.7 31453 49.93 -309.00 -0.99 
10/7/97 19:45 14172424 49.5 685 33940 49.55 15281514 49.5 34900 50.95 -960.00 -2.83 
10/8/97 8:55 14211453 49.5 790 39029 49.40 15320307 49.5 38793 49.11 236.00 0.60 
10/8/97 20:27 14245870 49.5 692 34417 49.74 15355044 50 34737 50.20 -320.00 -0.93 
10/9/97 7:40 14279157 49.5 673 33287 49.46 15388681 49.5 33637 49.98 -350.00 -1.05 
10/9/97 20:03 14315927 49.6 743 36770 49.49 15425913 49.6 37232 50.11 -462.00 -1.26 

10/10/97 7:28 14349768 49.5 685 33841 49.40 15460012 49.5 34099 49.78 -258.00 -0.76 

(.;J 10/10/97 19:56 14386823 49.5 744 37055 49.81 15497526 49.6 37514 50.42 -459.00 -1.24 

.l:,. - 11/11/97 7:37 14421434 49.4 705 34611 49.09 15532458 49.4 34932 49.55 -321.00 -0.93 
11/12/97 0:55 14472897 49.4 1038 51463 49.58 15584334 49.48 51876 49.98 -413.00 -0.80 
11/13/97 1:10 14544488 49.3 1455 71591 49.20 15657162 49.54 72828 50.05 -1237.00 -1.73 
11/13/97 20:50 14602880 49.5 1180 58392 49.48 15716182 49.46 59020 50.02 -628.00 -1.08 
11/14/97 8:37 14637985 49.5 707 35105 49.65 15751566 49.5 35384 50.05 -279.00 -0.79 
11/14/97 23:25 14681841 49.4 888 43856 49.39 15795853 49.6 44287 49.87 -431.00 -0.98 
11/15/97 11:37 14718015 49.4 732 36174 49.42 15832565 49.5 36712 50.15 -538.00 -1.49 
11/15/97 21:23 14746916 49.4 586 28901 49.32 15861876 49.7 29311 50.02 -410.00 -1.42 
11/16/97 9:40 14783440 49.3 737 36524 49.56 15898755 49.8 36879 50.o4 -355.00 -0.97 
11/17/97 10:15 14856332 49.5 1475 72892 49.42 15972467 49.8 73712 49.97 -820.00 -1.12 
11/17/97 22:03 14891291 49.4 708 34959 49.38 16007879 49.5 35412 50.02 -453.00 -1.30 
11/18/97 9:00 14923918 49.4 657 32627 49.66 16040768 49.5 32889 50.06 -262.00 -0.80 
11/18/97 20:23 14957506 49.5 683 33588 49.18 16074751 49.6 33983 49.76 -395.00 -1.18 
11/19/97 7:55 14991533 49.4 692 34027 49.17 16109251 49.5 34500 49.86 -473.00 -1.39 
11/20/97 8:53 I 5065052 49.4 1498 73519 49.08 16184300 49.5 75049 50.10 -1530.00 -2.08 
11/21/97 1:55 15134196 49.4 1382 69144 50.03 16253499 49.8 69199 50.07 -55.00 -0.08 
11/21/97 20:37 15171620 49.4 762 37424 49.11 16291365 49.4 37866 49.69 -442.00 -1.18 
11/21197 8:16 15206422 49.4 699 34802 49.79 16326634 49.7 35269 50.46 -467.00 -1.34 
11/22/97 20:36 15242680 49.4 740 36258 49.00 16363234 49.7 36600 49.46 -342.00 -0.94 
11/23/97 20:57 15314994 49.4 1461 72314 49.50 16436359 49.4 73125 SO.OS -811.00 -1.12 
11/24/97 19:30 15381846 49.4 1353 66852 49.41 16504011 49.5 67652 50.00 -800.00 -1.20 

•The combined measuremenl error for the West and East Area flowmeters is a few percent. Vatves that exceeded this error load are due to software problems; initial startup and shutdown operations or flowmeter malfuncat1ons 
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Cumulative Influent 
Date Volume 

Treated (L) 

10/1/96 93,576,740 
10/3/96 94,042,295 

IO/l0/96 95,767,839 

10/15/96 96,811,250 

l0/16/96 97,052,052 
l0/17/96 97,280,325 
l0/24/96 98,976,692 
l0/31/96 100,721,199 

11/5/96 101,926,418 
11/7/96 102,402,912 
11/8/96 l02,630, 731 

11/12/96 l03,573,272 
11/14/96 104,047,040 
11/21/96 I 05,624,893 
11/26/96 106,625,534 

12/5/96 l08,770,050 
12/l0/96 l09,701,501 
12/12/96 I l0,179,471 
12/19/96 111,723,675 
12/31/96 113,643,859 

CCl4 = carbon tetrachloride 

IX= ion exchange 
Tc-99 = technetium-99 

Tc-99 
(pCi/L) 

3,l00 
3,520 

3,180 

3,240 
2,820 
2,8IO 
3,030 
3,140 

2,690 
3,130 
3,540 
1,790 

3,490 
3,120 
3,320 
3,420 
2,430 

Effluent 
Tc-99 

(pCi/L) 

<IOI 
<125 
44.2 

91.9 

<92.4 
577 

<99.3 
<93.8 
<85.6 

605 
89.3 
235 

<88.7 
<88.6 
<117 
<116 

<96.9 
<l05 

Total 
Total 

Uranium 
Uranium CCl4 CCl4 

Lead IX Col Influent Effluent 
Influent 

Effluent (µg/L) (µg/L) 
(µg/L) 

(µg/L) 
230 <I 200 
270 <I 150 2.2 
280 <I 150 <2 

274 <I 

275 <I 160 <2 
270 <I 
270 180 <2 
280 <2 
260 160 <2 

240 <I 
260 <I 140 4.1 
270 <I 140 <2 
250 <I 
260 <I <2 
300 <I <2 
236 <I 160 <2 
280 <I 180 <2 
270 <I 155 <2 

~ = -a' -n, 
~ ;. 
N = = I 

Off-Site Off-Site 
Offsite Off-Site 

Off-Site Off-Site 
Tc-99 Tc-99 

Total Total 
CCl4 CCl4 Uranium Uranium 

Influent Effluent 
Influent Effluent 

Influent Effluent 
(pCi/L) (pCi/L) 

(µg/L) (µg/L) 
(µg/L) (µg/L) 

~ 
I 
~ 

00 = e 
't:I -e· 
(JQ 

3,190 20.3 262 0.098 100 <5 
o= 
t) = s- =-
i::r ~ n, .., 
.., n, 

3,320 53.5 274 0.026 98 12 
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BHI-01126 
Rev. 0 

Table 3-5. The Effluent Treatment Facility Sampling and Treatment Results for Process 
Monitoring from April to September 1997. (Page 1 of2) 

Sample Number Method Sample Date Results Units Lab Qualifier 

Influent Carbon Tetrachloride 

L0l 103 SW-846 8260A 4/23/97 29 µg/L 
L01131 SW-846 8260A-MOD 4/29/97 20 µg/L 
L01186 SW-846 8260A-MOD 5n197 50 µg/L 
L01295 SW-846 8260A-MOD 5/14/97 10 µg/L u 
L01296 SW-846 8260A-MOD 5/21/97 10 µg/L u 
L01297 SW-846 8260A-MOD 5/28/97 14.2 µg/L 
L01502 SW-846 8260A-MOD 6/5/97 34.6 µg/L 
L01503 SW-846 8260A-MOD 6/12/97 33.7 µg/L 
L01504 SW-846 8260A-MOD 6/18/97 34 µg/L 
L01505 SW-846 8260A-MOD 6/25/97 20 µg/L 
L01814 SW-846 8260A 7/23/97 21 µg/L 
L01850 SW-846 8260A-MOD 8/14/97 17 µg/L 
L02040 SW-846 8260A-MOD 9/10/97 29.7 µg/L 

Influent Nitrate 
L01094 KIT-NITRATE 4/2/97 74 mg/L 
L01096 KIT-NITRATE 4/9/97 48 mg/L 
L01097 KIT-NITRATE 4/16/97 56.2 mg/L 
L01103 EP A-600 300.0 4/23/97 73.8 mg/L 
L01098 KIT-NITRATE 4/23/97 52.2 mg/L 
LOI 131 KIT-NITRATE 4/29/97 50.2 mg/L 
L01186 KIT•NITRA TE 5nt97 48.8 mg/L 
L01295 KIT-NITRATE 5/14/97 70.3 mg/L 
L01296 KIT-NITRATE 5/21/97 38.6 mg/L 
L01297 KIT-NITRATE 5/28/97 38.5 mg/L 
L01503 KIT-NITRATE 6/12/97 72.8 mg/L 
L01504 KIT-NITRATE 6/18/97 57 mg/L 
L0l505 KIT-NITRATE 6/25/97 42 mg/L 
L0I754 KIT-NITRATE 7/9/97 62.8 mg/L 
L0I814 EPA-600 300.0 7/23/97 75.3 mg/L 
L0l850 KIT-NITRATE 8/14/97 49.3 mg/L 
L02040 EPA-600 300.0-MOD 9/10/97 67.8 mg/L 

Influent Technetium 

L01103 TC99CHEMLSC 4/23/97 3100 pCi/L 

L01814 TC99CHEMLSC 7/23/97 3000 pCi/L 
L02040 TC99CHEMLSC 9/10/97 2960 pCi/L 

Influent Uranium 
L01103 EPA-600 200.8 4/23/97 360 µg/L 
L01814 EPA-600 200.8 7/23/97 261 µg/L 
L01850 SW-8466010A-MOD 8/14/97 320 µg/L 
L02040 SW-846 6010A-MOD 9/10/97 196 µg/L u 

Verification Carbon Tetrachloride 

L01368 SW-846 8260A 5/30/97 0.7 µg/L u 
L01506 SW-846 8260A 6/18/97 0.7 µg/L u 
L0l578 SW-846 8260A 7/6/97 0.7 µg/L u 
L01742 SW-846 8260A 7/12/97 0.7 µg/L u 
L0l810 SW-846 8260A 7/27/97 0.7 µg/L u 
L01812 SW-846 8260A 8/3/97 0.7 µg/L u 
L01912 SW-846 8260A 8/12/97 0.7 µg/L u 
L0l914 SW-846 8260A 8/17/97 0.7 µg/L u 
L0l968 SW-846 8260A 8/22/97 0.7 µg/L u 
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Table 3-5. The Effluent Treatment Facility Sampling and Treatment Results for Process 
Monitoring from April to September 1997. (Page 2 of 2) 

Sample Number Method Sample Date Results Units Lab Qualifier 

L01970 SW-846 8260A 8/27197 0.7 µg/L u 
L02017 SW-846 8260A 9/14/97 0.7 µg/L u 
L02121 SW-846 8260A 9/21/97 0.7 µg/L u 
L02174 SW-846 8260A 9/30/97 0.7 µg/L u 

Verification Nitrate 
L01368 EPA-600 300.0 5/30/97 0.047 mg/L u 
L01506 EPA-600 300.0 6/18/97 0.047 mg/L u 
L01578 EPA-600 300.0 7/6/97 0.047 mg/L u 
L01742 EPA-600 300.0 7/12/97 0.047 mg/L u 
L01810 EPA-600 300.0 7/27/97 0.047 mg/L u 
L01812 EPA-600 300.0 8/3/97 0.047 mg/L u 
L01912 EPA-600 300.0 8/12/97 0.047 mg/L u 
L01914 EPA-600 300.0 8/17/97 0.047 mg/L u 
L01968 EPA-600 300.0 8/22/97 0.047 mg/L u 
L01970 EPA-600 300.0 8/27/97 0.047 mg/L u 
L02017 EPA-600 300.0 9/14/97 0.047 mg/L u 
L02121 EPA-600 300.0 9/21/97 0.047 mg/L u 
L02174 EPA-600 300.0 9/30/97 0.047 mg/L u 

Verification Technetium 
L01368 TC99CHEMLSC 5/30/97 3.6 pCiiL 
L01506 TC99CHEMLSC 6/18/97 4.4 pCi/L 
L01578 TC99CHEMLSC 7/6/97 2.3 pCi/L u 
L01742 TC99CHEMLSC 7/12/97 2.2 pCi/L u 
L01810 TC99CHEMLSC 7/27/97 3.6 pCi/L u 
L01812 TC99CHEMLSC 8/3/97 2.3 pCi/L u 
L01912 TC99CHEMLSC 8/12/97 2.5 pci/1 u 
L01914 TC99CHEMLSC 8/17/97 2.4 pCi/L u 
L01968 TC99CHEMLSC 8/22/97 2.5 pCi/L u 
L01970 TC99CHEMLSC 8/27/97 2.4 pCi/L u 
L02017 TC99CHEMLSC 9/14/97 2.5 pCi/L u 
L02121 TC99CHEMLSC 9/21/97 2.4 pCi/L u 
L02174 TC99CHEMLSC 9/30/97 2.5 pCi/L u 

Verification Uranium 
L01368 EPA-600 200.8 5/30/97 0.3 µg/L u 
L01506 EPA-600 200.8 6/18/97 0.3 µg/L u 
L01578 EPA-600 200.8 7/6/97 0.3 µg/L u 
L01742 EPA-600 200.8 7/12/97 0.3 µg/L u 
L01810 EPA-600 200.8 7/27/97 0.3 µg/L u 
L01812 EPA-600 200.8 8/3/97 0.3 µg/L u 
L01912 EPA-600 200.8 8/12/97 0.3 µg/L u 
L01914 EPA-600 200.8 8/17/97 0.3 µg/L u 
L01968 EPA-600 200.8 8/22/97 0.3 µg/L u 
L01970 EPA-600 200.8 8/27/97 0.3 µg/L u 
L02017 EPA-600 200.8 9/14/97 0.3 µg/L u 
L02121 EPA-600 200.8 9/21/97 0.3 µg/L u 
L02174 EPA-600 200.8 9/30/97 0.3 µg/L u 
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Table 3-6. The 200-UP-1 Monitoring Well Network and an Evaluation of Water Level 
Decline. 

Well Screen Water Level Tagged Submerge Water Above Estimated 

Number Interval Nov/Dec 1997 Bottom d Screen Pump Intake Time Until 

(ft) (ft) (ft) (ft) (ft) 
No Sample 

299-Wl9-19 230-250 245.99 248.79 2.8 No Pump Mar-99 

299-Wl9-20 231-251 242.73 251.5 8.77 4.77 2000 

299-Wl9-23 233-253 248.94 253.18 4.24 2.13 Oct-98 

299-Wl9-24 231-251 247.62 251.41 3.79 2.41 Jan-99 

299-Wl9-25 228-248 Dry 248 Dry Dry Dry 

299-Wl9-26 228-248 244.59 249.11 4.7 3.87 Dry* 

299-Wl9-28 233.9-254.9 251.83 254.74 2.91 Unknown Apr-98 

299-Wl9-29 233.7-255.3 251.49 255.06 3.57 Unknown Sep-98 

299-Wl9-30 233.3-253.3 248.08 253.68 5.6 Unknown Jun-99 

299-Wl9-35 239.94-270.01 248.73 270.02 21.29 14.61 2003 

299-Wl9-36 244.85-290.49 252.9 288.62 35.72 9.12 2001 

299-Wl9-37 243.45-263.88 249.25 264.49 15.27 6.19 2000 

299-Wl9-38 238.71-258.73 249.0 254.84 4.99 3.72 Jun-99 

299-Wl9-39 233.98-284.79 251.91 ** 280.96 29.05 22.4 2009 

299-Wl9-40 230.77-251.2 239.15 248.2 9.05 Unknown 2001 

Assumptions: 
l. All depths are below ground surface. 
2. Water level decline is 2.3 ft/yr (0.7 m/yr), the current rate. 
3. Drawdown during sampling is zero. 
4. The current pump remains in the well (both positive displacement and electric submersibles are used). 
5. The well is not dry until the water level reaches the depth of the pump intake. 
6. The tagged bottom is the last recorded value and represents a "best-estimate". 
7. If depth of the pump intake is unknown, it's estimated at 2 ft above the bottom of the well. 
*Wl9-26 would not produce water the last sample round even with 3.87 ft of available drawdown 
** Wl9-39 was being pumped during this measurement. 
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Water Level 
Water Level 

Water Level 
Well Number 

10/10/97 (ft) 3/10/97. (ft) 
September 

1995• (ft) 

299-W19-23 250.81 249.08 254.35 (8/22) 

299-Wl9-24 249.26 247.48 243.70 (8/22) 

299-Wl9-35 250.67 No data 245.44 (9/5) 

299-Wl9-30 251.00 249.43 245.47 (8/22) 

Average Decline 

299-Wl9-20 244.92 242.11 238.46 (8/22) 

299-Wl9-26 246.81 244.53 239.87 (8/22) 

299-Wl9-19 247.81 245.79 242.03 (8/22) 
299-Wl9-40" 241.94 240.47 236.54 (8/31) 

299-Wl9-38 252.03 250.33 246.61 (8/31) 
299-WI9-34A 254.24 252.72 248.37 (8/22) 
299-Wl9-29 254.13 252.55 247.50 (8/22) 

299-Wl9-36 253.28 251.73 248.21 (8/22) 

299-Wl9-28 254.26 252.73 248.26 (8/22) 
? = Questionable water level value. Inconsistent with other values. 

• Water level assumed to be at steady state at this time. 

b Downgradient well. 

A-B A-C 

Regional Regional 
Decline Decline 

1997 (m) 1995 (m) 

0.527 1.664 
0.543 1.695 

1.594 

0.479 1.686 
0.885 m/yr 1.66 m/2 yr 

· 0.856 1.969 
0.695 2.115 
0.616 1.762 
0.448 1.646 
0.518 1.652 
0.463 1.789 
0.482 1.762 
0.473 1.804 
0.466 1.828 

Water Level Less Water Level Less Distance to 
Regional Decline Regional Decline Extraction 

1997 (m) 1995 - 1997 (m) Well (fl) 

426.31 

515.81 

782.51 

0.34 0.309 102.54 
0.179 0.455(?) 186.41 

0.1 0.102 261.81 
-0.068 b -0.014 b 269.57 b 

0.002 -0.008 414.95 
-0.053 0.129 803.87 
-0.035 0.102 861.8 
-0.044 0.144 939.33 
-0.05 0.168 l078.21 
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Table 3-8. Capture Zone and Plume Area Analysis for Fiscal Years 1996 and 
1997. 

Baseline 
Total Plume 

Pore 

Fiscal 
Total 

Capture Capture 
Volumes 

Removal 
Plume Removed 

Year 
Area 

Area Area 
from 

Efficiency 

(ml) 
(ml) (ml) 

Plume* 

1996 60,575.5 35,053.6 29,970.8 0.49 86% 

1997 60,675.5 46,308.2 42,534.2 0.70 90% 

Pore Volumes Removed 
Pl Plume Capture Area 

ume= 
Total Plume Area 

R 1 Effi . Plume Capture Area emova czency = 
Total Capture Area 

*The volume analysis assumed that the two-dnnens1onal capture area can be extrapolated with 
depth; i.e., this two-dimensional analysis is applicable in three-dimensions. 
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4.1 INTRODUCTION 
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This section provides the annual performance report required by the 200-ZP-l /RM Phase II and 
III Remedial Design Report (DOE-RL 1996b) for the reporting period of October 1, 1996 to 
September 30, 1997. A groundwater pump-and-treat system is currently removing carbon 
tetrachloride, trichloroethene, and chloroform from a contaminant plume in the 200-ZP-1 
Groundwater Operable Unit. 

The purpose of this section is to evaluate treatment system and aquifer performance data 
collected during implementation of the IRM to ensure compliance with the remedial objectives 
as stated in the interim ROD (EPA 1995). The interim remedial action selected by the ROD has 
the following specific remedial action objectives and performance criteria: 

• Prevent further movement of contaminants from the highest concentration area of the 
plume (i.e., containing contaminants inside the 2,000- to 3,000-µg/L contour). 

Performance Criterion 1: Establish an inward hydraulic gradient within the 2,000- to 
3,000-µg/L carbon tetrachloride contour (the containment perimeter). 

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

Performance Criterion 2: Operate an interim remedial treatment system that will remove 
carbon tetrachloride, trichloroethene, and chloroform, and also measure the mass of 
carbon tetrachloride removed. 

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

Performance Criterion 3: Evaluate aquifer and contaminant properties information 
collected during well installation and process operation. 

As stated in the ROD, a successful pump-and-treat interim remedial action would result in the 
following: (1) contain the highly contaminated portion of the plume, (2) extract a significant 
mass of the contaminants, (3) reduce a source of available contaminants that contributes to 
ongoing groundwater contamination, and (4) reduce concentrations of contaminants in the 
groundwater. These items are addressed by RAOs 1 and 2 listed above. The ROD also requires 
the investigation of the potential for carbon tetrachloride as a dense, nonaqueous phase liquid 
(DNAPL), and if confirmed, to take appropriate remedial measure(s) during the IRM action. 

The following sections summarize and evaluate the performance of the treatment system and the 
response of the aquifer to remediation efforts in relation to these RA Os and success criteria. 
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Section 4.1.1 gives a brief overview of the historical operations. Section 4.2 focuses on the 
treatment system performance. Section 4.3 looks at the aquifer response including the baseline 
conditions, hydraulic effects, numerical modeling, and the contaminant response to operations. 
Finally, conclusions and recommendations are presented in Section 4.4. 

4.1.1 Historical Operations 

This pump-and-treat system located north of the Plutonium Finishing Plant was implemented as 
an interim remedial action to prevent further movement of groundwater contamination from the 
high concentration portion of the carbon tetrachloride plume and to reduce contaminant mass. 
Figure 4-1 is a plan view map showing the location of the facilities and well field layout in 
September 1997. 

The pump-and-treat operations and system were implemented in a three-phased approach. 
Phase I operations, which have been terminated, consisted of a pilot-scale treatability test that ran 
from August 29, 1994, to July 19, 1996. During this operating period, contaminated 
groundwater was removed from a single extraction well at a rate of about 150 L/min, treated 
using GAC, and returned to the aquifer through an injection well. For more detailed information 
about operations during the treatability test, refer to DOE-RL (1995c). 

Phase II operations commenced August 5, 1996, in accordance with Tri-Party Agreement 
Milestone M-16-04A (Ecology et al. 1994) and ended on August 8, 1997, for transition to Phase 
III operations. The wellfield configuration during Phase II consisted of three extraction wells, 
pumping at a combined rate of about 570 L/min and a single injection well. Groundwater was 
treated with using an air stripper and GAC for purging the air stream. For a detailed description 
of the treatment system setup and operation, refer to BHI (1997a). 

From August 8 through the 28, 1997, treatment equipment was upgraded to meet Phase III 
operational requirements. Phase III operations were initiated on August 29, 1997, meeting 
Tri-Party Agreement Milestone M-16-04B. The wellfield was expanded to six extraction wells 
and five injection wells, and pumping was increased to a combined rate of 720 L/min. The 
treatment process for the Phase III system also uses air-stripping technology and GAC for 
remediating contaminated groundwater. The change from Phase II to Phase III operations was 
one of scale. Where Phase II wells were installed to contain the northern portion of the carbon 
tetrachloride plume, Phase III wells are now capable of containing the entire high concentration 
portion of the plume. 

For additional site characterization and background information on the operable unit and the 
pump-and-treat activity, refer to the Engineering Evaluation/Conceptual Plan/or the 200-ZP-1 
Operable Unit Interim Remedial Measure (BHI 1994) and the 200-ZP-l /RM Phase II and III 
Remedial Design Report (DOE-RL 1996b). 
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This section describes treatment system operations and sampling activities that occurred during 
FY 1997. Specific details include changes to the system configuration in August 1997 (upgrade 
to Phase III operations), contaminant removal efficiencies during operations, quantity and quality 
of extracted and disposed groundwater, mass of contamination removed, system availability, and 
contaminant trends at the extraction wells. 

4.2.1 System Operations 

Both the Phase II and III treatment systems use conventional air-stripping and vapor-phase GAC 
adsorption technology to remove the volatile organic compounds (VOCs) from the contaminated 
groundwater at the 200-ZP-1 Operable Unit. For a very detailed discussion of the process flow, 
refer to the October to December 1996 quarterly report (BHI 1997a). A process flow diagram for 
the Phase II system is shown in Figure 4-2. 

The major downtimes through the year were (1) late November 1996, during the holiday season 
(2 weeks); (2) the first 3 weeks of June; and (3) the month of August during upgrades to the 
Phase III system. The system was shut down during Phase I in November 1996 because of a 
condensate problem in the injection well pipeline leak-detection system. An air-drying unit was 
used to resolve this problem (BHI 1997a). 

Since initiation of pump-and-treat operations in August 1994 (start of the treatability test) 
through September 1997 (Phase III operations) more than 259 million L of water has been 
treated, resulting in removal of ~860 kg of carbon tetrachloride (Table 4-1 ). 

Average overall groundwater flow rates were about 574 L/min during Phase II and 795 L/min for 
Phase III for the entire fiscal year. Individual well production rates are shown in Table 4-2. The 
location of these wells is shown in Figure 4-1. The average airflow rate for the year was 
approximately 520 scfm. 

Average concentrations of carbon tetrachloride in the influent tank were 3,270 µg/L, ranging 
from a low of2,000 µg/L to a high of 3,900 µg/L. The overall concentration trended upward 
starting at 3,000 µg/L in early 1996 to over 3,500 µg/L at the end of the fiscal year (Figure 4-3). 
The increase in tank concentrations corresponds to an increase in carbon tetrachloride 
concentrations in the extraction wells. 

The treatment system achieved nearly 100% contaminant removal efficiencies based on sample 
results at the two compliance points: effluent Tank-02 and the post-GAC air sampling location 
A-03. Tables 4-3 and 4-4 list the influent and effluent tank concentrations; the cumulative 
volume of water treated; and carbon tetrachloride, trichloroethene, and chloroform 
concentrations for each of the extraction wells. Effluent discharges to the injection well did not 
exceed regulatory standards at any time. Quarterly verification sampling is performed to confirm 
the field screening results. 
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Vapor concentrations for the entire fiscal year averaged 16.8 ppm, ranging from 13 to 26 ppm. 
For Phase II operations only, the vapor concentrations averaged 15.8 ppm with a range of 13 to 
20 ppm. Table 4-5 lists the total VOC concentrations prior to entering the GAC and after leaving 
the GAC. 

The groundwater pump-and-treat system operated at 84.5% availability from October 1996 to 
April 1997. From April 1997 to August 1997 system availability was 89 .5%. From August to 
September 1997 system availability was 90.6%. 

4.2.2 Extraction Well Operations 

During Phase II operations, from October 7 to August 1997, extraction wells 299-W15-33, 
299-W15-34 and 299-W15-35 were operating. Sample data collected from these wells were used 
for tracking process operations and to evaluate aquifer response to remediation activities. 
Section 4.3 discusses the aquifer response during this period. During start of Phase III operations 
at the end of August, three additional extraction wells came on line: 299-W15-32, 299-W15-36 
and 299-W15-37. 

Influent concentrations from well 299-W15-33 were about 4,500 µg/L at the beginning of the 
fiscal year and rose to approximately 5,500 µg/L by the end of the fiscal year, with an average 
concentration of 5,058 µg/L (Table 4-6). Increases at wells 299-W15-34 and 299-W15-35 were 
also observed, but were not as significant (Figure 4-4). Chloroform and trichloroethene 
concentrations, combined for all three wells, averaged 19.3 µg/L and 8.2 µg/L, respectively. 

Carbon tetrachloride concentrations were highest at extraction well 299-W15-32, averaging 
7,120 µg/L. The other extraction wells, 299-W15-36 and 299-W15-37, averaged 2,280 and 280 
µg IL, respectively. High concentrations at well 299-W15-32 were not unexpected given the 
close proximity of this well to the Z-9 Crib, where about half of the carbon tetrachloride was 
disposed. This well was originally constructed for an inter-well tracer-partitioning test in 1994 to 
determine ifDNAPL was present in the groundwater. During expansion to Phase III operations, 
this well was adopted for use as one of the six planned extraction wells (in lieu of installing a 
new well). 

4.2.3 Operational Sampling 

The 200-ZP-1 Phase II and III pump-and-treat process was routinely sampled at several locations 
to assess contaminant removal and loading through the treatment system. Figure 4-2 shows the 
sample locations for Phase II and Phase III operations from October 1996 to August 1997. Two 
sampling locations are compliance monitoring points, to ensure that concentrations meet 
regulatory standards prior to discharge to the environment. These points are: 
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• Sample port A-03 for the final air sample (after the GAC canisters and prior to release to 
the ambient environment) 

• Sample port T-02 for treated water prior to injection into the aquifer. 

A full-scale description of the sampling locations and frequencies is contained in the October to 
December 1996 quarterly report (BHI 1997a). 

Process water and air samples were analyzed for carbon tetrachloride, chloroform, and 
trichloroethene using field screening instruments and methods. For the water samples, a 
Photovac 1 OS Plus portable gas chromatograph ( 1 OS Plus, a registered trademark of Photovac 
Incorporated) or a Hewlett Packard 5890 gas chromatograph (HP 5890, a registered trademark of 
Hewlett Packard Company) was used. The Photovac 10S or a Bruel and Kjaer 1301 Fourier 
transform infrared gas analyzer (B&K 1301, a registered trademark ofBruel & Kjaer) was also 
used for the air samples. 

The process water sample analysis was performed per an aqueous headspace method in 
accordance with Field Screening Procedure (FSP) 1.1, "Aqueous Headspace Analysis of Volatile 
Organic Compounds in Water Using Photovac 10S Plus Portable GC" (BHI-EE-05). Air sample 
analysis was conducted in accordance with FSP 1.6, "Analysis of Volatile Organic Compounds 
in Soil Gas Using Photovac lOS Plus Portable GC" (BHI-EE-05). 

The canisters containing spent GAC were temporarily stored onsite and periodically shipped 
offsite for reactivation at a permitted facility. Three spent GAC canisters were generated during 
FY 1997. In addition, multiple filter change-outs at both the influent and effluent filter locations 
(Figure 4-2) were performed. A continuous vapor analyzer was also used to monitor the effluent 
air during circulation. Gaseous treated effluent from the offgas treatment process may also be 
partially or totally recycled to the stripper blower inlet to minimize vapor emissions to the 
atmosphere. 

4.2.3.1 Operational Design Parameters. The design groundwater and airflow rates for the 
Phase II and III systems were 570 L/min and 1,890 L/min (groundwater), and 11 m3/min with a 
20:1 volumetric air/water flow ratio (airflow). The air-stripping system can treat groundwater 
containing a maximum concentration of 5,000 µg/L of carbon tetrachloride to achieve an effluent 
concentration of 4 µg/L of carbon tetrachloride. This conservative goal of 4 µg/L was selected to 
ensure compliance with the MCL of5 µg/L established in the Safe Drinking Water Act. 

The offgas GAC treatment process was designed to remove VOCs such that the treated emissions 
would not exceed a maximum of 5 kg/yr (11 lb/yr) of carbon tetrachloride, and so meet the small 
quantity emission rate established in Washington Administrative Code Chapter 173-460, 
"Controls for New Sources of Toxic Air Pollutants." Monitoring of carbon tetrachloride 
concentrations in the gaseous effluent is performed using an interlock system, set for shutdown at 
25 ppmv. The ambient air within the treatment system building is also monitored with an 
interlock system to alarm and shut down the system if the concentration exceeds 5 ppmv. 
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The following sections discuss the response of the aquifer during FY 1997 operations at the 
200-ZP-1 Phase I Pump-and-Treat site. A summary of baseline conditions prior to initiation of 
Phase I operations (September 1995) is presented, including the hydrologic and plume 
characteristics at that time. The baseline section is followed by a discussion of hydraulic 
responses, numerical modeling results, and contaminant remediation and distribution (including 
vertical distribution). 

4.3.1 Baseline Status 

Baseline water table and plume maps were constructed using June 1996 data, prior to initiation of 
Phase I operations. Figure 4-5 also presents the water table map generated at this time. Figure 
4-6 shows water table conditions for September 1997. Water table elevations on both maps 
indicate that groundwater flow is to the east-northeast across the high concentration area of the 
carbon tetrachloride plume. The September map shows the increasingly significant effects of the 
pump-and-treat operations in the area of the extraction and injection wells. 

The persistent broad and relatively flat mound characterizing the water table in this area is a 
residual groundwater feature from the former U-Pond. Water level data from well 299-W18-24 
were used to estimate the water level decline from this diminishing mound. This well is 
presumed to be outside the area of influence of the extraction and injection wells. Based on this 
hydrograph, the water level is estimated to be declining at a rate of about 0.8 m/yr (Figure 4-7). 

Baseline carbon tetrachloride and chloroform plume maps for the 200 West Area for June 1996 
are presented in Figures 4-8 and 4-9. No baseline trichloroethene map was constructed at that 
time because of the low trichloroethene concentrations. Plume maps covering the entire 200 
West Area and representing average conditions for FY 1997 are presented in Figures 4-10, 4-11, 
and 4-12. These same maps are also presented in a larger scale version for better definition 
around the IRM (Figures 4-13, 4-14, and 4-15). 

A comparison of the 200 West Area plume maps shows some distinct changes since FY 1996. In 
particular, the 1,000 µg/L carbon tetrachloride contour is no longer present in the T-Plant area 
(northern portion of 200 West) (Figure 4-10) and at well 299-Wl8-21 in the southwestern part of 
the area. It also appears that the high concentration area (more than 4,000 µg/L) is smaller in 
size, particularly on the south side. The 2,000-µg/L contour now encompasses the three Phase II 
extraction wells and nearby monitoring wells. This change implies that the high concentration 
plume is moving to the extraction wells as a result of pumping ( consistent with the increasing 
concentration in the extraction wells discussed in Section 4.2.2). 

The overall shape of the chloroform plume in the area of the IRM has not changed substantially 
since 1996, but the overall concentrations have decreased. The highest concentration bulls-eyes 
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have decreased from well over 100 µg/L to approximately 65 µg/L. The eastern most bulls-eye 
has moved farther east from well 299-W15-39 (the former high point) to well 299-Wl4-9. The 
1996 contours in this area were strongly influenced by the first sample collected at well 
299-W15-39, which subsequently was identified as an outlier. The initial value of chloroform at 
this well was 250 µg/L (see trend plots in Appendix B) and may have been a residual effect from 
drilling. 

The 200-ZP-1 IRM Phase II and III Remedial Design Report (DOE-RL 1996b) called for a 
specific groundwater monitoring network during Phase II and III operations. However, since the 
start of operations, the sampling network has been modified. Wells were removed from the 
network because they were found to be dry, not accessible, or in a high well density area, and so 
did not make a unique contribution to the plume definition. Table 4-7 lists the wells that were 
removed from the network and the reason for removal. 

4.3.2 Hydraulic Monitoring 

The primary objective of hydraulic monitoring is to measure the effects of pump-and-treat 
operations to determine if hydraulic containment of the high concentration portion is being 
achieved (i.e., an inward hydraulic gradient being established). The principal monitoring 
locations demonstrating an inward hydraulic gradient during Phase II operations are the 
extraction and monitoring wells 299-W15-1, 299-W15-7, 299-W15-10, 299-W15-1 l, and 
299-W15-31A. The spatial relationship of these observation wells to the extraction wells is 
shown in Figure 4-1. It should be noted that for most of the latter half of 1996 (from June on), 
much of the transducer monitoring network around the extraction and injection wells was 
nonoperational due to construction activities (trenching and piping). 

Figure 4-6 shows water level changes near the extraction wells during Phase II operations 
(September 1997). From this figure, it can be seen that the drawdown cones from the extraction 
wells overlap, thereby achieving the desired hydraulic containment in this area. To sustain 
hydraulic control, it will be necessary to continue operating the extraction wells. 

An examination of Figure 4-16 shows that the monitoring wells listed above are strongly 
influenced by the extraction well pumping. As operations are shut down ( e.g., around the 
November and December holidays) and restarted (e.g., after January 2), the water levels respond 
in an anticipated manner, either increasing or decreasing. One of the most notable responses is at 
well 299-W15-31A. Water levels at this well are recovering over 0.25 m during shutdown 
periods, yet this well is 128.7 m from extraction well 299-W15-33. 

To better estimate the radius of influence of the extraction wells, monitoring well 299-W15-30 
was evaluated to determine the amount of drawdown at this distance. This well is 252.5 m 
south-southeast of well 299-Wl 5-33. Figure 4-17 shows the hydrograph for the last quarter of 
FY 1997. The water level in this well exhibits the regional water level decline of0.8 m/yr before 
shutdown of operations in early August. After shutdown, the water level recovers to a maximum 
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at about 0.1 m above the regional trend. It is apparent from the recovery that the hydraulic 
effects of the extraction wells are measurable at this distance. 

Water levels in September fluctuated significantly at the three additional extraction wells in 
September, reflecting startup of Phase III operations. Figures 4-18 and 4-19 show the water level 
changes at both the Phase II and Phase III extraction wells, respectively. The variations in 
extraction rates will level out as operations become more routine. 

Hydrographs were generated for the last quarter of FY 1997 for Phase III extraction well 
299-W15-32, and monitoring wells 299-W15-38 and 299-W15-39 to determine the extent of 
hydraulic control south of the other three extraction wells (Figure 4-20). These wells are 
220.7 m, 140.7 m, and 310.6 m from the extraction well, respectively. Again, during shutdown a 
distinct water level recovery of about 0.3 m is measurable at well 299-Wl 5-32 and almost 0.5 m 
at well 299-Wl 5-38. Because well 299-Wl 5-38 is closer to the extraction well, the greater 
observed drawdown was expected. It is not clear that well 299-W15-39 responded because of 
the limited data set. 

Water levels were also noted to increase near the injection well, again at a substantial distance 
away. Figures 4-21 and 4-22 are hydrographs of injection wells to the south that will come on 
line early in FY 1998. In the two wells closest to the injection well, 699-39-79 and 299-Wl 8-36 
(about 82.5 m) (Figure 4-21), the water levels increased 0.5 and I.Im, respectively, in 
September. Interestingly, the amount of increase in well 699-39-79 was half of that in well 
299-Wl 8-36. It is known that the perforations in this older well are plugged with scaling, and 
this may account for the anomalous response. 

The water level buildup in 299-Wl 5-29 in September 1997 was about 25 m while injecting at a 
rate of about 820 L/min (Figure 4-23). Almost due south of the injection well is 299-W18-37, 
299-W18-38, and 299-W18-39 at distances of 183.3 m, 274.6 m, and 366.6 m. Water levels 
have increased at these wells about 0.2 to 0.3 m. It is concluded that the radius of influence from 
the injection well is significant and a relatively broad mound is developing in this area. The 
radius of influence of the injection well extends over 366 m when injecting at a rate of 
820L/min. 

In summary, the water level data support the conclusion that hydraulic containment was achieved 
during FY 1997 pumping at 574 L/min and 795 L/min during Phase II and II operations. The 
radius influence of the extraction wells extends to a radial distance of over 250 m. 

4.3.3 Numerical Modeling 

A numerical model (BHI 1996c) was developed to provide estimates of the capture and injection 
zones of the extraction and injection wells impacted by pump-and-treat operations. The time 
scheme of this model was adjusted to account for a noncontinuous pumping schedule. Figure 
4-24 is the predicted water table with extraction taking place from wells 299-W15-33, 
299-W15-34, 299-W15-35, 299-W15-32, 299-W15-36 and 299-W15-37, and injection taking 
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place at well 299-W15-29. For comparison purposes, water table elevations from field 
measurements are included on this map. 

To gage the effectiveness of the hydraulic barrier caused by the extraction wells, a rake of 
approximately 400 streamlines was added to the September 1997 water table map to test whether 
a particle of water starting upgradient would escape between the extraction wells. It was 
concluded that all of those streamlines ended at an extraction well. For clarity, only 1 out of 7 of 
those 400 streamlines are shown in Figure 4-24. The calculated width of the hydraulic barrier for 
the September 1997 water table is approximately 1,250 m. 

The capture distances shown in Figure 4-25 represent the travel paths of the extracted or injected 
water by the end of September 1997. The injection well (299-W19-29) and Phase II extraction 
wells (299-W15-33, 299-W15-34, 299-W15-35) have operated from August 1996. The travel 
paths indicate the area of capture is much greater for these wells than for the Phase III wells 
(299-W15-32, 299-W15-36, 299-W15-37), which started operations in August 1997. The 
numerical model predictions indicate that pump-and-treat operations have resulted in the removal 
of one pore volume from the upper 15 m of the aquifer at a distance of approximately 40 m 
around the Phase III wells. Since the Phase II wells have operated longer, their area of capture is 
larger with the removal of one pore volume at a radius of 110 m around wells 299-W15-33 and 
299-W15-34 and about 140 m from around well 299-W15-35. 

4.3.4 Contaminant Monitoring 

A discussed in Section 4.2, the carbon tetrachloride concentrations increased at all of the Phase II 
extraction wells during FY 1997. This increase in concentration through time, plus the 
substantial distance of hydraulic control, demonstrates that the high concentration area of the 
plume is being affected by the extraction wells. The greater concentrations observed over time 
are a positive indicator of extraction system effectiveness (mass reduction) and hydraulic 
containment, and also show that the high concentration portion of the mass is moving toward the 
extraction wells. 

Chloroform and trichloroethene concentrations were relatively constant over the entire fiscal year 
in the Phase II extraction wells (Figures 4-26 and 4-27). Similar levels of chloroform and 
trichloroethene were measured in the Phase III wells, but only a few samples were collected by 
the end of September (Table 4-3). The one exception was well 299-W15-37 where no 
trichloroethene has been detected. Note that this well is situated at the southern edge of the 
carbon tetrachloride plume where carbon tetrachloride concentrations averaged 280 µg/L. 

Trend plots for all of the monitoring wells are contained in Appendix B. No significant changes 
or trends were noted in the monitoring wells during FY 1997 for chloroform or trichloroethene, 
although the initial high value of chloroform in well 299-W15-39 is now identified as an outlier. 
The overall concentrations are low for these constituents. Some of the higher chloroform areas 
are around the Phase II extraction wells. This suggests that remediation activities may be 
affecting concentrations. 
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The remediation activities appear to be affecting carbon tetrachloride concentrations in some of 
the monitoring wells near the extraction centers. For example, carbon tetrachloride values seem 
to be increasing at wells 299-Wl 5-25, 299-Wl 5-30, and 299-Wl 5-3 lA, and probably at wells 
299-W15-1 and 299-Wl5-7. It is likely that higher concentrations of contaminant mass are 
moving past these wells toward the pumping wells. In general, other monitoring wells show no 
significant changes in trends. One exception is well 699-39-79, which is close to the injection 
well. Carbon tetrachloride concentrations have declined as expected, from around 800 µg/L to 
less than 50 µg/L, because of the clean injection water. 

4.3.5 Vertical Distribution of Contamination 

Two field activities were conducted the past 2 years that are relevant to the issue of vertical 
distribution of contamination: decommissioning of well 299-Wl 5-5 in August 1997 and vertical 
profiling ( discrete sampling) at wells 299-Wl 5-7 and 299-Wl 5-10 in mid-1996. The field 
activities for the decommissioning work are detailed in BHI (1997c). The discrete sampling 
activities are described in more detail in BHI (1996d), and Darrach (1996). 

Groundwater samples were collected and analyzed from 65.8 m below ground surface to the top 
of basalt during decommissioning ofwell 299-W15-5. Table 4-8 summarizes the 
depth/concentration data for carbon tetrachloride, chloroform, and trichloroethene at this well 
and includes groundwater samples collected in 1996. Based on these data, it can be concluded 
that carbon tetrachloride concentrations are highest in the first 5 m of aquifer (two samples at 
5,800 and 6,000 µg/L). Below this interval concentrations decreased with depth from 
2,600 µg/L at 33.5 m to non-detects in the basalt. Chloroform concentrations also decreased 
with depth. No consistent trend for trichloroethene concentrations were noted (other than 
concentrations being very low). 

Vertical profile sampling was performed at wells 299-W15-7 and 299-W15-10 mid-1996. 
Contaminant concentration profiles were different at these two wells. Carbon tetrachloride 
concentrations were relatively uniform with depth at well 299-W15-7 (averaging 720 µg/L), but 
increased to a maximum of 1,983 µg/L at about 15 m below the water table in well 299-Wl 5-10. 
This higher concentration interval corresponds to a high conductivity zone identified during the 
tracer test described below. These wells were constructed to about 30 m, so the full thickness of 
the aquifer could not be sampled. Table 4-8 lists the sampling results for both the vertical 
profiling and the decommissioning samples. Chloroform concentrations increased with depth 
down to 30 mat well 299-W15-7, but slightly decreased with depth at 2well 99-W15-10. 

In addition to the vertical profiling, a point-dilution tracer test was conducted at well 
299-Wl 5-10 to characterize vertical changes in hydraulic conductivity over the completed 
interval. A discussion of this test is also contained in BHI (1997a). The test results indicated that 
a high-conductivity interval was present 15 m below the top of the water table. This interval may 
represent a preferred flow path for contaminant transport. 
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Elevated carbon tetrachloride concentrations have also been observed at depth at well 
299-Wl4-09, located east of the targeted remediation area. This well is perforated from about 56 
m to 92 m below the water table. Concentrations during the fiscal year ranged from 
approximately 30 µg/L to near 500 µg/L. However, this well was completed without a casing 
seal, so it is uncertain if the CC1 4 originates strictly at depth or is drawn along the casing from 
the upper portion of the aquifer. It is interesting to note that the concentrations have declined 
since initiation of Phase II operations in September 1996, possibly indicating some deep 
containment of the plume. 

In summary, it would appear that carbon tetrachloride concentrations are highest in the first 5 m 
of the aquifer, decreasing with depth to near zero concentrations at the basalt. Even so, carbon 
tetrachloride concentrations exceed the MCL of 5 µg/L to at least 30 m in well 299-Wl 5-7 and 
probably well 299-Wl 5-10, to over 86 min well 299-Wl 5-5 and possibly to 92 m in 299-Wl 4-9 
(top of basalt). It is unlikely that vapor phase transfer of carbon tetrachloride to the groundwater 
is capable of generating such high concentrations at these depths. This conclusion implies that 
there is another source of carbon tetrachloride, possibly DNAPL or highly contaminated water 
that transported carbon tetrachloride into the aquifer. The potential for higher concentrations of 
contamination at deeper intervals existed at well 299-Wl 5-5 prior to decommissioning. This 
well was completed across the entire thickness of the suprabasalt aquifer and in an area of 
downward hydraulic gradient. 

4.4 CONCLUSIONS AND RECOMMENDATIONS 

4.4.1 System Operations 

The 200-ZP-1 pump-and-treat system was successfully upgraded to Phase III operations this 
year, increasing treatment rates from 570 L/min to 720 L/min. The pump-and-treat system 
operated at 84.5% availability from October 1996 to April 1997, at 89.5% availability from April 
1997 to August 1997, and at 90.6% availability from August to September 1997. Contaminant 
removal efficiencies were near 100% for both the return groundwater and the air stream after 
GAC treatment. 

Over 199 million L of groundwater was treated during FY 1997. Since initiation of pump-and­
treat operations in August 1994 and through September 1997, more than 259 million L of water 
has been treated, resulting in removal of ~860 kg of carbon tetrachloride. 

4.4.2 Remedial Action Objectives 
' 

Progress was made toward achieving the RAOs for the 200-ZP-1 pump-and-treat operations in 
FY 1997. The RAOs are to: 

• Prevent further movement of contaminants from the highest concentration area of the 
plume (i.e., containing contaminants inside the 2,000- to 3,000-µg/L contour). 
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• Reduce contamination in the area of highest concentrations of carbon tetrachloride. 

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

The first RAO was achieved in FY 1997 by establishing an inward hydraulic gradient at the 
extraction wells, as demonstrated by the more than 250-m radial area of influence and as 
supported by the numerical modeling results. It appears that a recirculation cell will be 
established under Phase III operations. Achievement of this RAO is dependent on continued 
operation of the extraction wells. 

The second RAO was met in part through the reduction of contaminant mass from the high 
concentration portion of the aquifer. Total CC1 4 mass removed this fiscal year was over 720 kg. 
Increasing concentrations of carbon tetrachloride at the extraction wells indicate that additional 
mass is moving toward the pumping centers from the high concentration area of the plume. The 
operation of all six extraction wells should increase the rate of mass reduction in FY 1998. 

The third RAO was partially satisfied by the collection of data supporting the IRM and the 
observed response of the aquifer to remediation efforts. Additional data on the vertical 
distribution of carbon tetrachloride collected during the decommissioning of well 299-Wl 5-5 
and the previous vertical profiling results in mid-1996 indicate that carbon tetrachloride 
concentrations are exceeding the 5 µg/L MCL at depths exceeding 86 m. It is unlikely that 
concentrations at this level and depth are the result of vapor phase/groundwater exchange. 
Additional investigation is needed to determine the source and extent of carbon tetrachloride at 
depth. 

4.4.3 Other Conclusions and Recommendations 

The following evaluations are recommended based on treatment system and aquifer performance 
this past year. 

• Significant drawdowns at monitoring wells near the extraction centers suggest that 
system pumping rates and/or schedules could be modified (reduced) while still 
maintaining hydraulic containment. 

• The pump-and-treat monitoring network should be evaluated and optimized as indicated 
to insure efficient and thorough coverage of contaminant and hydraulic changes in the 
aquifer. 

• Sampling frequencies may be reduced now that Phase III operations are well underway 
and as near steady-state hydraulic conditions are established. 
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• The extraction and injection wells should be tested for maximum production and 
injection capability so discharge and recharge rates can be optimized. 

• The extent of CC1 4 with depth is still an open question, especially in areas away from the 
high concentration portion of the plume. Reconfiguring well 299-Wl 4-09 so samples can 
be collected in the upper and lower part of the aquifer would provide useful data with 
respect to the vertical extent of contamination east of the area under remediation. 
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Figure 4-1. Plan View Map of the 200-ZP-1 Pump-and-Treat Operation Showing the 
Facility and Wellfield Layout. 
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1. THE MATERIAL/ENERGY BAI.ANCE ANO CONFlGURATION 
SHOWN ARE FOR THE FIRST YEAR (200 gpm). THE 
ONLY CONFIGURATION CHANGE IN THE OUT YEARS IS 
THE ADDITION OF ANOTHER TWO-CANISTER GAC BANK. 

2. FLOW IN LINES 12 ANO 1.3 ARE NORMALLY ZERO. 
DURING PERIODS OF TANK FILLING FLOWS ARE NO 
MORE THAN 200 GALLONS PER MINUTE FOR APPROX. 
6.3 MINUTES FOR TOTAL OF 60 kg AIR, O. 169 kg CCl4, 
0.000107 kg CHLOROFORM. ANO 0.0000716 kg TCE. 

3. THE ACTUAL INFLUENT WATER TEMPERATURE MAY BE 
AS HIGH AS 1 S-C, BUT WILL NOT LIKELY DROP BELOW 
13"C. THE DESIGN TEMPERATURE (13"C) IS USED FOR 
THIS DIAGRAM. 

4. THIS PFO DOES NOT SHOWN A MASS BALANCE FOR 
SEDIMENT ANO PRECIPITATES AS THESE AMOUNTS ARE 
UNKNOWN AT THIS TIME. WHEN FURTHER DATA BECOMES 
AVAILABLE, THIS DRAWING WILL BE REVISED. 

5. THE GAC CANNISTERS (V-02 AND V-0.3) WILL BE 
REMOVED WHEN THEY REACH SATURATION. THIS IS 
ESTIMATED TO BE 200 kg CCI , 7.92 kg CHLOROFORM, 
ANO 0 • .396 kg TCE. 

6. SEE DRAWING NO. 0200W-DO-G0012 FOR GENERAL 
ABBREVIATIONS AND SYMBOLS LIST . 

200-ZP-1 IRM PUMP AND TREAT 
DESIGN PROCESS FLOW DIAGRAM 
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Figure 4-3. Carbon Tetrachloride Concentrations at the Influent Tank, Fiscal Year 1997. 
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Figure 4-4. Carbon Tetrachloride Concentrations at the Extraction Wells, 
Fiscal Year 1997. 
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Figure 4-5. 200-ZP-1 Baseline Water Table Map and Remedial Action Well Assessment 
Network- June 1996. 
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Figure 4-7. Estimated Regional Water Level Decline at Background 
Well 299-Wl8-24 (0.8 m./year). 
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Figure 4-8. 200 West Area Baseline Carbon Tetrachloride Plume Map-June 1996. 
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Figure 4-9. 200 West Area Baseline Chloroform Plume Map-June 1996. 
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for the 200 West Area, Fiscal Year 1997. 
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Figure 4-11. Chloroform Plume Map 
for the 200 West Area, Fiscal Year 1997. 
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Figure 4-12. Trichloroethene Plume Map 
for the 200 West Area, Fiscal Year 1997. 
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Figure 4-13. Carbon Tetrachloride Plume Map in the Area of the Interim Remedial 
Measure, Fiscal Year 1997. 
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Figure 4-14. Chloroform Plume Map in the Area of the Interim Remedial Measure, 
Fiscal Year 1997. 
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Figure 4-15. Trichloroethene Plume Map in the Area of the Interim Remedial Measure, 
Fiscal Year 1997. 
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Figure 4-16. Well Hydrographs for Several Monitoring Wells Near the Phase II 
Extraction Wells . 
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Figure 4-17. Well Hydrographs for Background Well 299-W18-24 and 
Monitoring Well 299-W15-30. 
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Figure 4-18. Water Level Change Versus Time for the Phase II Extraction Wells from 
July to September 1997. 
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Figure 4-19. Water Level Change Versus Time for the Phase III Extraction Wells from 
July to September 1997. 
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Figure 4-20. Well Hydrographs for Wells 299-WlS-32, 299-WlS-38, and 299-WlS-39 from 
July to September 1997 Showing Water Level Increase at Shutdown of Phase II 

Operations. 
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Figure 4-21. Well Hydrographs for Injection Wells 299-WlS-29 and 299-WlS-36, and 
Monitoring Well 699-39-79 from July to September 1997. 
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Figure 4-22. Well Hydrographs for Injection Wells 299-Wl8-37, 299-Wl8-38, and 
299-WlS-39 from July to September 1997. 
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Figure 4-23. Injection Rates and Water Level Changes at Injection Well 299-W15-29 from 
July to September 1997. 
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Figure 4-26. Chloroform Concentrations at the Phase II Extraction Wells. 
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Figure 4-27. Trichloroethene Concentrations at the Phase II Extraction Wells . 
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Table 4-1. Volume of Groundwater Treated and Mass of Carbon Tetrachloride Removed 
Since Startup of Operations at 200-ZP-1. 

Mass of Carbon 
Reporting Period Liters Treated Tetrachloride 

Removed (kg) 
August 1994 through 

26,676,000 75.85 
July 1996 
August 1996 through 

33,232,327 60.96 
September 1996 
October 1996 through 

44,583,715 143.54 
December 1996 
January 1997 through 

69,869,604 237.3 
March 1997 
April 1997 through 

41,877,094 137.3 
June 1997 
July 1997 through 

42,926,565 203.6 
September 1997 
TOTAL 259,165,396 858.55 

Table 4-2. 200-ZP-1 Well Production Rates. 

Well Location Production Rates 
Number (L/min) 

299-W15-32 97 
299-W15-33 111 
299-W15-34 160 
299-W15-35 303 
299-W15-36 62 
299-W15-37 62 
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Table 4-3. Weekly Contaminant Level- Water (October 1996 through August 1997). 
(Page 1 of3) 

Cumulative 
Average Concentration 

299-WlS-33 299-WlS-34 299-WlS-35 
Date 

Volume Contaminant 
(µg/L) 

Concentration Concentration Concentration 
(Weekly) 

Treated (L) 
Tank T-01 Tank T-02 

(µg/L) (µg/L) (µg/L) 
(Influent) (Effluent) 

10/02/96 33,232.327 Carbon Tetrachloride 3200 ND 4900 3100 3500 
Chloroform 11 ND 18 12 12 
Trichloroethylene 4.7 ND 6.8 9.9 2.6 

10/09/96 39,116,999 Carbon Tetrachloride 3100 ND 3700 2900 3300 
Chlorofonn 13 ND 17 14 14 
Trichloroethylene 6.3 ND 6.4 II 3.9 

10/16/96 44,972,727 Carbon Tetrachloride 4000 2.1 5900 4100 4400 
Chlorofonn 13 ND 21 15 18 
Trichloroethylene 5.6 ND 7.5 II 3.5 

10/23/96 50,105,369 Carbon Tetrachloride 2900 ND 4100 2700 3100 
Chlorofonn 14 ND 21 13 15 
Trichloroethylene 5.6 ND 4.3 10 3.2 

10/30/96 55,390,069 Carbon Tetrachloride 2900 ND 4100 2700 3100 
Chlorofonn 14 ND 21 13 15 
Trichloroethylene 5.8 ND 4.3 10 3.2 

11/06/96 58,885,138 Carbon Tetrachloride 3300 ND 5100 3200 3400 
Chloroform 14 ND 20 14 14 
Trichloroethylene 6.3 ND 8.6 11 3.5 

11/13/96 63,965,933 Carbon Tetrachloride 2900 ND 3900 2500 2900 
Chlorofonn 16 ND 23 16 16 
Trichloroethylene 7.3 ND 8.7 12 4.5 

11/20/96 68,454,065 Carbon Tetrachloride . . . . . 
Chlorofonn . . a . . 
Trichloroethylene . . . . . 

11/27/96 69,412,313 Carbon Tetrachloride . . . . a 

Chlorofonn . . . a . 
Trichloroethylene . a . . . 

12/04/96 70,221,152 Carbon Tetrachloride 3200 ND 4200 2200 3100 
Chloroform 15 ND 21 11 14 
Trichloroethylene 5.7 ND 7.8 8.3 2.9 

12/11/96 71,517,689 Carbon Tetrachloride 3300 ND 4200 2700 3000 
Chloroform 15 ND 20 13 14 
Trichloroethylene 5.9 ND 7.2 9.4 2.8 

12/18/96 76.528,685 Carbon Tetrachloride 3300 2.7 4800 2600 1900 
Chloroform 15 ND 23 14 10 
Trichloroethylene 6.3 ND 8.7 9.7 ND 

01/01/97 77,816,042 Carbon Tetrachloride . . a . . 
Chloroform a . . . . 
Trichloroethylene . . . . . 

01/08/97 82,730,600 Carbon Tetrachloride 3400 3 4800 2600 3400 
Chloroform 15 <2 21 13 16 
Trich1oroethylene 6.8 <2 8.9 9.7 43 

01/15/97 86.472.754 Carbon Tetrachloride 3200 <2 4600 2800 3300 
Chloroform 15 <2 21 13 15 
Trichloroethylene 5.8 <2 7.8 9.3 3.4 

01/22/97 91.384,927 Carbon Tetrachloride 3000 <2 4200 2300 3200 
Chloroform 16 <2 23 13 18 
Trichloroethylene 6.3 2 8.3 9.3 3.9 
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Table 4-3. Weekly Contaminant Level- Water (October 1996 through August 1997). 
(Page 2 of3) 

Cumulative 
Average Concentration 

299-WlS-33 299-WlS-34 299-WlS-35 
Date 

Volume Contaminant 
(µg/L) 

Concentration Concentration Concentration 
(Weekly) 

Treated (L) Tank T-01 Tank T-02 
(µg/L) (µg/L) (µg/L) 

(Influent) (Effluent) 
01/29/97 97,246,775 Carbon Tetrachloride 3500 6.2 4800 2900 3200 

Chlorofonn 16 <2 23 14 19 
Trichloroethylene 6.5 <2 8.5 11 3.7 

02/05/97 102,580,033 Carbon Tetrachloride 3900 4.6 5500 3300 3700 
Chlorofonn 17 <2 24 14 16 
Trichloroethylene 8 <2 11 12 5.1 

02/13/97 108,470,825 Carbon Tetrachloride 3200 <2 5100 2600 3100 
Chlorofonn 18 <2 26 16 18 
Trichloroethylene 7.6 <2 10 12 4.4 

02/19/97 I 14,258,923 Carbon Tetrachloride 3600 4.1 5200 3000 3100 
Chlorofonn 19 <2 28 18 19 
Trichloroethylene 7.4 <2 II 12 3.7 

02/26/97 119,560,118 Carbon Tetrachloride 3600 2.8 4600 2500 3100 
Chlorofonn 19 <2 25 15 18 
Trichloroethylene 8 <2 10 11 4.2 

03/05/97 125,458.540 Carbon Tetrachloride 2800 <2 4200 2400 2900 
Chlorofonn 13 <2 22 11 16 
T richloroethylene 3.7 <2 4 5.8 <2 

03/13/97 131,334,071 Carbon Tetrachloride 2900 <2 4100 2500 2600 
Chlorofonn 12 -4 15 10 14 
Trich1oroethylene 2 <2 3 5 <2 

03/19/97 136.111,040 Carbon Tetrachloride 3800 2.4 6600 3100 4000 
Chlorofonn 15 <2 24 12 16 
Trichloroethylene 6.6 <2 10 10 3.9 

03/26/97 141.994.202 Carbon Tetrachloride 3700 3.5 5500 3000 3400 
Chlorofonn 20 <2 30 17 20 
Trichloroethylene 1:6 <2 12 12 3.9 

04/02/97 147,685,646 Carbon Tetrachloride 3400 3.4 5400 2900 3400 
Chlorofonn 17 <2 24 15 17 
Trichloroethylene 6.8 <2 10 11 4.3 

04/09/97 153,371,526 Carbon Tetrachloride 3600 2.2 5700 3100 3500 
Chlorofonn 19 <2 28 17 20 
Trichloroethylene 8.7 <2 13 13 5.6 

04/16/97 159,186,013 Carbon Tetrachloride 3400 <2 4900 2900 3200 

Chlorofonn 17 <2 24 13 18 

Trichloroethylene 6.6 <2 9.6 10 3.9 

04/23/97 163.871,359 Carbon Tetrachloride 3400 <2 4900 2900 3200 

Chlorofonn 17 <2 24 13 18 

Trichloroethylene 6.6 <2 9.6 10 3.9 

04/29/97 165.921,618 Carbon Tetrachloride 3500 <2 5400 3200 4000 

Chlorofonn 16 <2 24 13 18 

Trichloroethylene 6.2 <2 9.7 10 4.3 

05/07/97 170.436.116 Carbon Tetrachloride 3300 <2 6000 3000 3400 

Chlorofonn 17 <2 27 14 19 
Trichloroethylene 6.9 <2 11.5 10 6.9 

05/14/97 174.478, 167 Carbon Tetrachloride 3300 <2 6000 3000 3400 

Ch1orofonn 19 <2 27 14 19 

Trichloroethylene 4.3 <2 11.5 10 4.3 
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Table 4-3. Weekly Contaminant Level- Water (October 1996 through August 1997). 
(Page 3 of3) 

Cumulative 
Average Concentration 

299-WlS-33 299-WlS-34 299-WlS-35 
Date 

Volume Contaminant 
(µg/L) 

Concentration Concentration Concentration 
(Weekly) 

Treated (L) TankT-01 Tank T-02 
(µg/L) (µg/L) (µg/L) 

(Influent) (Effluent) 
05/20/97 176,563,443 Carbon Tetrachloride 3200 <2 5600 3100 3500 

Chloroform 16 <2 25 13 17 
Trichloroethylene 6.2 <2 10 10 4.1 

05/28/97 181,799,897 Carbon Tetrachloride 3100 <2 5000 2800 3200 
Chloroform 17 <2 26 14 18 
Trichloroethylene 7 <2 II II 4.7 

06/04/97 Not Available Carbon Tetrachloride 
Chloroform 
Trichloroethylene 

06/11/97 Not Available Carbon Tetrachloride 
Chloroform 
Trichloroethylene 

06/18/97 Not Available Carbon Tetrachloride 
Chloroform 
Trichloroethylene 

06/24/97 184,337.910 Carbon Tetrachloride 3500 <2 5900 2900 3700 

Chloroform 21 <2 31 15 21 
Trichloroethylene 6.2 <2 II 8.8 4.3 

06/30/97 189,563,038 Carbon Tetrachloride 3500 <2 5500 3400 3800 
Chloroform 21 <2 26 16 20 
Trichloroethylene 6.2 <2 II 12 5 

07/09/97 194,004,660 Carbon Tetrachloride 3800 <2 5900 3500 3500 

Chloroform 19 <2 26 15 19 
Trichloroethylene 7.7 <2 II 412 4.6 

07/16/97 199,868,746 Carbon Tetrachloride 3700 <2 5800 3200 3700 
Chloroform 19 <2 26 15 20 
Trichloroethylene 7.9 <2 II 12 5 

07/23/97 205.666,790 Carbon Tetrachloride 3900 <2 5400 3300 3700 

Chloroform 18 <2 25 14 18 
Trichloroethylene 7.2 <2 10 10 4.5 

07/30/97 211,385,895 Carbon Tetrachloride 3900 <2 5400 3300 3700 

Chloroform 18 <2 25 14 18 

Trichloroethylene 7.2 <2 10 10 4.5 

08/06/97 217,101.298 Carbon Tetrachloride 3700 <2 5900 3200 3800 

Chloroform 20 <2 29 15 21 

Trichloroethylene 7.5 <2 12 II 4.7 

08/13/97 217,362.066 Carbon Tetrachloride 3700 <2 5900 3200 3800 
Chloroform 20 <2 29 15 21 

Trichloroethylene 7.5 <2 12 II 4.7 

• No data collected 
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9/24/97 

Contaminant 

Carbon Tetrachloride 
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Trichloroethylene 
Carbon Tetrachloride 
Chloroform 
Trichloroethylene 
Carbon Tetrachloride 
Chloroform 
Trichloroethylene 
Carbon Tetrachloride 
Chloroform 
Trichloroethylene 

Average Concentration 
(µg/L) 

Tank T-01 Tank T-02 
(Influent) (Effluent) 
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6.7 <2 
4000 <2 
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8.5 <2 
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8.1 <2 

299-WIS-33 299-WIS-34 299-WIS-35 
Concentration Concentration Concentration 

(µg/L) (µg/L) (µg/L) 

5100 3300 3300 
26 18 18 
10 10 4.6 
5700 3400 3800 
24 14 24 
10 II 5.8 
5600 3400 3900 
28 15 21 
II 12 5.4 
5600 3200 3600 
29 16 21 
II 13 5 

299-WIS-32 299-WIS-36 299-WIS-37 
Concentration Concentration Concentration 

(µg/L) (r1g/L) (µg/L) 

7300 2600 260 
45 30 20 
4.4 12 <2 
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42 29 20 
4.7 12 <2 
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4.8 14 <2 
6900 2700 280 
49 33 26 
4.8 15 <2 
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Table 4-5. Volatile Organic Compound Concentrations for the Air Flow Stream for 
Fiscal Year 1997 Operations. 

Air Air 

Date 
Influent Effluent 

V-01 A-03 
(ppm) (ppm) 

08-Jan 14 <l 
15-Jan 13 0 
22-Jan 13 0 
29-Jan 13 0 
05-Feb 14 0 
13-Feb 14 0 
18-Feb 14 0 
25-Feb 14 <l 
05-Mar 16 <l 
13-Mar 16 <l 
19-Mar 16 <l 
26-Mar 17 <l 
02-Apr 20 <l 
09-Apr 17 <l 
16-Apr 18 <l 
23-Apr 18 <l 
29-Apr 13 <l 
07-May 16 <l 
14-May 16 <l 
21-May 16 <l 
28-May 16 <l 
25-Jun 18 <l 
02-Jul 15 <l 
09-Jul 17 <l 
16-Jul 17 <l 
23-Jul 16 <l 
30-Jul 16 <1 

06-Aug 18 <l 
13-Aug 18 <l 
03-Sep 22 <l 
IO-Sep 22 <1 
24-Sep 26 <l 
01-Oct 24 <l 
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Table 4-6. Statistical Summary of Contaminant Data for the 200-ZP-1 Extraction Wells in 
Fiscal Year 1997. 

Mean Minimum 
Maximum 

Mean Flow 
Overall 

Well Number Concentration Value 
Value (µg/L) 

Rate 
Trend 

(µg/L) (µg/L) (L/min) 
299-W15-33 5,058 3,700 6,600 25 Increasing 
299-W15-34 2,900 2,200 3,500 35 Increasing 
299-W15-35 3,351 1,900 4,000 85 Increasing 
299-Wl5-32 7,120 6,500 8,200 35 Decreasing 
299-W15-36 2,820 2,600 3,100 25 Steady 
299-W15-37 280 250 350' 15 Steady 
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Table 4-8. Sample Results for Both the Decommissioning Task at Well 299-W15-5 and the 
Vertical Profiling at 299-W15-7 and 299-W15-10. 

Well Name 

299-W15-5 

299-W15-7 

299-W15-10 

J = estimated 
U =undetect 

Depth Below 
Water Table 

(m) 
1.5 
4.6 
33.5 
65.8 
86.0 
102.7 
112.2 
0.3 
6.5 
12.6 
19.4 
25.1 
30.5 
3.5 
9.5 
15.3 

CC14 = carbon tetrachloride 
TCM = chloroform 
TCE = trichloroethene 

Sample Date CC14 (µg/L) 

7/18/96 5,800 
5/16/96 6,000 
6/25/97 2,600 
7/16/97 850 
7/24/97 120 
8/6/97 I.OJ 
8/12/97 u 
August 1996 713 

745 
717 
738 
707 
703 

August 1996 1,587 
1,847 
1,983 
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TCM (µg/L) TCE (µg/L) 

560 2.0J 
300 u 
46 10 
37 u 
18 10 
I.OJ 3.0J 
u u 
28.9 0.62 
52.6 0.8 
80 0.78 
93 0.96 
100 0.81 
113 0.95 
68 7 
59 8.2 
54 8.3 
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