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EXECUTI VE SUMMARY 

As required by the Hanford Federal Facility Agreement and Consent Order1 

([Tri-Party Agreement] Milestone M-17-00A), this report assesses the impact of 

wastewater discharges to the 216-Z-20 Crib on groundwater quality. The 

assessment reported herein extends the initial analysis conducted from 1989 

through 1990 for the Liquid Effluent Study Final Project Report .2 Three 

primary issues are · addressed in response to regulator concerns with the 

initial analysis: 

• The magnitude and status of the soil column transuranic inventory 

• Potential interactions of wastewater with carbon tetrachloride from 

adjacent facilities 

• Preferential pathways created by unsealed monitoring wells. 

Facility Description . The 216-Z- 20 Cr i b is located in the 200 West Area 

of the Hanford Site and is situated among major chemical processing and waste 

management facilities. The 216- Z-20 Crib was constructed and commissioned for 

use in September 1981 to dispose of wastewater previously discharged to a 

contaminated ditch and pond system, thus allowing these facilities to be 

decommissioned . The crib is approximately 457 m (1,500 ft) long and 

approximately 3 m (10 ft) wide in cross section at the bottom. Gravel was 

1Ecology, EPA, and DOE, 1990, Hanford Federal Facility Agreement and 
Consent Order, Washington State Department of Ecology, U.S. Environmental 
Protection Agency, and U.S. Department of Energy, Olympia, Washington. 

2WHC, 1990, Liquid Effluent Study Final Project Report, WHC-EP-0367, 
Westinghouse Hanford Company, Richland, Washington. 
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used to backfill the crib excavation to a depth of approximat ely 0.8 m 

(2.6 ft). Perforated pipes, connected to the building effluent headers, were 

embedded in the gravel backfill to distribute effluents throughout the crib . 

Effluents entering the 216-Z-20 Crib originate in various Plutonium Finishing 

Plant buildings. Production operations at the Plutonium Finishing Plant 

Complex consisted of plutonium reclamation and plutonium conversion. The 

recoverable material was treated to produce soluble and/or leachable forms of 

plutonium for recovery as pluton i um nit ra t e. Plu t onium nit r ate was converted 

to plutonium oxide and then to meta l lic plutonium. Most or the effluent 

generated from these operations was either equipment cooling water or heating 

and ventilation steam condensate, neither of which came into contact with 

C'r'l process materials or process chemicals under normal operating conditions. 
c:n-

However, past accidental releases from equipment failures resulted in 

transuranics and fission product waste releases to the crib. Facility 

upgrades have eliminated such discharges, and will ultimately reduce the 

wastewater flow rate from an average of 757 L/min (200 gal/min) to about 

38 L/min (10 gal/min). Additionally the waste stream ·will be treated before 

release. 

Findings. Principal findings associated with the primary issues noted 

above are summarized below. 

Analysis of groundwater data, effluent records, previous soil core 

analytical results, spectral gamma logs from wells at the 216-Z-20 Crib, and 

migration depth calculations all indicate that this crib is not a transuranic 

site (i.e., transuranic radionuclide content of soil beneath the crib is far 

less than 100 nCi/g). There is no evidence of breakthrough of transuranics to 
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either perched water or groundwater. Most of the radionuclide inventory {ca. 

1 Ci of plutonium-239 and 2 Ci of americium-241) should remain in the top few 

meters of the soil column. 

It is likely that four previously unsealed groundwater monitoring wells 

at the 216-Z-20 Crib historically served as preferential pathways for 

migration of contaminants directly to groundwater. This condition was 

mitigated using an innovative approach that not only corrected the problem but 

also resulted in four new perched water and/or deep soil gas monitoring wells. 

Application of this same approach to convert several other unsealed wells at 

adjacent past-practice disposal facilities containing carbon tetrachloride and 

radioactive wastes could be applicable. 

Perched water and soil gas sampling and analysis results to date suggest 

wastewater discharged to the 216-Z-20 Crib absorbs only small amounts of 

carbon tetrachloride from adjacent past-practice disposal facilities. Much w 

higher soil gas concentrations occur immediately north of the 216-Z-20 Crib 

near several miscellaneous wastewater discharge sites. These sources may also 

contribute to the elevated concentrations of carbon tetrachloride in 

groundwater near the 216-Z-20 Crib. 

Conclusions. Based on the analysis described in this report, it was 

concluded that continued discharge of wastewater until 1995 at currently 

projected rates will have very little additional impact on groundwater quality 

beneath the 216-Z-20 Crib. The relatively small volume of treated effluent 

expected in the late fall of 1993, 23 to 45 L/min {6 to 12 gal/min), will have 
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a minimal impact on the soil column inventory of transuranics beneath the 

216-Z-20 Crib and the fate and transport of carbon tetrachloride from adjacent 

facilities. 
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GROUNDWATER IMPACT ASSESSMENT FOR THE 216-Z-20 CRIB 

1.0 INTRODUCTION 

Groundwater impact assessments (GIA) for several liquid effluent 
receiving sites are required by Hanford Federal Facility Agreement and Consent 
Order (Ecology et al. 1990) (Tri-Party Agreement) milestones M-17-00A and 
M-17-008. This report assesses the impacts to groundwater from the disposal 
of effluent to the 216-Z-20 Crib in the 200 West Area. 

1.1 BACKGROUND 

In response to public comments on the original Tri-Party Agreement, and 
at the request of the signatories on the Tri-Party Agreement, the 
U.S. Department of Energy (DOE), Richland Operations Office (RL) conducted a 
study to assess the impact of liquid effluents discharged to the ground at the 
Hanford Site (Westinghouse Hanford Company [WHC] 1990a; 1990b). The 
U.S. Environmental Protection Agency (EPA) and the Washington State Department 
of Ecology (Ecology) expressed concerns regarding uncertainties in the 
evaluations made by RL. Foremost among these concerns were the lack of 
site-specific data, the need to consider interactions with adjacent liquid 
discharge facilities, and the need for more rigorous models of contaminant 
transport. As a result of these concerns, the RL, Ecology, and EPA (the three 
parties) created a series of Tri-Party Agreement milestones (M-17-00A, 
M-17-008, M-17-13, and M-17-13A) that pertain to GIAs. 

Tri-Party Agr·eement milestones M-17-00A and M-17-008 require impact 
assessments for Phase I and II waste streams. Phase I and II waste streams 
are defined in Stordeur and Flyckt (1988). The 216-Z-20 Crib received a 
higher priority Phase I waste stream classification. Tri-Party Agreement 
milestone M-17-13 required the development of a methodology for assessing the 
impact of liquid effluent discharge on groundwater, which resulted in the 
document, A Methodology for Assessing Impacts to Groundwater from Disposal of 
Liquid Effluent to the Soil at the Hanford Site (Tyler 1991). A schedule for 
performing the assessments at 13 receiving sites was completed 30 days after 
regulatory approval of the methodology document, as required by Tri-Party 
Agreement milestone M-17-13A. The 216-Z-20 Crib was among the first group of 
receiving sites identified for GIAs. 

1.2 METHODOLOGY 

Preparation of the GIA for the 216-Z-20 Crib foll owed the aforementioned 
methodology document (Tyler 1991). Included in that document is the 
categorization of each of the 13 receiving sites into 1 of 3 levels based on 
the amount of effort needed to perform the assessment. A GIA for a level 1 
receiving site relies on available information. A level 2 receiving site may 
require nonintrusive field work to verify the extent of existing 
contamination. A level 3 site may require intrusive field work. If it is 
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discovered that existing i nformat ion is inadequate through th e course of 
performing a level 1 impact assessment, the assessment may be raised to a 
level 2 or 3 assessment. 

The methodology document outlines several of the following tasks to be 
conducted as part of the GIA for level 1 receiving sites. 

• Prepare and present plan describing how the groundwater assessment 
will be conducted 

• Characterize the liquid effluent stream 

• Evaluate the site-specific hydrogeology 

• Develop a receiving si te conceptual model relevant to moisture and 
contaminant movement 

• Assess the hydrologic impact of the liquid effluent stream 

• Assess the contaminant impact of the liquid effluent stream 

• Evaluate the adequacy of the existing monitoring well network 

• Prepare a written report of the results. 

The tasks required for level 2 and 3 receiving sites are similar to those 
outlined above, but also include field work-related activities. The 
216-Z-20 Crib was categorized as a level 2 receiving site, primarily on the 
basis of past effluent discharges and the potential for preferential pathways. 

Several key assumptions inherent to all GIAs are explained in the 
methodology document and warrant summarizing here. For this impact 
assessment, the following assumptions are relevant. 

• The expected level of impact from use of the rece1v1ng site 
determines how well the chemistry, geology, and hydrology need to be 
understood. 

• Modeling sophistication is tailored to available information and the 
expected level of impact of the receiving site. 

• Historical data are fully useable. 

1.3 SITE-SPECIFIC ISSUES 

In addition to the general methodology guidance discussed above, site
specific issues identified during the public review process are addressed in 
this impact assessment. The primary issues can be summarized as follows: 

(l} The possibility that the 216-Z-20 Crib should have been designated 
as a transuranic (TRU}-contaminated soil site (i .e., when the sum of 
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the average soil concen trations of the isotopes of plutonium and 
americium exceed 100 nanocuries per gr am (nCi / g), discharge of 
wastewater to such sites is disallowed) 

(2} The potential interaction of wastewater from the crib with adjacent 
liquid waste disposal facilities containing residual carbon 
tetrachloride (CC1 4) and related wastes from past-practice waste 
disposal operations 

(3} The possible existence of preferential pathways for contaminant 
transport directly to groundwater (e.g., via the four unsealed 
groundwater monitoring wells at the 216-Z-20 Crib) . 

The TRU issue (1 above) was addressed in 1991 using previous site 
characterization data and high resolution spectral gamma logs for the four 
groundwater monitoring we lls at the 216-Z-20 Crib and it was determined that 
the 216-Z-20 Crib was not a TRU waste site. This data and associated 
conclusions are provided in Appendix C. The other two issues (2 and 3 above) 
are addressed in the main body of the report (Chapters 2.0 through 5.0) . 
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2.0 FACILITIES DESCRIPTION 

2.1 LOCATION 

The location of the 216-Z-20 Crib in relation to past-practice disposal 
facilities and their associated waste inventories, as well as previous 
effluent characteristics, are important source term factors for this GIA. 
Accordingly, the following review focuses on both past and current operations 
that have the potential for interaction with discharges from the 
216-Z-20 Crib. 

The 216- Z-20 Crib is located in the 200 West Area of the Hanford Site 
(Figures I and 2) and is situated among major chemical processing and waste 
management facilities. Effluents en t ering the 216-Z- 20 Crib come from various 
buildings located inside the fenced Pl utonium Finishing Plant (PFP), a 
protected access area, and from one nearby building. This group of buildings 
is referred to as the PFP Complex and Z Plant. The buildings include: 234-SZ 
(PFP); 236-Z (Plutonium Reclamation Facility [PRF]); 291-Z, 2736-ZB, 232-Z, 
and 242-Z (all inside the fence); and 231-Z (outside the fence) (Figure 3). 

The 234-SZ Building is a concrete and sheetmetal structure that was 
constructed originally in 1949 and has subsequently been expanded. The major 
areas of the 234-SZ Building are divided into "frontside" and "backside," with 
the latter containing the process areas and associated laboratories, or 
otherwise potentially contaminated spaces. Offices and other administrative 
areas are located throughout the building, both frontside and backside, for 
the convenience of the personnel working in these areas. Mechanical and other 
equipment rooms, safety showers, floor drains, eyewashes, and drinking 
fountains exist both frontside and backside. 

Other buildings within the PFP protected access area are considered to 
be backside areas, with the exception of 2736-ZB. The frontside of the 
2736-ZB Building consists of administrative areas. 

The major operations buildings are 234-SZ, 236-Z, 291-Z, and 2736-ZB. 
The 234-SZ Building houses the active remote mechanical "C" (RMC) line; the 
inactive remote mechanical "A" (RMA) line; the Analytical and Development 
Laboratories; and various workshops, storerooms , offices , and locker rooms. 
The 236-Z Building houses the PRF. Equipment is housed in the 291-Z Building 
to handle the ventilation exhaust from the 234-SZ, 236-Z , 232-Z, and 
242-Z Buildings. Special nuclear material storage is conducted in the 
2736-ZB Building. Buildings in layaway status are the 232-Z Incinerator 
Building and the 242-Z Waste Treatment Facility . The 231-Z Building, 
containing offices, workshops, and inactive operations cells, is located 
outside the exclusion fence for the PFP Complex protected access area . 

2.1.1 Plutonium Finishing Plant Complex 

Production operations at the PFP Complex consisted of pluton i um 
reclamation and plutonium conversion . The PRF reclaimed plutonium from 
recoverable solutions and solids . The recoverable material was treated in 
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Figure 1. Location Mao for the Hanford Si te and the 200 Areas . 
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Figure 2. Map Showing Locat ion of th e 216-Z-20 Crib in 
Relat i on t o Ad j acen t Fac iliti es in the 200 West Area. 
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various ways to produce soluble and / or leachabl e forms of pluton i um for 
recovery as plutonium nitrate. Pl utonium ni trate was received as feed and 
converted to plutonium oxide and then metal in the RMC line. 

Under normal operating conditions, none of the solutions from these 
operations contacted the 216-Z-20 Crib effluents. The vast majority of the 
effluent going to the 216-Z-20 Crib is either equipment cooling water or 
heating and ventilation steam condensate, neither of which comes into contact 
with process materials or chemicals under normal operating conditions. The 
only exception to this was the possibility of an overflow from the drains in 
the two aqueous makeup (AMU) chemical preparation areas, although there was a 
sump in each of these areas sized to hold the contents of the largest chemical 
tank. A recently completed project rerouted these drains to a catch tank , 
where any solution can be held and sampled to determine its eventual 
disposition and the room floor drains in the AMU were plugged. 

Previously no alternative to the discharge of safety-related effluents 
(e.g., cooling water) to the 216-Z-20 Crib existed. Such effluents could not 
be eliminated without serious consequences to personnel saftey. For example, 
a major portion of such effluent consists of air compressor cooling water; if 
this water is turned off, ventilation control instruments and associated 
ventilation equipment throughout the plant would cease to operate. In turn 
this would cause a loss of the carefully adjusted, staged negative pressure 
that ensures confinement of the radioactive materials within the process 
areas. Thus, it is essential that the ventilation system operates 
continuously. The air compressor and related cooling water will be 
permanently isolated from the discharge lines to the 216-Z-20 Crib by 
January 1994 when the recently constructed closed-loop cooling system is 
activated. This will contribute to a major reduction in wastewater flow to 
the crib (i.e., a reduction to approximately 23 to 45 L/min [6 to 12 gal/min] 
by January 1994). 

Effluents discharged from the PFP Complex to the 216-Z-20 Crib before 
1985 are assumed to include small concentrations of most chemicals in use at 
the plant. In 1986, Ecology imposed limits on discharges of hazardous waste. 
Subsequently, routine discharges of process and maintenance chemicals that 
exceeded those limits (Washington Administrative Code [WAC] 173-303} ceased. 

2.1.2 216-Z-20 Crib and Related Waste Streams 

The 216-Z-20 Crib was constructed and commissioned for use in 
September 1981 to dispose of wastewater previously discharged to 216-U-10 Pond 
via the 216-Z-19 Ditch. Construction of the 216-Z-20 Crib allowed the 
radioactively contaminated 216-Z-19 Ditch and 216-U-10 Pond to be 
decommissioned. 

Two liquid waste facilities were actually built. The 216-Z-20 Crib was 
designed and constructed to dispose of potentially radioactive liquid 
effluents from the 231-Z, 232-Z, 236-Z, 242-Z, 291-Z, 234-SZ, and 
2736-ZB Buildings. A seepage basin, 207-Z (later renamed 216-Z-21), was 
designed and constructed to dispose of noncontaminated water from the storm 
sewer north of the 234-SZ Building. 

9 



WHC-EP-0674 

The 216-Z-20 Crib is approx imate ly 457 m (1,500 ft) long and 
approximately 3 m (10 ft) wide in cross section at the bottom. A diagram of 
the original crib is provided in Figure 4. Gravel was used to backfill the 
crib excavation to a depth of approximately 0.8 m (2.6 ft). Perforated pipes, 
connected to the building effluent headers, were embedded in the gravel 
backfill to evenly distribute effluents throughout the crib (shown in cutaway 
view in Figure 5). A vapor barrier was placed above the gravel backfill and 
local soil was placed over the vapor barrier to make it a level surface with 
the surrounding grade. Modifications to the original design to improve 
drainage (as discussed in the following paragraph} are shown in Figures 6 
and 7. 

In early 1984, liquid-level measurements in the 216-Z-20 Crib were 
initiated. Liquid levels were discovered to be rising at a time when 
discharges to the crib were believed to be relatively constant. This trend 
suggested that the crib's infiltration capacity was being exceeded. As a 
result of an investigation into this problem, crib coring and core analysis 
were performed. The liquid-level problems were thought to be caused by 
compaction of cribbed soil caused by the use of heavy construction equipment, 
siltation of the crib, and an assumption of a much lower rate of discharge to 
the crib for design sizing calculations than the rate that was actually 
experienced. Formation of chemical precipitates was also considered as a 
contribution to the loss in infiltration capacity. In late 1987, 
30 additional vertical drainage boreholes were installed to accommodate the 
difference between the original design's assumed infiltration rate and the 
actual infiltration rate. Additionally, nonradiologically contaminated 
cooling water streams were segregated from the 216-Z-20 Crib and routed to the 
216-Z-21 (formerly 207-Z} seepage basin beginning in 1988, further reducing 
wastewater flows to the 216-Z-20 Crib. 

As noted previously, Tri-Party Agreement milestone M-17-00 is a major 
milestone, with completion scheduled for June 1995, for liquid effluent 
treatment facilities or upgrades for 19 streams being discharged to cribs on 
the Hanford Site. The PFP Complex effluent discharged to the 216-Z-20 Crib is 
1 of the 19 streams. The PFP Wastewater Treatment, Project B-680, is complete 
and is scheduled for first use in fall 1993 or early 1994. Project B-680 will 
eliminate the discharges to the 216-Z-20 Crib of those solutions with 
constituents not meeting water quality standards (WAC 173-200; WHC-CM-7-5). 
Best available technology for segregation and recycle of cooling water streams 
will be implemented with treatment of the remaining discharge streams. 
Another project, with construction completed in 1990, was Project C-035 
(AMU Installment Upgrade and Spill Containment). Although there is a sump in 
each of the AMU areas, which is sized to hold the contents of the largest 
chemical tank, Project C-035 was constructed to preclude _ the possibility of an 
overflow from the drains in the two AMU chemical preparation areas. This 
project has rerouted these drains to a catch tank, where any solution can be 
held and sampled to determine its eventual disposition. 

2.2 EFFLUENT SOURCE DESCRIPTION 

The PFP Complex effluent streams discharged to the 216-Z-20 Crib are 
produced by drinking fountains, cooling water, steam condensate, air 
conditioning condensate, chemical laboratory sinks, nonradiological laboratory 
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Figure 6. Cross Sect ion Showing Des ign Modifi cation of 
the 216-Z-20 Crib (1987). 
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Figure 7. Vertica l Dra i nage Bo reho le Lo cat ions in 
the 216-Z-20 Crib. 
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sinks in radiation zones, wound flushing stat ions, eyewash stati ons, safety 
showers, floor drains, roof drains, and storm sewers south of the 
234-SZ Building. This stream flow, its constituents, and their concentrations 
will vary depending on plant operations and seasonal changes. 

Although current processes at the PFP Complex involve recovery of 
radioactive material, the chemicals and water used for the processing are not 
released to the 216-Z-20 Crib. This material goes to another facility, and 
eventually to storage tanks. There is no process solution contact with crib 
effluents under normal operating conditions. The vast majority of the 
effluent that does go to the 216-Z-20 Crib is either equipment cooling water 
or heating and ventilation steam condensate, neither of which comes into 
contact with process materials or chemicals under normal operating conditions. 
The routine contributor streams do not contribute to the chemicals of concern 
in this report. Typically these streams are sanitary water streams with the 
same constituents as those of the supplied river water with treatment 
chemicals added . The only exception to this was the possibility of an 
overflow from the drains in the two AMU chemical preparation areas, although 
there is a sump in each of these areas sized to hold the contents of the 
largest chemical tank. Additionally, these drains were recently rerouted to a 
catch tank, where any solution can be held and sampled to determine its 
eventual disposition. 

Major chemicals historically or currently used or stored in the PFP 
Complex buildings are presented in Table 1. These chemicals are not 
necessarily discarded or eliminated in a manner that contributes to the 
effluent waste stream. Table 1 is furnished only to provide an indication of 
the available chemicals that potentially could have contributed to the waste 
stream through spills or other accidents. 

Effluent monitoring capability consists of an online alpha monitor for 
effluent radionuclide activity level, a flow-proportional grab sampler, a pH 
probe, and a flow probe. The alpha monitor and the grab sampler are in the 
2904-ZA Building (Figure 8). The pH and flow probes are near Manhole 9 in the 
2904-ZB Building (see Appendix A). 

The grab sampler draws an aliquot approximately every 7 minutes from the 
effluent stream and deposits this into a receiving vessel (a 19-L- [5-gal-] 
capacity plastic carboy). An aliquot ranging from 1 to 4 L (0.3 to 1 gal) is 
removed from the carboy during each shift and· sent to the 222-S Laboratory for 
analysis. The laboratory adds preservatives, stores the sample, and prepares 
a monthly composite for analysis. The grab sampler provides some redundancy 
to any samples taken at Manhole 9. 

The pH and flow probes both send signals to a date- and time-stamped 
paper strip chart, which records these parameters for each month. A pH alarm 
signal is sent to at least one continuously manned location. 

2.3 ADJACENT WASTE FACILITIES 

This section summarizes descriptions of waste management facilities and 
estimates of their radiological and chemical inventory in the immediate 
vicinity of the 216-Z-20 Crib. This information will be used to assess the 
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Table 1. Major Process Chemica l s Used 
in the Plutonium Finishing Plant 
and Related Z Plant Processes. 

Chemical name MSDS Number 

Aluminum nitrate 1018 

Antifoam concentrate 10329 

Carbon tetrachloride 1102 

Hydrofluoric acid 1251 

Hydrogen peroxide 1257/1742 

Hydroxylamine nitrate 1264 

Iodine 1266 

Mistron 8 (talc-powder) 14033 

Nitric acid 1384 

Oxalic acid 81 

Potassium hydroxide 114 

Potassium permanganate 1445/2055 

Sodium carbonate 223 

Sodium hydroxide 226 

Sodium nitrite 1495 

Tributyl phosphate 235 

MSDS ~ Material Safety Data Sheet. 
8Mistron is a trademark of Cyprus 

Industrial Minerals Company. 
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possible impact of recent 216-Z-2O Cr i b operations on adjacent facilities as 
well as potential effects of adjacent pas t -pract i ce waste disposal sites on 
groundwater quality near the 216-Z-2O Crib. 

2.3.1 216-U-10 Pond 

The deco11111issioned 216-U-10 Pond is located 37 m (120 ft) southwest of 
the active section of the pond's 216-U-14 Ditch. The pond was constructed in 
1944 to receive low-level liquid effluent. At its maximum extent, the ~ond 
covered affroximately 12 ha (30 acres) and received more than 1.63 x 10 1 L 
(4.3 x 10 gal) of contaminated liquid. The 216-U-1O Pond was deactivated in 
1985. After deactivation, the pond was stabilized with a minimum of 1.2 m 
(4 ft) of clean soil. The pond system consisted of two primary open-ditch 
conveyances that served the Z Plant, U Plant, and miscellaneous facilities: 
the 216-Z Ditches and the 216-U-14 Ditch (Figure 9). (Also see Figure 2 for 
locations in relation to the 216-Z-2O Crib.) 

The estimated radiological inventory for the 216-U-1O Pond includes 
8.2 kg (18 lt>J. plutonium, 1,500 kg (3,300 lb) uranium, 15.3 curies (Ci) 137Cs, 
and 22.6 Ci Sr. Radionuclides detected in U Pond sediment samoles before 
the pond was covered included 22Na 4°K, 6°Co, 85Sr, 90Sr, 106Ru, 125Sb, 134Cs, 
144ce, 154Eu, 155Eu, 234u, 23Su, 23Bu, 'BsPu, 239Pu, 240Pu, 241Am, and 226Ra 
(RHO-HS-SA-19 [Last et al. 1981]). 

The lateral extent and persistence of perched water from the large volume 
of wastewater discharged to this site are unknown. It is possible that 
lateral migration may have extended to the southern end of the 216-Z- 2O Crib. 

The groundwater mound resulting from the large volume of water discharged 
to the 216-U-10 Pond system had a major impact on the direction of groundwater 
flow and transport in the vicinity of the 216-Z-2O Crib. Today the influence 
of the residual groundwater mound is modified by the continual inputs of 
wastewater from the 216-U-14 Di tch , as well as from the 216-Z-2O Crib and the 
284-WB Powerplant Ponds. 

2.3.2 216-Z-1D Ditch 

· The 216-Z-lD Ditch is located about 152.5 m (500 ft) northwest of the 
216-U-14 Ditch. The 216-Z-lD Ditch operated from December 1944 until 
March 1959 as a liquid disposal site for Z Plant operations. Z Plant 
operations included the PFP, the Recuplex Plutonium Recovery Plant, the PRF, 
and the Waste Treatment and Americium Recovery Facility. The 216-Z-lD Ditch 
received approximately 1,000,000 L (264,173 gal) of process cooling water, 
steam condensate, and vacuum pump sealant waters from the 321-Z, 234-5Z, and 
291-Z Buildings. Wastewater from this facility drained into the 
216-U-10 Pond. The 216-Z-lD Ditch was deactivated and replaced by the 
216-Z-ll Ditch in 1959. An estimated 140 Ci of 239·~0Pu and unknown amounts 
of CC1 4 and tributyl phosphate (TBP) were released to the ditch. 
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Figure 9. The 216-U Pond System (Pre-1981 Configuration). 
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2.3.3 216-Z-11-2 Ditch 

The 216-Z-11-2 Ditch is located about 152.5 m (500 ft) northwest of the 
216-U-14 Ditch boundary. The 216-Z-11 Ditch began operations in 1959 and 
served as a replacement ditch for the 216-Z-lD Ditch . It paralleled the 
earlier ditch from a point invnediately east of the 241-Z Building to the 
216-U-10 Pond. The 216-2-11 Ditch received liquid waste from PFP operations 
until it was deactivated and replaced by the 216-Z-19 Ditch in 1971. The site 
was stabilized (i.e., backfilled and graded) when it was retired. Additional 
fill was added during the deactivation of the 216-Z-19 Ditch in 1981. The 
ditch was 798 m (2,618 ft) long, 0.6 m (2 ft) deep, and 1.2 m (4 ft) wide at 
the bottom with side slopes of 2:5:1 and 0.05% grade . 

The chemical inventory for the di tch i s reported as part of the 
216-U-10 Pond inventory (WHC 199 1). The t otal volume of l iquid processed is 
not reported. 

2.3.4 216-Z-19 Ditch 

The 216-Z-19 Ditch is about 305 m (1,000 ft) northwest of the 
216-U-14 Ditch at its closest approach. The 216-Z-19 Ditch operated from 
May 1971 until September 1981 and replaced the 216-2-11-2 Ditch as a liquid 
waste disposal site for the various PFP facilities. The ditch received 
process cooling waste and steam condensate from the 234- 5Z Building, vacuum 
pump seal water from the 291-Z Building, and cooling water from the 
231-2 Building. The total volume of liquid processed is not reported. 

An extensive soil/sediment sampling effort was conducted in ca. 1980 
that revealed high concentrations of 239Pu and 241 Am in the top 5-cm (2-in.) 
sections of cores taken from the center of the ditch at various locations 
(Last et al. 1981). The TRU releases to the ditch resulted from accidental 
spillage of aqueous product. Maximum soil concentrations found in the ditch 
were nearly 100,000 picocuries per gram (pC i/g) of 239

•
240 Pu and 29,000 pCi/g 

of 241 Am. Only trace amounts of fission products were found. The TRU 
contaminants appeared to be within the upper 30 cm (12 in.) of the soil column 
beneath and or adjacent to the ditch . Thus it is unlikely that lateral 
migration of water from the 216-Z-20 Crib, located immediately adjacent to the 
216-2-19 Ditch, could come in contact with this previous shallow contaminant 
loading of the adjacent soil column. Total inventory of plutonium within the 
ditch was estimated at several kilograms (Last et al. 1981) . 

2.3.5 216-Z Cribs (Potential Carbon Tetrachloride Sources) 

Although CCl has never been di scharged to the 216-Z-20 Crib , it is one 
of the most signi}icant groundwater contaminants in the 200 West Area 
(Johnson 1993b). Therefore, evaluation of past and continuing sources, . 
especially near the 216-Z-20 Crib, is of particular concern to this GIA. The 
following summary was excerpted from Rohay and Johnson (1991) . 

2.3.5.1 Process Description. Historically , CC1 4 was used, in mixtures with 
other organics, to recover plutonium from aqueous streams containing plutonium 
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nitrate. Solvent extract ion processes using pulse columns were used in the 
PRF and its pilot facility, the Recuplex, to recover the plutonium. 

The extraction process involved an aqueous feed containing impurities and 
plutonium entering the bottom of the column, while the dense organic stream 
entered the top. As the aqueous stream moved upward and the organic stream 
moved downward in the column, the organic phase extracted the plutonium from 
the aqueous stream. The plutonium then left the bottom of the column with the 
dense organic stream, and most of the impurities left the top of the column 
with the aqueous waste. The plutonium-rich organic phase then entered another 
extraction column, where the organic stream was stripped of its plutonium by 
another aqueous stream. Although the solvent was recycled routinely, it was 
periodically purged and discharged as waste to the soil column until 1973. 
(Release history is discussed in greater detail later in this section.) 

The organic stream in the process consisted of a mixture of CC1 4 and TBP. 
The TBP forms several complexes with the plutonium in the organic phase, thus 
extracting the plutonium from the aqueous phase. The CC1 4 was added as a 
diluent (meaning that the TBP was diluted with CC1 4 ) for several reasons: 

(1) To increase the density of the organic stream. (TBP alone has a 
density nearly equal to that of the aqueous stream; the extraction 
processes require that the aqueous and organic streams have 
significantly different densities.) 

(2) To dissolve the TBP while remaining immiscible with the aqueous 
stream. 

(3) To serve as a fire suppressant in combination with the TBP, thereby 
reducing the potential for fire in the pro_cess. 

(4) To reduce the viscosity of the TBP, thus improving mass transfer. 

CC1 4 was also used, in lesser amounts, in the americium recovery process 
as a diluent for dibutyl butyl phosphorate (DBBP) and in lubrication oil for 
machining of metal parts. 

The aqueous waste stream, characterized as a high-salt aqueous waste, was 
primarily a concentrated nitrate solution that had a pH of 1 (Kasper 1982). 
The aqueous phase was saturated with organic liquids consisting of CC1 4 , TBP, 
and DBBP; the organic content of the aqueous phase was <1%. Large quantities 
of aqueous wastes were also discharged to the soil column through the -same 
cribs that received the organic liquids described above. Some of this waste 
may have been released occasionally (accidentally) to the Z Ditches located 
immediately adjacent to the 216-Z-20 Crib. 

The chemical processes used to recover plutonium resulted in the 
production of actinide-bearing aqueous and organic waste liRuids. The primary 
radionuclide components of these liquids were 239

•
240 Pu and 24 Am. 

2.3.5.2 Recuplex Operations. The Recuplex Facility, located in the 
234-5Z Building (see Figure 2), operated from 1955 through 1962. Initially it 
was a semiworks (pilot) plant and was later used as a semiproduction 
operation. Serving as a multipurpose solvent extraction plant for plutonium 
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purification and fabrication production l ines, t he Recup l ex Facility's main 
purpose was to recover plutonium from various Z Plant streams. 

Two solvents were used for the entire period of plant operation. An 
85:15 ratio (by volume} of CC1 4 to TBP was used in the extraction and 
stripping columns for the bulk of the separations. A 50:50 ratio of CC1 4 to 
DBBP was used for batch rework of process liquids that did not meet waste 
discharge specifications because of high plutonium concentrations. 

Other ratios of CC1 4 to TBP were tested during the semiworks (pilot} 
period of operation and were used during plant operation, but 85:15 gives the 
most conservative estimate and is used for all Recuplex waste volume 
calculations in this report. 

With exposure to ionizing radiation and nitric acid, the TBP within the 
solvent would gradually degrade to dibutyl phosphate (DBP) . DBP has a much 
greater affinity for plutonium than TBP and would not work in the process 
because of its poor stripping properties. The degraded solvent was 
periodically discharged batchwise, and was replaced with fresh solvent. Each 
batch of TBP-based solvent was 200 L (53 gal). All solvent discharges were 
received by the 216-Z-9 Trench. 

Degradation products of CC1 4 include chloroform and methylene chloride. 
Breakdown products of TBP include DBP, monobutyl phosphate (MBP}, and butyl 
alcohol. 

On occasion, aqueous liquid from the primary extraction column would 
exceed the maximum allowable plutonium concentration. To reclaim plutonium, a 
batch of aqueous liquid was mixed with DBBP solution. The organic phase would 
extract most of the plutonium, leaving aqueous phases that met the waste 
discharge concentration specification. The aqueous phase was discharged, and 
the DBBP solution was stripped, providing for the recycle of plutonium to the 
Recuplex feed. The DBBP solution was then discharged to the 216-Z-9 Trench. 
Each batch of DBBP-based solvent was 100 L (26 gal). 

The DBBP solution was not retained because of the danger of mixing it 
with the TBP-based solvent. It was kept completely separate from the 
TBP-based solvent because the properties of both would be destroyed if mixed. 

Tetrachloroethylene (also called perchloroethylene) and tetrabromoethane 
were used at different times in combination with CC1 4 as a diluent for TBP or 
for cleaning agents (Smith 1973). 

2.3.5.3 PRF Operations. Recuplex operation was discontinued after a 
criticality incident in April 1962 and it was replaced in 1964 by the PRF, 
which operated until 1979 and again from 1984 through 1987. The facility is 
scheduled to resume operation sometime in 1994 to complete one operation 
campaign for the purpose of stabilizing reactive materials remaining in the 
PFP Complex. PRF is housed in the 236-Z Building (see Figure 3). 

PRF had essentially the same mission as the Recuplex and used similar but 
superior solvent extraction column technology with CC1 4/TBP as the extractant. 
An 80:20 ratio (by volume) was used. 
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Solvent degradation cont i nued t o be a probl em and degraded solvent was 
again disposed of to the soil column, this time through the 216-Z-lA Tile 
Field (1964 through 1969) and the 216-Z-18 Crib (1969 through 1973). No 
solvent was sent to cribs after May 1973 (Rohay and Johnson 1991). From 1973 
to the present, these wastes were routed to the tank farms. 

An americium recovery facility, the Waste Treatment and Americium 
Recovery Facility in the 242-Z Building (see Figure 3), was added on to the 
PRF and also began operation in 1964. The process used a 70:30 volumetric 
mixture of CC1 4 and DBBP. Between 1964 and 1970, americium was recovered by a 
batch operation. Between 1970 and 1976, this process operated as a continuous 
countercurrent solvent extraction process. The CC1 4 /DBBP mixture was 
discharged to the 216-Z-lA Tile Field from 1964 through 1969 and to the 
216-Z-18 Crib from 1969 through 1973 , both of which are located immediately 
west of the 216-Z-20 Crib (see Figure 4) . This ancillary waste treatment 
facility was operated concurrently with the PRF and was not considered a 
separate operation. 

2.3.5.4 Lubrication Oil. Another source of CC1 4 discharged to the soil 
involved a cutting oil used in Z Plant. "Fabrication oil" (a 75:25 volumetric 
mixture of CCl and lard oil) was used as a lubricant on Z Plant plutonium 
cutting and milling tools. In 1967, the composition of stored fabrication oil 
was estimated to be 50:50 volumetric mixture of CC1 4 and lard oil because of 
evaporation of CC1 4 (Appendix B of Sloat 1967}. The CC1 4 was also used to 
clean the cutting oil from the millings and work surfaces. The CCl /oil 
mixture was disposed to the same cribs used for solvent disposal until 1973 
when waste was rerouted to the tank farms. 

2.3.5.5 Liquid Waste Disposal Facilities. Recuplex- and PRF-generated wastes 
were chemically and radiologically contaminated, but they were disposed of 
based on their radiological content. The organic solvent-bearing wastes were 
classified as intermediate-level wastes and, from 1955 until 1973, were 
disposed of to the several cribs that supported Z Plant operations. 

Two types of cribs exist at Z Plant and both types received CC1 4 • The 
first type of crib is an underground chamber that received liquid wastes into 
a box-like, open-bottomed, underground structure usually made of wooden 
timbers. The second type of crib is a drain field or tile field. Not unlike 
a common septic tank drain field, these cribs lack the large open-bottomed 
chamber and, instead, introduce liquid wastes to soil through many meters of 
perforated underground pipe. Both types typically rest on a gravel bed to aid 
in rapid dispersion of liquid to soil. Particulate matter contained in the 
waste liquid would be filtered by the first few centimeters or decimeters of 
soil and, thus be effectively contained in the soils immediately beneath the 
crib. The two types of waste units were sometimes combined to provide a 
chambered crib overflowing into a drain field . 

Certain cribs were designated as specific-retention cribs, meaning that 
the pore space in the soil column below the crib was intended to hold the 
wastewater against the force of gravity because of the attractive forces 
between sediment grains and the liquid (i .e., surface tension}. In practice, 
the total volume of liquid that could be discharged to a disposal site of 
known dimensions without leakage to the groundwater was determined and 
specified before discharge to ensure that contaminants did not reach the 
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groundwater. After the specified quan tity of li qu id was t e had been 
discharged, i.e., the specific-retention capacity had been reached, the 
specific-retention crib was no longer used to receive waste. Specific
retention cribs have not been used since 1973 (Rohay and Johnson 1991). 

Z Plant disposed of liquid CC1 4-bearing solvents and associated aqueous 
wastes primarily to three waste sites from 1955 until 1973, when solvent 
discharge to soil was discontinued: (1) the 216-Z-9 Trench (a chambered 
crib}, (2) the 216-Z-lA Tile Field (specific-retention drain field}, and 
(3) the 216-Z-18 Crib (specific-retention drain field}. A small volume of 
CC1 4 may have been discharged to other sites (e.g., 216-Z-l and 216-Z-2 Cribs, 
216-Z-12 Crib, 216-Z-19 Ditch}. 

2.3.5.5.1 216-Z-9 Trench. The 216-Z-9 Trench operated from 1955 through 
1962 to receive all solvent and aqueous wastes discharged to soil by the 
Recuplex Facility. No other cribs were used for this purpose. Furthermore, 
the 216-Z-9 Trench only received wastes from the Recuplex Facility. 

The 216-Z-9 Trench is an enclosed earthen trench, located about 215 m 
(705 ft} east of the 234-52 Building and about 150 m (492 ft} south of 
19th Street. The base of the trench is an 18.3- by 9.1-m (60- by 30-ft} 
excavation, and is 6.1 m (20 ft} deep. The surface is a 36 .5- by 27.4- by 
0.23-m- (120- by 90- by 0.75-ft-) thick concrete trench cover at ground level. 
Waste was transferred by gravity through one of two 3.8-cm (1.5-in.) stainless 
steel lines that entered the trench about 5 m (16 ft) above its bottom. The 
concrete pad is supported by six, 7-m- (23-ft-) tall concrete columns 
(Ludowise 1978; Owens 1981; WHC 1991a). 

Because of the high salt content and acidic nature of the Recuplex 
wastes, considerable gassing and soil plugging were expected when the wastes 
contacted the soil. As a result, the enclosed trench volume and active floor 
area were designed to handle the slow percolation rates of the wastes. 
However, the 216-Z-9 Trench was not designed as a specific-retention facility 
(Brown et al. 1990). 

2.3.5.5.2 216-Z-lA Tile Field. The 216-Z-lA Tile Field was constructed 
in 1949 and was used between 1949 and 1959 to receive overflow liquid waste 
from three adjacent cribs (216-Z-l, 216-Z-2, and 216-Z-3). The waste stream 
consisted of basic (pH 8 to 10) process waste and analytical and development 
laboratory waste from Z Plant via the 241-Z Settling Tank. Disposal to these 
facilities ceased in 1959. However, in 1964, the 216-Z-lA Tile Field was 
reactivated to receive aqueous and organic waste from the PRF in the 
236-Z Building and the 242-Z Waste Treatment and Americium Recovery Building. 
This waste stream was routed directly to the tile field. 

Between 1964 and 1969, the tile field was divided into three operational 
sections (Z-lM, Z-lAB, Z-lAC} to preclude waste buildup at the northern end 
of the field. This tile field was designed and operated as a specific
retention facility. No other facility received PRF wastes from 1964 through 
1969 except on two brief occasions while modifications were being made to the 
tile field effluent piping and PRF wastes were discharged to the 216-Z-l and 
216-Z-2 Cribs. 
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The 216-Z-lA Tile Fiel d i s a drain ·fi eld located about 150 m (492 ft) 
south of the 234-5Z Building and about 300 m (984 ft) west of Camden Avenue 
(Figure 10). The tile field has surface dimensions of approximately 60 by 
110 m (197 by 361 ft}. The side walls of the 5.8-m- (19 ft-) deep excavation 
were sloped inward, resulting in a floor dimension for the facility of 
approximately 35 by 84 m (115 by 276 ft}. The floor of the excavation was 
covered by a 1.2-m- (4-ft-} thick cobble layer with a minimum north-to-south 
surface slope of 1%. A herringbone pattern of 20-cm- (8-in.-} diameter pipe, 
composed of a 79-m- (259-ft-} long, north-southcentral distributor pipe and 
seven pairs of 21-m- (69-ft-} long laterals, was placed on this cobble layer. 
The 30- by 79-m (98- by 259-ft) rectangular area covered by the piping system 
was then overlain with 15 cm (6 in.) of cobbles and 1.5 m (5 ft) of sand and 
gravel. A sheet of 0.05-cm- (0.02-in.-) thick polyethylene covered by 30 cm 
(12 in.) of sand and gravel was also added to the facility. Effluent piping 
in the 216-Z-lA Tile Field is vi tr i f i ed clay pipe. The central distributor 
pipe is a continuous line, without perforations; the laterals are divided into 
0.3-m- (1-ft-} long segments. A 5-cm- (2-in.-) diameter stainless steel pipe 
was added inside the central distributor clay pipe as the field was modified 
into three operational sections (Price et al. 1979; Owens 1981) . The tile 
field has not been backfilled; the surface remains about 2.5 m (8.2 ft} below 
grade. 

The 216-Z-l and 216-Z-2 Cribs received PRF aqueous and organic wastes for 
a few weeks in 1966 and again in 1967 while modifications were being made to 
the 216-Z-lA Tile Field. The cribs are located immediately north of the 
216-Z-lA Tile Field. They are wooden box structures arranged in a north-south 
line. Each crib is 3.7 by 3.7 by 4.3 m (12 by 12 by 14 ft) high, constructed 
of 15- by 15-cm (6- by 6-in.} timbers, and has a open bottom. Each box stands 
in a 4.3-m (14-ft} square by 6.4-m- (21-ft-} deep, backfilled excavation. By 
design, the 216-Z-2 Crib overflowed into the 216-Z-l Crib, which in turn 
overflowed into the tile field (WHC 1991a}. 

2.3.5.5.3 216-Z-18 Crib. The 216-Z-18 Crib op~rated from 1969 through 
1973, receiving PRF aqueous and organic wastes as a replacement for the 
216-Z-lA Tile Field. The 216-Z-18 Crib is a drain field-type crib located 
southwest of the 216-Z-lA Crib and about 300 m (984 ft} south of the 
234-5Z Building. It consists of five parallel, north-south-oriented 
excavations, each 63 by 3 m (207 by 10 ft), ranging from 4.5 to 5.5 m (15 to 
18 ft} deep. A 91-m- (298-ft-) long, 7.6-cm- (3-in.-) diameter steel pipe 
runs east and west, bisecting the length of each excavation. ·Two 30-m
(98-ft-} long, 7.6-cm- (3-in.-} diameter, perforated , fiberglass-reinforced, 
epoxy pipes exit each side of the steel pipe in each excavation (two lines 
north and two lines south}. These distribution lines are 0.3 m (1 ft} above 
the crib bottom in a 0.6-m- (2-ft-} thick bed of 3.8 to 7.6 cm (1.5 to 3 in.) 
of gravel. The gravel is covered by a membrane barrier overlain by 
approximately 15 cm (6 in . ) of sand. The excavations are backfilled to grade . 
The westernmost of the five trenches was never used (WHC 1991a} . This crib 
was designed and operated as a specific- retention facility. 

2.3.5 . 5.4 216-Z-12 Crib. Located near the northwest corner of the 
216-Z-18 Crib, the 216-Z-12 Crib received analytical and development 
laboratory waste from the 234-5Z Building from 1959 through 1973. The 
contribution from the Development and Analytical Laboratories constituted 
approximately 8% of the total monthly input to the crib . Although little 
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Figure 10. Location of Current Wastewater Discharge Sites 
in Relation to Past-Practice Carbon Tetrachloride 

Disposal Facilities. 
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information is available on the nature of this waste, it is assumed to be 
representative of the nature of experimental and analyti cal work done dur i ng 
that time period. Most of the development work would have been related to 
studies of separation processes in support of Z Plant operations and probably 
involved nitrate solutions and organic phases containing CC1 4 • Bulk organics 
were collected and disposed of in batches to the CC1 4 disposal sites (216-Z-9, 
216-Z-lA, or 216-Z-18 Cribs). Thus only a small volume of organics would have 
been discarded to the 216-Z-12 Crib (Kasper 1981). 

As previously noted, the 216-Z-19 Ditch was used to convey process 
cooling water and steam condensate from the 234-SZ Building to the 
216-U-10 Pond from 1971 through 1981. Apparently CC1 4 was also occasionally 
or accidentally released to this ditch (Rohay and Johnson 1991). 

2.3.6 Waste Inventories 

The following estimates of the volumes and quantities of various liquids · 
and contaminants discharged to the three principal CC1 4 disposal facilities 
are based on existing documentation, eye witness descriptions, and process 
knowledge (Rohay and Johnson 1991) . A total of 363,000 to 580,000 L 
(95,832 to 153,120 gal) of CCli is estimated to have been discharged to the 
soil column between 1955 and 1973 (Table 2). 

It is significant to note that less than 1% of the above inventory is 
accounted for as a dissolved phase in the widespread groundwater CC1 4 plume 
beneath the 200 West Area. Thus, a very small fraction of the total 
discharged to the soil column can cause widespread groundwater contamination. 
A major soil remediation project has been underway since 1991 to mitigate the 
potentially continuing contamination of local groundwater from this source. 

2.3.7 Miscellaneous Waste Streams 

Other noncontaminated water sources that may have an indirect impact on 
local area groundwater include the septic systems and sanitary drain fields 
located north of the 216-Z-20 Crib (see Figure 10). The significance of water 
sources in this area is that absorption of CC1 4 vapor, emanating from residual 
liquid-phase CC1 4 in the soil column beneath the cribs previously described, 
may serve as an indirect source of groundwater contamination. Thus, even 
though CC1 4 and related organics may not have been discharged to the 
216-Z-20 Crib, the wastewater may absorb the volatile organics from adjacent 
facilities and result in a secondary groundwater contamination pathway. The 
existence of other sources of water near the 216-Z-20 Crib (see Figure 10) may 
be even larger potential contributors to this hypothetical pathway because of 
their proximity to higher soil vapor CC1 4 concentrations. 
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Table 2. Transuran i c and Carbon Tetrac hloride Inventories 
for Major Adjacent Past-Practice Disposal Facilities. 

Contaminant 216-Z-9 216-Z-lAa 216-Z-18 

Carbon tetrachloride (L) 83,000 to 170,QQQb 110,000 
300,000 

Plutonium (kg) 106c 57 23 

Americium (kg) 2.5 1 -0.4 

Total liquid (L) 4.09 E+06 5.2 E+06 3.86 E+06 

Period of use 1955 1964 , 1969 
through through through 

1962 1969 1973 
8 From 1949 through 1959, the 216-Z-lA Tile Fi eld received 

approximately 1 E+06 L of slightly basic, aqueous· waste via 
overflow from associated 216-Z-l, -2, and -3 Cribs before 
disposal of PRF waste (Price et al. 1979). From 1964 through 
1969, Plutonium Reclamation Facility wastes were discharged 
directly to the 216-Z-lA Crib. 

blncludes fabrication oil. 
c58 kg were later removed (Ludowise 1978). 
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3.0 EFFLUENT CHARACTERISTICS 

The primary focus of this section is on physical and chemical 
characteristics of wastewater discharged to the 216-Z-20 Crib from 1981 to the 
present. Past operating conditions are of interest for assessing the status 
of contaminants stored on the soil column beneath the crib and the likelihood 
of additional downward migration in response to additional or future 
wastewater dispoial {addressed in Section 5.0}. 

3.1 DISCHARGE VOLUMES AND FLOW REGIME 

Average flow rates, total volume, and related effluent characteristics 
are summarized in Table 3. The variat i on in flow rates of the waste stream 
discharged to the 216-Z-20 Crib and liquid effluent-related events history are 
summarized in Figure 11. The maximum flow rates shown in Figure 11 during the 
1984 to 1986 period occurred during major PRF campaigns. 

Table 3. Effluent Stream Description, Plutonium Finishing Plant Wastewater . 

Total volume of effluent discharged to 
subject receiving site 

Average effluent discharge rate, by 
operating mode {Jensen 1990, 
WHC-EP-0342, Addendum 8} 

Current average effluent discharge rate 
{9/93} 

Effluent designation (Jensen 1990, 
WHC-EP-0342, Addendum 8) 

Effluent status 

PRF z Plutonium Reclamation Facility. 
RMC a remote mechanical "C" (line}. 

4.05 E+09 L from 9/81 to 9/93 

PRF: 15.9 L/sec8 

RMC: 10.2 L/sec8 

Other: 9 L/sec 
{before 1990} 

3 L/sec 

Nondangerous, radioactive 

Active; mode is not PRF nor RMC, 
i.e . , "other" discharging to 
216-Z-20 Crib 

•unpublished data, source is plant operating personnel . 
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The decl ine in was t ewat er discharges to the 216-Z-20 Crib after 
January 1986 were in part due t o reduced in f ilt rat ion capac ity of the crib . 
The loss in infiltration capacity that occurred abruptly in January 1986 
{Figure 12) as evidenced by the sharp increase in water levels in the crib 
risers, appeared to be related to a rapid change in operating conditions. For 
example, correlation with chemical releases {caustic tank rinsate disposal) 
during this same period suggested that formation of chemical precipitates 
decreased the porosity of the underlying soil. Consequently, flow rates were 
reduced significantly after 1986. The reduced infiltration capacity requ i red 
rerouting of some of the wastewater {storm drains; heating, ventilation, and 
air conditioning [HVAC] water; etc.) to a new crib {216-Z-21) . 

3.2 EFFLUENT CONSTITUENTS, QUANTITIES AND 
OPERATIONAL FACTORS 

As indicated in Figure 11, both chemical and radioactive wastes were 
released to the 216-Z-20 Crib as a result of spills and operational releases. 
Before 1986 process chemical transfer tank rinsates were discharged to the 
storm sewer that was connected to the drain system routed to the crib. No 
record of these releases is available, however, it can be assumed that small 
quantities of all the major process makeup chemicals listed in Table 1 were 
included in tank rinsates. Accidental releases of nitric acid also occurred, 
the largest of which involved 3,447 kg (7,600 lb) in 1984 . 

The most significant contaminant loading to the 216-Z-20 Crib involved 
accidental releas~ of TRUs (plutonium and americium). A total of 1 Ci of 
~

1Am and 2 Ci of 9Pu was released t6 the crib, which resulted from 
contamination of process vessel cooling water in 1985 {Figure 13). Secondary 
coolant loops have been installed to prevent any recurrence of this type of 
accidental release. 

A summary of key constituents previously identified in the PFP and 
related waste streams discharged t o the 216-Z- 20 Crib are shown in Table 4. 
This listing provides an indication of the types and maximum concentrations of 
known chemical and radioactive constituents discharged to the crib in the past 
during the operating modes indicated. These include {l) during operation of 
the PRF, {2) during operation of the RMC line, and (3) operations where 
neither the PRF nor RMC line were active, referred to as "other . " Loading 
rate estimates for various constituents are shown in Table 5 and estimated 
total quantities are listed in Table 6. 

Effluent chemical and radiological data for the time period of 1986 
through 1993 are summarized in Tables 7 and 8, respectively . 
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Detection Detection/ Sample 
Key constituents concentration 1 imit8 analyses (90% c1•> 

08/87 to 9/87, During PRF 
Acetone 10 1/4 420 
Aluminum NA 2/4 320 

09/85 to 08/88, During RMC 
Acetone 10 2/9 
Aluminum NA 4/9 

04/86 to 06/87, During 
Acetone 10 
Aluminum NA 

1976 to 
Cobalt-60 60 
Strontium-90 30 
Cesium- 134 80 
Cesium- 137 80 
Americ i um-241 40 
Plutonium- 241 NA 
Plutonium-238 NA 
Uranium (isotopes)c 20 
Plutonium-239 50 

Cl= conf1dence interval. 
NA= not available. 
ND= not detected. 

2/4 
4/4 

1988, During 
2/NA 

27/NA 
2/NA 

27/NA 
7/NA 

47/NA 
9/NA 
1/NA 

97/NA 

470 
320 

other mode 
1,100 
230 

all modes 11 

4,300 
2,600 
16,000 
4,100 
2,000 
3,200 

37 
110 
340 

93 I 301·t~ .. 4081' 

Detection Detection/ Sample 
concentration limit• analyses (90% c1•> 

10/89 to 03/90, During PRF 

No data 

10/89 to 03/90, During RMC 

No data 

10/89 to 03/90, During other mode 
10 1/4 13 
NA ND ND 

10/89 to 03/90, During other mode 
1 ND ND 

0 .1 2/2 0.7 
NA ND ND 
1 1/2 2 

0.001 3/3 2 
0.001 ND ND 
0.001 3/3 0.4 

NA 3/3 0.4d 
0.001 3/3 15 

PRF = Plutonium Reclamation Facility . 
RMC = remote mechanical "C" (line) . 

8 Units : chemical--parts per billion; radionuclides--picocurie per liter. 
bDisposal of effluent to the 216-Z-20 Crib began in 1981; thus, this data set includes some samples 

taken before 1981. 
curanium-234 Group A guideline used as the most restrictive for determination of key constituents. 
dConsists of 0.22 pCi/L uranium-234 and 0.18 pCi/L uranium-238 . 
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Table 5. Lo ad ing Rates to the 216-Z-20 Cri b 
(Nonoperating Mode). (2 sheets) 

Flow rate= 2.33 E+07 L/month 

Constituent kg/L8 kg/monthb 

Barium 2.82 E-08 6.57 E-01 

Boron 1.50 E-08 3.49 E-01 

Ca lei um 1.80 E-05 4.19 E+02 

Chloride 2.53 E-06 5.89 E+Ol 

Copper 1.30 E-08 3. 03 E-01 

Fluoride 1.35 E-07 3.14 E+OO 

Iron 7.27 E-08 1.69 E+OO 

Magnesium 4.28 E-06 9.97 E+Ol 

Mercury 2.75 E-10 6.40 E-03 

Potassium 7.16 E-07 1. 67 E+Ol 

Silicon 2.00 E-06 4. 66 . E+Ol 

Sodium 2.00 E-06 4.66 E+Ol 

Strontium 9.07 E-08 2.11 E+OO 

Sulfate 1.31 E-05 3.05 E+02 

Uranium 3.84 E-10 8.94 E-03 

Zi nc 1.45 E-08 3.38 E-01 

Acetone 1.12 E-08 2.61 E-01 

Caffeine 9.00 E-09 2 .10 E-01 

Decane 8.00 E-09 1.86 E-01 

Tetrachloromethane 5.00 E-09 1.16 E-01 

Trichloromethane 2.05 E-08 4.77 E-01 

Unknown 6.50 E-08 1.51 E+OO 

Unknown aliphatic HC 1.00 E-08 2.33 E-01 

Unknown hydrocarbon 5.00 E-09 1.16 E-01 

Alpha activity8 8.35 E-12 1.94 E-04 

Total dissolved solids 6.85 E-05 1.59 E+03 

Total organic carbon 1.00 E-06 2.33 E+Ol 
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Table 5. Load i ng Rat es to th e 216-Z- 20 Cr i b 
(Nonoperating Mode ). (2 sheets) 

Flow rate= 2.33 E+07 L/month 

Constituent kg/La kg/monthb 

Total carbon 1.36 E-05 3 .17 E+02 

Total organic halogen (as 1.49 E-07 3.47 E+OO 
chloride) 

Americium-241 8 1.29 E-12 3.00 E-05 

Cesium-1378 7. 73 E-13 1.80 E-05 

Plutonium-2388 3.22 E-13 7.50 E- 06 

Plutonium-239,2408 8. 66 E-12 2.02 E-04 

Radium total 8 2.15 E-13 5.01 E-06 

Strontium-908 3.35 E-13 7.80 E-06 

Uranium-2348 1. 57 E-13 3.66 E-06 

Uranium-2388 1.48 E-13 3.45 E-06 

Notes: 
Data collected from October 1989 through March 1990. 
Flow rate is the average of rates from the Plutonium 

Finishing Plant Wastewater Stream-Specific Report 
(Jensen 1990, Addendum 8) . 

Constituent concentrations are average values from the 
statistics in the Plutonium Finishing Plant Wastewater 
Stream-Specific Report (Jensen 1990 , Addendum 8). 

Concentration units of f l agged (8
) cons t ituents are 

reported as curies per l iter . 
Loading units of flagged (b) constituents are reported 

as curies per month. 
HC = Hydrocarbon . 
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Table 6. Inventory of Contaminants Discharged to the 216-Z-20 Crib. 

These values are decayed through: December 31, 1988* 
Site Name: 216-Z-20 Crib 

Chemical Curies Chemical Curies Chemical Curies 

H-3 -- Ru-103 -- Th-232 --
C-14 -- Ru-106 0.00021 U-233 --
Na-22 -- Sn-113 -- U-234 --
Mn-54 -- Sb-125 -- U-235 --
Co-58 -- 1-129 -- U-238 --

Fe-59 -- Cs-134 -- Np-237 --

Co-60 -- Cs-137 0.06720 Pu-238 0.00889 

Ni-63 -- Ce-141 -- Pu-239 0.69000 

Kr-85 -- Ce-144 -- Pu-240 --
Sr-90 0.05930 Pr-144 -- Pu-241 2.57000 

Y-91 -- Pm-147 -- Pu-242 --
Nb-95 -- Eu-152 -- Am-241 0.99600 

Zr-95 -- Eu-154 -- Am-243 --
Tc-99 -- Eu-155 -- Cm-245 --

Total reported alpha: 2.22000 Ci 
Total reported beta: 0.37700 Ci 

*As reported in the Waste Information Data System, Westinghouse 
Hanford Company, Richland, Washington. 
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Table 7. Summary of Radiolog ical and Chemical Con,stituent Concentrations in 
Effluent Discharged to the 216-Z-20 Crib (1986 through 1993). (2 sheets) 

Plutonium Finishing Plant wastewater (units in ppb 
Constituent unless otherwise noted) 

1986 1987 1988 1989 1990 1992 1993 
Aluminum 210 170 -- <150 <150 290 145 

Barium 25 32 -- 28 28 -- 31 
Boron -- -- -- 11 16 -- --
Calcium 18,000 16,000 -- 18,000 18,000 20,000 23,133 
Chloride 2,700 4,900 -- 2,700 2,500 2,100 2,300 
Copper 23 20 -- 18 14 -- 13 
Fluoride <500 <500 -- 140 130 -- <500 
Iron <50.0 <SO .O -- 84 89 -- ·79 

Lead 5.5 <5.0 -- <5.0 <5.0 -- 6.2 
Magnesium 4,100 4,000 -- 4,000 4,400 -- 5,357 
Manganese 11 <5.0 -- <5.0 <5.0 -- 4.5 
Mercury 0.10 <0.10 -- <0.10 0.45 -- <0.10 
Nitrate 970 <500 -- <500 <500 700 190 
Potassium 1,700 750 -- 710 720 -- 877 
Silicon -- -- -- 2,100 2,000 -- --
Sodium 2,400 2,300 -- 2,000 2,000 -- 2,360 
Strontium <300 <300 -- 89 91 -- --
Sulfate 13 , 000 15 , 000 -- 12,000 13,000 13,000 16,000 
Uranium 0.58 0.15 -- 0.36 0.39 -- --
Zinc 32 20 -- 17 14 -- 21 
Acetone 340 -- -- 15 <10 -- ND 
Ammonia 70 <50 -- <50 <50 -- --
Caffeine -- -- -- -- 9 -- --
Decane -- -- -- -- 8 -- ND 
Carbon tetrachloride -- -- -- -- 5 -- ND 
Chloroform 31 45 -- 28 18 31 27 
Methylene chloride -- -- -- -- -- -- 2 
Arsenic -- -- -- -- -- -- <2.5 
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Table 7. Summary of Radiological and Chemical Constituent Concentrations in 
Effluent Discharged to the 216-Z-20 Crib (1986 through 1993). (2 sheets) 

Plutonium Finishing Plant wastewater (units 
Constituent unless otherwise noted) 

1986 1987 1988 1989 1990 1992 
Alkalinity -- -- -- 52,000 54,000 57,000 
Gross alpha (pCi/L) 22 6.4 -- 3.0 11 3.8 + 

1.2 
Gross beta (pCi/L) 6.8 0.98 -- <0.57 <1.2 1.7 + 

1.2 
Specific conductivity 100 130 -- 150 150 130 
(µs) 
lgnitability ·(°C) -- -- -- 210 210 --

pH 7.2 5.54 -- 8 6.89 7.50 
Total dissolved solids -- -- -- 62,000 71,000 90,000 

Temperature (°F) 26.8 26.1 -- 19.0 16.7 --
Total organic carbon 1,900 1,500 -- <1,000 1,100 --
Total carbon -- -- -- 14,000 13,000 --
Total organic halogen 200 250 -- 200 100 --
(as chloride) 
Am-241 (pCi/L) -- -- -- 0.37 1.8 --
Cs-137 (pCi/L) -- -- -- -- 1.0 --
Pu-238 (pCi/L) -- -- -- 0.25 0.36 2.0 + 

0 .16 

Pu-239/240 (pCi/L) -- -- -- 2.5 12 5.9 + 
0.43 

Pu-241 (pCi/L) -- -- -- -- -- 2.2 ± 
15 

Radium total (pCi/L) -- -- -- -- 0.35 --
Sr-90 (pC i /L) -- -- -- 0.21 0.47 4.9 ± 

0.65 
U-234 (pC i/ L) -- -- -- 0.0098 0 . 19 --
U-238 (pC i /L) -- -- -- 0 .13 0 .16 --

ND= Not detected. 
ppb = Parts per billion. 
Notes: (1) When multiple values were available the average was 

reported. 

in ppb 

1993 
50,200 
6.03 

1.04 

151 

--
7.5 

70,500 

--
--
--
--

0.6 
ND 
0.2 

3.7 

0.7 

ND 

0.32 

--
--

(2) 1992 and 1993 sampling data consisted of the Appendix IX 
(40 CFR 264) list for semi-volatile organics, volatile 
organics, organophosphate pesticides, and chlorinated 
herbicides; only detected constitutents were reported. 
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Table 8. Plutonium Finishing Plant Wastewater Radioanalytical 
Results for August 27, 1992. 

Nuclide (pCi/L) 
Radiochemistry (samples collected 8-27-92) 

92081685-004 92081685-005 92081685-008 

Sr-90 <0.70 <1.0 <1.0 

Sr-90 6.5 ± 0.45 1. 9 + 0.87 6. 2 ± 0. 62 

Be-7 <80 <90 <70 

K-40 <90 <90 <90 

Mn-54 <5.0 <7.0 <6.0 

Co-58 <7.0 <8.0 <9.0 

Fe-59 <20 <20 <21 

Co-60 <6.0 <8.0 <6.0 

Zn-65 <10 <20 <10 

Zr-95 <10 <9.0 <8.0 

Ru-103 <10 <10 <10 

Ru-106 <50 <70 <60 

1-131 <100 <100 <100 

Cs-134 <6.0 <7.0 <6.0 

Cs-137 <7.0 <9.0 <7.0 

Ba-140 <50 <50 <30 

Ce-141 <20 <30 <20 

Ce-144 <50 <70 <50 

Eu-152 <20 <20 <20 

Eu-154 <20 <20 <20 

Eu-155 <20 <40 <20 
Ra-226 <100 <200 <100 
Th-228 <10 <20 <10 
Th-234 <200 <200 <100 

Pu-238 2.0 ±0.16 <0.10 <0.30 

Pu-239 2.6 ±0.5 9.1 +0.35 <0.30 

Pu-241 <20 <20 3 .4 + 22 

Pu-238 <0.10 3.8 + 0.098 2. 2 + 0. 26 
Pu-239 <0.10 <0.20 2.5 ±0.17 
Pu-241 2.1 ± 14 2.2 ± 15 <30 
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4.0 CONCEPTUAL MODEL OF HYDROLOGIC RESPONSE 
AND CONTAMINANT MIGRATION 

A conceptual model of wastewater-contaminant behavior and hydrologic 
impacts requires consideration of the subregional stratigraphic and 
geohydrologic setting as well as the setting in the immediate vicinity of the 
disposal site. Accordingly, the following sections briefly describe the 
regional setting followed by a description of the 200 West Area and disposal 
site geohydrology. This information, together with the physical and chemical 
effluent data arid related operational factors previously discussed, are then 
synthesized into an overall conceptual model of contaminant migration 
associated with wastewater discharges from the 216-Z-20 Crib. The conceptual 
model so derived serves as t he "working hypot hesis" for the impact assessment 
and evaluation presented in Section 5.0. 

~ - 4.1 HYDROGEOLOGIC FRAMEWORK 
• ::= 

~ 

~ 4.1.1 Reg;onal and Hanford s;te Geology -i::Y:i' 
en- The Hanford Site is located in the Pasco Basin, a broad alluvial basin 

within the Columbia Plateau (Figure 14). The geology and hydrology of the 
Pasco Basin and Hanford Site have been discussed in numerous reports (i.e., 
Delaney et al. 1991; DOE 1987; DOE 1988; Gephart et al. 1979; Lindsey 1991; 
Myers et al. 1979; Myers and Price 1981; and Reidel and Hooper 1989). The 
reader is referred to these reports for detailed descfiptions. 

The geohydrology of the 200 West Area has been the subject of much study 
and many reports over the past several decades (i.e., Gephart et al. 1979; 
Graham et al. 1981; Myers et al. 1979; Myers and Price 1981; Routson and 
Johnson 1990; and Tallman et al. 1979). The most recent work on the 200 West 
Area geology is by Lindsey et al . (1991). 

The 200 Areas lie on the north limb of the Cold Creek syncline. The 
uppermost flow of the Columbia River Basalt Group (CRBG) is the Elephant 
Mountain Member (Figure 15). The suprabasalt stratigraphy consists of the 
Ringold Formation, the Plio-Pleistocene unit, the early "Palouse" soil, and 
the Hanford formation . 

The hydrogeology of the Hanford Site is characterized by a multiaquifer 
system that consists of four hydrogeologic units that correspond to the upper 
three formations of the CRBG (Grande Ronde Basalt, Wanapum Basalt, and Saddle 
Mountains Basalt) and the suprabasalt sediments (see Figure 15). The basalt 
aquifers consist of the CRBG and relatively minor amounts of intercalated 
fluvial and volcaniclastic sediments of the Ellensburg Formation . The 
uppermost aquifer system, the unconfined aquifer, consists of fluvial, 
lacustrine, and glaciofluvial sediments. This aquifer is contained largely 
within the Ringold Formation and the Hanford formation. 
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Generalized Geologic Map of the 
Basin and the Hanford Site. 
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Figure 15. Stratigraphic Nomenc l ature 
for the Hanford Site. 
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The base of the uppermos t aq uifer syst em is defined as the top of the 
uppermost basalt flow. However, fine-grained overbank and lacustrine deposits 
in the Ringold Formation locally form confining layers for Ringold fluvial 
gravels underlying unit E (Figure 16). The uppermost aquifer system is 
bounded laterally by anticlinal basalt ridges and is approximately 152.4 m 
(500 ft) thick near the center of the Pasco Basin. 

Sources of natural recharge to the uppermost aquifer system are rainfall 
and runoff from the higher bordering elevations, water infiltrating from small 
ephemeral streams, and river water along influent reaches of the Yakima and 
Columbia Rivers. The movement of precipitation through the unsaturated 
(vadose) zone has been studied at several locations on the Hanford Site 
(Gee 1987; Rockhold et al. 1988; Routson and Johnson 1990). Conclusions from 
these studies vary. Gee (1987) and Routson and Johnson (1990) concluded that 
little if any downward percolation of precipitation occurs at undisturbed 
sites ~on the 200 Area Plateau where the sediments are layered and vary in 
texture, and that moisture penetrating the soil is removed by 
evapotranspiration. These earlier conclusions have been confirmed more 
recently by Murphy (1992) who used meteoric chloride mass balance methods that 
suggest a long-term average net infiltration of <l mm/yr (<0.04 in/yr) at an 
undisturbed site west of the 200 West Area. 

4.1.2 200 West Area Hydrogeology 

The main near-surface hydrostratigraphic units in the 200 West Area and 
216-2-20 Crib are (1) the Rattlesnake Ridge interbed, (2) the Elephant 
Mountain Member, (3) the Ringold Formation, (4) the Plio-Pleistocene unit and 
early "Palouse" soil, and (5) the Hanford formation (see Figures 15 and 16). 

The uppermost regionally extensive aquifer beneath the 200 West Area 
consists of the Rattlesnake Ridge interbed, the overlying flow bottom of the 
Elephant Mountain Member, and the underlying flow top of the Pomona Mountain 
Member. The Rattlesnake Ridge interbed consists of a clayey basalt 
conglomerate, an epiblastic fluvial-floodplain unit, an airfall tuff, and a 
tuffite derived from fluvial reworking of the tuff and detrital sediments 
(Graham et al. 1984; Reidel and Fecht 1981). The interbed is 15.2 to 25 m 
(50 to 82 ft) thick beneath the 200 West Area, and generally thickens toward 
the west (Reidel and Fecht 1981). Recharge to the Rattlesnake Ridge interbed 
aquifer occurs in the higher elevations surrounding the Pasco Basin to the 
west, north, and northeast. The flow of groundwater generally is toward the 
northeast beneath the 200 West Area (Figure 17) and west to west-northwest 
beneath the 200 East Area. Graham et al. (1981; 1984) reported transmissivity 
values of 2.4 to 355.1 m2/day (26 to 3,821 ft2/day) over the entire thickness 
of the aquifer. 

Beneath the 200 West Area the Rattlesnake Ridge interbed aquifer is 
separated from the overlying uppermost aquifer system by the Elephant Mountain 
Member. The Elephant Mountain Member is up to 35 m (115 ft) thick, and 
divided into two flow units separated by an interflow zone approximately 0.9 m 
(3 ft) thick that consists of interconnected vesicles and rubble zones 
(Reidel and Fecht 1981). 
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Figure 16. Hanford Site Stratigraphy Showing 
the Relationsh i p Between Un i ts . 
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Figure 17. Locat i on of Was t ewat er . Disposal 
Sites on the Hanford Site. 
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The uppermost aqu ifer system in the 200 West Area occurs primarily within 
the sediments of the Ringold Formation and the Hanford formatio n. The upper 
aquifer is contained within the Ringold Formation and displays unconfined to 
locally confined or semiconfined conditions. The depth to groundwater in the 
upper aquifer underlying the former 216-U-10 Pond System (U Pond) in 200 West 
Area (see Figure 17) is approximately 57.9 m (190 ft). The saturated 
thickness of the unconfined aquifer is approximately 67.2 to 112.2 m (220 to 
368 ft) in the 200 West Area. 

The lower part of the upper aquifer system consists of Ringold unit A, 
and generally is confined by fine-grained sediments of the lower mud sequence 
(see Figure 16). The thickness of this confined zone ranges from greater than 
15.2 m (50 ft) in the southern portion of the 200 West Area near the 
216-U-17 Crib, to less than 6.1 m (20 ft) beneath the northern portion of 
200 West Area (Last et al . 1989). The lower mud sequence is absent in the 
northern portion of 200 West Area, and a single, undifferentiated gravel 
sequence consisting of unit A and the overlying deposits of unit Eis found. 
In this area it is not possible to hydraulically differentiate units A from· E. 
The confining zone overlying unit A is up to 21.3 m (70 ft) thick below the 
western section of 200 West Area before pinching out in the eastern section of 
the 200 West Area. A mean hydraulic conductivity of 1.6 x 10-5 m/day 
(5.19 x IO~ ft/day) has been obtained from permeameter testing of core 
samples from the top of the unit (Last et al. 1989). The upper part of the 
uppermost aquifer system in the 200 West Area is contained mostly within the 
fluvial gravel of unit E. Unit Eis more than 76.2 m (250 ft) thick in this 
area. Hydraulic conductivities of this unit range from 0.2 to 61 m/day 
(0.6 to 200 ft/day) (Last et al. 1989). 

The vadose zone beneath the 200 West Area extends for approximately 
54.9 m (180 ft) beneath the former U Pond. Sediments in the vadose zone 
consist of the (1) fluvial gravel of Ringold unit E, (2) upper unit of the 
Ringold Formation, (3) Plio-Pleistocene unit, (4) early "Palouse" soil, and 
(5) Hanford formation (see Figure 16). 

As much as 42.7 m (140 ft) of Ringold strata belonging to unit E occur 
above the water table in the 200 West Area. Pre-Hanford strata that overlie 
Ringold unit E in the vadose zone are only found in the 200 West Area. These 
strata include: (1) fluvial sand and mud of the upper unit of the Ringold 
Formation, (2) pedogenic carbonates and alluvium of the Plio-Pleistocene unit, 
and (3) loess comprising the early "Palouse" soil. The upper unit of the 
Ringold Formation reaches a maximum thickness of 10.7 m (35 ft) and is most 
convnonly encountered in the central, northern, and western parts of the 
200 West Area. Pedogenic carbonate horizons of the Plio-Pleistocene unit are 
up to 10.7 m (35 ft) thick and overlie the Ringold Formation throughout most 
of the 200 West Area. The top of the Plio-Pleistocene unit dips approximately 
1.5 degrees to the southwest beneath the 200 West Area. The cementation and 
laterally ~xtensive nature of this unit beneath the 200 West Area may create 
an interval with relatively low permeability. Thus a potential exists for 
lateral movement of vadose zone recharge water above the Plio-Pleistocene 
unit. Unconsolidated loess or sandy silt up to 4.6 m (15 ft) thick and 
designated the early "Palouse" soil overlies the Plio-Pleistocene unit beneath 
the southern portion of 200 West Area. This deposit is uniformly fine
grained, micaceous, and moderately calcium carbonate rich. 
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The Hanford formation i s the uppermost unit in the uns at urated zone 
except for discontinuous recent eol i an sands present in the northwestern 
section of the 200 West Area. Hanford formation sediments range from fine
grained silty sands in the southern parts of 200 West Area to granule to 
boulder gravels in the northern part of 200 West Area. The Hanford formation 
is less than 6.1 m (20 ft} thick where the Plio-Pleistocene unit is near the 
surface {Last et al. 1989} to more than 42.7 m (140 ft} thick. On the 
average, field moisture content of unsaturated Hanford formation sediments 
beneath the 200 West Area ranges from 2% to slightly greater than 6% 
(Last et al. 1989). 

Artificial recharge to the unconfined aquifer is estimated to be 
ten times greater than natural recharge (Graham et al. 1981). The major 
source of artificial recharge in the 200 West Area has been U Pond (see 
Figure 17). A comparison of the hi ndcast water table map of the Hanford Site 
for 1944 and the present 200 Areas water table maps indicates that the natural 
water table elevation in the 200 West Area was approximately 19.8 m (65 ft) 
lower in 1944. The estimated hindcast map indicates that the direction of 
regional flow was toward the east, and the natural hydraulic gradient was on 
the order of 0.3 m/305 m (1 ft/1,000 ft) in the 200 West Area. The U Pond, 
located in the 200 West Area, and Gable Mountain Pond, located north of the 
200 East Area, were decommissioned in 1984 and 1987, respectively. 

Groundwater elevations for December 1991 for the unconfined aquifer in 
the 200 Areas are shown in Figure 18. Groundwater flow beneath the 200 West 
Area is generally toward the north and the east, away from the mound created 
by past discharges to U Pond. The horizontal hydraulic gradient is expected 
to decrease and shift to the east as the mound dissipates. The horizontal 
hydraulic gradient in the 200 West Area is relatively high, ranging from 
1.2 m/305 m (4 ft/1,000 ft) to 0.45 m/305 m (1.5 ft/1,000 ft) (Graham 
et al. 1981). The steep gradient is due to the presence of the water table 
exclusively in the Ringold Formation. Downward vertical hydraulic gradients 
are expected to be present within the unconfined aquifer in parts of the 
200 West Area as a resu l t of the U Pond groundwater mound (Graham 
et al. 1981). This has been confirmed by recent groundwater monitoring 
activity . However, locally perched water horizons have been identified in the 
vadose zone. 

4.1.3 Crib Site Stratigraphy 

Stratigraphy based on the four 216-Z-20 Crib groundwater monitoring wells 
and selected adjacent wells is shown in Figure 19, and in greater detail in 
Figure 20. The relationship between the stratigraphy at the 216-Z-20 Crib and 
the southern part of the 200 West Area is shown in Figure 21. These figures 
show that the stratigraphy at the 216-Z-20 Crib is typical of that in the 
200 West Area. This is of particular significance for vadose zone modeling 
because physical parameters are available for only a limited number of 
locations in the 200 West Area (i . e., an underlying assumption for vadose zone 
transport modeling is that soil physical properties for the same stratigraphic 
unit are uniform within the 200 West Area) . 
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Figure 18. Water Table Map for the 200 West Area, 
December 1991. 
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Figure 19. Longitudinal Stratigraphic 
Cross Section Through 

the 216-Z-20 Crib. 
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Figure 20. Li tho l ogy and Strat i graphi c Unit s 
Beneath the 216-Z-20 Crib . 
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4.2 HYDROLOGIC RESPONSES TO EFFLU ENT DISPOSAL 

The 216-Z-20 Crib predecessors (PFP Complex ditches), combined with the 
216-U-14 Ditch wastewater conveyance system, the 284-WB Powerplant Ponds, and 
the U Pond system, accounted for most of the wastewater discharged in the 
200 West Area during the operating history of the 216-Z-20 Crib. Past 
discharges from these sources also account for the major impact on the 
hydrologic regime in the southcentral 200 West Area. 

Figure 22 shows the historical flows discharged to the U Pond system 
between 1966 and 1992. Figure 22a illustrates the corresponding response of 
water tabl e elevations in the vicinity of the 216-Z-20 Crib. As illustrated 
in Figure 22, an increase in average discharge from 5,678 to approximately 
11,356 L (1,500 to approximately 3,000 gal/min) resulted i n an increase in 
water table elevation of 3 m (1 0 ft ) near the 216-Z-20 Crib (well 2-Wl5-5). 
Discharge rates during the operat ing li fe of the 216- Z-20 Cr i b are shown for 
comparison beneath the total discharge rate (see Figure 22b) . By analogy, 
recent discharge rates at the 216-Z-20 Crib (568 to 246 L/min (150 to 
65 gal/min]) should account for less than a 0.3-m (1-ft) increase in water 
table elevation in the immediate vicinity of the crib (e .g., at well 2-Wl5-5, 
Figure 22a). 

Recent discharge history (Figure 23) at the 284-WB Powerplant Ponds is 
also of potential significance to water level responses in the vicinity of the 
216-Z-20 Crib. The high discharge rates in the mid-1980's and abrupt decline 
after 1988, contribute to the changes in water table elevational contours and 
groundwater movement in the southcentral 200 West Area. 

From 1982 to the present, the 216-Z-20 Crib at times contributed a 
significant portion of the total wastewater discharge to the southwestern 
200 West Area. The localized influence of this discharge can be seen in the 
distribution of specific conductivity (Figure 24). The areal distribution 
pattern shows the dilution effect of wastewater from the crib on the local 
groundwater (e.g . , cooling water has an average specific conductivity of about 
140 microsiemens per centimeter [µS/cm] as compared to average groundwater of 
about 360 µS/cm) . The declining discharge rates, and corresponding decrease 
in the water table elevations, result in shallower gradients in water table 
elevations. In this regard, it is noteworthy that discharges to the cribs 
will be reduced to only 23 to 45 L/min (6 to 12 gal/min) by January 1994. 

In view of the above considerations and declining PFP wastewater 
discharge rates, impact of the 216-Z-20 Crib on the groundwater flow regime, 
even immediately beneath the crib, will become undetectable. Drainage of the 
residual water stored in the soil column will continue for a while after input 
is terminated but will not have a perceptible impact on groundwater flow 
directions. 

Development of an overall model of groundwater response to wastewater 
disposal and proposed pump and treat scenarios is underway as part of the 
200 West Aggregate Area studies (DOE-RL 1992) and related expedited response 
actions (ERA) (DOE-RL 1991) . 
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Figure 22 . Correlation of Discharge History and Water Tabl e 
Fluctuat ions i n t he Vicinity of the 21 6-Z-20 Crib. 

--G) 
G) 
LL -
~ 
G) 
..J 
ns 
G) 

CJ) 

C 
ns 
Cl) 

:E 
Cl) 
> 
0 
J:l 
< 
C 
0 
.: 
ns 
> 
Cl) 

w 

490 

480 

470 

-r---~ A (Well 2-W15-5) 
JAJ ~ 'I 

10 ft '1' ~ ... 

Wells screened 
at top of aquifer 

460
66 68 70 72 74 76 78 80 82 84 86 88 90 92 

Vear 

3500 .---------------------------, 

'[ 3000 
.9 
Cl) -f;_ 2500 
3: 
0 
u: 
- 2000 
C 
G) 
::::, 

ffi 1500 
ni 
::::, 
C 

~ 1000 
Cl) 
Cl 
~ 
a, 500 
> < 

~ U-Pond System 

- 216-Z-20 Crib 

0
66 68 70 72 74 76 78 80 82 84 86 88 90 92 

Year 
H9302035.1 c 

56 



LS 

.rna_x 
C66l C:66l l66l 066l 686l 886l L.86l IJ86l gg5J t86l 

~ 
··-··························································· ~ 

I-'• 

~ 

B 
[ 
§ 
[ 
-- ····················································································-··················· i-'-" 

vl90-d3-JHM 

ti:) 
~ 
=- t.;CI 
C) 
_:r.::
~~ 

• -i= 

-

.. 



WHC-EP-0674 

This page intentionally left blank. 

c:::; t ..:.· 

-::r-
• 

~ 

_:t-
c::l 
("'I") -('t"l 

~ 

58 



---

50000 

40000 

WHC - EP -0674 

Fi gure 24 . Specifi c Conductivity of Groundwater 
in the 200 West Area (1988 -1991 Data) . 
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Areas in blue show the distribution of low conductivity cooling water from U Pond and currently 
active cribs in the Z Plant area ("U" shaped dark blue zone). Areas in red and yellow are zones of 
significant chemical contamination and coincide with several contaminant plumes (e.g., see nitrate, 
fluoride, arsenic, chromium). The localized zone of red and yellow in the center of the figure is due 
to past-practice disposal of large volumes of high salt waste (first and second cycle supernatant) near 
the TX, TY and T Tank Farms (outlined in black). The large tongue of high conductivity shown in 
red in the lower right comer is attributed to past-practice disposal of uo3-Plant process condensate 
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4.3 GROUNDWATER QUALITY 

4.3.1 Area Groundwater Quality 

The major groundwater contaminant plumes in the unconfined aquifer 
beneath the 200 West Area originated from the PFP Complex and associated past
practice liquid waste disposal sites. The second largest source of recent 
groundwater contamination arises from the Uranium/Uranium Trioxide 
(U/U03) Plant operations. Past disposal activities associated with REDOX 
nuclear fuel reprocessing activities included discharge of process condensates 
containing large amounts of tritium and 1291, which account for the widespread 
plumes of these highly mobile radionuclides in the southeast area . T Plant 
and associated past-practice disposal of liquid radioactive wastes are largely 
responsible for the contaminant plumes in the northern area of the 200 West 
Area. These four major source areas account for the major contaminant plumes 
in the 200 West Area. Composite plume maps (Figures 25, 26, and 27) of major 
nonradioactive contaminants and radionuclide indicatoYs (gross alpha, gross 
beta, and tritium) show the distribution patterns of contaminants in relation 
to the 216-Z-20 Crib and the major source areas described above. Specific 
contaminant occurrences and factors influencing their movement in the 
invnediate vicinity of the 216-Z-20 Crib are discussed in more detail as 
follows. 

As suggested by the composite contaminant plume maps, the only indication 
of significant groundwater contamination beneath the 216-Z-20 Crib involves 
the chlorinated hydrocarbons associated with past-practice discharges from PFP 
Complex operations. This is consistent with the findings reported for the 
Liquid Effluent Study (WHC 1990b) for which the complete Appendix IX 
(40 CFR 264) list of analytes as well as site-specific constituents were 
analyzed in wells 2-WIS-17 and 2-WIS-20 located at the north and south end of 
the 216-Z-20 Crib. The only significant exceedances found were for the 
chlorinated hydrocarbons (CC1 4 , chloroform, and trichloroethylene). Naturally 
occurring constituents were two to three times lower than natural groundwater 
background for the Hanford Site, because of dilution of the ambient 
groundwater with coolant water discharged to the 216-Z-20 Crib. One exception 
is the occurrence of arsenic at concentrations slightly above the average · 
natural background for the Hanford Site (about 6 parts per billion [ppb]). 
For example, a groundwater plume of arsenic occurs immediately south of the 
216-Z-20 Crib (see Figure 25). In addition, perched water at the south end of 
the 216-Z-20 Crib (well 2-WIS- 29) is three to four times higher than the 
average natural background. The origin of the slightly elevated arsenic is 
unknown. Arsenic in local groundwater may be associated with past-practice 
chemical waste releases or may be leached from the soil column. · 

Based on the above findings, the focus of the following local groundwater 
quality discussion is on chlorinated hydrocarbons and factors influencing 
their distribution in the vicinity of the 216-Z-20 Crib. 
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4.3.2 Local Influences on Groundwater Quality 

Locations of active and inactive liquid waste disposal facilities 
associated with current and past Z Plant operations are shown in Figure 28 . 

. As previously indicated {see Section 2.0), these facilities account for most 
of the chlorinated hydrocarbon contamination in 200 West Area groundwater 
as well as some of the highly localized metal and TRU occurrences {e.g, 
well 2-WlS-8 at the 216-Z-9 Crib). 

The PFP Complex liquid waste disposal sites are approximately centered 
within the residual 200 West Area groundwater mound because of: 

• Residual influence of past wastewater disposal to the U Pond system 

• Smaller inputs fr om curren tly active sites . 

The area shown in Figure 28 is also within a zone of rapidly declining 
water levels as illustrated in Figure 29. The core area with the greatest 
change in water elevations also corresponds to the area with the greatest 
hydraulic conductivities {Figure 30). The significance for future 
interpretation ·of plume movement, is that this area may be subject to greater 
changes in water level and flow direction than other locations in the 200 West 
Area. 

Recent water table elevations in the immediate vicinity of the 
216-Z-20 Crib are shown in Figure 31 . These data suggest there is little if 
any gradient along or adjacent to the crib. This area is also near the center 
of the groundwater mound previously described; thus, groundwater flow 
directions could be in any or all directions {based only on water table 
elevations) from this general location. In addition, a net groundwater 
movement in the southwest-northeast direction near the north end of the 
216-Z-20 Crib could occur because of the zone of high hydraulic conductivity 
in this area {see Figure 30) . If this occurs , the distribution of 
CC1 4-contaminated groundwater from the principal source area {216- Z-9 Crib) 
could be spread to the west and southwest, which is consistent with the 
general 200 West Area groundwater CC1 4 plume (Figure 32) . 

There are two potential secondary pathways for groundwater contamination 
(i .e., not di rectly discharged to active cribs): 

• High vapor phase/soil gas concentrations of CC1 4 from adjacent PFP 
Complex cribs may be absorbed by the infiltrating water from the 
216-Z-20 Crib and other active wastewater disposal sites 

• A more dense CC1 4 vapor (or a dense, nonaqueous phase liquid 
[DNAPL]) could m1grate down the outside of unsealed wells. 

Soil gas sampling during 1992 and 1993 in the vicinity of the PFP Complex 
cribs revealed concentrations of up to a few hundred parts per million by 
volume {ppmv) between the 216-Z-18 and 216-Z-lA Cribs . Much higher 
concentrations {to -10,000 ppmv) have been measured in vadose zone boreholes 
near the 216-Z-9 Trench (the disposal facility that received the greatest 
amount of chlorinated hydrocarbon waste ; see Table 2, Section 2.0) . Thus, 
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Figure 28. Carbon Tetrachloride Sources 
Near the 216-Z-20 Crib. 
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Figure 30. Hydraulic Conductivity in the 200 West Area . 
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Fi gure 31. Wa t er Tabl e El evations in the 
Immediate Vicinity of the 216-Z-20 Crib . 
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Figure 32. Contour Map of Carbon Tetrachloride 
Concentrations in 200 Areas Groundwater 

(Average for 1989 through 1991) . 
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ample evidence now ex i sts for t he presence of hi gh soil gas concentrations of 
CC1 4 concentrations in the vicinity of active wastewater disposal sites in the 
PFP Complex area. 

An aqueous phase, in equilibrium with a vapor phase concentration of 
100 ppmv of CCl~, would reach a theoretical concentration of 600 micrograms 
per liter (µg/LJ (Rohay and Johnson 1991). Thus, if vapor phase transport 
from the 216-Z-lA and 216-Z-18 Cribs or 216-Z-9 Trench occurs and results in 
soil gas CCl concentrations of the above magnitude, perched water from the 
216-Z-20 Crit should yield concentrations of several hundred µg/L (assuming 
Henry's Law applies in a porous medium of varying moisture content). That is, 
water beneath the active 216-Z-20 Crib that accumulates as a perched water 
zone above the fine sediments should have adequate time to absorb the 
chlorinated hydrocarbons from the soil gas or vapor phase before the water 
migrates to the water table. Data from only a few wells were available to 
partially test this possibility. For example, a Resource Conservation and 
Recovery Act of 1976 (RCRA) well was completed in the perched water zone near 
the southern end of the 216-Z-20 Crib as part of the Low-Level Waste Burial 
Ground (#4) monitoring network. This well (2-WlS-29) was sampled for the 
operational surveillance, RCRA, and CC1 4 ERA programs during 1992 and 1993 
(Appendix B). An average concentration of 27 ppb was obtained for CC1 4 during 
seven ~eparate groundwater sampling events. Soil gas CC1 4 concentrations of 
10 ppmv or less could account for equilibrium aqueous phase concentrations in 
this range (recent soil gas measurements from the nearby 2-WlS-20 well were in 
this range; see Section 5.2.6). However, groundwater concentrations of nearly 
200 µg/L have been measured in samples from well 2-WlS-20 (Appendix B). 
Perched water grab samples collected in September 1993 from converted 
wells 2-WlS-19 and 2-WlS-20 (Appendix D) had CCl~ concentrations of <5 ppb and 
soil gas CC1 4 concentrations of about 10 ppmv. lt should also be noted that 
low concentrations of chlorinated hydrocarbons (e.g., <35 µg/L chloroform and 
<5 µg/L CC1 4) occur in the effluent stream discharged to the crib (WHC 1990b), 
which is consistent with the perched water data. 

The above observations suggest that: 

• CC1 4 in groundwater at the 216-Z-20 Crib is not due to recent waste 
inputs from the PFP Complex 

• Perched water CCli concentrations in wells immediately adjacent to 
the crib (2-Wl8-1Y and 2-WlS-20) appear to be lower than predicted 
concentrations based on observed soil gas concentrations and 
Henry's Law 

• Groundwater concentrations directly beneath the crib appear to be 
significantly higher than perched water CC1 4 concentrations. 

If perched water CCl concentrations are much lower than in groundwater 
directly beneath the 216-2-20 Crib, a vapor phase/perched water pathway, at 
least at this location, seems unlikely. This observation and the elevated and 
nearly constant CC1 4 concentrations in groundwater immediately beneath the 
crib (Figure 33), suggest there is some other pathway. An alternative so~rce 
must account for a continuous supply of dissolved CCl~ in the wastewater/ 
groundwater directly beneath the crib. Some possibilities are explored in the 
following section. 
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4.3.3 Depth Distribution of Carbon Tetrachl or ide 

As noted in Section 2.0, this contaminant was discharged to the PFP 
Complex cribs as a separate liquid phase as well as dissolved in the 
wastewater (Rohay and Johnson 1991). The relatively high density of liquid 
phase CC1 4 (1.6 grams per cubic centimeter [g/cm3]) leads to the speculation 
that a free phase (DNAPL) could migrate to the water table and subsequently 
settle deeper in the saturated zone. Preferential pathways, such as older 
inadequately sealed wells with gaps or void spaces around the outside of the 
casings, or wells with extensive screens or perforated intervals, could 
provide a more direct pathway for downward transport of the DNAPL 
(Johnson 1993b; Last and Rohay 1993). Several older wells installed in the 
1950 1 s and 1960 1 s with deeper perforated intervals were located adjacent to 
the PFP Complex cribs. One such well, 2-W15-6, is located near the 
216-Z-9 Crib and is perforated to a depth of approximately 52 m (170 ft) below 
the water table. Another well with similar characteristics, 2-W15-5, lies 
between the 216-Z-9 and the 216-Z-20 Cribs. If downward transport occurred in 
these locations, dissolved CCl~ should be present at greater depths in the 
aquifer than just near the surtace or top of the water table. 

Near-surface (top of the water table) and deeper groundwater samples were 
collected in 1991 for a collaborative effort between the ERA project and the 
operational groundwater surveillance program. Bailed samples were taken at 
the surface and bottom of well 2-W15-6, and pumped samples (after purging) 
were taken from approximately 3 m (10 ft) below the surface and near the 
bottom of the well after installation of a packer in an attempt to isolate the 
lower section of perforated interval. Some additional depth-related 
information was acquired from the two monitoring wells at the 216-Z-20 Crib. 
These data are arranged in relation to stratigraphic position and location 
with respect to the 216-Z-9 and 216-Z-20 Cribs in Figure 34. Very high CC1 4 
concentrations were encountered at the bottom of this well (2-W15-6), and near 
the water table elevation . Both the bailed and pumped sample sets showed this 
pattern. However, a somewhat lower concentration was obtained with the deep
pumped sample than with the deep-bailed sample (the latter was taken before 
installation of the packer and pump). The contamination may be localized in 
the immediate vicinity of the borehole rather than widespread in the deeper 
part of the aquifer. Near- surface and deeper samples at the other monitoring 
wells shown in Figure 34 also suggest deeper contamination than just at the 
very top of the aquifer. More detailed vertical-depth profiles are needed in 
this area to determine if CC1 4 is present in the deeper part of the aquifer as 
a separate liquid phase that could continue to slowly dissolve over time. If 
so, this may account for the observation that the zone of highest groundwater 
concentrations of CC1 4 remain near the PFP Complex cribs even though the cribs 
have been inactive for the last 20 to 30 years (see Figure 32). Recent 
modeling of downward migration of CC1 4 beneath the 216-Z-9 Crib (Piepho 
et al. 1993), suggests a slow, long-term drainage of liquid phase CC1 4 could 
account for the persistent presence of high concentrations dissolved 1n 
groundwater at this location, even long after termination of input to the 
crib. 

Regardless of the actual transport mechanism for movement of CC1 4 to 
groundwater in the vicinity of the 216-Z-9 Crib (the largest single source of 
CC1 4), it is difficult to correlate this source with the occurrence of 
significant concentrations beneath the 216-Z-20 Crib. For example, the major 
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Figure 34. Vertical Distribution of 
Carbon Tetrachloride and Chloroform 

in Groundwater Near the 
216-2-20 Crib. 
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sources of water in this area have been the 216-Z-20 and adjacent 
216-Z-21 Cribs. These two sources should have at least created a slight but 
decreasing gradient to the north. This inference is also supported by the 
distribution pattern for specific conductivity, suggesting wastewater 
(essentially cooling water) moves northward as well as to the west and east 
from the 216-Z-20 and 216-Z-21 Cribs. That is, the recent hydrologic 
conditions suggest a southerly transport direction from the 216-Z-9 Crib is 
not likely. Also, potential nearby sources of a slow-draining liquid CC1 4 
phase from the 216-Z-18 and 216-Z-lA Cribs would be displaced to the west 
because of lateral groundwater movement away from the 216-Z-20 Crib induced by 
PFP Complex wastewater as it spreads along the surface of the aquifer. 

The potential interaction of a CC1 4 vapor phase with various water 
sources in the general area north of the 216-Z-20 Crib appears to be a likely 
possibility based on the coincidence of the shallow soil gas CC1 4 "halo," 
groundwater concentration contours, and source areas as illustrated in 
Figure 35. The limited southerly extension of the halo, however, is not 
consistent with the elevated groundwater levels beneath the 216-Z-20 Crib. 
Additionally, the transport of a gas phase through saturated or partially 
saturated soil directly adjacent to and beneath the 216-Z-20 Crib (i.e., near 
the monitoring wells) would be unlikely. Thus, even though vapor phase and 
DNAPL sources exist beneath adjacent past-practice CCl~ disposal facilities, 
wastewater entering the aquifer directly beneath the 216-Z-20 Crib (i.e, near 
the monitoring wells) may be isolated from these sources. If so, additional 
pathways or source areas must account for the relatively high CC1 4 

-concentrations in the monitoring wells at the 216-Z-20 Crib. 

Although CC1 4 and related wastes were not intentionally discharged to the 
Z Ditches, apparently, as previously discussed, occasional process upsets or 
spills resulted in such releases. All of the Z Ditches ran close to and 
parallel to the 216-Z-20 Crib (see Figures 2 and 9). The monitoring wells for 
the 216-Z-20 Crib are located between the edge of the crib and the 
216-Z-19 Ditch. Thus, while perhaps only a minor source, the proximity of the 
Z Ditches make them likely DNAPL sources for the occurrence of elevated CC1 4 in groundwater samples from the 216-Z-20 Crib monitoring wells. The potential 
source could be either long-term drainage of DNAPL from beneath the ditches or 
residual DNAPL that may have entered the annular space of the unsealed wells. 
(All four of the groundwater monitoring wells installed in 1982 at the 
216-Z-20 Crib were unsealed.) 

4.4 SOIL COLUMN CHEMICAL FACTORS 

Soil column chemical factors such as percentage of calcium carbonate and 
soil organic matter content can influence the transport and behavior of 
contaminants in wastewater migrating through the soil column. Accordingly, 
this section provides a brief summary of soil chemical conditions in the 
vicinity of the 216-Z-20 Crib and nearby cribs. Data for this summary are 
from the recent work for the CC1 4 ERA (Last and Rohay 1993) and other previous 
characterization reports. 
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Figure 35. Soil Gas and Groundwater Concentrat i on Contours 
in Relation to Active Wastewater Disposal Sites 
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4.4.1 Calcium Carbonate 

The relative abundance, depth distribution, and chemical reactions 
involving calcareous sediments beneath or in the vicinity of the 216-Z-20 Crib 
are discussed in relation to contaminant mobility in the follow sections. For 
this purpose, both site-specific data and literature results relating to soil 
and sediment chemical controls on pore fluid chemical conditions are used. 

4.4.1.1 Depth Distribution. Depth profiles for calcium carbonate content in 
relation to lithology and grain size from test borings conducted near the 
216-Z-20 Crib for the CC1 4 ERA are shown in Figure 36. These plots show that 
calcium carbonate content is approximately 1 to 2% in the upper portion of the 
stratigraphic column (Hanford formation), reaches a maximum of 5 to 10% in the 
"early" Palouse/Plio-Pleistocene units, and declines to less than 1% in the 
Ringold Formation. The significance of this distribution for the 
216-Z-20 Crib is that most of the calcium carbonate occurs well above the 
water table where possible chemical reactions with downward migrating 
wastewater would first occur. (The relatively high calcium carbonate content 
is typical of soil profile development in arid environments.) 

Maintenance of a slightly alkaline pH (-8) is the primary soil/chemical 
control on wastewater as it moves through the soil column. The significance 
of a slightly alkaline pH for sorption of many heavy metals, especially TRUs, 
and the buffering effect of a soil carbonate/aqueous system is discussed in 
the following section. 

4.4.1.2 Reaction with Acids and pH Buffering. The acid neutralizing capacity 
of calcareous soils is another important soil chemical factor, especially for 
the 216-Z-20 Crib because acid releases to this crib occurred during earlier 
PFP Complex operations (before 1986; see Section 3.0). 

The neutralizing chemical reaction can be summarized as follows: 

+ 2+ 2H + CaC03 = H20 + Ca + CO2 • 

The above reaction shows that two moles of acid are consumed for every 
mole of calcium carbonate. Assuming uniform infiltration of wastewater and an 
area of the dimensions of the crib (1,412 m2

), and a calcium carbonate content 
of 1%, the moles of calcium carbonate in a 1-m layer of soil or sediment 
immediately beneath the crib can be estimated as follows: 

A* Z * D* C mo 1 es CaC03 = -----
MW 

= (1,412) * (1) * (2,000) * (0.01) = 282 kmol 
100.08 

where: 

A= area of crib, m2 

Z = soil depth increment, m 
D = bulk density of soil, kg/m3 

C = CaC03 weight fraction (e.g., 1% = 0.01) 
MW= molecular weight of CaC03 , g/mol or kg/kmol . 

81 



CX
> 

N
 

10
 

20
 

I 
30

 

--
.s::

. ii
 

~
 

4
0

;.
.~

 ...
...

.. 

60
 

"0
 0 "E
 .. ::c
 

EP
 

=
-P

P
 

"0
 

0 a C
 

ii:
 sz 

~
,.

;:
..

.,
~

 6
5.

2m
 

70
 ~
 ....

... .
...

, ..
. 

5/
07

/9
2 

G
a

m
m

a
 L

o
g

 
C

aC
O

3 
C

o
n

te
n

t 

45
 

90
 

1
3

5
 

1
8

0
 

0 
a 

G
a

m
m

a
 R

ad
ia

ti
o

n
 (

co
u

n
ta

/a
) 

21
6-

Z-
9
• 

T
re

n
ch

 

21
6-

Z-
1A

 
21

6-
~-

21
 • 

C
ri

b 
C

n
b

 

!'
)>

/W
1

8
-2

4
8

 

W
18

-2
46

• 
U

' 
t 

,-
-
-
-
, 

21
6-

Z-
18

 
I C

ri
b 
I • 

W
18

-2
47

 

0 
10

0 
M

et
er

s 
p=

;!
=

r
. 

0 
30

0 
F

ee
t 

2-
W

18
-2

48
 

I .s::
. ii
 .. C

 

G
ra

in
 S

iz
e

 
0
-:

:F
.~

rl
 

10
 

20
 

30
 

40
 

50
 

60
 

70
 

C
 Z

 
S

P
/C

B
 "0

 ~- C
 .. ::c
 

EP
 

pp
 

1
0

 

93
 f 3

0'·f
'i .. 

41
31

 

.s::
. ii
 

~
 

40
 

G
a

m
m

a
 L

o
g

 

"0
 0 "E
 .. ::c
 

EP
 

pp
 

4
5

 
90

 
13

5 
18

0 
0 

2 
4 

G
am

m
a 

R
ad

ia
ti

o
n

 (
co

u
n

ts
/a

) 
C

a
C

0 3
 (

%
) 

G
a

m
m

a
 L

o
g

 

45
 

90
 

13
5 

1
8

0
 

0 
2 

G
a

m
m

a
 R

ad
1

a
t1

on
 (

c
o

u
n

ta
/a

) 

8 
1

0
 

L
e

g
e

n
d

; 
E

P
: E

a
rl

y 
P

a
lo

u
se

 
P

P
: P

lio
-P

le
is

to
ce

n
e

 
C

:C
la

y
 

Z
:S

il
t 

S
:S

a
n

d
 

P
/C

: 
P

e
b

b
le

s 
an

d 
C

ob
bl

es
 

B
:B

o
u

ld
e

rs
 

a 
1

0
 

H
93

08
03

3.
5 

"T
"1

 
_,

_ 
tO

 
C

: -s
 

r+
 (

l)
 

:::
r 

(l
) 

w
 

0
)
 

N
•
 

.....
 

0
)
 

I 
r 

N
-
'•

 
I 

r+
 

N
 

:::
r 

0
0

 
__

, 
n

o
 

-s
 t

O
 

-'
·'
<

 
C

" 
ll
J
 

,-
..

 :
:,

 
3 

a
. 

0 o
.n

 
:c

 
-
'·

 
ll
J
 

-i
1

 _
_,

 
:r

: 
-
'•

 
(
)
 

n 
co

 
-
'

· 
I 

0
. 

C
 

rT
1 

3 
""C

J 
I 

-i
1

 
0 

-s
 

n 
0

)
 

0 
ll
J
 

3 
-s

 
.....

.. 
C

" 
+>

-
r
o

 
llJ

 
::

, 
V

) 
ll
J
 

r+
 r

+
 

(l
) 

llJ
 

::
, 

0 
a
. 

(l
) 

"O
 

;:
o 

r+
 

0 
:::

r 
:::

r 
llJ

 
""C

J 
'<

 
-s

 
0 

...
.. 

-i
1

 
U

)
 
-
'•

 
U

)
 

_
_

, 

w
ro

 
-
(
I
)
 

z (l
) 

llJ
 

-s
 



:::::r-
' ""P" 
~ 
...? 

C::! 
~ ....... 
er: 
Q""l' 

WHC-EP-0674 

A large nitr ic ac id spill (3,454.5 kg [7,600 l b]) that occurred i n 1984 
(WHC 1990b) is equivalent to 54.8 kmol, which would consume only half as many 
moles of calcium carbonate or 27.4 kmol. Thus a 1-m layer of soil contains 
over 10 times as much calcium carbonate as required to theoretically 
neutralize the largest recorded acid release to the crib. An additional 
safety margin is that the average calcium carbonate content of the upper soil 
column for the 216-Z-20 Crib (down through the Plio-Pleistocene) is 2 to 3% 
(see Figure 36). 

Although effluent records and administrative controls suggest the pH of 
the effluent was maintained at near neutral conditions, at times the pH 
dropped to a ran~e of 5 to 6. Assuming the total estimated effluent discharge 
volume of 4 x 10 L had a pH of 5 (10· 5 mol/L), the moles of calcium carbonate 
required to neutralize th i s hypot heti cal chronic acid loading of the soil 
column would be: 

1/2 [4 x 109 L * 1 x 10·5 mol/L] = 2 x 104 mol 

or 20 kmol. Thus, the first 1-m layer of soil would easily neutralize several 
acid spills of the magnitude noted above, as well as an effluent stream volume 
of 4 billion liters with an assumed constant pH of 5. 

Based on the above considerations, it is concluded that the pH of the 
wastewater/soil/pore fluid environment beneath the crib has been maintained at 
a pH of 7 to 8. This conclusion is supported by the observed pH of perched 
water in wel l 2-Wl8-29 (7.5 to 8.3) and in water samples drawn from the risers 
installed in the crib (pH 7.9 to 7.95; Subrahmanyam and Ulbricht 1987). Both 
of these observations are consistent with the predicted pH (7.3 to 8.2) of an 
aqueous system in equilibrium with a calcium carbonate phase and ambient or 
average atmospheric carbon dioxide partial pressures of 10·2 to 
10·3 .s atmospheres (atm) (Drever 1982). 

4.4.1.3 Retention of Transuranics By Soils vs pH. The role of pore fluid pH 
on TRU mobility in the soil column is discussed as follows. Laboratory soil/ 
water equilibration experiments with various oxidation states of plutonium as 
a function of pH (Ames et al. 1976) suggest the optimum pH for sorption {and 
retention) occurs between 7 and 8. As illustrated in Figure 37, sorption 
(and/or precipitation of hydroxides or hydrous oxides) dramatically increases 
at neutral to slightly basic pH. These early pH-sorption data are supported 
by more recent plutonium sorption experiments using Hanford Site sediment/ 
groundwater systems (Figure 37). In addition, the more recent work indicates 
distribution coefficients increase with contact time, suggesting that 
plutonium may become more tightly bound with aging. Barney (1988) further 
hypothesized that the higher oxidation state of plutonium (i.e., +6) may be 
reduced to +4 by the sediment, thus increasing the apparent K~ values because 
plutonium in the +4 state is known to be more surface active than when in the 
+6 state. 

Chemical leaching experiments also have been conducted on soils and 
sediments using both laboratory-labeled sediments and contaminated substrates 
from waste ponds and cribs (Ames et al . 1976) . These studies all demonstrate 
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Figure 37. Sorption of Plutonium By Soil as a 
Function of pH and Oxidation State. 
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that once plutonium (and amer icium) are incorporated i nto the sed iment or soil 
chemical complex, they are extremely di ffi cult to remove . Various 
investigators have suggested that the hydrous oxides of iron and manganese 
present as amorphous coatings on mineral grains account for irreversible 
sorption of heavy metal and TRU solutes by natural sediments and 
soils (Ames et al. 1976; Jenne et al. 1980; Johnson et al. 1967; Johnson 
1993a). Only multimolar nitric acid leachates appear to be capable of 
removing significant amounts of TRU radionuclides (Ames et al . 1976). Thus, 
it appears that TRUs (plutonium and americium) released in slightly acidic or 
neutral wastewater in the absence of complexing agents should be retained high 
in the soil column and once sorbed, may be considered as essentially 
irreversibly bound. This has important implications in developing remediation 
strategies, as well as for t hi s GIA . 

~ 4.4 .2 Soil Organic Matter 

Soil organic matter content of Hanford Site soils is characteristically 
very low (<0.5%), especially in sands and gravels. Somewhat higher organic 
matter contents occur in the fine sedimentary sequences (i.e., up to 1% 
maximum). The organic matter portion of soil has an affinity for organic 
contaminants such as CC1 4 , in either a gaseous or liquid phase. However, 
based on the low organic contents in most of the sedimentary column beneath 
the 200 Areas, the retention and or retardation of CC1 4 on soil is expected to 
be minor. 

4.4.3 Crib Sediment Chemical Characteristics 

A limited sediment or soil chemical characterization effort was conducted 
at the 216-Z-20 Crib in 1986 to evaluate possible chemical factors involved in 
reduced infiltration rates (see Section 2.0). Shallow soil borings were made 
at four locations (the ends and mid- sections) along the crib. Split spoon 
cores were collected at dept hs covering a depth interval of approximately 1 m 
(3 ft) below the crib floor. Sections of the cores so obtained were analyzed 
for TRUs and other chemical parameters. 

Concentrations of TRUs were somewhat erratic but demonstrated that 
effluent infiltration had occurred over the full length of the crib . No 
vertical pattern was evident from the sediment concentrations. The average 
concentration was 270 pCi/g for 241 Am {239Pu was estimated to be about the same 
concentration). Assuming a 1-m depth increment covered by this limited soil 
sampling, a crib area of 1,412 m2 (15,193 ft2) and a soil density of 2 ,ll(cm3

, 

the above concentration is equivalent to approximately 0.8 Ci each of Am 
and 239Pu. Previous effluent records suggested approximately 1 Ci of 241 Am and 
2 Ci of 239Pu were added to the crib before the shallow soil sampling. While 
the limited soil sampling results leave considerable uncertainty concerning a 
representative so i l concentration, the estimated total present from discharge 
records compared with the average value based on soil data in Appendix C 
(Attachment C-3) suggests there is approximate agreement between input 
1uantities and t he calculated amount in a 1-m (3-ft) depth increment (soil 
2 1Am content not corrected for post-depositional ingrowth from 241 Pu, 
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T~ = 13.2 years. Despite the uncertaint i es, the indication th at at least a 
major part of the inventory added to the crib i s accounted for in the first 
1-m depth increment of soil is consistent with the expected behavior of these 
radionuclides. 

In addition to the above, physical and chemical analysis of the soil 
samples revealed the presence of finely divided particulates and the presence 
of hydrous oxides of iron, aluminum, calcium, and magnesium. The fine 
particulates (<10 micrometers [µm]) in the crib are attributed to the wash-in 
of fine sediment from roof drains (airborne deposits on rooftops) and/or 
chemical reaction products from release of acids and bases to the crib before 
1986. Thus, a combination of fine silt buildup and formation of chemical 
precipitates within the crib apparently reduced infiltration. To regain 
infiltration capacity of the crib , 30 vertical bo~eholes/drains were 
installed. 

4.5 SUMMARY AND CONCEPTUAL MODEL 

The previous discussion and evaluation of existing data and background 
information are summarized for the purpose of explaining the conceptual model 
of hydrologic and geochemical processes occurring at the 216-Z-20 Crib . In 
addition, this information will be used in the final impact assessment 
(Section 5.0). 

4.5.1 CONSTITUENTS OF INTEREST 

Constituents of interest associated with P.ast operation of the 
216-Z-20 Crib include acetone, aluminum, 90Sr, 137Cs, 241 Am, 238

•
239

•
241 Pu, and 

small quantities of chlorinated hydrocarbons. Contaminants associated with 
current operations consist of only trace amounts of TRUs (<10 picocuries per 
liter [pCi/L]) and small amounts of chloroform associated with chlorination of 
water used in the PFP Complex. Secondary pathway constituents of interest 
(constituents not in the wastewater but resulting from wastewater disposal} 
include CC1 4 and arsenic. 

4.5.2 CONCEPTUAL MODEL 

A schematic illustration of the conceptual model described below is shown 
in Figure 38. The following discussion describes the hypothesized hydrologic 
and geochemical processes involved in wastewater disposal to the 
216-Z-20 Crib: 

• Natural buffering maintained optimum pH conditions for retention of 
TRUs in the uppermost section of the soil column 

• Chemical wastes released before 1986 either reacted with the soil or 
passed through the soil column. formation of chemical prec1pitates 
from reaction of soil components with acids and bases released to 
the 216-Z-20 Crib contributed to the loss in infiltration capacity 
that occurred in 1986. 
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• Installation of vertical drainage boreholes to restore infiltration 
capacity to the 216-Z-20 Crib allowed wastewater to bypass the 
shallow layer of TRU-contaminated soil immediately beneath the crib, 
thus reducing the opportunity for contact between wastewater and a 
major portion of the TRU inventory of the crib. 

• More mobile contaminants move downward and laterally through a 
multilayered sequence of sediments. For example, arsenic {as 
HAso4· 2 at a pH of 8), which may occur naturally in the soil column 
beneath the 216-Z-20 Crib, is mobilized by infiltrating water. It 
is found in the perched water zones underlying the crib in 
concentrations above natural background {10 ppb). 

• The downward migrating wastewater spreads laterally on the early 
Palouse and or Plio-Pleistocene sedimentary units, creating a 
perched water zone of unknown lateral extent. Some of the perched 
water may have taken a more direct path to the water table by 
travelling down the annular space outside the casing of inadequately 
sealed monitoring wells. 

• CC1 4 from adjacent past-practice disposal facilities is present in 
the soil column as a residual liquid phase {DNAPL), as a vapor phase 
in soil pore space, and/or dissolved in an aqueous phase. 

• Wastewater from the 216-Z-20 Crib may interact with the CC1 4 by 
absorbing the vapor phase or by dissolution of the residual DNAPL in 
the adjacent soil column. The inadequately sealed monitoring wells 
also may have provided more direct pathways for movement of CC1 4 to 
·groundwater, as either a dissolved phase or as a DNAPL. 

• The primary influence of previous wastewater discharges to the 
216-Z-20 Crib after 1986 was to "dilute" the ambient groundwater, 
creating a zone of low conductivity water surrounding the crib. 
However, as noted above, possible secondary effects of the otherwise 
clean wastewater, involve interaction with adjacent CC1 4 sources 
and/or leaching of naturally occurring arsenic from the soil column. 

• Significant reductions in wastewater discharge volumes after 
September 1993 should all but eliminate the possibility of either 
transport of existing contaminants or alteration of the local flow 
regime. 

• The 200 West Area groundwater mound is declining with an apparent 
shift toward the largest remaining discharge sources {e.g., 
284-WB Powerplant Ponds and 216-U-14 Ditch), in response to 
differential drainage controlled by varying hydraulic conductivity 
of the aquifer sedimentary units near the 216-Z-20 Crib. 

The impact assessment presented in the following section addresses these 
working hypotheses using a combination of numerical modeling, perched water 
and groundwater sampling and analysis results, and evaluation of soil gas and . 
related data. 
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5.0 IMPACT ASSESSMENT 

As indicated in the assessment methodology document (Tyler 1991; 
Section 1.0), the impact of continued wastewater discharge to the ground 
involves consideration of hydrologic or mass movement of water as well as 
contaminant transport factors. Hydrologic impacts are discussed first 
followed by evaluation of the contaminant transport and behavior issues 
summarized in Section 4.5 . · 

5.1 Hydrologic Impacts 

As discussed in Sect i on 4.2 , t he hydro l ogic impact of discharges during 
the last 5 years at the 216-Z- 20 Cri b is li mi ted to the immediate area of the 
crib. The radial groundwat er movement, because of the local groundwater mound 
consisting primarily of coolant water, is evident from the distribution 
pattern for specific conductivity for the period from 1988 to 1991 (see 
Figure 24). Influences on water table elevations are less definitive due to 
the remnant effect of the former U Pond mound and active nearby wastewater 
disposal facilities (284-WB Powerplant Pond and the 216-U-14 Ditch) . With 
future projected reductions to only a few gallons/min (by January 1994) to the 
216-Z-20 Crib, its influence on the local flow regime will be minor. The 
abrupt decline in PFP wastewater discharge during 1993, however, may allow the 
influence of discharges at the 284-WB Powerplant Pond and 216-U-14 Ditch to 
extend further west; i.e. , the removal of an opposing source of water may 
allow greater westward migration of groundwater and associated contaminants 
between the 284-WB Powerplant Pond and the 216-Z-20 Crib. If this occurs, the 
groundwater contaminant plumes from other local sources could encroach upon 
the area immediately beneath the 216-Z-20 Crib and complicate determination of 
the source(s) of groundwater contaminants. This places more emphasis on the 
potential need for alternative monitoring strategies, which are discussed in 
Section 5.3. 

In summary, as discharge to the 216-Z-20 Crib is markedly reduced, local 
groundwater flow patterns will be dominated by other remaining artificial 
recharge sources . 

5.2 Contaminant Impacts on Groundwater 

Contaminant impacts from the 216-Z-20 Crib are based on (1) model 
predictions of contaminant transport in the vadose zone, and (2) comparison of 
observed contaminant concentrations in perched water and groundwater with 
appropriate st andards. The primary purpose of the vadose zone transport 
modeling is to estimate the possible extent of downward migration of TRU 
radionuclides and the likelihood of CC1 4 transport via secondary pathways. 
Results of so i l gas sampling and transport modeling of CCl~ in the vicinity of 
the 216-Z-20 Crib are summarized from other Comprehensive tnvironmental 
Response, Compensation, and Liability Act of 1980 (CERCLA)-related studies for 
evaluation of other pathways as described in the conceptual model (see 
Section 4.5). 
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Migration potential for TRUs is assessed first in the foll ow i ng sections 
followed by consideration of CC1 4 and preferential pathways potentially 
related to the crib. 

5.2.1 Analytical Methods (Moisture and Transuranic 
Migration Rates) 

Operating history and contaminant loading discussed previously 
demonstrate that the most significant contaminant migration issues involve the 
radioisotopes of plutonium and americium. Thus this is the primary focus of 
the vadose zone transport modeling portion of this impact assessment. 

The simple one-dimensional mathematical model, described in the Liquid 
Effluent Study Final Project Report (WHC 1990b; WHC-EP-0367), was employed to 
estimate the rate of moisture and contaminant movement through the soil column 
beneath the 216-Z-20 Crib. The model considers only flow in the vertical 
direction and does not allow for lateral spreading, and is thus expected to 
provide faster migration rates than occur under actual conditions. 

The model is based on steady-state flow conditions in the unsaturated 
zone and assumes a unit hydraulic gradient. The basic equation for any layer 
of sediments is 

t = L X 0/q 

where: 

t = time of travel through layer, seconds 
L = thickness of layer, cm 
0= moisture content of sediment, related to hydraulic conductivity 
q = Darcy velocity or moisture flux in layer, cm/s. 

The total travel time, T, is determined as the summation of the travel 
times for each of the "i" layers: 

n 
T = E Li x 0dqi 

i=l 

where n is the number of sediment layers selected. 

(1) 

(2) 

The relationship between hydraulic conductivity, K, and moisture content, 
0, is shown in Figure 39. These curves were derived empirically from 
laboratory tests on more than 20 different Hanford Site sediments or soils and 
were used to establish 5 major types, as noted in Figure 39. 
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Figure 39. Hydraulic Conductivities Versus Moi sture 
Content for Va ri ous Hanford Site Soil Types . 
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The one-dimensional fl ow ana lysis repres en t ed by Equati on 2 was conducted 
with a Symphony1 spreadsheet. The total travel t ime, T, obtained with 
Equation 2 is divided into the vadose zone thickness to provide an estimate of 
the rate of moisture migration from the disposal facility to the groundwater. 

5.2.1.1 Contaminant Migration Rate Estimates. To obtain an estimate of the 
rate of contaminant migration, the retardation factor, Rf, for each of the 
contaminants identified was estimated using the approximation for Hanford Site 
soils (WHC 1990b}: 

(3) 

The Kd values were selected from a summary of sorption studies conducted on 
Hanford soils under a variety of chemical conditions (Ames and Serne 1991). 
The values most closely approximating current chemical conditions at the 
216-Z-20 Crib (i.e., low organics, low salt content, and neutral to slightly 
basic pH} were used in selecting the applicable Kd values from the tables in 
Ames and Serne (1991). The Rf values used for each constituent of interest 
are based on the 1 ow end of the rang·e of observed Kd va 1 ues indicated in Ames 
and Serne (1991). Dividing the moisture migration rate by the Rf (Equation 3} 
yields an estimate of the contaminant migration rate. 

The effluent discharge rate, described previously, is entered as liters 
per month in a computational model. Effluent volumes for the time period of 
interest are used to compute average infiltration rates. The total volume 
(liters} is divided by each operating period (months} to establish an average 
rate of inflow (L/month}. This effluent discharge rate is divided by the crib 
bottom area to obtain an estimate of the average infiltration rate . Because 
the 216-Z-20 Crib was modified by installation of vertical drainage boreholes, 
it is difficult to estimate an appropriate or effective "area" for calculating 
infiltration rates. However, because of lateral spreading caused by sediment 
layering (anisotropy), the 30 "po i nt sources " created by the vertical borings 
are assumed to be adequately approximated by an area equivalent to the bottom 
dimensions of the crib. Support for this assumption is provided by recent 
PORFL0-3 (Runchal et al. 1992} modeling for the 216-U-17 Crib (located just 
east of the 216-Z-20 Crib), suggesting that moisture plumes from a few point 
sources are similar to plumes originating as line sources 50 m long and 1 to 
3 m wide (Reidel et al. 1993). More details and an illustrative example for 
application of the overall computational approach are provided in WHC (1990b). 

5.2.2 Model Calibration Check and Related Assumptions 

Remobilization of TRUs has been the primary concern at this crib. Thus, 
this section addresses the reliability of the model used to estimate the 
vertical extent of TRU migration in 200 West Area soils. 

1Symphony is a trademark of the Lotus Development Corporation. 

92 



~ 
:::r -::::r .. 
~~ 
0 
C"'l"7: 

WHC-EP-0674 

5.2.2.1 Crib Infiltration Area Assumpt i on. Prev ious modeli ng for this site 
(WHC 1990b) assumed that wastewater was uniformly distributed over an area 
consisting of the physical bottom dimensions of the crib (3 m wide by 457 m 
long [10 ft wide by 1,500 ft long]). Shallow (1-m [3-ft]) core samples from 
the ends and center of the crib support this assumption (see Section 4.4). 

·The above assumption is partly supported by the observed distribution of 
plutonium beneath an adjacent crib (216-Z-12) that received wastewater with 
similar chemical characteristics (Figures 40 and 41). In fact, the areal 
distribution of plutonium extends beyond the immediate bottom dimensions of 
the crib. The importance of anisotropy to lateral spreading in 200 West Area 
soils was demonstrated by Reidel et al. (1993). The lateral spreading is due 
to the anisotropy resulting from "layering" of the sedimentary deposits that 
make up the soil column beneath the crib. Based on this observation, an 
infiltration area equal to the crib dimensions should be a conservative 
assumption (i .e., the effecti¥~ area is larger than the excavated dimensions 
of the crib floor because of lateral spreading). 

5.2.2.2 Steady-State Discharge Assumption. The discharge records for the 
216-Z-20 Crib show variations that, on the average, were above 378 L/min 
(100 gal/min) until very recently. After September 1993 the projected rate 
will drop to 23 to 45 L/min (6 to 12 gal/min). The assumption of quasi or 
near-saturated conditions, at least before September 1993, is partly supported 
by the existence of a significant thickness of perched water observed beneath 
this crib in June 1993. The steady-state assumption or use of average flow 
rates to the crib during the primary input years (up to 1993) should be 
adequate for estimating the potential maximum depth of migration of plutonium 
and americium. 

5.2.2.3 Retardation Factors. The other major solute transport variable 
involves the use of the retardation factor (Equation 3). It is not possible 
to independently evaluate retardation factors derived from published Kd values 
(Ames and Serne 1991). However, the degree of conservatism in the overall 
migration depth estimates can be evaluated by use of an analog site. The 
216-Z-12 Crib site is ideal for this purpose because (1) its geology is very 
similar to the 216-Z-20 Crib area, and (2) it received TRUs in an aqueous 
waste stream with chemical properties that were similar to the average 
wastewater discharged to the 216-Z-20 Crib (i.e., both are neutral to slightly 
basic pH, low salt content and low organics). It is possible that some 
unplanned releases of organics to the 216-Z-12 Crib may have occurred. 
However, this would have enhanced TRU mobility. Therefore, if anything, the 
216-Z-12 Crib would be a "conservative" analog site for evaluating depth of 
migration of TRUs beneath the 216-Z-20 Crib. 

For the following calibration check, a shallow thickness of medium to 
fine sand is used to simulate the behavior of TRUs immediately beneath the 
216-Z-12 Crib based on the assigned lithology given by Kasper (1982) (see 
Figure 40). 
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Figure 41. Plot Plan of the 216-Z-12 Crib Showing 
Soil Sampling Locations. 

Diversion Box 

156 

1968 Diversion Pipe ~ 
C>155 

151 
C) 0 154 

152 

A'r-5: 
' : 69 

I 
I 
I 

: I 162 
100 75 I 
. 0 ~ Q185 

184 181 
~ 
71 

:1 

Gage Well 

14+---l-+-- Distributor Pipe 

Wells designated by only 
the last digits of well 
identification number. 

• Monitoring Wells 

2 e Wells Drilled in 1967 Study 

• C) Wells Drilled in 1976 Study 

0 Wells Drilled in 1979 Study 

95 

0 
I 
I 
0 

10 
I 

I I I 

20 Meters 
I 

60 Feet 

H9306019.7 



WHC-EP-0674 

5.2.3 Anaiog Site Calibration Check (216-Z- 12 Crib) 

The analog crib site was previously characterized by Kasper (1982). 
Input parameter information for the computations (e.g., flow rate, crib area, 
and lithology beneath the crib) was taken from Kasper (1982). The soil types 
were chosen from the average values previously used in the Liquid Effluent 
Study {WHC 1990b) {see Figure 39) and general textural classification . 
indicated in Kasper (1982). Estimates are calculated based on two soil types 
(and corresponding hydraulic parameters from Figure 39) and three Rf estimates 
representing the range of observed Kds and a conservative estimate tor Hanford 
Site soils as summarized in Ames and Serne (1991). The Ks chosen are for 
effluent or wastewater with low salt content, neutral to tasic pH, and low 
organics, as described for the 216-Z-12 Crib (Kasper 1982). Although some 
contributor streams were slightly acidic due to the presence of hydrofluoric 
acid, this wastewater was neutralized before discharge (i.e., adjusted to a pH 
of about 8). The Kds should bound the range of likely behavior for plutonium 
in these soils under the reported effluent chemical conditions. The soil type 
is assumed to be homogeneous and continuous in vertical extent. This 
assumption is appropriate for the expected behavior of plutonium and americium 
because the observed depth distribution of these TRUs beneath the subject crib 
occurs within the first 10 m beneath the crib where the soil column is a 
medium to fine sand. The infiltration area is based on the physical 
dimensions of the floor bottom of the crib . As discussed previously, this is 
considered to be a conservative assumption because the observed plutonium 
distribution extends (laterally) beyond the crib floor dimensions. Based on 
effluent discharge records (Appendix A of Kasper 1982), plutonium was added 
continuously to the crib over its operating history (1959-1973). The average 
mass loading of plutonium was 1.8 kg/yr (4.0 lb/yr) or a total of 25 kg 
(55 1 b). 

The range of predicted migration depths from the one-dimensional model 
(Table 9) is compared with the observed depth distributions as summarized in 
Figure 42. The observed migration depths were tabulated in two ways: 

(1) Depths below the peak concentrations in the soil profiles where 
concentrations were 1/1,000 of the peak concentrations. (The peak 
concentrations occur immediately beneath the floor of the crib, 
within 1 m (3.3 ft) or less, and then decline exponentially with 
depth.) 

(2) Maximum depths of penetration were estimated from the plutonium 
depth profiles (Kasper 1982). Concentrations for the maximum 
observed depths of penetration were 105 to 106 times lower than peak 
concentrations. 

The statistical summary (Whisker Box plots) shown in Figure 42 indicates 
that over 99% of the inventory occurs in the first few meters beneath the 
floor of the crib. The apparent maximum depth of penetration is, on the 
average, approximately 10 m (33 ft). The predicted depths of penetration 
indicate that an Rf of 125 provides a conservative estimate of the maximum 
depth of penetration observed beneath the crib. However, Figure 42 also 
suggests the centroid of the soil column contaminant plume would be more 
accurately predicted with an Rf of 500 to 1,000. The greater depth of 
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Table 9. Statistical Summary of Observed Plutonium Migration 
Depths (in Meters) Beneath the 216-Z-12 Crib. 

Variable 1/1,000th Depth Apparent maximum 
(m) depth (m) 

Sample size 7 7 

Average 3.6 9.9 

Median 1.9 6.9 

Mode I. 7 6.9 

Geometric mean 2.7 8.0 

Variance 12.1 64.9 

Standard deviation 3.5 8. 1 

Standard error 1.3 3.0 

Minimum 1.5 3.9 

Maxii:num 10.9 27 

Range 9.4 23.1 

Lower quartile 1.6 4.9 

Upper quartile 5.2 12.9 
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Figure 42 . Observed and Predicted Plutonium Migratio n 
Depths Beneath t he 216- Z- 12 Crib. 
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migration observed for a rel atively small fr acti on (<0.01%) of t he total 
retained on the soil column may be related to either preferential pathways or 
to other more mobile species or forms of plutonium. For example, 
radiocolloids or polymeric plutonium have been noted to migrate at greater 
rates than ionic forms. 

For corrective action or remediation purposes, the more realistic 
prediction (centroid) would be the most appropriate. However, for impact 
assessments, the maximum depth of penetration (i.e., conservative Rf or Kd 
values) is considered more appropriate. 

To summarize, the "calibration" check described above lends confidence to 
the general approach and assumptions used for the Liquid Effluent Study 
assessment of the 216-Z-20 Crib previously reported (WHC 1990b). The same 
general assumptions and approach are therefore considered adequate for use in 

co assessing contaminant distribution in the soil column for this GIA. 
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5.2.4 Prev;ous Results (L;qu;d Effluent Study) 

Previous results (WHC 1990b) of the one-dimensional unit gradient 
calculations are summarized in Table 10. The sediment column was represented 
as three major layers over a total depth of 60 m (197 ft). Hydraulic 
parameter estimates corresponding to the three layers were derived from 
Figure 39. The Rf values are based on conservative K~ values given in Ames 
and Serne (1991). Constituents considered were based on the "key" 
constituents identified from process knowledge and effluent data (see 
Section 3.0). The infiltration area was assumed to consist of the physical 
dimensions of the crib floor (1,412 m2 [15,193 ft2

]). As discussed in 
Section 5.2.2.1, the actual or effective area may be larger due to anisotropy 
effects associated with the sedimentary layering in the strata beneath the 
crib. 

A single-layer case is al so provided in Table 10 for comparison with the 
three-layer case that includes the caliche or Plio-Pleistocene unit. As 
shown, the migration rates (average for 60-m [197 ft] depth interval) are 
increased by over four fold if the fine-textured layer (caliche) (soil type E) 
is removed. 

The contaminant migration rate estimates for the three-layer case suggest 
that of the key constituents previously identified, only acetone and uranium 
were predicted to have broken through to groundwater. Mijration rates for the 
most significant as well as most abundant contaminants, 2 Pu and 241 Am, are 
0.4 and 0.05 cm/day (0.16 and 0.02 in . /day), respectively. These estimates as 
well as the expected chemical behavior of these constituents previously 
discussed suggest they should be retained in the soil column well above the 
caliche layer (approximately <43 m [141 ft]). 
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Table 10. Contaminant Migration Rate Estimates for the Soil Column Beneath the 
216-Z-20 Crib and the 216-Z-12 Crib. (4 sheets) 

Disposal f facility Rate Area (m2
) (infiltration layer Thickness (m) Soil type (revision (l/month) number 

date) rate, cm/s) 

216-Z-20 3.47 E+07 1,412 9.36 E-04 1 43 A 
Crib 2 6 E 

(WHC 1990b) 3 11 A 
60 

{JS Ks () Moisture q t T Estimated moisture 
state (cm/s) (s) (d) migration (cm/d) 

0.5 5.0 E-03 0.36 Unsaturated 9.36 E-04 1.65 E+06 
0.4 5.0 E-05 0.40 Saturated 5.00 E-05 4.80 E+06 

:e::: 
::c 
n 
I ...... ,.,, 0.5 5.0 E-03 0.18 Unsaturated 5.00 E-05 3.96 E+06 C> -u 

C> I 1.04 E+07 121 50 

Constituent Rt 
(retardation 

Acetone 1 
Cobalt-60 250 

Strontium-90 125 
Cesium-134 250 
Cesium-137 250 

Americium-241 1,000 
Plutonium-238 125 
Plutonium-239 125 
Plutonium-241 125 

Uranium 10 
Aluminum 100 
Arsenic8 la 

Estimated contaminant 
factor) migration (cm/day) 

50 
0.2 
0.4 
0.2 
0.2 
0.05 
0.4 
0.4 
0.4 
5 

0.5 
508 

Contaminant transport 
to water table (years) 

0.3 
83 
41 
83 
83 
330 
41 
41 
41 
3 

33 
0.38 

C> 
en 
....... 
~ 



Disposal 
facility 
(revision 

date) 

216-Z-20 
Crib 

(7-11-91) 

Os 

0.5 

Table 10. Contaminant Migration Rate Estimates for the Soil Column Beneath 
the 216-Z-20 Crib and the 216-Z-12 Crib. (4 sheets) 

f Rate Area (m2
) (infiltration Layer Thickness (m) Soil type (L/month) rate, cm/s) number 

3.47 E+07 1,412 9.36 E-04 1 60 A 

Ks 0 Moisture q t T Estimated moisture 
state (cm/s) (s) (d) migration (cm/d) 

5.0 E-03 0.36 Unsaturated 9.36 E-04 1.65 E+06 19 225 

Constituent Rt Estimated contaminant Contaminant transport 
:::e:: 
::r: 
n 
I 

..... l"T'1 (retardation factor) migration (cm/day) to water table (years) 
c:, -a 
..,.. I Acetone 1 225 0.07 

Cobalt-60 250 
Strontium-90 125 
Cesium-134 250 
Cesium-137 250 

Americium-241 1,000 
Plutonium-238 125 
Plutonium-239 125 
Plutonium-241 125 

Uranium 10 
Aluminum 100 

0.9 
1.8 
0.9 
0.9 
0.2 
1.8 
1.8 
1.8 
23 
2.3 

18 
10 
18 
18 
73 
10 
10 
10 
0.7 
7 

0 
CJ) 
...... 
-"" 
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Table 10. Contaminant Migration Rate Estimates for the Soil Column Beneath 
the 216-Z-20 Crib and the 216-Z-12 Crib. (4 sheets) 

Disposal 
Area (m2

) 
f (infiltration Layer facility Rate (L/month) rate, cm/s) number Thickness (m) Soil type 

(revision date) 

216-Z-20 Crib 1 4.07 E+07 1 I. 10 E-03 1 43 A 
(1-29-93) 1,412 2 6 E 

[Three 2 6.29 E+07 2 I. 70 E-03 3 11 A 
examples] [All three 60 

3 2.62 E+07 examples] 3 7.06 E-04 

es Ks 8 Moisture q t T Estimated moisture 
state (cm/s) (s) (d) migration (cm/d) 

1 0.5 5.0 E-03 0.37 Unsaturated 1. 10 E-03 1.45 E+06 
0.4 5.0 E-05 0.40 Saturated 5.00 E-05 4.80 E+06 
0.5 5.0 E-03 0.22 Unsaturated 5.00 E-05 4.84 E+06 

1.11 E+07 128 47 

2 0.5 5.0 E-03 0.41 Unsaturated I. 70 E-03 1.04 E+06 
0.4 5.0 E-05 0.40 5.00 E-05 4.80 E+06 
0.5 5.0 E-03 0.22 5.00 E-05 4.84 E+06 

1.07 E+07 124 49 

3 0.5 5.0 E-03 0.33 Unsaturated 7~06 E-04 2.01 E+06 
0.4 5.0 E-05 0.40 Saturated 5.00 E-05 4.80 E+06 
0.5 5.0 E-03 0.22 Unsaturated 5.00 E-05 4.84 E+06 

1.16 E+07 135 45 

Rt Estimated contaminant Contaminant transport to 
Constituent (retardation factor) migration (cm/day) water table (years) 

(All three examples] 1 2 3 1 2 3 

Americium-241 1,000 0.05 0.05 0.04 351 338 369 
Plutonium-238 125 0.37 0.39 0.36 44 42 46 
Plutonium-239 125 0.37 0.39 0.36 44 42 46 
Plutonium-241 125 0.37 0.39 0.36 44 42 46 
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1 0.5 
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Table 10. Contaminant Migration Rate Estimates for the Soil Column Beneath 
the 216-Z-20 Crib and the 216-Z-12 Crib. (4 sheets) 

f Rate Area (m2
) (infiltration Layer Thickness (m) Soil type (l/month) rate, cm/s) number 

1. 56 E+06 557.5 1.07 E-04 1 55 1 B 

2 C 

Ks () Moisture q t T Estimated moisture 
state (cm/s) (s) (d) migration (cm/d) 

1.0 E-03 0.28 Unsaturated 1.07 E-04 1. 42 E+07 164 34 

5.0 E-04 0.31 Unsaturated 1.07 E-04 1. 57 f +07 181 30 

Contaminant transport 
Rt Estimated contaminant Constituent to water table (retardation factor) migration (cm/dayt (years) 

1 Plutonium 11 3.0 5 
Plutonium 100 0.3 45 

2 Plutonium 11 2.8 5 
Plutonium 100 0.3 50 

8Arsenic was not included in the original analytical solution run for the Liquid Effluent 
Study Final Project Report (WHC 1990b); it has been added to this table because current 
perched water chemistry data suggest it is also a constituent of interest in this report. 
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5.2.5 Analytical Results for Rev i sed Conceptual Model 

Revised calculations using the same unit gradient model described in 
Section 5.2.4 were run to address concerns not considered in the Liquid 
Effluent Study, including the: 

• Effect of varying infiltration rates on contaminant transport rates 
in the soil column 

• Interaction of PFP wastewater with CC1 4 from adjacent facilities. 

5.2.5.1 Transuranics. The three-layer case described in Section 5.2.4 was 
rerun using three different flow rates representing the average discharge 
rates to the 216-Z-20 Crib during the major operating periods. Hydraulic 
parameters were also reviewed and changed slightly. Only TRUs were considered 
for this case because th~y are the most significant contaminants of concern. 
As indicated in Table 10~ the migration rates are very similar to the results 
previously reported for the Liquid Effluent Study (WHC 1990b). Again, the 
computations suggest that TRUs should be retained in the soil column well 
above the water table. Additionally, the analog crib site evaluation suggests 
the vast majority of the TRU loading should actually exist within a few meters 
depth from the bottom of the crib. The absence of TRUs in perched water and 
sediments (see Appendix C) is consistent with this conclusion. 

5.2.5.2 Carbon Tetrachloride Modeling Summary. As indicated in Sections 4.4 
and 4.5, CC1 4 as a vapor phase or as a DNAPL from adjacent past-practice 
disposal facilities may interact with wastewater from the 216-Z-20 Crib. To 
gain some insight to the relative magnitude of these interactions, a computer 
simulation of the transport of CC1 4 from the 216-Z-9 Trench, the largest 
adjacent source, was run using MAGNAS3 (Multiphase Analysis of Groundwater, 
Non-aqueous Phase Liquid and Soluble Component in 3 Dimensions). 1 

Preliminary efforts completed at the time of this writing include only initial 
simulations of the DNAPL. Work is underway to simulate the interaction of the 
vapor phase and adjacent wastewater sources. 

Results of the initial liquid phase, two-dimensional simulation are shown 
in Figure 43. Two scales are shown to il l ustrate near field processes (a) and 
the lateral extent of possible migration toward the 216-Z-20 Crib (b). The 
lithology used was simplified from the north-south transect between the 
216-Z-9 Trench and the 216-Z-20 Crib (see Figure 19). The bottom of the 
vertical dimension shown (0 depth on Y axis) corresponds to the top of the 
lower mud unit of the Ringold Formation (see well 2-W15-5 in Figure 19). The 
elevation of this fine-grained sedimentary unit was assumed to be constant 
within the 700-m (2,297-ft) distance simulated (X axis). Soil properties 
(hydraulic conductivities, etc.) and other related assumptions used were as 
previously described in Piepho et al. (1993) . Input volumes of both the 
aqueous phase (4 x 106 L [1.06 x 106 gal] ) and DNAPL (2 x 105 L 
[2.64 x 104 gal]) were added to the disposal site over the operating period 
(1955 through 1962, or 8 years). This initial simulation, which is an 
extension of the results previously reported in Piepho et al. (1993), suggests 
that DNAPL settles to the bottom of the aquifer and then moves laterally to 

1MAGNAS3 is a trademark of Hydrogeologic, Inc., Herndon, Virginia. 
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near the north end of the 216-Z-20 Crib. The thin· green band at the bottom of 
the figure represents a layer approximate ly 3 m (10 ft) i n thickness. It 
should also be noted that drainage of DNAPL into the aquifer appears to 
continue for an extended period of time. For example, the green contour 
interval in the aquifer appears to be approximately continuous for at least 
40 years (1955 to 1995). The DNAPL in the soil column (red contour) 
diminishes with time but appears to supply a much smaller but continuous 
amount of DNAPL to the aquifer for a long period. 

The initial simulations described above suggest that a liquid phase of 
CC1 4 may move deep in the aquifer, and spread horizontally upon encountering 
impermeable l ayers. If the Ringold lower mud unit is the only fine-grained 
sedimentary unit in the stratigraphic column, DNAPL migrating along the top of 
this unit would be too l ow i n the aqu i fer to influence groundwater 
concentrations in the uppermost port ion of the aquifer beneath the 
216-Z-20 Crib. However, the process suggested by the simulation shown in 
Figure 43 could account for the observed CC1 4 concentrations in the monitoring 
wells at the 216-Z-20-Crib if the Z Ditches were the source (e.g., as 
previously discussed, the Z Ditches apparently received accidental or 
occasional releases of CC1 4). Downward movement of CC1 4 beneath the 
216-Z-19 Ditch, for example, could result in a small but continuous supply to 
the aquifer immediately adjacent to the groundwater monitoring wells. 
A continuous, long-term slow drainage could account for the observation that 
elevated CC1 4 occurs in groundwater beneath the 216-Z-20 Crib and appears to 
persist (see Figure 33). 

It is equally likely that residual DNAPL from the ditches may have 
migrated down the outside of the unsealed well casings. This preferential 
pathway would favor a buildup of DNAPL near the bottom of the well. Because 
the pump intakes were within 1.5 m (5 ft) of the static water level, a marked 
difference in CC1 4 concentrations should be observed between the bottom and 
top of the perforated well casing interval, or there should at least be a 
sharply increasing gradient with depth within the perforated interval. The 
bottom and near surface of well 2-Wl8- 20 was sampled to examine such effects. 
A packer was set approximately 0.3 m (1 ft) from the bottom of the 14-m 
(45-ft) perforated interval of this well and sampled with a Hydrostar pump 
just before (March l, 1993, Appendix B) its conversion to a perched water 
monitoring well. The deeper sample indicated a CC1 4 concentration of 100 ppb 
as compared to 35 ppb at the shallower depth sampled on April 12, 1993; thus 
suggesting that preferential settling or accumulation of DNAPL near the well 
bottom may have occurred at this location. 

Additional modeling using upgraded soil properties based on aqueous/DNAPL 
drainage and retention curves is needed as well as additional field observa
tions to confirm model predictions. (Ongoing CERCLA-related characterization 
work will provide some of this information in fiscal year 1994) . The initial 
modeling and observations discussed above may be especially important for 
remediation plans that involve potential pump and treat restoration 
activities, i.e., the effectiveness of aquifer restoration efforts may be 
limited by the potential existence of long-term DNAPL drainage sources . 
Additionally, this evaluation suggests some attention should be given to the 
Z Ditches as possible secondary sources . 
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Figure 43 . (a) Two-dimensional Simulation of Liquid Phase Carbon 
Tet rachloride in the Soil Column and Unconfined Aquifer Beneath 

the 216- Z-9 Trench, Near Field Cross Section . 
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Figure 43. 
(b) 

Two-dim
ensional 

S
im

ulation 
of L

iquid 
Phase 

C
arbon 

T
etrachloride 

in 
the Soil 

Column 
and 

U
nconfined 

A
quifer B

eneath 
th~ 

216-Z-9 T
rench, 

E
xtended 

N
orth

-South 
C

ross 
S

ection
. 

z 

C
l) 
~
 

~
 

Q
) 

>-co 
..... ~ Q

) 

E
 

:J 
-0.. ..... Q

) 

I-C
 

0 
..0 
~
 

~
 

u 

(sJa1aw
) A

 
(SJa1aw

) A
 

V
) 

109/110 



THIS PAGE INTENTIONALLY 
·· · LEFT BLANK 



WHC-EP-0674 

5.2.6 Implications of Soil Gas and Perched Water 
Sampling Results 

Vadose zone soil gas samples were collected during conversion of the four 
groundwater monitoring wells to perched water wells (Appendix D). This 
sampling was conducted to determine if significant concentrations of vapor 
phase CC1 4 occur in the immediate vicinity of the monitoring wells. Samples 
were drawn from several depths in each well and included intervals both above 
and below the Plio-Pleistocene unit. Samples were taken after each "lift" or 
interval of grout was emplaced in the borehole well casing and after the 
casing was perforated. 

Soil gas samples for determination of CC1 4 were drawn with the Seamist1 

downhole sampling system that isolates the bore volume within each perforated 
test interval. A vacuum pump was used to draw a sample from the isolated 
interval through 0.63-cm (0.25-in.) plastic tubing. The gas sample so 
obtained was analyzed in the field with both a Draeger2 chemical detector 
tube and an organic vapor meter calibrated for chlorinated hydrocarbons. 
Results of this sampling effort are summarized in Table 11. Excluding the 
maximum value of 124 ppmv at the north end of the crib, the average of the 
other measurements was 11 ppmv. 

The maximum value (well 2-Wl8-17, see Table 11) was at an elevation of 
approximately 3 m (10 ft) above the water table and was observed in only one 
sampling event. Soil vapor concentrations above the caliche layer in the same 
well were only ca. 10 ppmv. Observed CC1 4 concentrations in shallow (<5 m 
[<16 ft]) groundwater at this well are on the order of 1,000 µg/L. 
Additionally, CC1 4 in initial grab samples of perched water from 
wells 2-Wl8-19 and 2-Wl8-20 were <5 µg/L. Except for the one higher soil · gas 
value, the perched water and soil gas CC1 4 concentrations do not appear to be 
high enough to explain the existing groundwater concentrations of CCl~ in the 
vicinity of the 216-Z-20 Crib. This suggests that interaction of a C~l 4 vapor 
phase with wastewater immediately beneath the crib is not a major contributor 
to CC1 4 in groundwater sampled from the monitoring wells at the 216-Z-20 Crib. 
The partially saturated soil column beneath the crib apparently restricts the 
lateral migration of gaseous CC1 4 through the saturated or partially saturated 
pore spaces. The vapor phase/perched water pathway may be more likely along 
the fringes of the perched water mound. 

5.2.7 Comparison of Groundwater Data with Guidelines 

This section summarizes the major findings of previous and current 
groundwater sampling and analysis activities associated with the operational 
monitoring program (Johnson 1993a) and characterization studies for CERCLA
related projects in the vicinity of the subject crib. Only the salient 
features of findings from these sources are discussed here. Additional 
details are contained in either the individual references cited or are 
provided in Appendix B of this document. 

1Seamist is a trademark of Eastman Cherrington Environmental. 

2Draeger is a trademark of the National Draeger, Inc. 
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Table 11. Summary of Carbon Tetrachloride Concentrations in Soil Gas 
from Monitoring Wells at the 216-Z-20 Crib (1993). 

BOH (ft) Highest reading 

We 11 299-WlB-17 

100.8 83 to 101 ft Below caliche: 
• 13.3 ppm with OVM 124 ppmv with OVM at 
• 7 ppmv with Draeger8 perforated interval of 

chemical detector 170 to 191 ft 
tube above caliche 

Well 299-WlB-18 

132.7 with 128 to 134 ft Above/below caliche: 
approximately 0.1 ft • 2 ppmv with OVM above 12 ppmv with OVM at 
water caliche perforated interval of 

134 to 170 ft 

Well 299-WlS-20 

126.1 165 to 197 ft Above caliche: 
• SWL .= 111.76 ft 18.9 ppmv with OVM 

Below caliche: 
• 17.5 ppmv at 

perforated interval 
of 165 to 197 ft 

• 8.5 ppmv at 
perforated interval 
of 142 to 163 ft 

Note: All values obtained with Seamistb sampling system. 
8 Draeger is a trademark of the National Draeger, Inc. 
bseamist is a trademark of Eastman Cherrington Environmental. 

BOH = Bottom of hole. 
OVM = Organic vapor meter. 

ppmv = Parts per million by volume. 
SWL = Static water level. 
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The potential sign ifican ce of either predi ct ed or observed contaminants 
in groundwater from continued disposal operations are evaluated by comparison 
with either: 

• WAC 173-200 standards 

• DOE-derived concentration guides (4 mrem/yr equivalent) for those 
radionuclides not included in WAC 173-200 (Tyler 1991). 

The relevant guidelines for constituents of interest for assessment of 
potential impacts from the 216-Z-20 Crib are listed in Table 12. 

5.2.7.1 Groundwater. As previously indicated, the only significant 
exceedances of the constituents of interest (see Table 12) in groundwater 
beneath the 216-Z-20 Crib were for t he chlorinated hydrocarbons (WHC 1989; 
WHC 1990b). For example, the maximum exceedances.of the three chlorinated 
hydrocarbons identified were as follows: CC1 4, >6,000 times the Washington 
Water Quality Standard (WWQS) WAC 173-200; chloroform, 30 times the WWQS; and 
trichlorethylene, 5 times the WWQS. In addition to the Z Plant-related past
practice sources of chlorinated hydrocarbons, chloroform is also a ubiquitous 
contaminant that appears in virtually all treated water as a byproduct of the 
chlorination process. Likewise, it has been identified in PFP wastewater and 
may have contributed to the occurrence in groundwater beneath the crib from 
that source. 

5.2.7.2 Perched Water. The most direct relevant information for assessing 
recent potential groundwater impacts are data obtained from the perched water 
monitoring well (2-Wl8-29) located near the south end of the crib. Results of 
several quarters of sample data, beginning in 1991 (Appendix B), indicate a 
water source that is very similar in chemical composition to cooling water 
(chlorinated Columbia River water). The only departure from this 
generalization is for arsenic, which occurs at concentrations of 20 to 
25 µg/L. The state standard for this constituent is 0.05 µg/L; however, the 
average natural background concentration of arsenic upgradient of Hanford Site 
operational influences is 6.7 ±3 .7 (mean and 1 standard deviation) with a 
maximum observed concentration of 10 µg/L. Where the natural background 
exceeds the standard, WAC 173-200 allows substitution of the natural 
background value for the standard. Thus, the perched water appears to have 
arsenic concentrations that exceed the upper range of natural background 
concentrations by 2 to 3 fold. 

The source of the anomalous arsenic occurrence has not yet been 
identified. However, It seems unlikely that it is associated with past 
PFP wastewater discharges (see Table 7). For example, if it had been present 
as a co-contaminant in acids and other chemical waste previously discharged to 
the crib (i.e., before 1985), it should have been flushed from the soil column 
long before sampling at well 2-Wl8-29 began in 1991. This inference is based 
on the expected chemical state of arsenic in natural waters at slightly basic 
pH (e.g., arsenate, HAs04

2·; Johnson 1993a) and the estimated travel time to 
the water table of less than a year (see Table 9). It has been suggested that 
arsenic may be leached from the soil column but data are not available to 
evaluate this possibility. Slightly elevated arsenic does occur in 
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Table 12 . List of Constituents of Interest and 
Associated Regulatory Guidelines. 

Constituent Concentration/units Regulatory guideline 

Acetone NA WAC 173-2008 

Aluminum 50 ppb SMCL (proposed)b 

Arsenic 0.05 ppbc WAC 173-2008 

Carbon tetrachloride 0.3 ppb WAC 173-2008 

Chloroform 7 ppb WAC 173-2008 

Trichloroethylene 3 ppb WAC 173-2008 

Cobalt-60 200 pCi/L 1/25 DCGd 

Strontium-90 8 pCi/L WAC 173-2008 

Cesium-134 80 pCi/L 1/25 DCGd 

Cesium-137 120 pCi/L 1/25 DCGd 

Plutonium-238 1.6 pCi/L 1/25 DCGd 

Plutonium-239 1.2 pCi/L 1/25 DCGd 

Plutonium-241 80 pCi/L 1/25 DCGd 

Americium-241 I. 2 pCi /L 1/25 DCGd 

Uranium 40 pCi/L 1/25 DCGd 

•wAC 173-200, 1990, "Water Quality Standards for the State of 
Washington," Washington Administrative Code, as amended. 

bSMCL (proposed) = secondary maximum contaminant level; 51 FR 11396, 
April 2, 1986; 56 FR 3526, January 30, 1991, as amended for proposed SMCL 
table. 

cWAC 173-200 allows natural background concentrations to be substituted 
for the standard in cases where natural background exceeds the standard. On 
the Hanford Site the provisional natural background threshold value is 10 ppb 
(Johnson 1993a). 

dl/25 DCG = 1/25 derived concentration guide; DOE (1990). 
NA= Not available. 
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groundwater at other locations in the 200 East and 200 West Areas in the 
vicinity of past and present wastewater disposal sites (Johnson 1993a; see 
Figure 25). 

Whether arsenic is (or was) present as a co-contaminant, or was leached 
from the soil column is unknown. Because the concentration of this 
constituent is within the natural background range for the Hanford Site in 
groundwater beneath the crib (<10 ppb; see Appendix 8), the anomalous perched 
water occurrence is of less significance especially when compared to existing 
groundwater contamination (e.g., CC1 4). 

It should also be noted that the absence of TRU radionuclides in water 
samples from the perched water monitoring well (2-Wl8-29) is of particular 
significance (see Appendix B for data listing). This suggests, for example, 
that americium and plutonium have not migrated down to this depth (ca. 40 m 
beneath the crib). In addition, the previous soil sampling from shallow 
borings at both ends of the crib clearly suggests that TRUs were distributed 
laterally over the entire length of the 457-m-long (l,500-ft-long) crib. 
Thus, a source of TRUs in the vicinity of the perched water monitoring well 
(2-WlS-29) was available for potential remobilization caused by continued 
addition of wastewater to the crib. The absence of TRUs in either the water 
or the slurried sediments collected during drilling of this well (see 
Appendix C), is consistent with the expected or predicted retention of these 
radionuclides within the upper sections of the soil column. 

5.3 MONITORING WELL ADEQUACY 

The primary monitoring well deficiency identified during this impact 
assessment was the existence of four unsealed groundwater monitoring wells 
located within the perched water zone beneath and adjacent to the 
216-Z-20 Crib. Thus, remediating these wells to eliminate potential 
preferential pathways for groundwater contamination was a primary goal of the 
assessment plan for this crib (Tyler et al. 1993). In addition, it was clear 
that perched water monitoring wells would be the most effective "early 
warning" system for this crib. One such well (2-Wl8-29), as previously 
discussed, was installed near the south end of the crib as part of the RCRA 
monitoring network. This well provided valuable information on existing 
perched water contaminant levels, but was not optimally located to assess 
potential interaction of wastewater with the higher soil gas CCl 
concentrations near the north end of the crib (see Figure 35). ~oth of the 
above needs were solved simultaneously under the Well Remediation Program 
conducted by Westinghouse Hanford Company. Field activities conducted for 
this effort are summarized as follows. 

5.3.1 Remediation and Conversion of Existing 
Groundwater Monitoring Wells 

This section summarizes the field work conducted between April and 
August 1993 for the subject purpose (Reynolds 1993). Detailed well logs and 
associated field data are included in Appendix D. 

115 



-:::r 
• 

WHC-EP-0674 

5.3.1.1 Approach. A dual -purpose approach providing both seal ed wells and 
perched water and/or deep soi l gas mon itor ing we l ls for both the operational 
monitoring program and the CC1 4 ERA was selected. The objective was to obtain 
additional perched water/soil gas monitoring facilities while correcting the 
four inadequately installed groundwater monitoring well casings (Appendix D). 

Implementation of the above strategy and objectives involved two-phased, 
well remediation. Phase I involved decommissioning of the lower sections of 
the wells coupled with temporary completion of the upper sections as multiple
use monitoring wells. Phase II involves deferred decommissioning of the upper 
sections of the converted wells until they are no longer needed for either 
perched water or soil gas monitoring purposes, after which the remainder or 
upper section of the well will be decommissioned. 

5.3.1.2 Well Remediation Procedure. The four wells located adjacent to the 
216-Z-20 Crib (see Figure 4) were perforated and pressure grouted from the 
water table to an elevation just above the Plio-Pleistocene layer (see 
Figure 20). The grouting proceeded in stages or "lifts." This involved 
perforating the casing section and then injecting grout through a packer 
assembly at a nominal hydrostatic pressure of 50 lbf/in2• Neutron/density 
logs for each well provided indications of voids and identification of. 
lithologic units for establishing completion depths or elevations. Volumes 
were calculated for each section of perforated casing between the packer and 
the previous grout layer. Approximately three times this volume of grout was 
added to ensure a continuous seal between the outer casing wall and the 
formation. After completion of the last lift or layer, an additional 5 to 6 m 
(15 to 20 ft) of casing was perforated to allow perched water inflow and or 
space for soil gas monitoring. 

One of the wells (2-Wl8-19) required special perforating methods to 
penetrate the dual-casing. This involved use of a jet perforating tool 
actuated with a downhole explosive sufficient to penetrate both casing walls. 

In summary, the four wel l s were remediated successfully using a multiple
lift, pressure-grouting method, the first application of such an approach at 
the Hanford Site. The techniques developed and experience gained at the 
216-Z-20 Crib can be used to improve decommissioning procedures for the 
multitude of older wells at the Hanford Site. Thus, significant improvements 
in well decommissioning procedures are expected from application of the 
methods devised for the 216-Z-20 Crib GIA. 

5.3.1.3 Perched Water Table Response. The preliminary observations on the 
hydrologic response to the well remediation work (Appendix D) suggests that 
perched water was previously draining down the outside of the unsealed 
casings, thus creating a dewatered zone around each well within the perched 
water layer. When the lower sections of casing were sealed, perched water 
resaturated the dewatered "zone of drainage influence" around the previously 
unsealed casing. 

The observations summarized above illust rate the importance of sealing or 
decommissioning old wells, especially in the 200 West Area where perched water 
is encountered frequently . Post-remediation water level observations in the 
converted wells at the 216-Z-20 Crib should be useful in evaluating perched 
water dynamics in other 200 West Area act ive wastewater disposal sites. 
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5.3.2 Future Needs and Data Reporting 

The virtual elimination of wastewater discharges to the 216-Z-20 Crib 
after January 1994 will likewise reduce the need for groundwater monitoring at 
this site. However, continued soil gas monitoring will be conducted at the 
newly created vadose zone monitoring wells for the CC1 4 ERA to assess the 
efficacy and areal extent of adjacent soil gas vacuum extraction operations at 
the 216-Z-IA Crib. Perched water sampling and water levels will be followed 
in connection with the operational groundwater program to document the 
response to declining and/or terminated wastewater input. Results of this 
effort will be reported in the annual Westinghouse Hanford Company groundwater 
status report. 

Potential future use of the new vadose monitoring wells includes post
remediation monitoring or for soil venting to remove residual CC1 4 potentially 
present in the soil column beneath the adjacent Z Ditches. 
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6.0 CONCLUSIONS 

The evaluation of existing and recent data presented in this report leads 
to the following conclusions about the impact of wastewater discharges to the 
216-Z-20 Crib: 

• Estimates of TRU migration rates for the high discharge period 
(i.e., greater than 380 L/min [100 gal/min] during 1982 through 
1992) indicate these key contaminants are retained in the upper soil 
column (less than 40 m [130 ft]). Spectral gamma logs, sediment 
data, and perched water and groundwater sampling results all support 
this conclusion. The significant reduction in flow rates during 
1993 (to approximately 190 L/min [50 gal/min]), and the even lower 
projected rates for 1994 (23 to 45 L/min [6 to 12 gal/min] of 
treated effluent) , are expected to result in only minimal additional 
downward TRU movement until June 1995 when all liquid discharges to 
the crib will cease. 

• The interaction of wastewater from the 216-Z-20 Crib with residual 
CCl from adjacent facilities contributes to groundwater 
contamination. However, the amount is small compared to continual 
drainage of CC1 4 from adjacent past-practice disposal cribs. In 
addition, it is concluded that elevated CC1 4 concentrations (100 to 
1000 µg/L) in the former groundwater monitoring wells at this crib 
were due to either: 

- Long-term drainage of residual DNAPL from the adjacent 
Z Ditches 

- A result of DNAPL drainage down the outside of the formerly 
unsealed well casings during or shortly after installation of 
the monitoring wells between the 216-Z-20 Crib and the 
Z Ditches in 1982. 

During the high discharge period (1982 to 1992) wastewater from the 
crib may have been a driving force for downward transport of 
residual DNAPL in the soil column beneath the adjacent Z Ditches. 
Reduction in the discharge rate to the 216-Z-20 Crib should all but 
eliminate additional localized groundwater contamination from this 
potential source. 

• Unsealed well casings of four groundwater monitoring wells located 
in the perched water zone of the crib created potential preferential 
pathways that may have contributed to groundwater contamination 
duri ng the earlier operational period (before 1986). However, no 
evidence for the presence of residual TRUs or other radiological 
contamination was found in recent groundwater samples from these 
wells. Likewise, in 1991, high resolution and standard spectral 
gamma surveys for radiological contamination in all four wells 
indicated the presence of only naturally occurring radionuclides 
(Appendixes C and D) . 
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• Conversion of the four groundwater monitoring wells to perched water 
and/or vadose zone monitoring wells el iminated potential 
preferential pathways to groundwater and provided improved "early 
warning" detection monitoring at the crib (Appendix D). This 
resulted in an improved monitoring network. The converted wells can 
also act as well venting structures for enhancing removal of 
residual CC1 4 from beneath the Z Ditches by either active or passive 
soil extract1on. The well venting/extraction process will become 
more effective as the water drains from the soil column in response 
to termination of wastewater input to the crib. 

120 



WHC-EP-0674 

7.0 REFERENCES 

Ames, L. L., D. Rai, and R. J. Serne, 1976, A Review of Actinide-Sediment 
Reactions with an Annotated Bibliography, BNWL-1983, Battelle Pacific 
Northwest Laboratories, Richland, Washington, pp. 101-130. 

Ames, L. L., and R. J. Serne, 1991, Compilation of Data to Estimate 
Groundwater Migration Potential for Constituents in Active Liquid 
Discharges at the Hanford Site, PNL-7660, Pac i fic Northwest Laboratory, 
Richland, Washington. 

Barney, G. S., 1988, Adsorption of Plutonium on Hanford Sediments from Shallow 
Groundwaters - Measurement of Distribut ion Coefficients, (internal 
memo 12714-PSL88-168 to J . L. Gieger , December 27) , Westinghouse Hanford 

c:o- Company, Richland, Washington . 
i:...o 

Brown, M. J., R. K. P'Pool, and S. P. Thomas, 1990, Westinghouse Hanford 
Company Effluent Discharges and Solid Waste Management Report for 
Calendar Year 1989: 200/600 Areas, WHC-EP-0141-2, Westinghouse Hanford 
Company, Richland, Washington. 

40 CFR 264, 1992, "Standards for Owners and Operators of Hazardous Waste 
Treatment, Storage, and Disposal Facilities," Code of Federal 
Regulations, as amended. 

Comprehensive Environmental Response, Compensation, and Liability Act of 1980, 
42 USC 9601, et seq. 

Delaney, C. D., K. A. Lindsey, and S. P. Reidel, 1991, Geology and Hydrology 
of the Hanford Site: A Standardized Test for Use in Westinghouse Hanford 
Documents and Reports, WHC-SO-TI-003, Westinghouse Hanford Company, 
Richland, Washington. 

DOE, 1987, Final Environmental Impact Statement, Disposal of Hanford Defense 
High-level, Transuranic and Tank Waste, Hanford Site, Richland, 
Washington, DOE/EIS-0113, U.S. Department of Energy, Richland Operations 
Office, Richland, Washington . 

DOE, 1988, Consultation Draft, Site Characterization Plan, Reference 
Repository Location, Hanford Site, Washington, DOE/RW-0164, Vols. 1-9, 
U.S. Department of Energy, Office of Civilian Radioactive Waste 
Management, Washington, O.C. 

DOE, 1990, Radiation Protection of the Public and the Environment, 
DOE Order 5400.5, U.S. Department of Energy, Washington, D.C . 

DOE-RL, 1991, Expedited Response Action Proposal (EE/CA & EA) for 200 West 
Area Carbon Tetrachloride Plume, DOE/RL 91-32, U.S. Department of Energy, 
Richland Field Office, Richland, Washington. 

DOE-RL, 1992, 200 West Area Groundwater Aggregate Area Management Study 
Report, DOE/RL 92-16, U.S. Department of Energy, Richland Field Office, 
Richland, Washington . 

121 



::r-
• 
~ 
~ 

C::J 
C'r"l -~ 
en 

WHC-EP-0674 

Drever, J. I., 1982, The Geochem ;stry of Natural Waters, Prenti ce-Hall, Inc., 
Englewood Cliffs, New Jersey . 

Ecology, EPA, and DOE, 1990, Hanford Federal Facility Agreement and Consent 
Order, Washington State Department of Ecology, U.S. Environmental 
Protection Agency, and U.S. Department of Energy, Olympia, Washington. 

40 CFR 264, 1992, "Standards for Owners and Operators of Hazardous Waste 
Treatment, Storage, and Disposal Facilities," Code of Federal 
Regulations, as amended. 

51 FR 11396, 1986, "Nat ion al Primary and Secondary Ori nki ng Water Regulations; 
Flouride," Federal Register, April 2. 

56 FR 3526, 1991, "National Primary Drinking Water Regulations--Synthetic 
Organic Chemicals and Inorganic Chemicals; Monitoring for Unregulated 
Contaminants; National Primary Drinking Water Regulations Implementation; 
National Secondary Drinking Water Regulations," Federal Register, 
January 30 . 

Gee, G. W., 1987, Recharge at the Hanford Site - Status Report, PNL-6403, 
Pacific Northwest Laboratory, Richland, Washington. 

Gephart, R. E., R. C. Arnett, R. G. Baca, L. S. Leonhard, and 
F. A. Spane, Jr., 1979, Hydrologic Studies Within the Columbia Plateau, 
Washington: An Integration of Current Knowledge, RHO-BWI-ST-5, Rockwell 
Hanford Operations, Richland, Washington. 

Graham, M. J., M. D. Hall, S. R. Strait, and W. R. Brown, 1981, Hydrology of 
the Separations Area, RHO-ST-42, Rockwell Hanford Operations, 
Richland, Washington. 

Graham, M. J., G. V. Last, and K. R. Fecht, 1984, An Assessment of Aquifer 
Intercommunication in the 8 Pond-Gable Mountain Pond Area of the Hanford 
Site, RHO-RE-ST-12-P, Rockwell Hanford Operations, Richland, Washington. 

Jenne, E. A., ed., 1979, Chemical Modeling in Aqueous Systems - Speciation, 
Sorption, Solubility, and Kinetics, ACS Symposium Series No. 93, American 
Chemical Society, Washington, D.C. 

Jensen, D. 8., 1990, Plutonium Finishing Plant Wastewater Stream-Specific 
Report, WHC-EP-0342, Addendum 8, Westinghouse Hanford Company, 
Richland, Washington. 

Johnson, V. G., N. H. Cutshall, and C. L. Osterberg, 1967, "Retention of 
Zinc-65 by Columbia River Sediment," Water Resources Research, 
Vol. 3(1) :99-102. · 

Johnson, V. G., 1993a, Sediment Quality and Ecorisk Assessment Factors for a 
Major River System, WHC-SA-1989-FP, Westinghouse Hanford Company, 
Richland, Washington. 

122 



WHC-EP-0674 

Johnson, V. G., 1993b, West;nghouse Hanford Company Operat; ona l Groundwater 
Status Report, WHC-EP-0595, Westinghouse Hanford Company , 
Richland, Washington. 

Kasper, R. B., 1982, 216-l-12 Transuranic Crib Characterization: Operational 
History and Distribution of Plutonium and Americium, RHO-ST-44, 
Rockwell Hanford Operations, Richland, Washington. 

Khaleel, R., and T. LeGore, 1990, Effects of Varying Recharge on Radionuclide 
Flux Rates to the Water Table at a Low-Level Solid Waste Burial Site, 
WHC-SA-0699-FP, Westinghouse Hanford Company, Richland, Washington. 

Last, G. V., M. J. Graham, and V. W. Hall, 1981, 216-U-10 Pond and 
· 216-l-19 Ditch Characterization Studies , RHO-ST-45 , Rockwell Hanford 
Operations, Richland, Wash ingt on . 

Last, G. V., S. P. Airhart, M. P. Bergeron, B. N. Bjornstad, M.A. Chamness, 
C. S. Cline, D. R. Newcomer, J. A. Schranke, D. W. Wallace, and 
J. S. Wilbur, 1989, Hydrogeology for the 200 Areas Low-Level Burial 
Grounds--An Interim Report, PNL-6820, Pacific Northwest Laboratory, 
Richland, Washington. 

Last, G. V., and V. J. Rohay, 1993, Refined Conceptual Model for the Volatile 
Organic Compounds-Arid Integrated Demonstration and 200 West Area Carbon 
Tetrachloride Expedited Response Action, PNL-8597, Pacific Northwest 
Laboratory, Richland, Washington. 

Ledgerwood, R. K., 1993, Summaries of Well Construction Data and Field 
Observations for Existing 200 West Resource Protection Wells, 
WHC-SD-ER-TI-005, Westinghouse Hanford Company, Richland, Washington. 

Lindsey, K. A., 1991, Revised Stratigraphy for the Ringold Formation, Hanford 
Site, South-Central Washington , WHC-SD-EN-EE-004, Westinghouse Hanford 
Company, Richland, Washington. 

Lindsey, K. A., B. N. Bjornstad, and M. P. Connelly, 1991, Geologic Setting of 
the 200 West Area: An Update, WHC-SD-EN-TI-008, Rev. 0, Westinghouse 
Hanford Company, Richland, Washington. 

Ludowise, J. D., 1978, Report on Plutonium Mining Activities at 
216-Z-9 Enclosed Trench, RHO-ST-21, Rockwell Hanford Operations, 
Richland, Washington. 

McCord, J. T., D. B. Stephens, and J. L. Wilson, 1991, "Hysteresis and State
Dependent Anisotropy in Modelling Unsaturated Hillslope Hydrologic 
Processes," Water Resources Research, Vol. 27, No. 7, pp . 1501-1518. 

Mualem, Y., 1976, "A New Model for Predicting the Hydraulic Conductivity of 
Unsaturated Porous Media," Water Resources Research, Vol. 12, No. 3, 
pp. 513- 522. 

Mualem, Y. , 1984, "Anisotropy of Unsaturated Soils," Soil Sci. Soc. Am. J., 
Vol. 48, pp. 505-509. 

123 



=r-
• 
~ ....z 
~ 
C'i"';l: 
-.... 
~ 
en 

WHC-EP-0674 

Murphy, E. M., J. E. Szecsody , and S. J. Phillips, 1991, Moist ure Content and 
Recharge Estimates at the Yakima Barricade Borehole, PNL-SA-20155, 
Pacific Northwest Laboratory, Richland, Washington. 

Myers, C. W., S. M. Price, J. A. Caggiano, M. P. Cochran, W. J. Czimer, 
N. J. Davidson, R. C. Edwards, K. R. Fecht, G. E. Holmes, M. G. Jones, 
J. R. Kunk, R. D. Landon, R. K. Ledgerwood, J. T. Lillie, P. E. Long, 
T. H. Mitchell, E. H. Price, S. P. Reidel, and A. M. Tallman, 1979, 
Geologic Studies of the Columbia Plateau: A Status Report, RHO-BWI-ST-4, 
Rockwell Hanford Operations, Richland, Washington. 

Myers, C. W., and S. M. Price, eds. 1981, Subsurface Geology of the Cold Creek 
Syncline: Rockwell Hanford Operations Report, Rockwell Hanford 
Operations, Richland, Washington. 

Owens, K. W., 1981, Existing Data on the 2167Z Liquid Waste Sites, RHO-LD-114, 
Rockwell Hanford Operations, Richland, Washington. 

Piepho, M. G., A. G. Law, M. P. Connelly, and K. A. Lindsey, 1993, Vadose Zone 
Modeling of Carbon Tetrachloride in 200 West Area at the Hanford Site, 
WHC-SD-EN-TI-112, Rev. 0, Westinghouse Hanford Company, Richland, 
Washington. 

Price, S. M., R. B. Kasper, M. K. Additon, R. M. Smith, and G. V. Last, 1979, 
Distribution of Plutonium and Americium Beneath the 216-l-lA Crib: 
A Status Report, RHO-ST-17, Rockwell Hanford Operations, Richland, 
Washington. 

Reidel, S. P., and K. R. Fecht, 1981, "Wanapum and Saddle Mountains Basalts of 
the Cold Creek Syncline Area," C. W. Myers and S. M. Price (eds.), 
Subsurface Geology of the Cold Creek Syncline, RHO-BWI-ST-14, Rockwell 
Hanford Operations, Richland, Washington. 

Reidel, S. P., and P. R. Hooper, eds ., 1989, Volcanism and Tectonism in the 
Columbia River Flood-Basalt Province: Geological Society of America 
Special Paper, 239, 386 pp., 1 plate. 

Reidel, S. P., V. G. Johnson, and N. W. Kline, 1993, Groundwater Impact 
Assessment for the 216-U-17 Crib, 200 West Area, WHC-EP-0664, 
Westinghouse Hanford Company, Richland, Washington. 

Resource Conservation and Recovery Act of 1976, 42 USC 6901, et seq. 

Reynolds, K. D., 1993, Discussion of: (1) Remediation of Z-20 Wells -
299-WlB-ll, -18, -19, and -20 and (2) Geohydrologic Conditions at 
U-14 Ditch (telephone conference memorandum, with K. Kowalik, Washington 
State Department of Ecology, April 9), Westinghouse Hanford Company, 
Richland, Washington. 

Rockhold, M. L., M. J. Fayer, and G. W. Gee, 1988, Characterization of 
Unsaturated Hydraulic Conductivity at the Hanford Site, PNL-6488, Pacific 
Northwest Laboratory, Richland, Washington. 

124 



WHC-EP-0674 

Rohay, V. J., and V. G. Jo hnson, 199 1, "Site Ev aluation" in Expedited Response 
Action Proposal for 200 West Area Carbon Tetrachloride Plume, Appendix B, 
DOE/RL-91-32, Draft B, U.S. Department of Energy, Richland, Washington. 

Routson, R. C., and V. G. Johnson, 1990, "Recharge Estimates for the Hanford 
Site 200 Area Plateau," Northwest Science, Vol. 64, No. 3, pp. 150-158. 

Runchal, A. K., B. Sagar, and N. W. Kline, 1992, P0RFL0-3: A Mathematical 
Hodel for Fluid Flow, Heat, and Mass Transport in Variably Saturated 
Geologic Media - Users Manual, Version 1.2, WHC-EP-0385, Westinghouse 
Hanford Company, Richland, Washington. 

Sloat, R. J., 1967, Hanford Low Level Waste Management Reevaluation Study, 
ARH-231, Atlantic Richfield Hanford Company, Richland, Washington. 

Smith, A. E., 1973, Nuclear Reactivity Evaluations of 216-Z-9 Enclosed Trench, 
ARH-2915, Atlantic Richfield Hanford Company, Richland, Washington. 

Stordeur, R. T., and D. L. Flyckt, 1988, 1988 Annual Status Report of the Plan 
and Schedule to Discontinue Disposal of Contaminated Liquids into the 
Soil Column and the Hanford Site, WHC-EP-0196-1, Westinghouse Hanford 
Company, Richland, Washington. 

Subrahmanyam, V. B., and W. H. Ulbricht, 1987, Assessment and Evaluation of 
Decreased Drainage of the 216-Z-20 Crib, SD-RE-TI-16, Rockwell 
Hanford Operations, Richland, Washington. 

Tallman, A. M., K. R. Fecht, M. J. Marratt, and G. V. Last, 1979, Geology of 
the Separations Areas, Hanford Site, South-Central Washington, RHO-ST-23, 
Rockwell Hanford Operations, Richland, Washington. 

Tyler, D. K., 1991, A Methodology for Assessing Impacts to Groundwater from 
Disposal of Liquid Effluent to the Soil at the Hanford Site, 
SD-EN-EV-008, Westinghouse Hanford Company, Richland, Washington. 

Tyler, D. K., S. P. Reidel, K. M. Singleton, V. G. Johnson, and 
D. J. Alexander, 1993, Groundwater Impact Assessment Plans for l-20 Crib, 
U-14 Ditch, U-17 Crib, and 100-D Ponds, NSA-0037, Westinghouse Hanford 
Company, Richland, Washington. 

van Genuchten, R., 1978, Calculating the -Unsaturated Hydraulic Conductivity 
with a New Closed-Form Analytical Model, Report 78-WR-08, Water Resources 
Program, Department of Civil Engineering, Princeton University, 
Princeton, New Jersey. 

WAC 173-200, 1990, "Water Quality Standards of the State of Washington," 
Washington Administrative Code, as amended. 

WAC 173-303, 1990, "Dangerous Waste Regulations," Washington Administrative 
Code, as amended. 

WHC, 1989, Waste Stream Characterization Report, WHC-EP-0287, Vol. 3, 
Westinghouse Hanford Company, Richland, Washington. 

125 



m 
""--::r-

• --! 
C:l 
~ -~ 
c:n 

WHC-EP-0674 

WHC, 1990a, Environmenta l Engineering, Te chnology, and Permitti ng Function 
Quality Assurance Program Plan, WH C-EP-0383 , West inghouse Hanford 
Company, Richland, Washington. 

WHC, 1990b, liquid Effluent Study Final Project Report, WHC-EP-0367, 
Westinghouse Hanford Company, Richland, Washington. 

WHC-CM-7-5, Environmental Compliance, Westinghouse Hanford Company, Richland, 
Washington. 

Yeh, T., C. Jim, L. W. Gelhar, and A. L. Gutjhar, 1985a, "Stochastic Analysis 
of Unsaturated Flow in Heterogeneous Soils, 1. Statistically Isotropic 
Media," Water Resources Research , Vol. 21 , No. 4, pp . 447-456. 

Yeh, 

Yeh, 

T., C. Jim, L. W. Gelhar , and A. L. Gutjhar, 1985b, "Stochastic Analysis 
of Unsaturated Flow in Heterogeneous Soi l s, 2. Statistically Anisotropic 
Media With Variable a," Water Resources Research, Vol. 21, No. 4, 
pp. 457-464. 

T., C. Jim, L. W. Gelhar, and A. L. Gutjhar, 1985c, "Stochastic Analysis 
of Unsaturated Flow in Heterogeneous Soils, 3. Observations and 
Applications," Water Resources Research, Vol . 21, No . 4, pp . 465-471. 

126 



.::r-
r........ -::r-

• 
.J. 
c:::l 
~ -C'r"2 
c:n 

t..,,·_ 

WHC-EP-0674 

APPENDIX A 

PLUTONIUM FINISHING PLANT 
WASTEWATER CONTRIBUTORS 

A-i 



WHC-EP-0674 

This page intentionally left blank. 

A-ii 



~ 

• 
~ 
-t 
c=:!: 
C"r"l -~ 
en 

WHC-EP-0674 

PLUTONIUM FINISHI NG PLANT 
WASTEWATER CONTRIBUTORS 

The following are terms frequently used in this document. 

Enclosed drains. An enclosed drain is totally enclosed from its source 
to the floor coupling. The pipe is either welded or fixed in place. This 
type of drain is used for heating, ventilating, and air conditioning (HVAC) 
drains and glovebox or equipment cooling water drains. 

Open drains. An open drain has an opening to the room, either as a sink, 
drinking fountain, or floor drain. Open drains also include funnel drains 
that act as a junction for several smaller contributors and open ·stand pipes . 
It is possible for chemicals to enter the wastewater through these drains. To 
prevent this from happening all open drains are posted with a sign warning 
against disposing of chemicals in these drains. In addition, personnel are 
trained in the proper disposal of chemicals and the chemicals are typically 
kept in enclosed cabinets or are stored on secondary spill containment 
pallets. 

HVAC drains. HVAC drains typically are found above any laboratory room 
that requires exact temperature control. The HVAC units use cooling water and 
also produce condensate from the atmosphere. No chemicals are used in these 
units and the wastewater contributors are essentially clean water. The 
cooling water is circulated through a noncontact heat exchanger. Cooling 
water and condensate are discharged through separate drains: 

Equipment cooling drains. Some electrical equipment requires cooling 
water. These cooling units also use noncontact cooling and discharge clean 
wastewater. Some pumps use water to form a seal to maintain a vacuum. The 
wastewater is discharged after use. 

Glovebox drains. Gloveboxes are used throughout the Plutonium Finishing 
Plant (PFP) for working on potentially contaminated materials. The glovebox 
will usually contain one or more processes and their support piping . Any 
cooling water required in a glovebox will use a noncontact heat exchanger. 
The cooling water does not come in contact with any contaminated material 
while in the glovebox. 

Backflow preventers. Process water backflow preventers are a safety 
measure installed in the lines to prevent contaminated water from backing up · 
into the sanitary (potable) water supply. A sudden change in water pressure 

. will divert the water to the wastewater drain. The drain is an open standpipe 
located below a valve that diverts the water . This places the drain off the 
floor away from potential chemical spills. 

NOTE: Discussion on the following pages, A-3 through A-7, is the current 
(October 1993) configuration of the wastewater system for the PFP Complex. 
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MANHOLE NUMBER 1 

Manhole Number 1 receives wastewater from the inact ive 232-Z Incinerator 
Building, the 2736-ZB Support/Storage Complex, and from the west end of the 
234-SZ Building duct level and second floor. Routine wastewater flow to 
Manhole Number 1 from 234-SZ Building wastewater contributors is estimated to 
be 8 L/min (2 gal/min). 

232-Z Building 

Processing activities in this building were suspended in 1972. The water 
is turned off in 232-Z Building and no chemicals are stored or used in the 
building. There are no routine contributions from 232-Z Building to Manhole 
Number 1. Potentially contami nat ed wastewat er con tributors are disconnected . 

234-SZ Building. Duct Leve l 

Wastewater contributors from the duct level consist of four equipment 
cooling water discharges, three process water backflow preventers, and eight 
safety showers. The cooling water drains are enclosed drains and the 
equipment is not connected to any radiologically contaminated processes. The 
backflow preventers have open drain pipes; however, no chemicals are stored or 
used nearby. The safety showers only have a potential for chemical release to 
the wastewater if one is used for personal safety during an emergency that 
involves chemical contamination. 

Radiological contamination of these wastewater contributors is unlikely. 

234-SZ Building. Second Level 

The second level contributors can be divided into two groups: 
ventilation drains and chemical preparation (CHEMPREP) drains. The 
ventilation section of the second floor has four cooling water drains, one 
drinking fountain, and four HVAC condensate drains . There are no chemicals 
stored near the drinking fountain . It is unlikely that a chemical discharge 
could occur at the HVAC drains, because these funnel drains are off the floor 
on standpipes and there are no chemicals stored or used in the immediate 
vicinity. 

The 66-cm (26-in.) vacuum pumps discharge heat through two cooling towers 
located south of the 234-SZ Building. The towers are part of the secondary 
cooling loop. Water is sprayed over the enclosed pipes carrying the coolant 
in the primary coolant loop . Cooling water can overflow or be discharged 
directly to the wastewater sewer through Manhole Number 1. 

Radioactive contamination cannot enter the wastewater sewer through the 
second level waste stream contributors or the cooling towers. All of the 
floor drains located in the radiologically controlled zones of the second 
level have been plugged . 

The two CHEMPREP rooms for the remote mechanical "C" (RMC) line are 
located in a nonradiation zone and contain two sinks and two backflow 
preventers. The CHEMPREP tanks are situated over a large sump that drains to 
the 2735-Z chemical overflow tank . Chemical spills from the tanks will not 
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enter the PFP wastewater . Th e sinks are label ed with a warning against 
disposing of chemicals in them and have been temporari ly plugged as an added 
measure of safety. Five floor drains are located outside of the CHEMPREP 
tanks sump area, which is under the CHEMPREP tanks. The five floor drains 
have been permanently sealed to prevent spills from entering the 
216-Z-20 Crib. The sanitary (potable) water backflow preventer has been 
routed to the sump and the hot water backflow preventer discharges to one of 
the sinks. Both of the CHEMPREP sinks will be disconnected from the 
216-Z-20 Crib. 

2736-ZB Building 

Room 602 houses the ventilation intake for the 2736-Z Complex. All HVAC 
condensate and cooling waters are di scharged f r om this uncontaminated room. 
No hazardous chemicals are used or stored in th i s room. 

234-SZ Building, Roof Drains 

The roof drains only receive storm water. No chemicals are stored or 
used on the 234-SZ Building roof. There is no radioactive contamination on 
the roof. 

MANHOLE NUMBER 2 

Manhole Number 2 receives runoff from the storm drains located on the 
south side of the plant. The paint shop is located near one of the storm 
drains so all painting supplies and solvents are kept in locked flammable 
proof cabinets. There are no routine wastewater contributions from Manhole 
Number 2. 

MANHOLE NUMBER 3 

Manhole Number 3 receives wastewater from the 291-Z Exhaust Fan House; 
the inactive 242-Z Waste Treatment and Americium Facility; the 234-SZ first 
floor cold chemical and clean water drainage; and the east end of the 
234-SZ duct level, second floor, and roof drains. Routine wastewater flow to 
Manhole Number 3 from 234-SZ wastewater contributors is estimated to be 
8 l/min (2 gal/min). Routine wastewater flow to Manhole Number 3 from 
291-Z wastewater contributors varies between 76 and 151 l/min (20 and 
40 gal/min), depending on the time of year. 

291-Z Exhaust Fan House 

This building houses the main exhaust fans, the instrument air 
compressors, as well as several pumps and compressors. All of the compressor 
condensate and pump seal water are sent to open floor drains as clean water. 
The only chemicals used near the drains include nonhazardous cleaning agents 
and motor oil . 
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242-Z Waste Treatment and Amer icium Facility 

In 1976 processing activities were suspended in this building. The water 
is turned off in the 242-Z Building and no chemicals are stored or used in the 
building. There are no routine wastewater contributions from 242-Z to Manhole 
Number 3. Contamination entering the wastewater from this building is 
unlikely. 

234-SZ Building, First Level 

Wastewater contributors from the first level consist of one drinking 
fountain, one sink, one eyewash station, four equipment cooling water drains, 
two glovebox cooling water drains, and three HVAC cooling water drains. The 
equipment, HVAC, and glovebox cooling water drains are enclosed. All other 
drains are open but are not near where chemicals are used or stored . 

Potentially radioactive contaminated contributors include the glovebox 
and equipment cooling water drains. These units use noncontact cooling 
systems. 

234-SZ Building, Duct Level 

~ Wastewater contributors from the east end of the duct level consist of 
four HVAC condensate drains and two equipment cooling water drains. The HVAC 
condensate and equipment cooling water drains all have enclosed piping. 

Chances for radioactive contamination are minimal. 

234-SZ Building, Second Level 

Wastewater contributors from the east end of the second level consist of 
one . HVAC drain and three floor drains. The HVAC condensate drain has enclosed 
piping. The two floor drains are in the instrument repair shop. Chemicals 
used in the shop are stored in a flammable-proof cabinet. All three effluent 
sources are located in the uncontaminated portion of the building. 

The entrance of radioactive contamination into PFP wastewater is only 
possible through the floor drain in the ventilation room. All ventilation 
room floor drains located in a radiation zone will be plugged as part of an 
effort to control the wastewater quality. 

234-SZ Building, Roof Drains 

The roof drains only receive storm water. No chemicals are stored or 
used on the 234-SZ Building roof. There is no radioactive contamination on 
the roof. 

MANHOLE NUMBER 4 

Manhole Number 4 receives wastewater from 234-SZ process cooling water 
drains, 236-Z process cooling water drains, 236-Z steam condensate drains, and 
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236-Z waste water dra i ns. Routi ne wastewater flow to Manhole Number 4 from 
234-SZ wastewater contr i butors i s es timated to be 4 L/min (1 gal/min). 

234-SZ Building 

Wastewater contributors originate from either the analytical or 
development laboratories, or from the RMC line or the inactive remote 
mechanical "A" (RMA) line. There are four glovebox cooling water drains in 
the production lines (all are inactive), one drinking fountain in the RMC line 
control room, and one equipment cooling water drain on the duct level. The 
glovebox and equipment drains are totally enclosed and chemicals are not 
stored or used in the RMC line control room . The equipment with potentially 
contaminated cooling water has been made inactive and is no longer used. 
These contributors will be phys ical ly isolated from the PFP wastewater. 

The analytical laboratory has one si nk and one HVAC dr ain line. The HVAC 
drain line has two open drains and collects the cooling water and condensate 
from six contributors, four air conditioners, one cold water overflow drain, 
and the compressed air condensate trap . A warning sign has been posted above 
each opening. The sink is located in the "clean" lab . This room is used only 
for nonradioactive laboratory work. All hazardous chemicals are stored in 
special cabinets located away from the sink. The sink is clearly labeled 
against disposing of any chemicals in it. 

The cold (nonradioactive) development lab contains three lab sinks, one 
eyewash station, one equipment cooling water drain on the duct level, and one 
backflow preventer drain on the duct level. All of the drains are clearly 
labeled against disposing of chemicals in them . Hazardous chemicals in this 
room are stored in chemical storage cabinets. 

236-Z Building, First Level 

Wastewater contributors from t he f i rst l evel of the 236-Z Building 
consist of eight gl ovebox coo li ng wa t er dra i ns . The glovebox drains are 
enclosed piping. The processing cooling water uses noncontact cooling to 
reduce the possibility of contamination . These sources will cease discharging 
to the 216-Z-20 Crib after the closed-loop cooling system Project B-680H 
starts up (January 1994). 

236-Z Building, Second Level 

The second level of the 236-Z Building contains no wastewater 
contributors. 

236-Z Building, Third Level 

The third level of the 236-Z Building contains 19 steam condensate 
drains, 5 process water backflow preventers , 1 floor drain, and 1 process 
water overflow drain. There are no chemicals stored on this level. The steam 
condensate drains are enclosed drains . All other drains are open and have 
been labeled against disposing of chemicals in them . The only potential 
sources of contamination are the 43- cm (17- in.) vacuum pump seal water 
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discharges. The vacuum pumps and three ventilation equipment drains will 
cease discharging to the 216-Z-20 Crib after the closed-loop cooling system 
Project B-680H is hooked up (January 1994). 

236-Z Building. Fourth Level 

The fourth level of the 236-Z Building contains one drinking fountain and 
one HVAC condensate drain. The glovebox drains are enclosed drains. The 
drinking fountain and the HVAC condensate drain are located in the Plutonium 
Reclamation Facility (PRF) control room and shift office. No chemicals are 
stored or used in these rooms. All glovebox cooling units use noncontact 
cooling to reduce the possibility of contamination. Glovebox components, MT-5 
(dissolvers) and MT-6, are connected to the closed-loop cooling system. 

236-Z Building. Sixth Level 

The sixth level of the 236-Z Building contains one process water backflow 
preventer. There are no chemicals stored on this level. 

236-Z Building Fire Protection System 

There are 10 fire protection water sources located _throughout the 
facility that will spray water into ductwork if a fire occurs there. The 
water will drain to the sump built in the lowest point of the duct work. The 
sump can then be pumped out through the D-1 header for Manhole Number 4. 

MANHOLE NUMBER 7 

Manhole Number 7 receives wastewater from Manholes Number 2 and 6 and 
from Tank D-9 at the 241-ZB Building. Tank D-9 is set inside a sump pit. The 
sump pit and nearby load-in platform are configured to pump rainwater to the 
216-Z-20 Crib header between Manholes Number 6 and 7. Tank D-9 holds caustic 
chemicals, therefore the fluids held within the sump must be analyzed for pH 
before pumping to Manhole Number 7 is allowed. 

MANHOLE NUMBER 9 

Manhole Number 9 receives the wastewater from the 231-Z Building. 
Routine wastewater flow to Manhole Number 9 from 231-Z Building contributors 
is estimated to be 8 to 15 L/min (2 to 4 gal/min). 

231-Z Building, First Level 

Wastewater contributors from the first level of the 231-Z Building 
consist of one air conditioner and one drain riser. The air conditioner 
discharges to an open drain but will be changed to an enclosed piping 
configuration. The drain riser has a metal cover that can be locked in place. 
The riser is located in the carpenter's shop and will be removed and plugged 
in the future. 
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231-Z Building. Second Leve l 

The second level contains all of the HVAC systems for the 231-Z Building 
except for the inactive supply fan on the first level. There are six drains 
to remove ste~m condensate from the ventilation, five steam traps, and three 
Pacific Northwest Laboratory vacuum pumps that discharge seal water. The 
vacuum pumps provide the only possible route for radiological contamination to 
enter the crib. These pumps will be replaced with a closed-loop cooling 
system under Project C-116 (to be completed in August 1998). 
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APPENDIX B 

GROUNDWATER DATA 
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GROUNDWATER MONITORING DATA 

Analytical results for the two groundwater monitoring wells (2-Wl8-17 and 
2-WlS-20) and one perched water monitoring well (2-WlB-29) are listed by well 
and sampling date on pages 8-3 through 8-60. The time period covered is from 
July 1990 through August 10, 1993, and includes all groundwater analytical 
results for the 216-Z-20 Crib since the last reported results that were 
included in the liquid Effluent Study Final Project Report: Groundwater 
Characterization Data. 1 

Qualifiers 

Qualifiers concerning the data are indicated with a letter code in the 
fifth column defined as follows: 

B - Bl ank associated with analyte is elevated 

D - Sample was diluted before analysis 

E - Concentration is out of instrument calibratirin range 

J - Concentration is estimated 

U - Analyte concentration is below contract required quantification 
limit 

H - Laboratory holding time exceeded 

R - Suspect data; currently under review 

Q - Result associated with suspect quality control data 

P - Potential problem. 

It should also be noted that not all of the data in the listing were 
reviewed at the time this report was prepared. Thus some unflagged "suspect" 
data may exist in the listing. 

Significant Figures 

No more than three significant figures are justified; any additional 
places are format related. 

1WHC, 1990, liquid Effluent Study Final Project Report: Groundwater 
Characterization Data, WHC-EP-0366, Westinghouse Hanford Company, Richland, 
Washington. 
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Sampling Depths 

Results for well 2-Wl8-20 include three different sampling depths 
described as follows: (1) data listed for 1991 are for samples collected at 
an intermediate depth (6 m [20 ft] below static water level), (2) results for 
March 3, 1993 are for samples drawn approximately 0.3 m (1 ft) from the bottom 
of the well using a single packer assembly, and (3) data listed for the 
April 12, 1993 sampling date represent a collection depth of approximately 0 
to 3 m (0 to 10 ft) below static water level. All other data listed are based 
on a sampling depth interval of Oto 3 m (0 to 10 ft). 

Natural Background Reference Levels 

A summary of provisional background concentrations for naturally 
occurring constituents is provided on pages B-61 through B-63. Naturally 
occurring constituent (monitoring) results listed on pages B-3 through B-60 
can be compared with either the average natural background concentrations or 
with the provisional threshold values (column 5, pages B-61 through B-63) . 
The latter represent the upper range of naturally occurring concentrations 
that are considered likely to occur at the Hanford Site based on currently 
available data. A major samplin·g effort is underway to better define both 
soil and groundwater natural background for the Hanford Site . 
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Well Constituent Name Co 11 ect Date Result Error Filtered Qualifier Units CRQL Sample No Method Method Name 
--- --- ---- ---- - - - - - -- - - - - - - - - - - - - - - - - - --- ----- - - - - - - - - - - - - - - - - -- - - --------- ------ --- -- - ------ --------------
299 -Wl8-17 1.1.1 -Trichloroethane 1/29/91 u ppb H0007166 83 PNL VOAs 
299-1118-17 1.1.1-Trichloroethane 3/20/ 91 u ppb H0007303 83 PNL VOAs 
299 -1118-17 1.1.1-Trich 1 oroethane 10/ 02/92 5 u ppb 5 807HF7 16 S11-846 8240 
299 -1118-17 1. 1.1-Tri ch 1 oroethane 12/ 17 / 92 5 u ppb 5 807T54 16 SW-846 8240 
299 -1118 -17 1. l.1-Trich l oroethane 3/ 01/93 5 u ppb 5 808760 16 SW-846 8240 
299 -1118-17 1.1. 2 -Tri ch 1 oroethane 10/ 02 / 92 5 u ppb 5 807HF7 16 SW-846 8240 
299 -1118 -17 1. 1. 2-Tri ch loroethane 12/ 17/92 5 u ppb 5 807T54 16 SW-846 8240 
299 -Wl8 -17 1.1.2 -Trichloroethane 3/01/93 5 u ppb 5 808760 16 S11-846 8240 
299 -1118 -17 1. 1-Di ch l oroethane 1/29/ 91 u ppb H0007 166 83 PNL VOAs 
299 -1118-1 7 1. 1-Di ch l oroethane 3/20/ 91 u ppb H0007303 83 PNL VOAs 
299 -111 8-17 1.1 -Di chloroethane 10/ 02/92 5 u ppb 5 807HF7 16 SW-846 8240 
299 -111 8-17 1. 1-Di chloroethane 12/ 17/ 92 5 u ppb 5 807T54 16 SW-846 8240 :ie::: 
299 -111 8-17 1. 1-0ichl oroethane 3/01/93 5 u ppb 5 808760 16 SW-846 8240 ::r: 

('") 

299 -111 8- 17 1. 2-0ichloroethane 1/29/ 91 u ppb H0007166 83 PNL VOAs I 
cc rr, 
I 299 -Wl8 -17 1. 2-Dichl oroethane 3/20/ 91 u ppb 110007303 83 PNL VOAs .:, 

w 299 -1118 -17 1. 2-Di chl oroethane 10/ 02/92 5 u ppb 5 807HF7 16 SW-846 8240 I 
0 

299 -1118 -17 1. 2- Di ch l oroethane 12/17/92 5 u ppb 5 807T54 16 SW-846 8240 en 
-....j 

299 -1118 -17 1. 2-Di ch loroethane 3/01/ 93 5 u ppb 5 808760 16 SW-846 8240 -"" 
299 -1118-17 1. 4-Di ch lorobenzene 10/ 02/92 5 u ppb 5 807HF7 16 SW-846 8240 
299 -1118 -17 1.4-Dichl orobenzene 12/17/92 5 u ppb 5 B07T54 16 SW-846 8240 
299- 1118 -17 1.4-Di chl orobenzene 3/ 01/93 5 u ppb 5 808760 16 SW-846 8240 
299 -1118-17 l -8utano l 10/ 02/92 1 u ppm 807HF7 16 SW-846 8240 
299 -1118 -17 l -8utano l 12/ 17 /92 u ppm 807T54 16 SW-846 8240 
299-1118-17 1-8utano l 3/ 01/93 u ppm 808760 16 SW-846 8240 
299 -1118 -17 2-Hethylphenol 10/ 02/92 10 u ppb 10 807H59 19 SW-846 8270 
299-1118 -17 4-Hethyl-2-pentanone 10/02/92 50 u ppb 807HF7 16 S11-846 8240 
299 -1118-17 4 -Hethyl-2-pentanone 10/ 02/ 92 50 u ppb 50 807HF7 16 SW-846 8240 
299 -1118 -17 4 -Hethyl -2-pentanone 12/ 17/92 50 u ppb 807T54 16 SW-846 8240 
299-1118-17 4 -Hethyl -2-pentanone 12/ 17 / 92 50 u ppb 50 807T54 16 SW-846 8240 
299 -1118-17 4 -Hethyl-2-pentanone 3/ 01/93 50 u ppb 808760 16 SW-846 8240 
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Well Constituent Name Co 11 ect Date Result Error Filtered - Qualifier Unit s CRQL Sample No Method Method Name 

------ -- ------ ---- -- ---- ----------- ------- -- --- ------ - ----- ------ - --------- ------------ ---------- --- ---- ---
299 -WlB-l 7 4-Hethyl-2-pentanone J/01/93 50 u ppb 50 808760 16 SW-846 8240 
299 -WlB -17 4-Hethy l phenol 10/ 02/92 10 u ppb 10 B07H59 19 SW-846 8270 
299 -WlB -17 Acetone 10/ 02 / 92 100 u ppb 100 B07HF7 16 SW-846 8240 

299 -WlB - l 7 Acetone 12/ 17 /92 JS UB ppb 100 B07T54 16 SW-846 8240 
299 -WlB -17 Acetone J / 01 / 93 100 u ppb 100 B08760 16 SW-846 8240 
299-WlB - l 7 J\meri ci um -241 J / 20/ 91 0 0 u pCi/L 0 H0007JOJ 147 ITAS J\m -241 
299 -WlB - l 7 J\mericium -241 10/ 02/92 -0 0 u pCi / L 0 B07HF7 147 ITAS J\m -241 
299 -WlB -17 J\meri c i um -241 J / 01/93 -0 0 u pCi/L 0 B08760 147 ITAS J\m -241 
299-WlB -17 Antimony 10/ 02/ 92 200 y u ppb 200 B07HF9 34 SW-846 6010 

299 -WlB -17 Antimony 12/ 17/ 92 200 y u ppb 200 B07T55 34 SW-846 6010 
299 -1118 -17 Antimony J/ 01/ 93 200 y u ppb 200 808761 34 SW-846 6010 

299-WlB - l 7 Antimony . filtered 10/ 02/92 200 y u ppb 200 807HF9 34 SW -846 6010 
299-WlB - l 7 Antimony . filtered 12/ 17 / 92 200 y u ppb 200 807T55 34 SW-846 6010 :E: 

::I: 
299-1118 -17 Antimony . filtered J/01/ 93 200 y u ppb 200 808761 34 SW-846 6010 n 

I 
OJ 299-1118-17 Antimony -125 J /20/ 91 -1 8 u pCi / L 110007303 140 ITAS Gamma Scan rT1 
I 

299 -1118 - 17 Antimony -125 J / 01/ 93 -13 15 u pCi / L 808760 140 ITAS Gamma Scan ""'CJ 
~ I 

299-1118 -17 Arseni c J / 01/93 5 y u ppb 5 808761 43 SW-846 7060 C> 

299 -WlB -17 Arseni c. filtered J / 01/93 5 y u ppb 5 808761 43 SW -846 7060 
O'l 
........ 

299-WIB -17 Barium 10/ 02/ 92 20 y u ppb 20 807HF9 34 SW-846 6010 ~ 

299 -WlB -17 Bari um 12/17 / 92 20 y u ppb 20 B07T55 34 SW-846 6010 
299-WlB-17 Barium J/ 01/93 20 y u ppb 20 B08761 34 SW-846 6010 
299 -1118 -17 Barium. filtered 10/ 02/ 92 20 y u ppb 20 B07HF9 34 SW-846 6010 
299 -WlB -17 Barium . filtered 12/17 /92 20 y u ppb 20 B07T55 34 SW-846 6010 
299- WlB-1 7 Barium . filtered J / 01/93 20 y u ppb 20 B08761 34 SW-846 6010 
299-WlB-l 7 Benzene 1/29/ 91 u ppb H0007166 BJ PNL VOAs 
299-WlB -17 Benzene J / 20/91 u ppb 110007303 83 PNL VOAs 
299-WlB-17 Benzene 10/ 02/92 5 u ppb 5 807HF7 16 SW-846 8240 
299-WlB-l 7 Benzene 12/ 17/92 5 u ppb 5 807T54 16 SW-846 8240 
299-WlB-17 Benzene 3/ 01/93 5 u ppb 5 B08760 16 SW-846 8240 
299-WlB-17 Beryllium 10/02/92 3 y u ppb 3 B07HF9 34 SW-846 6010 
299-WlB-17 Beryllium 12/ 17 /92 3 y u ppb 3 B07T55 34 SW-846 6010 



Well Constituent Name Co 11 ect Date Result Error Filtered Qualifier Units CRQL Sample No Method Method Name 

-- ---------- -- - --- - - - - - - - - - - - - -- - - - - - - - ----- - --- - --- - - ---- ---- ---- --- ------ - - - - - - - --- -- ----- --------- ---- --
299-Wl8 -17 Beryllium 3/01/93 3 y u ppb 3 BOB761 34 SW-846 6010 

299-Wl8 -17 Berylli um . filtered 10/ 02/ 92 3 y u ppb 3 B07HF9 34 SW-846 6010 

299 -Wl 8-17 Beryllium . filtered 12/17 / 92 3 y u ppb 3 B07T55 34 SW-846 6010 

299-Wl8 -17 Beryllium . fi ltered 3/ 01/93 3 y u ppb 3 BOB761 34 SW-846 6010 

299- Wl8 - l 7 Bery 11 i um -7 3/ 20/ 91 -31 30 u pCi/L H000 7303 140 IT AS Gamma Sc an 

299- Wl 8-17 Bromide 10/ 02/92 500 u ppb 500 807 HF7 124 ASTH D-4327-88 

299 -Wl8- l 7 Bromide 12/ l7/92 500 u ppb 500 B07T54 124 ASTM D-4327 -88 

299 -Wl8 - J 7 Bromide 3/01/93 500 u ppb 500 B08760 124 ASTH 0-4327 -88 

299 -Wl8 -17 Cadmium 10/ 02/92 10 y u ppb 10 B07HF9 34 SW -846 6010 

299- Wl 8-17 Cadmium 12/17/92 10 y u ppb JO 807T55 34 SW -846 6010 

299 -Wl8-17 Cadmium 3/01/93 10 y u ppb JO B08761 34 SW -846 6010 

299 -WJ 8-17 Cadmium. filtered 10/ 02/92 10 y u ppb 10 807HF9 34 SW-846 6010 :E: 
299 -Wl8-17 Cadmium . filtered 12/ 17/92 10 y u ppb 10 B07T55 34 SW-846 6010 :::r:: 

299- Wl 8-l 7 Cadmium . filtered 3/ 01/93 10 y u ppb 10 B08761 34 SW -846 6010 
n 
I 

c:, 
10/ 02/92 ppb B07 HF9 rr, 

I 299- Wl8-17 Calcium 25000 y 100 34 SW-846 6010 
'"'O 

U1 299- W1 8-17 Calc ium 12/ l7/92 24000 y ppb 100 B07T55 34 SW-846 60 10 I 

299 -W18 - l7 Calcium 3/ 01/ 93 24000 y ppb 100 B08761 34 SW-846 6010 
0 
CTI 

299 -Wl8 -17 Calci um . filtered 10/ 02/92 25000 y ppb LOO B07 HF9 34 SW-846 6010 ....... 
~ 

299 -Wl8-17 Calci um . fi ltered 12/17/92 24000 y ppb 100 B07T55 34 SW -846 6010 

299-Wl8-17 Ca lei um . fi ltered 3/ 01/ 93 24000 y ppb 100 B08761 34 SW-846 6010 

299- WJ 8-17 Carbon tetrachl oride 1/29/91 1190 ppb H0007166 83 PNL VOAs 

299- Wl 8-17 Carbon tetrachl or ide 3/20/ 91 1004 ppb H000 7303 83 PNL VOAs 

299- W18 -17 Carbon t et rachloride 10/ 02/92 1300 ppb 5 B07HF7 16 SW-846 8240 

299- Wl8 -17 Carbon t et rachloride 12/ 17 / 92 1100 ppb 5 B07T54 16 SW-846 8240 

299- Wl8 -17 Carbon tetrachloride 3/01/ 93 1100 ppb 5 808760 16 SW-846 8240 

299 -W18 - l 7 Ceri um/ Praseodymi um-144 3/20/ 91 -5 23 u pCi/L H0007303 140 ITAS Gamma Scan 

299 -Wl8 - l 7 Cesi um-134 3/20/ 91 -1 3 u pCi/L H0007303 140 ITAS Gamma Scan 

299 -W18 -17 Cesium-137 3/20/ 91 4 u pCi/L 20 H0007303 140 ITAS Gamma Scan 

299 -Wl8-17 Cesium-137 3/ 01/93 1 7 u pCi/L 20 B08760 140 ITAS Gamma Scan 

299 -Wl8-17 Chloride 1/29/91 3 ppm H0007166 82 PNL Ani ons 

299-Wl8 -17 Chloride 10/ 02/92 3000 1010 ppb 200 807HF7 124 ASTH D-4327 -88 
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-------------- - - - - - - - - - - -- --- - - -- - ----- -- - -- -------- -- -- - - - --- - --- --------- ----- ------- ----------------- ---
299 -Wl8 -17 Chloride 12/ 17 /92 3300 lllO ppb 200 807T54 124 ASTH D-4327-88 

299 -Wl8 - 17 Chloride 3/01/93 3300 lllO ppb 200 808760 124 ASTH D-4327 -88 

299-Wl8 -17 Chloroform 1/ 29/91 30 ppb H0007166 83 PNL VOAs 

299- Wl8 - l 7 Chloroform 3/20/91 45 ppb H0007303 83 PNL VOAs 

299- Wl8 -17 Chloroform 10/02/92 15 ppb 5 807HF7 16 SW-846 8240 

299 -Wl8 -17 Chloroform 12/17/92 5 u ppb 5 807T54 16 SW-846 8240 

299- Wl 8- I 7 Chl oroform 3/01/93 16 ppb 5 808760 16 SW-846 8240 

299 -Wl8 - l 7 Chromium I 0/ 02/92 20 y u ppb 20 807HF9 34 SW-846 6010 

299- Wl 8-17 Chromium 12/ 17/92 20 y u ppb 20 807T55 34 SW-846 6010 

299 -Wl8 -17 Chromi um J/01/93 20 y u ppb 20 808761 34 SW -846 6010 

299- Wl8 -17 Chromium . filtered 10/ 02/92 20 y u ppb 20 807HF9 . 34 SW-846 6010 

299- Wl8 - 17 ChromilMll . filtered 12/ 17/92 20 y u ppb 20 807T55 34 SW-846 6010 :::e:: 
299- Wl8 -17 Chromium . filtered 3/01/ 93 20 y u ppb 20 808761 34 SW-846 6010 ::c 

CIJ 299- Wl8 -17 Cobalt 10/ 02/92 20 y u ppb 20 807HF9 34 SW -846 6010 n 
I 

I 299- Wl8 -17 Cobalt 12/ 17/92 20 y u ppb 20 B07T55 34 SW-846 6010 rT'1 

°' 
"'O 

299- Wl8 -17 Cobalt 3/01/93 20 y u ppb 20 808761 34 SW-846 6010 I 

299 -Wl8 -17 Cobalt . filtered 10/02/92 20 y u ppb 20 807HF9 34 SW-846 6010 0 
en 

299- Wl8 -J7 Cobalt . filtered 12/ 17 /92 20 y u ppb 20 807T55 34 SW-846 6010 '""'-I 

299- Wl8 -17 Cobalt . filtered 3/01/93 20 y u ppb 20 808761 34 SW -846 6010 +>-

299-Wl8 - l 7 Cob al t-60 3/20/91 -4 4 u pCi/L H0007303 140 ITAS Gamma Scan 

299-Wl8 -17 Cobalt -60 3/01/93 -7 6 u pCi / L 808760 140 ITAS Gamma Scan 

299-Wl8-17 Copper 10/ 02/92 20 y u ppb 20 807HF9 34 SW-846 6010 

299-Wl8 -17 Copper 12/17/92 20 y u ppb 20 807T55 34 SW-846 6010 

299 -Wl8 -17 Copper 3/01/93 20 y u ppb 20 808761 34 SW-846 6010 

299-Wl8-17 Copper . filtered 10/ 02/92 20 y u ppb 20 B07HF9 34 SW-846 6010 

299 -Wl8-17 Copper . filtered 12/17/92 20 y u ppb 20 807T55 34 SW-846 6010 

299 -Wl8-17 Copper . filtered 3/01/93 20 y u ppb 20 808761 34 SW-846 6010 

299-Wl8-17 Decane 10/ 02/92 10 u ppb 10 807H59 19 SW-846 8270 

299-Wl8-17 Dodecane 10/ 02/92 10 u ppb 10 807H59 19 SW-846 8270 

299-Wl8 -17 Ethyl benzene 1/29/91 u ppb H0007166 83 PNL VOAs 

299-Wl8-17 Ethyl benzene 3/20/91 u ppb H0007303 83 PNL VOAs 
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Well Consti tuent Name Co 11 ec t Date Result Error Filtered Qualifier Units CRQL Sample No Method Method Name 

-- ------------ - - - - - - - - - - --- - - - - - - - -- - - - - --- - - - - - - --- - - - - - -- - - - - - - - ---- -- --- ------- ---- - - - - ----- - - - -- - - - - - - -

299 -1118-17 Europi um -154 3/20/91 -2 9 u pCi / L H0007303 140 ITAS Gamma Scan 

299- 1118 -17 Europiun-155 3/20/91 -6 6 u pCi / L H0007303 140 ITAS Gamma Scan 

299 -1118 -17 Fluoride 1/ 29/91 0 ppm H0007166 82 PNL Ani ons 

299 -\./18 -17 Fluoride 10/ 02/92 300 63 ppb 100 807 HF7 124 ASTH 0-4327 -88 

299- 1118 -17 Fluoride 12/17 / 92 400 84 ppb 100 B07T54 124 ASTH 0-4327-88 

299 -1118 -17 Fluoride 3/01/93 400 84 ppb 100 B08760 124 ASTH 0-4327 -88 

299-1118 -17 Gross alpha 3/20/ 91 0 u pCi /L 4 H0007303 135 SW-846 9310 . Alpha 

299 -Wl 8- l7 Gross alpha 10/ 02/92 2 pCi / L 4 807HF7 135 SW-846 9310 . Alpha 

299 -Wl8 -17 Gross alpha 12/17/92 1 pCi / L 4 807T54 135 SW-846 9310 . Alph a 

299- Wl8-17 Gross alpha 3/01/93 1 pCi / L 4 B08760 135 SW-846 9310 . Alph a 

299 -Wl8-17 Gross beta 3/20/ 91 3 2 pCi / L 8 H0007303 136 SW-846 9310 . Beta 

299 -Wl 8- l7 Gross beta 10/ 02/92 5 2 pCi / L 8 B0 7HF7 136 SW-846 9310 . Bet a ::c 
299 -Wl 8- 17 Gross beta 12/17/92 7 3 pCi / L 8 807T54 136 SW-846 9310 . Bet a :c 

n 
OJ 299 -Wl 8-17 Gross beta 3/01/93 3 2 pCi / L 8 808760 136 SW-846 9310 . Bet a I 

I 299 -Wl8 -l 7 Iron 10/ 02 / 92 140 120 y ppb 20 B07HF9 34 SW-846 6010 
l'T1 

....... ""CJ 

299 -W18 -17 Iron 12/ 17/92 90 77 y ppb 20 807T55 34 SW-846 6010 I 
C) 

299- Wl8 -17 Iron 3/ 01/93 llO 95 y ppb 20 808761 34 SW-846 6010 O'l 

299 -Wl8 -17 Iron. filt ered 10/ 02/92 140 120 y ppb 20 B07HF9 34 SW-846 6010 
....... .,. 

299 -Wl 8-17 Iron. filtered 12/17/92 90 77 y ppb 20 807T55 34 SW-846 6010 

299- Wl8 -17 Iron. fil tered 3/01/93 110 95 y ppb 20 B08761 34 SW-846 6010 

299 -1118-17 Lead -212 3/20/91 5 5 pCi / L H0007303 140 ITAS Gamma Scan 

299 -Wl8 -17 Magnes ium 10/ 02/92 7900 y ppb 100 B07HF9 34 SW-846 6010 

299 -1118 -17 Magnesi um 12/ 17 / 92 7600 y ppb 100 B07T55 34 SW-846 6010 

299- 1118 -17 Magnesi um 3/01/93 7800 y ppb 100 B08761 34 SW-846 .6010 

299-Wl8-17 Magnes ium . filtered 10/ 02/92 7900 y ppb 100 B07HF9 34 SW-846 6010 

299 -1118 -17 Magnesium . filtered 12/17/92 7600 y ppb 100 807T55 34 SW-846 6010 

299 -1118 -17 Magnesi um . filtered 3/ 01/93 7800 y ppb 100 B08761 34 SW-846 6010 

299-Wl8 -17 Manganese 10/ 02/92 40 6 y ppb 10 B07HF9 34 SW-846 6010 

299-1118-17 Manganese 12/ 17/92 40 6 y ppb 10 B07T55 34 SW-846 6010 

299-1118-17 Manganese 3/01 /93 30 5 y ppb 10 B08761 34 SW-846 6010 

299-Wl8 -17 Manganese. filtered 10/ 02/92 40 6 y ppb 10 B07HF9 34 SW-846 6010 
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--- ·- ------ --- - - - - - - - - - - - - - - --- - - - - - --- - -- -- -- -- -- - - - - -------- ---- - - - --· --- ------ ------ ------------ --------
299 -Wl8 - l 7 Manganese . filtered 12/ 17/92 40 6 y ppb 10 B07T55 34 SW-846 6010 

299-Wl8 - l 7 Manganese . filtered 3/01/93 30 5 y ppb 10 B08761 34 SW-846 6010 

299 -Wl8 - l 7 Methyl ethyl ketone 10/ 02/92 100 u ppb 100 B07HF7 16 SW-846 8240 

299-Wl8 -17 Methyl ethyl ketone 12/ 17/92 100 u ppb 100 B07T54 16 SW-846 8240 

299-Wl8 -17 Methyl ethyl ketone 3/01/93 100 u ppb 100 B08760 16 SW-846 8240 

299 -\.118 - 17 Methylene chl oride 1/29/91 u ppb H00071 66 83 PNL VOAs 

299 -1-118 -17 Methyl ene chlor ide 3/20/ 91 u ppb 1-10007303 83 PNL VOAs 

299 -1-118 - 17 Methylene chl or ide I 0/ 02/92 5 u ppb 5 B07HF7 16 SW-846 8240 

299-Wl8 - l 7 Methylene chl ori de 12/17 /92 5 u ppb 5 B07T54 16 SW-846 8240 

299 -\.1 18-17 Methy lene chloride 3/01/ 93 24 ppb 5 808760 16 SW -846 8240 

299 -1-118 -17 Naphtha 1 ene 10/ 02/92 10 u ppb 10 B07 11 59 19 SW-846 8270 

299- 1-118 -17 Ni ckel 10/02/92 30 y u ppb JO 807IIF9 34 SW-846 6010 :J:: 

299 -Wl8 -17 Nickel 12/1 7/92 30 y u ppb 30 B07T55 34 SW-846 6010 :c 
n 

c:, 299-Wl8 - l 7 Nickel 3/01/93 30 y u ppb 30 808761 34 SW-846 6010 I 

I 299-Wl8 -17 Ni ckel. filtered 10/ 02/92 30 u ppb 30 807HF9 34 SW-846 6010 
rT1 

CX> 
y -0 

299 -Wl8 -17 Nickel. filt ered 12/17 /92 30 y u ppb 30 B07T55 34 SW-846 6010 I 
C> 

299 -Wl8 - l 7 Ni ckel . filtered 3/01/ 93 30 y u ppb 30 808761 34 SW-846 6010 0-, 

299- 1-118-17 Nitrate 1/29/91 7 H0007166 82 PNL Ani ons 
--...i 

ppm ~ 

299 -1/18 -17 Nitrate 10/ 02/92 1600 900 ppb 200 807HF7 124 ASTM D-4327 -88 

299 -Wl8-17 Nitrate 12/17 / 92 1700 957 ppb 200 B07T54 124 ASTM D-4327 -88 

299 -Wl8 -17 Ni trate 3/01 / 93 2000 1130 ppb 200 B08760 124 ASTM D-4327 -88 

299 -\.118 -17 Ni trite 10/02/92 200 u ppb 200 807HF7 124 ASTM D-4327 -88 

299 -W18 -17 Nitrite 12/ 17/92 200 u ppb 200 B07T54 124 ASTM D-4327 -88 

299 -1-118 -17 Nitrite 3/01 / 93 200 u ppb 200 B08760 124 ASTM D-4327 -88 

299-Wl8-17 Pent ach l oropheno l 10/ 02/92 50 u ppb 50 B07H59 19 SW-846 8270 

299-1-118 -17 Phenol 10/ 02/92 10 u ppb 10 B07H59 19 SW-846 8270 

299-Wl8-l 7 Phosphate 1/29/91 u ppm H0007166 82 PNL Anions 

299 -Wl8 -17 Phosphate · 10/02/92 400 u ppb 400 B07HF7 124 ASTM D-4327 -88 

299-W18-17 Phosphate 12/ 17/92 400 u ppb 400 B07T54 124 ASTM D-4327 -88 

299-W18 -17 Phosphate 3/01/93 400 u ppb 400 B08760 124 ASTM D-4327 -88 

299-WlB-17 Plutonium-238 3/20/91 -0 0 u pCi/L 0 H0007303 146 ITAS Isotopi c Pu 
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299 -Wl8 -17 Plutonium-238 10/02/92 -0 0 u pCi/L 0 B07HF7 146 ITAS Isotopi c Pu 
299 -Wl8 -17 Plutonium-238 3/ 01/93 -0 0 u pCi/ L 0 B08760 146 ITAS Isotopic Pu 
299 -Wl8 -17 Pl utonium-239/40 3/20/91 0 0 pCi / L 0 H0007303 146 ITAS Isotopi c Pu 
299- Wl8 -17 Plutonium-239/ 40 10/ 02/92 -0 0 u pCi/L 0 B07 HF7 146 ITAS Isotopi c Pu 
299- Wl8 -17 Pl utonium -239/ 40 3/ 01/93 0 0 pCi/L 0 B08760 146 ITAS Isotopic Pu 
299- WlB -17 Potassi um 10/ 02/92 3400 y ppb 300 B07 HF9 34 SW-846 6010 
299-WlB- 17 Potassium 12/17/92 3200 y ppb 300 B07T55 34 SW-846 6010 
299-WlB-17 Potassi um 3/ 01/ 93 3700 y ppb 300 B08761 34 SW-846 6010 
299 -Wl B-17 Potassi um. filt ered 10/ 02/92 3400 y ppb 300 B07 HF9 34 SW -846 6010 
299- Wl8 -17 Potassium. filt ered 12/17 / 92 3200 y ppb 300 B07T55 34 SW-846 6010 
299 -Wl B-17 Potassi um . filtered 3/ 01/93 3700 y ppb 300 B08761 34 SW-846 6010 
299 -WlB-1 7 Radium 10/ 02/92 0 0 u pCi / L I 807 HF7 137 SW-846 9315 . Radium 
299-WlB -17 Radium 3/01/93 0 0 u pCi /L 808760 137 SW-846 9315 . Radium ::c 

::i:: 
299 -WIB -17 Ruthenium-106 3/20/91 -23 31 u pCi/L 110007303 140 ITAS Gamma Scan n 

OJ I 
I 299 -Wl8 -17 Ruthenium-106 3/01/ 93 -29 0 u pCi / L B08760 140 ITAS Gamma Scan l"1"1 

'° 299 -Wl8 -17 Silver 10/ 02/92 20 y u ppb 
« 

20 807HF9 34 SW-846 6010 -0 !· 
I 

299 -Wl B-17 Silver 12/ 17 /92 20 y u ppb 20 807T55 34 SW-846 6010 C> 
O"I 

299 -Wl B-17 Silver 3/ 01/93 20 y u ppb 20 808761 34 SW-846 6010 '-I 

299 -Wl B- 17 Si lver . filtered 10/ 02/92 20 y u ppb 20 B07HF9 34 SW-846 6010 +>-

299- Wl B-17 Silver. filtered 12/17 /92 20 y u ppb 20 807T55 34 SW-846 6010 
299 -Wl8 -17 Silver . filtered 3/01/93 20 y u ppb 20 808761 34 SW-846 6010 
299-WlB-17 Sodium 10/02/92 6400 y ppb 300 807HF9 34 SW-846 6010 
299-Wl8 -17 Sodium 12/17/92 5900 y ppb 300 807T55 34 SW-846 6010 
299-WlB-17 Sodium 3/01/93 6100 y ppb 300 808761 34 SW-846 6010 
299 -Wl8-17 Sodium . filtered 10/02/92 6400 y ppb 300 807HF9 34 SW-846 6010 
299 -Wl8-17 Sodium . filtered 12/17 /92 5900 y ppb 300 807T55 34 SW-846 6010 
299-Wl8 -17 Sodium . filtered 3/01/93 6100 y ppb 300 808761 34 SW-846 6010 
299-Wl8-17 Speci fie conductance 1/29/91 246 umhos H0009Xll 76 
299-Wl8-17 Specifi c conductance 3/20/91 229 umhos H0009Xl2 76 
299-Wl8-17 Speci fie conductance 10/ 02/92 210 umhos B07HF7 73 ASTH D-1125-A 
299-Wl8-17 Specific conductance 10/ 02/92 214 umhos 807HF7 94 Probe . Conductivi t / 
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299 -Wl8 -17 Speci fie conductance 12/ 17 /92 210 umhos 807154 73 ASIB 0-1125 -A 

299-Wl8 -l 7 Specific conductance 12/ 17/92 209 umhos 't 807154 94 Probe . Conductivity 

299 -Wl8 -17 Speci fie conductance 3/01/93 210 umhos 808760 73 ASIB 0-1125-A 

299 -Wl8 -17 Speci fie conductance 3/01/93 213 umhos 808760 94 Probe. Conductivity 

299 -W\8 -17 Sul fate 1/29/91 17 ppm H0007166 82 PNL Anions 

299 -\.118 -17 Sul fate 10/ 02/92 14000 13500 ppb 500 807HF7 124 ASIB 0-4327 -88 

299 -Wl8 -17 Sulfate l2/17/92 16000 15400 ppb 500 807154 124 ASIB 0-4327-88 

299- \.118 -17 Sulfate 3/01/93 14000 13500 ppb 500 808760 124 ASTH 0-4327 -88 

299 -Wl8 -17 Temperature . field 1/29/ 91 20 OegC 0 HOOOGSM2 170 Probe . temperature 

299 -\.118 -17 Temperature . fie ld 3/20/ 91 21 OegC 0 HOOOGSX7 170 Probe . temperature 

299 -\.118 -17 Temperature . field l0 /02/92 23 OegC 0 807IIF7 170 Probe , temperature 

299 -Wl8 -17 Temperature . field 12/ 17/92 23 OegC 0 807154 170 Probe . temperature :e:: 
299 -\.118 -17 Temperature . field 3/01/93 21 OegC 0 808760 170 Probe , tempera ture ::r: 

n 
0::, 
I 299 -Wl8 - I 7 Tetrachloroethene 1/29/91 ppb H0007166 83 PNL VOAs I - 299- \.11 8- 17 Tetrachloroethene 3/20/91 u ppb H0007303 83 PNL VOAs l'T'1 

0 
\J 

299- Wl8 -l 7 Tetrachl oroethene 10/02/92 5 u ppb 5 807HF7 16 SW-846 8240 I 
0 

299 -1118 -17 Tetrachloroethene 12/ 17/ 92 5 u ppb 5 807154 16 SW-846 8240 CJ) 

299 -Wl8 -17 Tetrachloroethene 3/ 01 / 93 5 u ppb 5 808760 16 SW-846 8240 ....... 
~ 

299 -1118 -17 Tetradecane 10/ 02 / 92 10 u ppb 10 807H59 19 SW-846 8270 

299 -Wl8 -17 Tetrahydrofuran 10/ 02 / 92 10 u ppb 807HF7 16 SW-846 8240 

299-1118 -17 Tetrahydrofuran 10/02/92 10 u ppb 10 807HF7 16 SW-846 8240 

299-Wl8-17 Tetrahydrofuran 12/ 17/92 10 u ppb 807154 16 SW-846 8240 

299-Wl8 -17 Tetrahydrofuran 12/ 17/92 10 u ppb 10 807154 16 SW-846 8240 

299-Wl8-17 Tetrahydrofuran 3/01/ 93 10 u ppb 808760 16 SW-846 8240 

299-Wl8-17 Tetrahydrofuran 3/01/93 10 u ppb 10 808760 16 SW-846 8240 

299-Wl8-17 Tin. filtered 10/ 02/92 100 y u ppb 807HF9 34 SW-846 6010 

299-Wl8-l 7 Tin . filtered 12/17/92 100 y u ppb 807155 34 SW-846 6010 

299-Wl8-17 Tin , filtered 3/01/93 100 y u ppb 808761 34 SW-846 6010 

299-Wl8-17 Toluene 1/29/91 u ppb H0007166 83 PNL VOAs 

299-WlB-17 Toluene 3/20/91 u ppb H0007303 83 PNL VOAs 

299 -Wl8 -17 Toluene 10/ 02/92 5 u ppb 5 807HF7 16 SW-846 8240 
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299 -Wl8 -17 Toluene 12/ 17/92 5 u ppb 5 807T54 16 SW-846 8240 
299 -Wl8 -17 Toluene 3/01/93 5 u ppb 5 808760 16 SW-846 8240 
299 -WIB -17 Total Organic Carbon 10/02/92 1000 u ppb 1000 807HF7 122 SW-846 9060 
299 -Wl8 -17 Tota l Organic Carbon 12/ 17 / 92 1000 u ppb 1000 807T54 122 SW-846 9060 
299 -Wl8-17 Total Organic Carbon 3/ 01 / 93 1000 u ppb 1000 808760 122 SW-846 9060 
299- Wl8 -17 Total Organic Halogen 10/02/ 92 690 181 ppb 10 807HF7 67 SW-846 9020 
299 -Wl8 -17 Total Organic Halogen 12/1 7/92 950 250 ppb 10 807T54 67 SW-846 9020 
299- Wl8-17 Total Organi c Halogen 3/01/93 760 200 ppb 10 808760 67 SW-846 9020 
299-Wl8 -17 Tributyl Phosphate 10/02/92 10 u ppb 10 807H59 19 SW-846 8270 
299 -Wl8 -17 Tri chloroethene 1/29/91 9 ppb H0007166 83 PNL VOAs 
299-Wl8 -17 Tri ch l oroethene 3/20/91 9 ppb 110007303 83 PNL VOAs 
299- Wl 8-17 Tri chl oroethene 10/ 02/92 5 u ppb 5 B07HF7 16 SW -846 8240 :c 
299 -Wl8 - l7 Trich loroethene l2/ 17/ 92 5 u ppb 5 B07T54 16 SW-846 8240 :c 
299 -1118 -17 Trichl oroethene 3/01/93 5 u ppb 5 B08760 16 SW-846 8240 n 

I cc 299- 1118 -17 Tritium 1/29/9[ 9560 871 pCi / L 500 H0007166 142 ITAS H-3 rn 
I -a - 299- Wl 8-17 Tr itium 3/20/91 149 199 u pCi / L 500 110007303 142 ITAS H-3 I - 299-Wl 8-17 Tri t ium 10/02/92 334 237 pCi / L 500 B0711F7 142 ITAS H-3 0 

en 
299 -Wl 8-17 Trit ium 12/ 17 / 92 104 244 u pCi / L 500 B07T54 142 ITAS H-3 ....... 

~ 
299-WJ8-17 Tritium 3/ 01 / 93 -41 226 u pCi / L 500 B08760 142 ITAS H-3 
299 -1118 -17 Uranium 3/ 20/91 l 0 . ppb 1 H0007303 145 ITAS Gross U 
299-Wl8 -17 Uranium 10/ 02/92 1 0 ppb B07HF7 145 ITAS Gross U 
299-1118 -17 Uranium-238 3/ 01/93 0 ppb B08760 145 ITAS Gross U 
299-1118 -17 Vanadium 10/ 02/92 30 4 y ppb 30 B07HF9 34 SW-846 6010 
299 -Wl8 -17 Vanadium 12/ 17 /92 30 y u ppb 30 B07T55 34 SW-846 6010 
299 -Wl8-17 Vanadium 3/ 01/93 40 5 y ppb 30 B08761 34 SW-846 6010 
299 -Wl8 -17 Vanadium. filtered 10/02/92 30 4 y ppb 30 B07HF9 34 SW-846 6010 
299-Wl8-17 Vanadium. filtered 12/17/92 30 y u ppb 30 B07T55 34 SW-846 6010 
299-Wl8-17 Vanadium. filtered 3/01/93 40 5 y ppb 30 B08761 34 SW-846 6010 
299-Wl8-17 Vinyl chloride 10/ 02/92 10 u ppb 10 B07HF7 16 SW-846 8240 
299-Wl8-17 Vinyl chloride 12/17/ 92 10 u ppb 10 807T54 16 SW-846 8240 
299 -Wl8-17 Vinyl chloride 3/ 01 / 93 10 u ppb 10 808760 16 SW-846 8240 



93 I 30'·f'i· .. 4. ~ 97 

Well Cons tituent Name Co 11 ec t Date Result Error Filtered Qualifier Unit s CRQL Samp l e No Method Method Name 
-------------- - -- - - - - - - -- - - - --- - - - -- - - - - - ---- - - - - - - - - - -- - - - - - -- - - - --- --- --- - - - - - - -- - - -- --- - - - --- --- - - - - - - - -
299- Wl 8-17 Xy l enes (total) 1/29/91 u ppb H0007166 83 PNL VOAs 
299-Wl8 - l 7 Xy l enes (total) 3/20/91 u ppb H0007303 83 PNL VOAs 
299- Wl 8-17 Xylenes ( t otal) 10/ 02/92 5 u ppb 5 B07HF7 16 SW-846 8240 
299- Wl8 -17 Xy l enes (total) 12/ 17/92 5 u ppb 5 B07T54 16 SW-846 8240 
299 -Wl 8 - 17 Xy l enes (total) 3/ 01/93 5 u ppb 5 B08760 16 SW -846 8240 
299-Wl 8 -17 Zi nc 10/ 02/92 10 y u ppb 10 B07HF9 34 SW -846 6010 
299- Wl8 - l 7 Zinc 12/1 7 / 92 10 y u ppb 10 B07T55 34 SW-846 6010 
299 -Wl 8- 17 Zi nc 3/ 0l/93 10 y u ppb 10 B08761 34 SW-846 6010 
299 -Wl 8 -17 Zinc. filtered 10/ 02/92 10 y u ppb 10 B07 IIF9 34 SW-846 6010 
299 -Wl 8- l 7 Zinc. f il tered 12/ l7/92 10 y u ppb 10 B07T55 34 SW-846 6010 
299 -Wl 8- l 7 Zi nc. fil ter ed 3/01/93 10 y u ppb JO B08761 34 SW-846 6010 ::c 
299 -Wl B-17 Zi nc-65 3/20/ 9[ -0 6 u pCi / L II0007303 140 ITAS Ganma Scan :c 

n 299 -Wl 8- l 7 Zircon ium/ Ni obi un -95 3/20/ 91 4 7 u pCi / L H0007303 140 ITAS Ganma Scan I c,::, 299 -Wl8 - l 7 cis -1.2 -Dichl oroethyl ene l/29/91 u ppb 110007 166 83 PNL VOAs rr, 
I -c, .... 299 -Wl8- l 7 cis -1.2 -Dichl oroethyl ene 3/20/ 91 u ppb 1-10007303 83 PNL VOAs I N C> 299 -Wl 8- l 7 m-Creso l l 0/ 02/ 92 10 u ppb 10 B07H59 19 SW-846 8270 en 

299 -Wl 8-17 pH l/29/91 8 110009X ll 76 
......., 
_p. 

299 -1118- 17 pH 3/20/ 91 7 H0009X l 2 76 
299 -Wl 8- l 7 pH 10/02/92 8 B07HF7 125 ASTI-1 D-1293 
299 -Wl8 - l 7 pH 10/ 02 / 92 8 0 B07HF7 93 Probe . pH 
299- Wl 8- l 7 pH 12/17 / 92 8 B07T54 125 ASTI-1 D-1293 
299- Wl 8- l 7 pH 12/ 17/92 8 0 807T54 93 Probe . pH 
299-Wl8 -17 pH 3/01/93 8 B08760 125 ASTI-1 D-1293 
299- Wl8 -17 pH 3/ 01/93 8 0 808760 93 Probe . pH 
299- Wl8 -17 trans- 1. 2-Di ch loroethylene 1/29/91 u ppb H0007166 83 PNL VOAs 
299-Wl8 -17 trans- 1. 2-Dich loroethylene 3/20/91 u ppb H0007303 83 PNL VOAs 
299-Wl8 -17 trans -1 .2-Dichloroethylene 10/ 02/92 5 u ppb 5 B07HF7 16 SW-846 8240 
299-Wl8 -17 trans-I. 2-Dich loroethylene 12/17/92 5 u ppb 5 807T54 16 SW -846 8240 
299-Wl8 -17 trans- 1.2-Dichloroethylene 3/ 01/93 5 u ppb 5 808760 16 SW -846 8240 
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299- Wl8-20 1.1.1 -Trichl oroethane 2/06/91 83 u ppb H0007167 PNL VOAs 
299 -Wl 8-20 1. 1. 1-Tr ichl oroethane 3/20/91 83 u ppb H0007305 PNL VOAs 
299- Wl8 -20 1. 1. 1-Tr i chl oroethane 6/ 10/ 92 16 5 u ppb 5 B06TN2 SW-846 8240 
299 -Wl 8-20 1. 1. 1-Tr i chloroethane 3/ 01/93 16 5 u ppb 5 B08762 SW-846 8240 
299 -Wl8 -20 · 1. 1.1-Trichl oroethane 4/ 12/93 16 5 u ppb 5 B08DM4 SW-846 8240 
299 -Wl8 -20 1.1.2-Tri chloroethane 6/10/92 16 5 u ppb 5 B06TN2 SW-846 8240 
299 -Wl8 -20 1.1 . 2-Tri ch l oroethane 3/01/93 16 5 u ppb 5 B08762 SW-846 8240 
'299 -Wl 8-20 1.1. 2-Tri chloroethane 4/12/93 16 5 u ppb 5 B08DM4 SW-846 8240 
299 -Wl8 -20 1.1-Di chl oroethane 2/ 06/ 9[ 83 u ppb H0007167 PNL VOAs 
299 -Wl8 -20 l . l -Di ch l oroethane 3/20/ 91 83 u ppb H0007305 PNL VOAs 
299 -Wl8 -20 1.1-Dichloroethane 6/ 10/ 92 16 5 u ppb 5 B06TN2 SW-846 8240 
299 -Wl8 -20 1. 1-Dichloroethane 3/0l / 93 16 5 u ppb 5 B08762 SW-846 8240 :c 
299- Wl8-20 l. l -Dichl oroethane 4/ 12/93 16 5 u ppb 5 B08DM4 SW-846 8240 :r: 

('") 

299 -1-118 -20 1. 2- Di ch l oroethane 2/ 06 / 91 83 u ppb H0007167 PNL VOAs I 
co rn 
I 299 -Wl8 -20 1. 2-Di chl oroethane 3/20/ 91 83 u ppb H0007305 PNL VOAs -a - 299 -Wl8-20 1. 2-Di ch l oroethane / 10/ 92 16 5 u ppb 5 B06TN2 SW-846 8240 I 

w C) 

299 -Wl8-20 1. 2-Di ch l oroethane 3/0l / 93 16 5 u ppb 5 B08762 SW-846 8240 CJ) 

299 -Wl8 -20 1. 2-Dich loroethane 4/ 12/93 16 5 u ppb 5 B08DM4 SW-846 8240 
--..J 
.p. 

299 -Wl8-20 I . 2-Dich loroethene 4/1 2/ 93 16 5 u ppb 5 B08DH4 SW-846 8240 
299 -Wl8-20 1. 4-Di ch lorobenzene 6/1 0/ 92 16 5 u ppb 5 B06TN2 SW-846 8240 
299- Wl8-20 1.4 -Dichlorobenzene 3/ 01/93 16 5 u ppb 5 B08762 SW-846 8240 
299 -Wl8-20 1. 4-Dich l orobenzene 4/12/93 16 5 u ppb 5 B08DH4 SW-846 8240 
299 -Wl8-20 1-Butanol 6/ 10/ 92 16 u ppm B06TN2 SW-846 8240 
299 -Wl8-20 1-Butanol 3/ 01/93 16 u ppm B08762 SW-846 8240 
299-Wl8-20 1-Butano l 4/ 12/93 16 u ppm B08DM4 SW-846 8240 
299-Wl8 -20 4-Methyl -2-pentanone 6/ 10/92 16 50 u ppb B06TN2 SW-846 8240 
299 -Wl8-20 4-Methyl -2-pentanone 6/ 10/92 16 50 u ppb 50 B06TN2 SW-846 8240 
299-Wl8 -20 4-Met hy l -2- pent anone 3/01/93 16 50 u ppb B08762 SW-846 8240 
299 -Wl8-20 4-Methyl -2 -pentanone 3/ 01 /93 16 50 u ppb 50 B08762 SW-846 8240 
299-Wl8- 20 4-Methyl -2-pentanone 4/12/93 16 u ppb B08DM4 SW-846 8240 
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299-WlB -20 4-Methyl -2-pentanone 4/ 12/93 16 u ppb 50 BOBOM4 SW-B46 8240 
299 -WlB -20 ketone 6/ 10/92 16 100 u ppb 100 B06TN2 SW-B46 8240 
299 -WlB -20 ketone 3/01/ 93 16 100 u ppb 100 B08762 SW-B46 8240 
299 -WlB -20 ketone 4/12/93 16 100 u ppb 100 BOBOM4 SW-B46 8240 
299 -Wl8 -20 Mlericium-241 3/20/91 147 0 0 u pCi / L 0 H0007305 ITAS Ml-241 
299 -Wl8-20 MJeri cium -241 3/01/93 147 -0 0 u pCi / L 0 B08762 ITAS Ml-241 
299 -WlB -20 Mlerici um -241 4/ 12/93 147 0 u pCi /L 0 B08DH4 ITAS Ml-241 
299- Wl8 -20 Antimony 6/ l0 /92 34 200 u ppb 200 B06TN2 SW-B46 6010 
299- Wl 8-20 Antimony 3/01/93 34 200 y u ppb 200 B08763 SW-B46 6010 
299 -Wl 8-20 Antimony , filtered 6/ 10/92 34 200 u ppb 200 B06TN2 SW -B46 6010 
299 -Wl8 -20 Ant imony . filtered 3/01/93 34 200 y u ppb 200 B08763 SW-B46 6010 
299 -Wl8 -20 Antimony -125 3/20/91 140 -3 8 u pCi / L H0007305 ITAS Ganma Scan :e:: 
299 -Wl8 -20 Antimony-125 3/01/93 140 2 14 u pC1 / L B08762 ITAS Ganma Scan :c 

n 
299 -WIB -20 Antimony -125 4/1 2/93 140 -9 15 u pCi / L BOBOM4 ITAS Ganma Scan I ex, rr, 

I 299 -Wl8 -20 Arsenic 3/01/93 43 8 3 y ppb 5 B08763 SW-846 7060 -0 ..... I 
~ 299 -Wl8 -20 Arsenic. filtered 3/01/93 43 8 3 y ppb 5 B08763 SW-846 7060 0 

299 -Wl8-20 Barium 6/10/92 34 20 u ppb 20 B06TN2 SW-846 6010 0) 

'-I 
299- Wl8 -20 Bari um 3/ 01/93 34 20 3 y ppb 20 B08763 SW-846 6010 ~ 

299 -Wl8-20 Barium . filtered 6/1 0/ 92 34 20 u ppb 20 B06TN2 SW-846 6010 
299-Wl8 -20 Barium. filtered 3/01/93 34 20 3 y ppb 20 B08763 SW-846 6010 
299-1118 -20 Benzene 2/06/91 83 u ppb H0007167 PNL VOAs 
299 -Wl8 -20 Benzene 3/20/91 83 u ppb H0007305 PNL VOAs 
299-WlB -20 Benzene 6/ 10/ 92 16 5 u ppb 5 B06TN2 SW-846 8240 
299-Wl8-20 Benzene 3/01/ 93 16 5 u ppb 5 B08762 SW-846 8240 
299-Wl8 -20 Benzene 4/12/93 16 5 u ppb 5 BOBDM4 SW-B46 8240 
299-WlB- 20 Beryllium 6/10/92 34 3 u ppb 3 B06TN2 SW-B46 6010 
299-Wl8-20 Beryllium 3/01/93 34 3 y u ppb 3 B08763 SW-B46 6010 
299-Wl8-20 Beryllium. filtered 6/10/92 34 3 u ppb 3 B06TN2 SW-B46 6010 
299-WlB-20 Beryllium. filtered 3/01/93 34 3 y u ppb 3 B08763 SW-B46 6010 
299-Wl8-20 Beryllium-7 3/20/91 140 -6 26 u pCi/L H0007305 ITAS Ganma Scan 
299-WlB -20 Bromide 6/10/92 124 500 u ppb 500 B06TN2 ASTM 0-4327 -88 
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299-W18 -20 Bromide 3/ 01/93 124 500 u ppb 500 808762 ASTM D-4327 -88 

299- W18 -20 Bromide 4/ 12/93 124 500 u ppb 500 808DH4 ASTM 0-4327 -88 

299-W18 -20 Cadmium 6/ 10/92 34 10 u ppb 10 806TN2 SW-846 6010 

299 -Wl8 -20 Cadmium 3/ 01/93 34 10 y u ppb 10 808763 SW-846 6010 

299 -W18 -20 Cadmium. filtered 6/ 10/92 34 10 u ppb 10 B06TN2 SW-846 6010 

299 -W18 -20 Cadmi um . filtered 3/ 01/ 93 34 10 y u ppb 10 808763 SW-846 6010 

299 -Wl8 -20 Cal ci um 6/ 10/ 92 34 20000 ppb 100 806TN2 SW-846 6010 

299- W18 -20 Calcium 3/ 01/ 93 34 19000 y ppb 100 808763 SW-846 6010 

299 -W18 -20 Cal cium . filtered 6/ 10/ 92 34 20000 ppb LOO 806TN2 SW-846 6010 

299 -W18 -20 Calci um . fi 1 t ered 3/ 01/ 93_ 34 19000 y ppb 100 808763 SW-846 6010 

299 -Wl8 -20 Carbon tetrachl oride '2/ 06/91 83 193 ppb H0007167 PNL VOAs 

299- W18 -20 Carbon tetrachloride 3/20/ 91 83 173 ppb H0007305 PNL VOAs ::e: 

299 -Wl 8-20 Carbon tetrachloride 6/ 10/92 16 170 ppb 5 806TN2 SW -846 8240 :c 

co 
n 

I 299 -Wl 8-20 Carbon tetrachloride 3~ 16 100 ppb 5 808762 SW-846 8240 I 

...... 299 -Wl8-20 Carbon tetrachloride 4/ 12/ 93 16 35 ppb 5 808DH4 SW-846 8240 
r'1 

U1 

'"Cl 

299 -W18 -20 Ceri um/ Praseodymiun -144 3/20/ 91 140 4 22 u pCi / L H0007305 ITAS GalTITla Scan I 
0 

299 -Wl 8-20 Ces i um -134 3/ 20/91 140 -1 4 u pC:i/L H0007305 ITAS GalTITla Scan CJ) 

299 -1118-20 Cesium-137 3/20/91 140 4 u pCi / L 20 H0007305 ITAS GalTITla Scan 
'I 
~ 

299 -1118 -20 Cesi um -137 3/ 01/93 140 3 4 u pCi / L 20 808762 ITAS GalTITla Scan 

299 -1118 -20 Ces i um -137 4/ 12/93 140 -11 8 u pCi / L 20 808DH4 ITAS GalTITla Scan 

299 -1118 -20 Chl or ide 2/06/ 91 82 3 ppm H0007167 PNL Ani ons 

299- 1118 -20 Chloride 6/ 10/ 92 124 3300 1110 ppb 200 806TN2 ASTM D-4327-88 

299 -1118-20 Chloride 3/ 01/93 124 3500 1180 ppb 200 808762 ASTM 0-4327 -88 

299-1118- 20 Chloride 4/1 2/93 124 3400 563 ppb 200 808DH4 ASTM 0-4327 -88 

299-W18-20 Chl oroform 2/06/ 91 83 14 ppb H0007167 PNL VOAs 

299-W18-20 Chloroform 3/20/ 91 83 15 ppb H0007305 PNL VOAs 

299-W18-20 Chloroform 6/10/92 16 20 ppb 5 806TN2 SW-846 8240 

299-W18-20 Chloroform 3/ 01/93 16 13 ppb 5 808762 SW-846 8240 

299-W18-20 Chloroform 4/ 12/93 16 5 ppb 5 808DH4 SW-846 8240 

299-Wl8 -20 Chromiun 6/10/92 34 20 u ppb 20 806TN2 SW-846 6010 

299-W18-20 Chromiun 3/01/93 34 20 y u ppb 20 808763 SW-846 6010 
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299- Wl 8-20 Chromi um. filtered 6/ 10/92 34 20 u ppb 20 B06TN2 SW-846 6010 
299- Wl 8-20 Chromi um. filtered 3/01/93 34 20 y u ppb 20 B08763 SW -846 6010 
299 -Wl 8-20 Coba lt 6/10/92 34 20 u ppb 20 B06TN2 SW -846 6010 
299 -Wl 8-20 Cobalt 3/ 01/93 34 20 . y u ppti 20 B08763 SW -846 6010 
299 -W18 -20 Cobalt . f il tered 6/10/92 34 20 u ppb 20 B06TN2 SW-846 6010 
299-Wl 8-20 Cobalt . fi ltered 3/01/93 34 20 y u ppb 20 B08763 SW-846 6010 
299 -Wl 8-20 Cob al t -60 3/20/91 140 -1 5 u pCi / L H0007305 ITAS Gamma Scan 
299 -Wl8 -20 Cob al t -60 3/ 01/ 93 140 -3 6 u pC1/ L B08762 ITAS Gamma Scan 
299 -Wl 8-20 Cob al t -60 4/ 12/93 140 7 u pCi / L 808DH4 ITAS Gamma Scan 
299 -Wl8 -20 Copper 6/ 10/ 92 34 20 u ppb 20 806TN2 SW-846 6010 
299- Wl8 -20 Copper 3/ 01/93 34 20 y u ppb 20 808763 SW-846 6010 
299 -Wl8 -20 Copper . fi l tered 6/ 10/ 92 34 20 u ppb 20 806TN2 SW-846 6010 :E: 
299-Wl8 -20 Copper . f il tered 3/ 01/ 93 34 20 y u ppb 20 808763 SW -846 6010 :r: 

n 
299-Wl 8-20 Ethyl benzene 2/06/91 83 u ppb H0007167 PNL VOAs I c:i rr1 I 299 -W18-20 Ethy l benzene 3/20/91 83 u ppb H0007305 PNL VOAs \J ...... 
299 -W18 -20 Europium-154 3/20/91 140 -3 10 u pCi / L H0007305 ITAS Gamma Scan I Ol Cl 
299- Wl 8-20 Europi um- 155 3/20/91 140 6 6 u pC1 / L H0007305 ITAS Gamma Scan en ....... 299-Wl8-20 Fluoride 2/ 06/91 82 ppm H0007167 PNL An ions ~ 
299 -Wl 8-20 Fluor i de 6/10/92 124 400 84 ppb 100 806TN2 ASTH 0-4327 -88 
299- W18-20 Fluoride 3/ 01/93 124 400 84 ppb 100 808762 ASTH 0-4327 -88 
299 -Wl 8-20 Fluori de 4/ 12/93 124 400 26 ppb 100 B08DH4 ASTH 0-4327 -88 
299- W1 8-20 Gross al pha 3/20/91 135 2 1 pCi / L 4 H0007305 SW-846 9310 . Al pha 
299 -W1 8-20 Gr oss alpha 6/10/92 135 2 pCi / L 4 806TN2 SW-846 9310 . Alpha 
299- W1 8-20 Gross al pha 3/ 01/93 135 u pCi / L 4 808762 SW-846 9310 . Alpha 
299- W18 -20 Gross alpha 4/12/93 135 u pCi/L 4 B08DH4 SW -846 9310 . Al pha 
299- W18 -20 Gross beta 3/20/91 136 8 3 pCi / L 8 H0007305 SW-846 9310 . Beta 
299- W18 -20 Gross beta 6/ 10/92 136 3 2 pCi / L 8 806TN2 SW-846 9310 . Beta 
299-W18 -20 Gr oss beta 3/01/93 136 2 2 pCi/L 8 808762 SW-846 9310 . Beta 
299-W18 -20 Gross beta 4/ 12/93 136 3 2 pCi/L 8 B08DH4 SW-846 9310 . Beta 
299-W18 -20 Iron 6/ 10/92 34 30 26 ppb 20 B06TN2 SW-846 6010 
299 -W18 -20 Iron 3/ 01/93 34 170 146 y ppb 20 808763 SW -846 6010 



Well Consti tuent Name Co 11 ect Date Method Result Error Filtered Qualifier Units CRQL Sa111>le No Method Name 
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299-Wl8 -20 Iron . fi 1 tered 6/ 10/92 34 30 26 ppb 20 B06TN2 SW-846 6010 
299- Wl8-20 Iron . filtered 3/01/93 34 170 146 y ppb 20 B08763 SW-846 6010 
299- Wl8-20 Magnesi um 6/10/92 34 6400 ppb 100 B06TN2 SW-846 6010 
299-Wl8 -20 Magnesi um 3/ 01/93 34 5800 y ppb 100 B08763 SW-846 6010 
299-Wl8 -20 Magnesium. filtered 6/ 10/92 34 6400 ppb 100 B06TN2 SW-846 6010 
299- Wl8 -20 Magnesi um . filtered 3/01/93 34 5800 y ppb 100 B08763 SW-846 6010 
299 -Wl8-20 Ma nganese 6/ 10/92 34 10 u ppb 10 B06TN2 SW-846 6010 
299- \.118 -20 Manganese 3/01/93 34 50 8 y ppb 10 B08763 SW-846 6010 
299- Wl8 -20 Manganese. filtered 6/ 10 /92 34 10 u ppb 10 B06TN2 SW-846 6010 
299 -Wl8 -20 Manganese . filtered. 3/01/93 34 50 8 y ppb 10 B08763 SW-846 6010 
299-\.118 -20 Methyl ethyl ketone 6/ 10/ 92 16 100 u ppb LOO B06TN2 SW-846 8240 
299 -\.118 -20 Methyl ethyl ketone 3/ 01/ 93 16 100 u ppb 100 B08762 SW-846 8240 :E: 
299-\.118 -20 Methyl ethyl ketone 4/ 12/93 16 100 u ppb LOO B08DH4 SW -846 8240 :c 

n 
CIJ 299 -Wl8 -20 Methylene ch 1 or i de 2/06/91 83 u ppb H0007167 PNL VOAs I 
I 299- \.118 -20 Methylene chloride 3/20/91 83 u ppb H0007305 PNL VOAs l"T'1 - .:, ...., 299 -Wl8 -20 Methylene chloride 6/10/92 16 5 u ppb 5 B06TN2 SW-846 8240 I 

0 
299 -Wl8-20 Methy lene chl or ide 3/ 01/ 93 16 3 u ppb 5 B08762 SW-846 8240 Ol 

299 -Wl8 -20 Methylene chloride 4/ 12/93 16 2 B ppb 5 808DH4 SW-846 8240 
...., 
-"" 

299 -Wl8 -20 Ni ckel 6/ 10/ 92 34 30 u ppb 30 B06TN2 SW-846 6010 
299- Wl8 -20 Ni ckel 3/01/93 34 30 y u ppb 30 B08763 SW-846 6010 
299 -Wl8 -20 Nickel. filter ed 6/10/92 34· 30 u ppb 30 B06TN2 SW-846 6010 
299 -Wl8 -20 Nickel . filtered 3/ 01/93 34 30 y u ppb 30 B08763 SW-846 6010 
299- \.118 -20 Ni tr ate 2/06/91 82 0 ppm H0007167 PNL /\/li ons 
299-\.118 -20 Nitrate 6/ 10/ 92 124 700 394 ppb 200 B06TN2 ASTH 0-4327 -88 
299-\.118 -20 Ni tr ate 3/ 01/93 124 600 338 ppb 200 B08762 ASTH D-4327-88 
299-Wl8 -20 Nitrate 4/12/93 124 600 52 ppb 200 B08DH4 ASTH D-4327 -88 
299-Wl8 -20 Nitrite 6/ 10/92 124 200 u ppb 200 B06TN2 ASTH 0-4327 -88 
299-Wl8-20 Nitrite 3/01/93 124 200 u ppb 200 B08762 ASTH 0-4327-88 
299-Wl8 -20 Nitrite 4/ 12/93 124 200 u ppb 200 B08DH4 ASTH D-4327 -88 
299-Wl8 -20 Phosphate 2/06/91 82 0 ppm H0007167 PNL /\/li ons 
299-Wl8-20 Phosphate 6/10/92 124 400 u ppb 400 B06TN2 ASTH 0-4327 -88 
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299-Wl8-20 Phosphate 3/01/93 124 400 u ppb 400 B08762 ASlM D-4327 -88 
299- Wl8-20 Phosphate 4/12/93 124 400 u ppb 400 B08DH4 ASlM D-4327 -88 
299-Wl8 -20 Pl uton iLlll -238 3/20/91 146 0 0 u pCi / L 0 H0007305 ITAS Isotopi c Pu 
299- Wl8 -20 Pl utoni um-238 3/01/93 146 0 0 u pCi / L 0 B08762 ITAS Isotopic Pu 
299 -Wl8-20 Pl utoniLlll -238 4/ 12/93 146 -0 0 u pCi /L 0 B08DH4 ITAS Isotopi c Pu 
299 -Wl8-20 Pl utoni um -239/40 3/20/91 146 -0 0 u pCi/ L 0 H0007305 ITAS Isotopi c Pu 
299 -Wl8-20 Plutoni um -239/ 40 3/01/93 146 -0 0 u pCi / L 0 B08762 JTAS Isotopi c Pu 
299 -Wl8-20 Plutoni um -239/ 40 4/12/ 93 146 -0 0 u pCi /L 0 B08DH4 ITAS Isotopi c Pu 
299-Wl8 -20 Potass i um 6/ 10/92 34 3400 ppb 300 B06TN2 SW-846 6010 
299 -\.1 18-20 Pota ss i um 3/ 01 / 93 34 3700 y ppb 300 B08763 SW-846 6010 
299 -\.11 8-20 Potass i um . fi ltered 6/ 10/92 34 3400 ppb 300 B06TN2 SW-846 6010 
299 -\.118 -20 Potass i um . fi ltered 3/01/ 93 34 3700 y ppb 300 B08763 SW-846 6010 ::c 
299 -\.118 -20 Radium 3/01/93 137 -0 0 u pCi /1 B08762 SW-846 9315. Ra dium :I: 

('") 
299- \.118 -20 Radium 4/ 12/93 137 0 0 u pCi / L 808DH4 SW-846 9315. Radium I 

f'T'1 ~ 299 -Wl8-20 Ruthenium-106 3/20/91 140 13 30 u pC1/ L H0007305 ITAS Garrrna Scan ""CJ I 
I - 299-\.118-20 Rutheni um-106 3/01/93 140 -26 46 u pCi / L B08762 ITAS Garrrna Sc an C) CX> 299 -\.118 -20 Rut henium-106 4/ 12/93 140 44 48 u pC1 IL B08DH4 IT AS Garrrna Sc an 0) 

-...J 299 -\.11 8-20 Si lver 6/ 10/92 34 20 u ppb 20 B06TN2 SW-846 6010 ~ 
299- \.118-20 Silver 3/ 01/ 93 34 20 y u ppb 20 B08763 SW-846 6010 
299-\.11 8-20 Si l ver . f iltered 6/ 10/92 34 20 u ppb 20 B06TN2 SW-846 6010 
299 -\.11 8-20 Sil ver . filt ered 3/01/93 34 20 y u ppb 20 B08763 SW-846 6010 
299 -Wl8-20 Sodi um 6/1 0/ 92 34 8600 ppb 300 B06TN2 SW-846 6010 
299-\.118 -20 Sodi um 3/ 01 /93 34 8600 y ppb 300 B08763 SW-846 6010 
299- Wl8-20 Sodium . f i l tered 6/ 10/ 92 34 8600 ppb 300 B06TN2 SW-846 6010 
299- \.118 -20 Sodium . filt ered 3/ 01/93 34 8600 y ppb 300 B08763 SW-846 6010 
299-Wl8 -20 Speci fie conductance 2/06/91 76 205 umhos H0009XT6 
299-Wl8 -20 Spec ific conductance 3/20/91 76 207 Llllhos H0009ITT 
299- Wl8 -20 Speci f ie conductance 6/ 10/92 73 200 umhos B06TN2 ASlM D-1125 -A 
299-Wl8 -20 Speci fi c conductance 6/10/92 94 206 umhos B06TN2 Probe. Conductivity 
299-Wl8 -20 Speci f ic conductance 3/ 01 / 93 73 180 urnh os B08762 ASlM D-1125-A 
299-Wl8 -20 Speci fi e conductance 3/01 /93 94 171 umhos B08762 Probe . Conduct ivi ty 
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299 -Wl8 -20 Specific conductance 4/12/93 94 152 unhos B08DM4 Probe . Conductivity 

299- Wl 8-20 Sulfa t e 2/ 06/ 91 82 14 ppm H0007167 PNL Anions 

299 -Wl8 -20 Sulfate 6/ 10/92 124 13000 12500 ppb 500 B06TN2 ASTI-1 D-4327 -88 

299-Wl8-20 Sulfate 3/ 01 / 93 124 12000 11600 ppb 500 B08762 ASTI-1 D-4327 -88 

299 -Wl8 -20 Sul fate 4/1 2/93 124 11000 535 ppb 500 BOBOM4 ASTI-1 D-4327 -88 

299 -Wl8 -20 Temperature . fie ld 2/ 06/91 170 23 DegC 0 HOOOGSXl Probe . tempera ture 

299-Wl8 -20 Temperature . fiel d 3/20/ 91 170 22 DegC 0 HOOOGSX8 Probe . temperature 

299 -Wl8 -20 Temperature . fie ld 6/ 10/ 92 170 23 DegC 0 B06TN2 Probe . temperature 

299 -Wl8 -20 Temperature. field 3/ 01/ 93 170 22 DegC 0 B08762 Probe . temperatur e 

299 -Wl8 -20 Temperature . fie ld 4/ 12/93 170 22 Deg 0 B08DM4 Probe . temperature 

299 -Wl 8 -20 Tetrach l oroethene 2/ 06/91 83 0 J ppb H0007167 PNL VOAs 

299 -Wl 8-20 Tetrach l oroethene 3/ 20/ 91 83 u ppb H0007305 PNL VOAs 2:: 
299 -Wl8-20 Tetrach loroethene 6/ 10/ 92 16 5 u ppb 5 B06TN2 SW-846 8240 ::c 

(""') 

CXl 299- Wl8 -20 Tetrach loroethene 3/ 01/93 16 5 u ppb 5 B08762 SW-846 8240 I 
I 299 -Wl8 -20 Tetrach l oroethene 4/ 12/ 93 16 5 u ppb 5 B08DM4 SW-846 8240 rr, 

..... "'U 

'° 299- Wl8 -20 Tetrahydrofuran 6/10/92 16 10 u ppb 806TN2 SW-846 8240 I 
0 

299 -Wl8 -20 Tetrahydrofuran 6/1 0/ 92 16 10 u ppb 10 B06TN2 SW-846 8240 0-, 

299-Wl8 -20 Tetrahydro fur an 3/ 01/ 93 16 10 u ppb B08762 SW-846 8240 -....i 
+>-

299 -Wl 8-20 Tetrahydrofuran 3/ 01 / 93 16 10 u ppb 10 B08762 SW-846 8240 

299 -Wl8 -20 Tetrahydrofur an 4/ 12/93 16 u ppb B08DM4 SW -846 8240 

299 -Wl8 -20 Tetrahydrofuran 4/ 12/93 16 u ppb lO B08DM4 SW-846 8240 

299 -Wl8-20 Tin . filtered 6/ 10/92 34 100 u ppb B06TN2 SW-846 6010 

299 -Wl8 -20 Ti n. filtered 3/ 01/93 34 100 y u ppb B08763 SW-846 6010 

299- Wl8-20 Toluene 2/06/ 91 83 u ppb H0007167 PNL VOAs 

299-Wl8 -20 Toluene 3/20/91 83 u ppb H0007305 PNL VOAs 

299-Wl8-20 Toluene 6/ 10/92 16 5 u ppb 5 B06TN2 SW-846 8240 

299-W18-20 Toluene 3/ 01/93 16 17 ppb 5 B08762 SW-846 8240 

299-Wl8-20 Toluene 4/ 12/93 16 5 u ppb 5 B08DM4 SW -846 8240 

299-W18 -20 Tota 1 Organic Carbon 6/10/92 122 1000 u ppb 1000 B06TN2 SW-846 9060 

299-Wl8- 20 Total Organic Carbon 3/01/ 93 122 1000 u ppb 1000 B08762 SW-846 9060 

299-W18-20 Total Organic Carbon 4/ 12/93 122 1000 u ppb 1000 B08DM4 SW-846 9060 
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299- Wl8-20 Total Organi c Halogen 6/ 10/ 92 67 160 42 ppb 10 B06TN2 SW-846 9020 
299 -Wl8-20 Total Organi c Halogen 3/ 01/ 93 67 70 18 ppb 10 B08762 SW-846 9020 
299 -Wl 8-20 Trichl oroethene 2/06/91 83 1 ppb H0007167 PNL VOAs 
299-Wl8-20 Tr ichl oroethene 3/20/ 91 83 1 ppb H0007305 PNL VOAs 
299- Wl8-20 Trichl oroethene 6/ 10/92 16 5 u ppb 5 B06TN2 SW-846 8240 
299-Wl8-20 Trichloroethene 3/ 01/93 16 5 u ppb 5 B08762 SW-846 8240 
299- Wl8-20 Trichl oroethene 4/12/93 16 5 u ppb 5 BOBDM4 SW-846 8240 
299- Wl8-20 Tritium 2/ 06/91 142 159 290 u pCi / L 500 H0007167 ITAS H-3 
299 -Wl 8-20 Tri t ium 3/ 20/ 91 142 168 200 u pCi / L 500 H0007305 JTAS H-3 
299- Wl 8-20 Tritium 6/ 10/ 92 142 137 232 u pC1/ L 500 B06TN2 . JTAS H-3 
299 -Wl8-20 Tri t ium 3/ 01/93 142 26 229 u pCi / L 500 B08762 JTAS H-3 
299-Wl8-20 Tritium 4/ 12/93 142 28 220 u pC1 / L 500 BOBOM4 JTAS H-3 :E: 
299 -Wl8 -20 Uranium 3/20/91 145 2 1 ppb H0007305 JTAS Gros s U ::c 

n 
299 -Wl8 -20 Uranium-238 3/01/93 145 1 0 ppb 808762 JTAS Gross U I ex, 

JTAS Gross U l'T'1 I 299 -WlB -20 Urani um -238 4/12/93 145 0 ppb BOBDM4 -0 N 299 -Wl8 -20 Vanadium 6/ 10/92 34 36 5 ppb 30 B06TN2 SW-846 6010 I 
0 C> 

299 -Wl B-20 Vanadi um 3/ 01/93 34 40 5 y ppb 30 B08763 SW-846 601 0 en 
299 -1118-20 Vanadi um . filtered 6/ 10/92 34 36 5 ppb 30 B06TN2 SW-846 6010 -....i 

+>-
299-Wl 8-20 Vanadi um . filtered 3/01/93 34 40 5 y ppb 30 B08763 SW -846 6010 
299- Wl8 -20 Vinyl chl ori de 6/ 10/92 16 10 u ppb 10 B06TN2 SW-846 8240 
299- Wl 8-20 Vinyl chl oride 3/01/93 16 10 u ppb 10 B08762 SW-846 8240 
299-Wl8-20 Vinyl chl oride 4/12/93 16 10 u ppb 10 BOBDM4 SW-846 8240 
299- Wl8 -20 Xy l enes (total) 2/06/91 83 u ppb H0007167 PNL VOAs 
299- Wl8-20 Xy lenes (t otal) 3/20/91 83 u ppb H0007305 PNL VOAs 
299-Wl8 -20 Xy lenes (total) 6/10/ 92 16 5 u ppb 5 B06TN2 SW-846 8240 
299-Wl8 -20 Xylenes (total) 3/01/ 93 16 5 u ppb 5 B08762 SW-846 8240 
299 -Wl8 -20 Xyl enes (tot a 1) 4/12/93 16 5 u ppb 5 B08DM4 SW-846 8240 
299 -W18-20 Zinc 6/10/ 92 34 10 u ppb 10 B06TN2 SW-846 6010 
299 -1118 -20 Zinc 3/01/93 34 10 y ppb 10 B08763 SW-846 6010 
299 -Wl8-20 Zinc . filtered 6/10/92 34 10 u ppb 10 B06TN2 SW-846 6010 
299 -Wl8-20 Zinc . filtered 3/01/93 34 10 y ppb 10 B08763 SW-846 6010 

.•. 
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299- Wl8 -20 Zinc -65 3/20/91 140 -7 7 u pCi / L H0007305 ITAS Garrma Scan 

299- Wl8 -20 Zi rconi um/ Niobiun-95 3/20/91 140 3 8 u pCi/L H0007305 ITAS Garrma Scan 
299- Wl8 -20 ci s- 1. 2-Dich l oroethylene 2/ 06/91 83 u ppb H0007167 PNL VOAs 
299 -\.118 -20 c i s- 1. 2-Dich l oroethylene 3/20/91 83 u ppb H0007305 PNL VOAs 
299- Wl8 -20 pH 2/06/91 76 7 H0009XT6 
299- \.118 -20 pH 3/20/91 76 8 H0009XT7 
299- \.118 -20 pH 6/10 / 92 125 8 806TN2 ASTM D-1293 
299- \.11 8-20 pH 6/10 /92 93 8 0 806TN2 Probe . pH 
299 -\.118 -20 pH 3/ 01 / 93 125 8 808762 ASTM D-1293 
299 - \.1 18-20 pH 3/ 01/93 93 7 0 808762 Probe . pH 
299- \.11 8-20 pH 4/1 2/93 125 8 808DM4 ASTM D-1293 
299 -\.118 -20 pH 4/ 12/93 93 8 0 808DM4 Probe. pH 
299 - \.118-20 trans- 1.2-Dichl oroethyl ene 2/ 06 / 91 83 u ppb H0007167 PNL VOAs :E: 

:I: 
299 -\.11 8-20 t rans-1 . 2-0i ch 1 oroethyl ene 3/20/91 83 u ppb H0007305 PNL VOAs n 

I 
OJ 299 -\.11 8-20 tran s- 1.2-Dichloroethylene 6/10/92 16 5 u ppb 5 806TN2 SW-846 8240 rr1 I 
N 299-Wl8 -20 tran s-1. 2-0ich loroethy l ene 3/ 01/93 16 5 u ppb 5 808762 SW-846 8240 ""O 

I ...... 0 
CJ) 
"'-.l 
.p. 
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299- Wl8 -29 1 . 1 . 1-Trich loroethane 3/18/92 5 u ppb 5 8064F6 16 SW-846 8240 

299- W18 -29 1 . 1. 1-Trichloroethane 6/09/92 5 u ppb 5 806TN5 16 SW -846 8240 

299- W18 -29 l. l.1 -Trichloroethane 8/ 12/92 5 u ppb 5 807486 16 SW -846 8240 

299- Wl8 -29 l. l.1 -Tri chloroethane 9/15/92 5 u ppb 5 8078Fl 16 SW -846 8240 

299-W1 8 -29 1.1 . l -Tri ch loroethane 11 / 18/92 5 u ppb 5 807HC5 16 SW-846 8240 

299- Wl 8 -29 1.1 . l -Tri chloroethane 2/11 /93 5 u ppb 5 8084M7 16 SW -846 8240 

299- Wl8 -29 1. 1 . l -Tri chloroethane 2/26/ 93 5 u ppb 5 808764 16 SW -846 8240 

299 -Wl 8 -29 1. 1 . 2 -Tri chl oroethane 3/18/92 5 u ppb 5 8064F6 16 SW -846 8240 

299- Wl 8 -29 1. 1.2-Tri chloroethane 6/09/92 5 u ppb 5 806TN5 16 SW -846 8240 

299 -W18 -29 1 . l . 2-Trichloroethane 8/12/92 5 u ppb 5 807486 16 SW-846 8240 

299 -Wl 8 -29 1. 1 . 2-Tr ichlor oethane 9/15/92 5 u ppb 5 8078Fl 16 SW -846 8240 

299-1-/18 -29 l. l. 2-Tri chloroethane l l /18/92 5 u ppb 5 B0 7HC5 16 SW -846 8240 ::e:: 
299- 1-/1 8 -29 1. 1. 2-Tr ichl or oethane 2/1 1/93 5 u ppb 5 8084M7 16 SW -846 8240 

:c 
n 

cc 299 -1-11 8 -29 l. l. 2-Tri chl oroethane 2/26/93 5 u ppb 5 808764 16 SW -846 8240 I 

I 
,.,, 

N 299 -Wl 8 -29 1. 1-Dic~l or oethan e 3/ 18/92 5 u ppb 5 8064F6 16 SW-846 8240 -0 
N 299 -1-/1 8 -29 1. 1-Di chl or oethan e 6/09/92 5 u ppb 5 806TN5 16 SW -846 8240 

I 
C> 

299 -1-11 8 -29 1. 1-Dich l or oethane 8/ 12/92 5 u ppb 5 807486 16 SW -846 8240 O') 

--...J 
299- 1-118 -29 1. 1-Di chl or oethane 9/ 15/92 5 u ppb 5 8078Fl 16 SW -846 8240 +'" 

299 -1-118 -29 1 . 1-Di chloroethane ll / 18/92 5 u ppb 5 807MC5 16 SW-846 8240 

299-Wl8 -29 1 . 1-Di chloroethane 2/ 11 / 93 5 u ppb 5 8084 M7 16 SW-846 8240 

299- W18 -29 1.1 -Di ch l oroethane 2/26/ 93 5 u ppb 5 808764 16 SW -846 8240 

299-1-118 -29 1 . 2- Di ch loroethane 3/18/ 92 5 u ppb, 5 8064F6 16 SW -846 8240 

299 -Wl8 -29 1 . 2- Di ch l oroethane 6/09/ 92 5 u ppb 5 806TN5 16 SW-846 8240 

299 -WlB -29 l. 2-Dich l oroethane 8/ 12/92 5 u ppb 5 807486 16 SW-846 8240 

299 -Wl8 -29 1 . 2 -Di ch l oroethane 9/15/ 92 5 u ppb 5 8078Fl 16 SW -846 8240 

299-W18 -29 1 . 2-Dichloroethane 11/ 18/92 5 u ppb 5 807MC5 16 SW-846 8240 

299-Wl8 -29 1. 2-Dichloroethane 2/11/93 5 u ppb 5 8084M7 16 SW-846 8240 

299-Wl8 -29 1 . 2-Dichloroethane 2/26/ 93 5 u ppb 5 808764 16 SW-846 8240 

299-W18 -29 1 .4 -Dichlorobenzene 3/ 18/92 5 u ppb 5 8064 F6 16 SW-846 8240 

299- Wl8 -29 1 .4 -Dichlorobenzene 6/ 09/92 5 u ppb 5 806TN5 16 SW-846 8240 
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299-Wl8-29 1. 4-Di ch l orobeniene 8/12/92 5 u ppb 5 807486 16 SW -846 8240 
299 -W18 -29 1. 4-Di ch l orobenzene 9/15/92 5 u ppb 5 8078Fl 16 SW-846 8240 
299 -Wl8- 29 1. 4-Di ch l orobenzene 11/18/92 5 u ppb 5 807HC5 16 SW-846 8240 
299- Wl8 -29 1. 4-Di chlorobenzene 2/11/93 5 u ppb 5 8084H7 16 SW-846 8240 
299- Wl8 -29 1. 4-Di ch lorobenzene 2/26/93 5 u ppb 5 808764 16 SW -846 8240 
299 -Wl8-29 l -8ut anol 3/18/92 u ppm 8064F6 16 SW-846 8240 
299- Wl8-29 1-8utanol 6/09/92 u ppm 806TN5 16 SW-846 8240 
299-Wl8 -29 1-Butanol 8/12/92 u ppm B074B6 16 SW-846 8240 
299- Wl8 -29 l -8utanol 9/15/92 u ppm 8078Fl 16 SW-846 8240 
299 -Wl8 -29 1-Butano l 11/18/92 u ppm B07HC5 16 SW-846 8240 
299- Wl8-29 l -8utano l 2/11/93 u ppm B084H7 16 SW -846 8240 
299 -Wl8 -29 1-Butanol 2/26/93 u ppm B08764 16 SW -846 8240 2:'.: 
299- Wl8 -29 2.4.5- T 3/ 18/ 92 2 u ppb 2 8064F6 49 SW -846 8150 :c 

n 
299-Wl8 -29 2. 4. 5-T 8/12/ 92 2 u ppb 2 8074B6 49 SW-846 81 50 I 

o;, l"Tl 
I 299- Wl8-29 2.4 .5-T 11/18/ 92 2 u ppb 2 B07HC5 49 SW -846 8150 -0 

N 
299-Wl8 -29 2.4 .5-T 2/11/93 2 u ppb 2 B084M7 49 SW-846 8150 I w 0 
299- Wl8- 29 2 .4 . 5-TP 3/18/92 2 u ppb 2 8064F6 49 SW-846 8150 m 
299- Wl8 -29 2.4 .5-TP 8/ 12/92 2 u ppb 2 807486 49 SW-846 8150 

....... 
~ 

299- Wl8 -29 2. 4. 5-TP 11/18/92 2 u ppb 2 B07HC5 49 SW-846 8150 
299-Wl8 -29 2. 4.5-TP 2/11/93 2 u ppb 2 B084M7 49 SW -846 8150 
299-Wl8- 29 2. 4. 6-Trich lorophenol 3/18/92 5 u ppb 5 8064F6 30 SW -846 8040 
299 -Wl8 -29 2 .4. 6-Tri ch lorophenol 8/12/92 5 u ppb 5 B074B6 ,30 SW-846 8040 
299 -Wl8 -29 2. 4. 6-Trich lorophenol 11/18/92 5 u ppb 5 B07HC5 30 SW-846 8040 
299-Wl8 -29 2 .4 . 6-Trich lorophenol 2/11/93 5 u ppb 5 B084H7 30 SW -846 8040 
299-WlB-29 2.4 -D 3/18/92 10 u ppb 10 8064F6 49 SW -846 81 50 
299-Wl8-29 2.4-0 8/12/92 10 u ppb 10 B074B6 49 SW-846 8150 
299-Wl8-29 2.4-D 11/18/92 10 u ppb 10 B07HC5 49 SW-846 8150 
299-Wl8-29 2.4 -D 2/11/93 10 u ppb 10 B084M7 49 SW-846 8150 
299-Wl8 -29 2. 4-Di ch l oropheno l 3/18/92 5 u ppb 5 B064F6 30 SW -846 8040 
299-Wl8-29 2. 4-Dich lorophenol 8/12/92 5 u ppb 5 B074B6 30 SW -846 8040 
299-Wl8-29 2. 4-Dichlorophenol 11/18/92 5 u ppb 5 B07HC5 30 SW-846 8040 
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299- Wl8 -29 2. 4-Dichlorophenol 2/11/93 5 u ppb 5 B084M7 30 SW -846 8040 
299-Wl8 -29 2. 4-Dimethylpheno 1 3/18/92 5 u ppb 5 B064F6 30 SW-846 8040 
299- Wl8 -29 2. 4 -Dimethylphenol 8/12/92 6 B ppb 5 B074B6 30 SW-846 8040 
299- W18 -29 2. 4 -Dimethylpheno l 11/18/92 5 u ppb 5 B07HC5 30 SW-846 8040 
299- W18 -29 2 .4-Dimethylphenol 2/11/93 5 u ppb 5 B084M7 30 SW -846 8040 
299-W18-29 2.4-Di nitrophenol 3/18/92 150 u ppb 150 B064F6 30 SW -846 8040 
299- Wl8 -29 2.4 -Dinitrophenol 8/ 12/92 150 u ppb 150 B074B6 30 SW-846 8040 
299 -W1 8-29 2.4 -Dinitrophenol 11 / 18/92 150 u ppb 150 B07MC5 30 SW-846 8040 
299 -Wl8-29 2, 4-Dini trophenol 2/11 /93 150 u ppb 150 B084M7 30 SW -846 8040 
299- Wl8-29 2. 6-Dichlorophenol 3/18/92 5 u ppb 5 B064F6 30 SW -846 8040 
299 -Wl8 -29 2. 6-Dich lorophenol 8/12/92 5 u ppb 5 B074B6 30 SW -846 8040 
299- W18 -29 2 . 6-Dich loropheno l 11/18/92 5 u ppb 5 B07HC5 30 SW-846 8040 ~ 

299 -Wl8 -29 2 . 6-Dich loropheno l 2/11/93 5 u ppb 5 B084M7 30 SW-846 8040 :c 
n 

co 299- W!8 -29 2-Ch l oropheno l 3/18/92 5 u ppb 5 B064F6 30 SW -846 8040 I 

I l"Tl 
N 299 -W18 -29 2-Ch 1 oropheno l 8/12/92 5 u ppb 5 B074B6 30 SW-846 8040 " 
""" 299 -Wl8-29 2-Ch l oropheno l 11/18/92 5 u ppb 5 B07HC5 30 SW-846 8040 I 

0 
299 -W18 -29 2-Ch l oropheno l 2/ 11/93 5 u ppb 5 B084M7 30 SW-846 8040 en 

'.I 
299-Wl8-29 2-Methy lphenol 3/18/92 10 u ppb 10 B064F6 19 SW-846 8270 -"" 
299- Wl8 -29 2-Methy l phenol 8/12/92 10 u ppb 10 B074B6 19 SW-846 8270 
299-W18-29 2-Methy l phenol 11 / 18/92 10 u ppb 10 B07MC5 19 SW-846 8270 
299 -Wl8 -29 2-Methylphenol 2/11/93 10 u ppb 10 B084M7 19 SW -846 8270 
299-Wl8 -29 2- Ni tropheno l 3/18/92 5 u ppb 5 B064F6 30 SW-846 8040 
299-Wl8 -29 2- Ni tropheno 1 8/12/92 5 u ppb 5 B074B6 30 SW-846 8040 
299 -Wl8 -29 2- Ni tropheno 1 11/18/92 5 u ppb 5 B07MC5 30 SW-846 8040 
299 -Wl8 -29 2-Ni tropheno 1 2/11/93 5 u ppb 5 B084M7 30 SW-846 8040 
299 -Wl8 -29 2-sec -Butyl -4 . 6-dinitrophenol (DNBPJ 3/18/92 5 u ppb 5 B064F6 30 SW-846 8040 
299 -Wl8c29 2-sec-Butyl -4. 6-dinitrophenol (ONBPJ 3/18/92 1 u ppb 1 B064F6 49 SW-846 8150 
299 -Wl8 -29 2-sec-Butyl-4. 6-dinitrophenol (DNBPJ 8/12/92 5 u ppb 5 B074B6 30 SW-846 8040 
299 -W18 -29 2-sec-Butyl-4. 6-dinitrophenol (DNBPJ 8/12/92 1 u ppb B074B6 49 SW-846 81 50 
299-Wl8-29 2-sec-Butyl -4, 6-dinitrophenol CDNBP) 11/18/92 5 u ppb 5 B07MC5 30 SW-846 8040 
299-Wl8-29 2-sec-Butyl -4. 6-dinitrophenol (DNBPJ 11/18/92 1 u ppb B07MC5 49 SW -846 8150 
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299-Wl8 -29 2-sec-8utyl -4 . 6-dinitrophenol (DN8P) 2/11/93 5 u ppb 5 8084M7 JO SW -846 8040 

299-Wl8 -29 2-sec-8utyl -4 . 6-dinitropheno l (DN8P) 2/11/93 u ppb 8084M7 49 SW -846 8150 

299- Wl8 -29 4 . 4" -000 3/18/92 0 u ppb 0 8064F6 17 SW-846 8080 

299- Wl8 -29 4.4 "- DOO 8/12/92 0 u ppb 0 807486 17 SW-846 8080 

299 -Wl8 -29 4 .4 "- DOO 11/18/92 0 u ppb 0 807MC5 17 SW-846 8080 

299- Wl 8-29 4 .4" -DDD 2/11/93 0 u ppb 0 8084M7 17 SW-846 8080 

299 -Wl8 -29 4 .4 "-DDE 3/18/92 0 u ppb 0 8064F6 17 SW -846 8080 

299- Wl8 -29 4.4' -DDE 8/12/92 0 u ppb 0 807486 17 SW -846 8080 

299 -Wl8-29 4 .4' -ODE 11/ 18/ 92 0 u ppb 0 807MC5 17 SW-846 8080 

299 -Wl8-29 4 ,4' -DDE 2/11 /93 0 u ppb 0 8084M7 17 SW-846 8080 

299- Wl 8-29 4.4'-DDT 3/18/92 0 u ppb 0 8064F6 17 SW-846 8080 

299- Wl8-29 4.4' -DDT 8/12/92 0 u ppb 0 807486 17 SW-846 8080 

299- Wl8-29 4.4 "- DDT 11/18/92 0 u ppb 0 807MC5 17 SW -846 8080 
::E: 
:c 

OJ 299 -Wl8 -29 4.4 "- DDT 2/11 / 93 0 u ppb 0 8084M7 17 SW-846 8080 n 
I 

I 299 -Wl 8-29 4. 6-Dinitro-2-methylpheno l 3/18/92 200 u ppb 200 8064F6 30 SW-846 8040 rr, 
N -0 
CJ1 299- W18 -29 4 . 6-Dini tro -2-methy lphenol 8/12/92 200 u ppb - 200 807486 JO SW-846 8040 I 

299 -W1 8-29 4 . 6-Di nitro -2-methylphenol 11/18/92 200 u ppb 200 807MC5 JO SW-846 8040 0 
en 

299 -W1 8-29 4 , 6-Dinitro-2-methylphenol 2/11 /93 200 u ppb 200 8084M7 JO SW-846 8040 ""-I 

299 -Wl8 -29 4-Ch l oro-3 -methylpheno l 3/18/92 5 u ppb 5 8064F6 JO SW-846 8040 """ 
299 -Wl8 -29 4-Ch l oro-3-methylpheno l 8/12/92 5 u ppb 5 807486 JO SW-846 804 0 

299-Wl8 -29 4-Ch l oro-3-methylpheno l 11/18/92 5 u ppb 5 807MC5 JO SW-846 8040 

299 -Wl8 -29 4-Ch l oro -3-methy l phenol 2/11/93 5 u ppb 5 8084M7 JO SW -846 8040 

299-Wl8 -29 4-Methyl -2-pentanone 3/18/92 50 u ppb 8064F6 16 SW-846 8240 

299 -W18 -29 4-Methyl -2 -pentanone 3/18/92 50 u ppb 50 8064F6 16 SW-846 8240 

299 -Wl8-29 4-Methyl -2-pentanone 6/09/92 50 u ppb 806TN5 16 SW -846 8240 

299-Wl8-29 4-Hethy l -2-pentanone 6/09/92 50 u ppb 50 806TN5 16 SW-846 8240 

299-Wl8 -29 4-Methyl -2-pentanone 8/12/92 50 u ppb 807486 16 SW -846 8240 
299-W18 -29 4-Methyl -2-pentanone 8/12/92 50 u ppb 50 807486 16 SW -846 8240 

299-Wl8 -29 4-Methyl -2-pentanone 9/15/92 50 u ppb 8078Fl 16 SW -846 8240 

299 -W18 -29 4-Methyl -2-pentanone 9/15/92 50 u ppb 50 8078Fl 16 SW-846 8240 
299-Wl8-29 4-Hethyl -2-pentanone 11/18/92 50 u ppb 807MC5 16 SW-846 8240 
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299- Wl8 -29 4-Hethyl -2-pentanone 11/18/92 50 u ppb 50 B07HC5 16 SW-846 8240 
299- Wl8 -29 4-Hethyl-2-pentanone 2/11/93 50 u ppb B084H7 16 SW-846 8240 
299- Wl8 -29 4-Hethyl -2-pentanone 2/11/93 50 u ppb 50 B084H7 16 SW-846 8240 
299 -Wl8 -29 4-Hethyl -2-pentanone 2/26/93 50 u ppb B08764 16 SW-846 8240 
299 -Wl8 -29 4-Methyl- 2-pentanone 2/26/93 50 u ppb 50 B08764 16 SW-846 8240 
299- Wl8-29 4-Methylpheno 1 3/ 18/92 10 u ppb 10 B064F6 19 SW -846 8270 
299-Wl8 -29 4-Methy l pheno 1 8/12/92 10 u ppb 10 B074B6 19 SW-846 8270 
299-Wl8 -29 4-Methylphenol 11/18/92 10 u ppb 10 B07MC5 19 SW-846 8270 
299 -Wl 8-29 4 -Methyl phenol 2/ 11/ 93 10 u ppb 10 B084M7 19 SW-846 8270 
299- Wl8-29 4-Ni tropheno l 3/18/92 30 u ppb 30 B064F6 30 SW-846 8040 
299- Wl8 -29 4-Ni tropheno 1 8/ 12/ 92 30 u ppb 30 B074B6 30 SW-846 8040 
299- Wl8 -29 4-Nit rophenol 11/18/ 92 30 u ppb 30 B07HC5 30 SW -846 8040 ::e:: 

::c 
299- Wl 8-29 4-Ni tropheno l 2/11 / 93 30 u ppb 30 B084H7 30 SW -846 8040 n 

OJ 299-Wl8 -29 Acetone 3/18/92 100 u ppb 100 B064F6 16 SW-846 8240 I 
I 

,..,, 
N 299 -Wl8 -29 Acetone 6/09/92 100 u ppb 100 B06TN5 16 SW-846 8240 -0 
0\ 299- Wl 8-29 Acetone 8/12/92 100 u 100 B074B6 16 SW-846 8240 

I 
ppb C) 

299 -Wl8 -29 Acetone 9/15/92 100 u ppb 100 B078Fl 16 SW-846 8240 CJ) 
....... 

299- Wl8 -29 Acetone 11/18/92 66 UB ppb 100 B07MC5 16 SW-846 8240 ~ 

299 -Wl8-29 Acetone 2/11 /93 100 u ppb 100 B084H7 16 SW-846 8240 
299- Wl8 -29 Acetone 2/26/93 100 u ppb 100 B08764 16 SW-846 8240 
299- Wl8 -29 Aldrin 3/18/92 0 u ppb 0 B064F6 17 SW-846 8080 
299- Wl8-29 Aldrin 8/ 12/92 0 u ppb 0 B074B6 17 SW-846 8080 
299- Wl8-29 Aldr in 11/18/92 0 u ppb 0 B07HC5 17 SW-846 8080 
299- Wl8 -29 Aldr i n 2/11/93 0 u ppb 0 B084H7 17 SW-846 8080 
299-Wl8 -29 Alpha -BHC 3/18/92 0 u ppb 0 B064F6 17 SW-846 8080 
299-Wl8-29 Alpha -BHC 8/12/92 0 u ppb 0 B074B6 17 SW-846 8080 
299-WlB-29 Alpha -BHC 11/18/92 0 u ppb 0 B07HC5 17 SW-846 8080 
299-WlB-29 Alpha-BHC 2/11/93 0 u ppb 0 B084H7 17 SW-846 8080 
299-Wl8-29 Americium -241 10/09/91 0 0 pCi / L 0 BOOH61 147 ITAS Am -24 1 
299-Wl8-29 Americium-241 3/18/92 0 0 u pCi / L 0 B064F6 147 ITAS Am -241 
299-Wl8-29 Americium-241 8/12/92 -0 0 u pCi / L 0 B074B6 147 ITAS Am -24 1 
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299- 1-118-29 /\rneri c ium-241 9/15/92 0 0 u pCi/L 0 8078Fl 147 ITAS /\rn- 241 
299- \.118 -29 /\rnericium-241 2/11/93 0 0 u pCi/L 0 808527 147 ITAS /\rn-241 
299- 1-118 -29 /\rneri c ium-241 2/26/93 0 u pCi / L 0 808764 147 ITAS /\rn- 24 1 
299-Wl8 -29 .Amnon i um i on 3/18/92 100 u ppb 8064F6 54 ASTM 0-1426 -0 
299 -\.118 -29 fvTmoni um ion 8/12/92 100 13 ppb 807486 54 ASTM 0-1426 -0 
299 -1-11 8-29 fvTmon1 um i on 11/18/92 200 27 ppb 807MC5 54 ASTM 0-1426 -D 
299 -Wl8 -29 .Amnon i um ion 2/ 11/93 100 u ppb 8084M7 54 ASTM 0-1426-D 
299 -1-118 -29 .Amnon1 um i on 5/27 /93 u ppb 808JN4 54 ASTM 0-1426-D 
299 -Wl8 -29 Antimony 10/ 09/ 91 200 u ppb 200 800M61 34 S11 -846 6010 
299 -1118 -29 Antimony 10/ 09/91 200 u ppb 200 800Nll7 34 S11 -846 60 10 
299 -1118 -29 Antimony 3/18/ 92 200 u ppb 200 8064F6 34 SW -846 6010 
299 -Wl8 -29 .AJ1 t imony 3/ 18/ 92 200 y u ppb 200 B064GO 34 S11 -846 6010 ~ 
299 -1118 -29 Antimony 6/ 09/92 200 y u ppb 200 B06TN7 34 S11 -846 6010 :r: 

n 
299-1118 -29 Antimony 8/12/92 200 u ppb 200 8074B6 34 S11 -846 6010 I 

0, rT'1 
I 299 -1118 -29 An ti mony 8/ 12/92 200 y u ppb 200 8074CO 34 S11 -846 6010 -c 

N 299 -1118 -29 Antimony 9/15/92 200 y u ppb 200 8078F2 34 S11-846 601 0 I 
"-.J 0 

299 -1118 -29 Antimony 11/ 18/ 92 200 u ppb 200 807HC5 34 S11 -846 6010 0) 

299 -1118 -29 Antimony 11 / 18/92 200 y u ppb 200 B07HC9 34 SW -846 601 0 "-.J ... 
299-1118 -29 Antimony 2/ 11/93 200 u ppb 200 8084M7 34 S11 -846 6010 
299 -1118 -29 Antimony 2/ 11/93 200 y u ppb 200 B084Nl 34 SW -846 601 0 
299 -Wl8 -29 Antimony 2/26/93 200 y u ppb 200 808765 34 S11 -846 601 0 
299 -1118 -29 Antimony . filtered 10/09/91 200 u ppb 200 800H61 34 S11 -846 601 0 
299 -Wl8-29 Antimony. filtered 10/09/91 200 u ppb 200 800NW7 34 SW -846 601 0 
299-1118-29 Antimony. filtered 3/ 18/92 200 u ppb 200 8064F6 34 S11 -846 601 0 
299 -1118-29 Antimony . filtered 3/18/92 200 y u ppb 200 B064GO 34 . S11 -846 6010 
299 -1118-29 Antimony . filtered 6/09/92 200 y u ppb 200 806TN7 34 S11 -846 6010 
299-1118 -29 Antimony . filtered 8/12/92 200 u ppb 200 B07486 34 S11 -846 6010 
299 -1118-29 Antimony , filtered 8/12/92 200 y u ppb 200 B074CO 34 S11-846 6010 
299 -1118-29 Antimony. filtered 9/15/92 200 y u ppb 200 B078F2 34 S11 -846 6010 
299-1118-29 Antimony, filtered 11/18/92 200 u ppb 200 B07HC5 34 S11 -846 601 0 
299-1118-29 Antimony . filtered 11/18/92 200 y u ppb 200 807HC9 34 S11-846 601 0 
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299 -Wl8 -29 Antimony. filtered 2/11/93 200 u ppb 200 8084M7 34 SW-846 6010 
299 -Wl8 -29 Antimony . filtered 2/11/93 200 y u ppb 200 8084Nl 34 SW-846 6010 

299 -Wl8 -29 Antimony . filtered 2/26/93 200 y u ppb 200 B08765 34 SW-846 6010 

299 -Wl8 -29 Antimony -125 10/09/91 6 18 u pCi /L B00M61 140 ITAS Ganma Scan · 

299 -Wl8 -29 Antimony -125 3/18/92 0 15 u pCi/L B064F6 140 ITAS Ganma Sc an 
299 -Wl8 -29 Anti mony -125 8/12/92 4 16 u pCi / L B07486 140 ITAS Ganma Scan 

299 -Wl8- 29 Antimony -125 2/11/93 -2 18 u pCi / L 808527 140 ITAS Ganma Sc an 

299 -Wl 8-29 Antimony- 125 2/26/93 5 14 u pCi /L B08764 140 ITAS Ganma Sc an 

299-Wl8 -29 Arseni c 3/ 18/92 23 10 ppb 5 B064F6 43 SW-846 7060 
299 -Wl8 -29 Arsenic 3/ 18/92 23 10 y ppb 5 B064G0 43 SW-846 7060 

299-Wl8- 29 Arseni c 8/ 12/ 92 24 10 ppb 5 B074B6 43 SW-846 7060 

299 -Wl8 -29 Arser, ;c 8/12/ 92 24 10 y ppb 5 B074C0 43 SW -846 7060 :i:: 
:I: 

299- Wl8 -29 Arseni c 11 / 18/92 22 9 ppb 5 B07MC5 43 SW-846 7060 n 
0:, 299- Wl8 -29 Arseni c 11/18/ 92 22 9 y ppb 5 B07MC9 43 SW-846 7060 I 

I rT'1 

N 299- Wl8 -29 Arseni c 2/11 / 93 20 9 ppb 5 B084M7 43 SW -846 7060 '"CJ 

00 I 
299 -Wl8 -29 Arsenic 2/11/93 21 9 y ppb 5 B084Nl 43 SW-846 7060 0 

299 -Wl8 -29 Arsenic 2/26/93 25 11 y ppb 5 B08765 43 SW-846 7060 en 
-...J 

299 -Wl8 -29 Arseni c. filtered 3/ 18/92 23 10 ppb 5 B064F6 43 SW-846 7060 .,. 
299 -Wl8 -29 Arsenic . filtered 3/18/92 23 10 y ppb 5 B064G0 43 SW-846 7060 

299 -Wl8 -29 Arsenic . filtered 8/12/92 24 10 ppb 5 B074B6 43 SW-846 7060 
299 -Wl8 -29 Arsenic . filtered 8/12/92 24 10 y ppb 5 B074C0 43 SW-846 7060 
299-Wl8 -29 Arsenic. filtered 11 / 18/92 22 9 ppb 5 B07MC5 43 SW-846 7060 

299-Wl8-29 Arsenic . filtered 11/18/92 22 9 y ppb 5 B07MC9 43 SW-846 7060 
299 -Wl8 -29 Arsenic. filtered 2/11 / 93 20 9 ppb 5 B084M7 43 SW-846 7060 
299 -Wl8-29 Arsenic . filtered 2/11/93 21 9 y ppb 5 B084Nl 43 SW -846 7060 
299 -Wl8-29 Arsenic . filtered 2/26/93 25 11 y ppb 5 B08765 43 SW-846 7060 

299 -Wl8-29 BariLm 10/09/91 28 4 ppb 20 B00M61 34 SW-846 6010 

299-Wl8-29 BarillTI 10/09/91 24 3 ppb 20 B00NW7 34 SW-846 6010 

299-W18-29 BarillTI 3/18/92 23 3 ppb 20 B064F6 34 SW-846 6010 

299-Wl8-29 BarilJTI 3/18/92 22 3 y ppb 20 8064G0 34 SW-846 6010 

299-Wl8-29 BarillTI 6/09/92 23 3 y ppb 20 B06TN7 34 SW-846 6010 
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299 -Wl8 -29 Bariun 8/12/92 26 4 ppb 20 B074B6 34 SW -846 6010 

299-Wl8 -29 Bariun 8/12/92 25 3 y ppb 20 B074C0 34 SW-846 6010 

299 -Wl8 -29 Ba r iun 9/15/92 20 3 y ppb 20 B078F2 34 SW -846 601 0 

299-Wl8-29 Barium 11/18/92 30 4 ppb 20 B07MC5 34 SW-846 6010 

299 -Wl8 -29 Bar i un 11/18/_92 20 3 y ppb 20 B07MC9 34 SW-846 6010 

299 -Wl8-29 Barium 2/11/93 30 4 ppb 20 B084M7 34 SW -846 601 0 

299 -Wl 8-29 Barium 2/ 11 / 93 30 4 y ppb 20 B084Nl 34 SW-846 6010 

299- Wl8-29 Barium 2/26/ 93 20 3 y ppb 20 B08765 34 SW-846 6010 

299 -Wl8 -29 Bari um. filt ered 10/09/91 28 4 ppb 20 B00M61 34 SW -846 601 0 

299 -Wl 8-29 Barium. filtered 10/ 09/ 91 24 3 ppb 20 B00NW7 34 SW -846 6010 

299-Wl8-29 Bariun . filt er ed 3/ 18/ 92 23 3 ppb 20 B064F6 34 SW -846 6010 

299 -Wl 8-29 Bari um . filt er ed 3/18/92 22 3 y ppb 20 B064G0 34 SW-846 6010 ::e::: 
299- Wl8-29 Bari um . filt ered 6/ 09/ 92 23 3 y ppb 20 B06TN7 34 · SW-846 601 0 I 

n 
C0 299 -Wl8-29 Bari um . filt er ed 8/12/92 26 4 ppb 20 B074B6 34 SW -846 601 0 I 

I 299 -Wl8 -29 Barium . filtered 8/ 12/92 25 3 y ppb 20 B074C0 34 SW-846 601 0 rT1 

N ""'O 

'° 299 -Wl8 -29 Bari un . · filtered 9/ 15/ 92 20 3 y ppb 20 B078F2 34 SW -846 601 0 I 
0 

299-Wl8-29 Barium. fil tered 11 / 18/ 92 30 4 ppb 20 B07MC5 34 SW -846 601 0 a-, 

299 -Wl8 -29 Bariun . filtered 11/18/ 92 20 3 y ppb 20 B07MC9 34 SW-846 6010 --...j 

~ 

299-Wl8 -29 Bari um . filtered 2/11 / 93 30 4 ppb 20 B084M7 34 SW-846 6010 

299- Wl8 -29 Barium. filtered 2/11/93 30 4 y ppb 20 B084Nl 34 SW -846 6010 

299-Wl8 -29 Bari um . filtered 2/26/93 20 3 y ppb 20 B08765 34 SW -846 6010 

299-Wl8 -29 Benzene 3/18/92 5 u ppb 5 B064F6 16 SW -846 8240 

299 -Wl8-29 Benzene 6/09/92 5 u ppb 5 B06TN5 16 SW -846 8240 

299-Wl8 -29 Benzene 8/12/92 5 u ppb 5 B074B6 16 SW -846 8240 

299-Wl8-29 Benzene 9/15/92 5 u ppb 5 B078Fl 16 SW -846 8240 

299 -Wl8-29 Benzene 11/18/92 5 u ppb 5 B07MC5 16 SW -846 8240 

299-Wl8-29 Benzene 2/11 / 93 5 u ppb 5 B084M7 16 SW -846 8240 

299-Wl8-29 Benzene 2/26/93 5 u ppb 5 B08764 16 SW -846 8240 

299-Wl8 -29 Beryllium 10/09/91 3 u ppb 3 B00M61 34 SW-846 601 0 

299 -Wl8-29 Beryllium 10/09/91 3 u ppb 3 B00NW7 34 SW -846 601 0 

299-Wl8-29 Berylliun 3/18/92 3 u ppb 3 B064F6 34 SW -846 601 0 
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299-WlB -29 Beryllium 3/18/92 3 y u ppb 3 B064G0 34 SW-846 6010 
299- WlB -29 Beryllium 6/09/92 3 y u ppb 3 B06TN7 34 SW-846 6010 
299-WlB -29 Beryll i um 8/12/92 3 u ppb 3 B074B6 34 SW-846 6010 
299 -WlB -29 Beryllium 8/ 12/92 3 y u ppb 3 B074C0 34 SW-846 6010 
299 -Wl8 -29 Beryll i um 9/15/ 92 3 y u ppb 3 B078F2 34 SW -846 6010 
299 -1./18 -29 Beryllium 11/18/92 3 u ppb 3 B07MC5 34 SW-846 6010 
299-1-/18-29 Beryllium 11/18/92 3 y u ppb 3 B07MC9 34 SW-846 6010 
299 -1-11 8 -29 Beryllium 2/11/93 3 u ppb 3 B084M7 34 SW -846 6010 
299 -WlB -29 Bery 11 i um 2/ 11/ 93 3 y u ppb 3 B084Nl 34 SW -846 6010 
299 -1-/1 8-29 Beryllium 2/26/ 93 3 y u ppb 3 B08765 34 SW-846 601 0 
299 -Wl B-29 Beryllium . fi 1 tered 10/ 09/91 3 u ppb 3 B00M61 34 SW-846 601 0 
299 -Wl8- 29 Bery l 1 ium . filt ered 10/ 09/ 91 3 u ppb 3 B00NW7 34 SW -846 6010 ::E: 
299-Wl8 -29 Beryll ium . filt er ed 3/18/ 92 3 · u ppb 3 B064F6 34 SW -846 601 0 :c 

("') 

OJ 299 -1-11 8- 29 Beryll i um . fil ter ed 3/18/ 92 3 y u ppb 3 8064G0 34 SW-846 6010 I 
I 299 -Wl 8-29 Beryll i um . filt ered 6/09/92 3 y u ppb 3 B06TN7 34 SW -846 6010 

,,., 
w ""O 
0 299-Wl 8-29 Beryll i um . filt er ed 8/ 12/ 92 3 u ppb 3 B074B6 34 SW -846 6010 I 

0 
299 -Wl8 -29 Beryll i um . filtered B/ 12/92 3 y u ppb 3 B074C0 34 SW -846 601 0 Ol 
299 -Wl8 -29 Beryll i um . filtered 9/ 15/ 92 3 y u ppb 3 B078F2 34 SW -846 6010 ........ 

-"" 
299 -Wl8 -29 Beryll i um . filtered 11 / 18/ 92 3 u ppb 3 B07MC5 34 SW -846 601 0 
299-Wl8 -29 Beryllium . filtered 11/18/ 92 3 y u ppb 3 807MC9 34 SW -846 601 0 
299 -Wl8 -29 Beryllium. filtered 2/11/93 3 u ppb 3 B084M7 34 SW-846 601 0 
299-Wl8 -29 Beryllium. filtered 2/11/93 3 y u ppb 3 B084Nl 34 SW-846 6010 
299-Wl8 -29 Bery llium. filtered 2/ 26/93 3 y u ppb 3 B0B765 34 SW -846 601 0 
299 -Wl8-29 Bery 11 i um -7 10/09/91 -58 97 u pCi/L B00M61 140 ITAS Gamma Scan 
299-Wl8 -29 Beta -BHC 3/ 18/92 0 u ppb 0 B064F6 17 SW-846 8080 
299 -W18 -29 Beta -BHC 8/12/92 0 u ppb 0 B074B6 17 SW-846 8080 
299-W18 -29 Beta -BHC 11/18/92 0 u ppb 0 B07MC5 17 SW-846 8080 
299-W18 -29 Beta -BHC 2/11/93 0 u ppb 0 B0B4M7 17 SW-846 8080 
299-W18-29 Bromide 3/18/92 500 u ppb 500 B064F6 124 ASTM D-4327 -88 
299 -W18 -29 Bromide 6/ 09/92 500 u ppb 500 B06TN5 124 ASTM D-4327-88 
299 -Wl8-29 Bromide 8/12/92 500 u ppb 500 B074B6 124 ASTM D-4327 -88 



Well Constituent Name Collect Date Result Error Filtered Qualifi er Unit s CRQL Sample No Method Method Name 

---- -- -- -- ---- - - - -- - - -- - - - - - - --- - - - --- - - -- - --- - - - - - - - - --- ----- ---- - - - - - - - -- - - - ------ --- ---- -- --· -· 
299 -Wl8 -29 Bromide 9/15/92 500 u ppb 500 B078Fl 124 ASTI1 D-4327 -88 

299-Wl8 -29 Bromide 11/18/92 500 u ppb 500 B07MC5 124 ASTI1 D-4327 -88 

299 -Wl8 -29 Bromide 2/11/93 500 u ppb 500 B084M7 124 ASTI1 D-4327 -88 
299 -Wl8 -29 Bromide 2/26/93 500 u ppb 500 B08764 124 ASTI1 D-4327-88 

299- Wl 8-29 Bromide 5/27/93 500 u ppb 500 B08JN4 124 ASTI1 D-4327 -88 

299 -Wl8 -29 Ca dmium 10/ 09/91 10 u ppb 10 B00M61 34 SW-846 6010 

299 -Wl8 -29 Cadmium 10/ 09/91 10 u ppb 10 B00NW7 34 SW-846 6010 

299 -Wl8 -29 Cadmium 3/18/92 10 u ppb 10 B064F6 34 SW-846 6010 

299 -Wl 8-29 Cadmium 3/ 18/ 92 10 y u ppb 10 B064G0 34 SW-846 601 0 

299- Wl8 -29 Cadmium 6/09/92 10 y u ppb 10 B06TN7 34 SW-846 6010 

299 -Wl 8- 29 Cadmium 8/12/92 10 u ppb 10 B074B6 34 SW-846 6010 

299 -Wl8 -29 Cadm ium 8/12/92 10 y u ppb 10 B074C0 34 SW-846 6010 :::e: 
299 -Wl8 -29 Cadmium 9/15/92 10 y u ppb 10 B078F2 34 SW-846 6010 :r: 

r> 
0:, . 299 -Wl8-29 Cadmium 11/18/92 10 u ppb 10 B07MC5 34 SW-846 6010 I 

f'T'1 
I 299 -Wl8 -29 Ca dmium 11 / 18/ 92 10 y u ppb 10 B07MC9 34 SW-846 6010 -0 w 

Cadmium 2/ 11/93 10 u ppb 10 8084M7 34 SW-846 6010 I ..... 299-Wl8 -29 0 
299-Wl8 -29 Cadmium 2/ 11/ 93 10 y u ppb 10 8084Nl 34 SW-846 6010 0) 

299- Wl8 -29 Cadmium 2/26/93 10 y u ppb 10 808765 34 SW-846 6010 
-.....j 
~ 

299-Wl8 -29 Cadmium . filt ered 10/ 09/91 10 u ppb 10 800M61 34 SW-846 6010 
299- Wl8 -29 Cadmium. filt ered 10/ 09/ 91 10 u ppb 10 800NW7 34 SW-846 6010 

299- Wl 8-29 Cadmium. filtered 3/18/92 10 u ppb 10 B064F6 34 SW-846 6010 

299-Wl8 -29 Cadmium . filtered 3/ 18/92 10 y u ppb 10 8064G0 34 SW-846 6010 
299-Wl8- 29 Cadmium . filtered 6/09/92 10 y u ppb 10 B06TN7 34 SW-846 6010 

299-Wl8 -29 Cadmium . filtered 8/12/92 10 u ppb 10 807486 34 SW -846 6010 

299-Wl8 -29 Cadmium. filtered 8/12/92 10 y u ppb 10 B074C0 34 SW-846 6010 
299-Wl8- 29 Cadmium . filtered 9/15/92 10 y u ppb 10 B078F2 34 SW-846 6010 

299 -Wl8-29 Cadmium . filtered 11 / 18/92 10 u ppb 10 807MC5 34 SW-846 6010 
299-Wl8 -29 Cadmium. filtered 11/18/92 10 y u ppb 10 807MC9 34 SW-846 6010 
299 -Wl8 -29 Cadmium . filtered 2/11/93 10 u ppb 10 8084M7 34 SW-846 6010 
299-Wl8-29 Cadmi um . filtered 2/11/93 10 y u ppb 10 8084Nl 34 SW-846 6010 
299-Wl8-29 Cadmiun. filtered 2/26/93 10 y u ppb 10 B08765 34 SW-846 6010 
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299-Wl8 -29 Calcium 10/09/91 24000 ppb 100 800M61 34 SW-846 6010 

299-W18 -29 Ca lei um 10/09/91 23000 ppb 100 800NW7 34 SW-846 6010 

299-Wl8 -29 Calcium 3/18/92 22000 ppb 100 8064F6 34 SW-846 6010 

299 -W18 -29 Calc ium 3/18/92 22000 y ppb 100 8064GO 34 SW-846 6010 

299 -Wl8 -29 Calci um 6/09/92 23000 y ppb 100 806TN7 34 SW-846 6010 

299 -Wl8 -29 Calcium 8/12/92 24000 ppb 100 807486 34 SW-846 601 0 

299 -Wl8-29 Calcium 8/12/ 92 24000 y ppb 100 8074CO 34 SW-846 6010 

299 -Wl8-29 Calc ium 9/15/92 23000 y ppb 100 8078F2 34 SW -846 601 0 

299 -Wl 8-29 Calcium 11 /18/92 24000 ppb 100 807MC5 34 SW-846 6010 

299 -Wl8-29 Calcium 11/18/92 23000 y ppb 100 807MC9 34 SW-846 6010 

299 -Wl8 -29 Calcium 2/11/93 24000 ppb 100 8084M7 34 SW-846 601 0 

299 -Wl8 -29 Calcium 2/11/93 25000 y pph 100 8084Nl 34 SW -846 601 0 ~ 

299 -Wl8 -29 Calcium 2/26/93 25000 y ppb 100 808765 34 SW-846 601 0 ::c 
('"") 

co 299-Wl8 -29 Calcium . filtered 10/ 09/91 24000 ppb 100 800M61 34 SW-846 60 10 I 
I 299 -Wl8 -29 Ca lciun . filtered 10/09/91 34 SW-846 601 0 l"T'1 

w 23000 pph 100 800NW7 -u 
N 299 -Wl8 -29 Calcium . filtered 3/18/92 22000 ppb 100 8064F6 34 SW-846 6010 I 

299 -Wl8-29 Calciun. filtered 3/18/92 22000 y ppb 100 8064GO 34 SW-846 60 10 
0 
O'\ 

299 -Wl8 -29 Calcium. filtered 6/09/92 23000 y ppb 100 806TN7 34 SW-846 601 0 -i 
~ 

299 -Wl8 -29 Calc ium . filtered 8/12/92 24000 ppb 100 807486 34 SW-846 6010 

299- Wl8 -29 Calcium . filtered 8/ 12/92 24000 y ppb 100 8074CO 34 SW-846 601 0 

299 -1118 -29 Calcium . filtered 9/15/92 23000 y ppb 100 8078F2 34 SW-846 601 0 

299 -Wl8 -29 Calcium. filtered 11/18/92 24000 ppb 100 807MC5 34 SW -846 6010 

299 -Wl8 -29 Calciun . filtered 11/18/92 23000 y ppb 100 807MC9 34 SW-846 60 10 

299 -Wl8 -29 Calcium . fi ltered 2/11/93 24000 ppb 100 8084M7 34 SW -846 601 0 

299-Wl8-29 Calcium. filtered 2/11/93 25000 y ppb 100 8084Nl ·34 SW-846 6010 

299-Wl8 -29 Calciun . filtered 2/26/93 25000 y ppb 100 808765 34 SW-846 GOi d 

299-Wl8-29 Carbon tetrachloride 3/18/92 10 ppb 5 8064F6 16 SW-846 8240 

299-Wl8-29 Carbon tetrachloride 6/09/92 10 ppb 5 806TN5 16 SW -846 8240 

299-Wl8-29 Carbon tetrachloride 8/12/92 27 ppb 5 807486 16 SW-846 8240 

299-Wl8-29 Carbon tetrachloride 9/15/92 29 ppb 5 8078Fl 16 SW-846 8240 

299-Wl8-29 Carbon tetrachloride 11/18/92 53 ppb 5 807MC5 16 SW-846 8240 
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299- Wl8-29 Carbon tetrachloride 2/11/93 32 ppb 5 8084H7 16 SW-846 8240 

, 299-Wl8-29 Carbon tetrachloride 2/26/93 25 ppb 5 808764 16 SW-846 8240 
299-Wl8-29 Ceri um/ Praseodymi llll-144 10/09/91 -17 58 u pCi / L 800M61 140 ITAS Gal!llla Scan 
299- Wl8 -29 Ces ium-134 10/09/91 -2 7 u pCi/L 800M61 140 ITAS Gal!llla Scan 
299- Wl8 -29 Cesi um -137 10/09/91 -1 6 u pCi/L 20 800M61 140 ITAS Gallllla Scan 
299 -Wl8 -29 Ces ium -137 3/18/92 -2 8 u pCi/L 20 8064F6 140 ITAS Gal!llla Scan 
299- Wl8 -29 Ces ium-137 8/ 12/92 -6 8 u pCi / L 20 807486 140 ITAS Gal!llla Scan 
299 -1118 -29 Ces i um -137 2/11/93 -3 6 u pCi / L 20 808527 140 ITAS Gal!llla Scan 
299- Wl8-29 Ces ium -137 2/26/ 93 -2 6 u pCi / L 20 B08764 140 ITAS Gal!llla Scan 
299 -1118-29 Chlordane 3/18/92 0 u ppb 0 B064F6 17 SW-846 8080 
299 -Wl8-29 Chl ordane 8/12/92 0 u ppb 0 B07486 17 SW-846 8080 
299 -W18 -29 Chlordane 11 / 18/ 92 0 u ppb 0 807MC5 17 SW-846 8080 
299 -Wl8 -29 Chlordane 2/11 / 93 0 u ppb 0 8084M7 17 SW-846 8080 

:E: 
:::c 

299- Wl8 -29 Ch loride 3/18/92 3300 1110 ppb 200 8064F6 124 ASTM D-4327 -88 n 
cc I 
I 299 -1118 -29 Chloride 6/09/92 3400 1140 ppb 200 806TN5 124 ASTM D-4327 -88 rr, 

w 
299 -W18 -29 Chloride 8/12/92 3400 1140 ppb 200 807486 124 ASTM D-4327 -88 

-0 
w I 

299 -W18- 29 Chloride 9/15/92 3500 1180 ppb 200 8078Fl 124 ASTM 0-4327 -88 0 
0) 

299 -W18 -29 Chloride 11 / 18/92 3400 1140 ppb 200 807MC5 124 ASTM D-4327-88 ........ 

299-Wl8 -29 Chloride 2/ 11 /93 3200 1080 ppb 200 8084M7 124 ASTM D-4327 -88 
~ 

299- Wl8 -29 Chloride 2/26/93 3300 1110 ppb 200 808764 124 ASTM D-4327 -88 
299 -Wl8 -29 Chloride 5/27/93 3800 629 ppb 200 808J N4 124 ASTM D-4327 -88 
299- Wl8-29 Chloroform 3/ 18/ 92 15 ppb 5 8064F6 16 Sll -846 8240 
299 -Wl8 -29 Ch loroform 6/09/92 13 ppb 5 806TN5 16 SW-846 8240 
299-1118 -29 Chloroform 8/12/92 21 ppb 5 807486 16 SW-846 8240 
299-Wl8-29 Chloroform 9/15/92 23 ppb 5 8078Fl 16 SW-846 8240 
299-Wl8-29 Ch loroform 11/18/92 23 ppb 5 807MC5 16 SW-846 8240 
299 -Wl8 -29 Chloroform 2/11/93 21 ppb 5 8084M7 16 SW-846 8240 
299-Wl8-29 Chloroform 2/26/93 17 ppb 5 808764 16 SW-846 8240 
299-Wl8-29 ChromilJTI 10/09/91 20 u ppb 20 800M61 34 SW-846 6010 
299-Wl8-29 Chromillll 10/09/91 20 u ppb 20 800NW7 34 SW-846 6010 
299-1118-29 Ch romillll 3/18/92 41 25 ppb 20 8064F6 34 SW-846 6010 
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299- W18 -29 Chromium 3/18/92 20 y u ppb 20 B064G0 34 SW-846 6010 
299 -W18 -29 Chromium 6/09/92 20 y u ppb 20 B06TN7 34 SW-846 6010 
299 -Wl8 -29 Chrom ium 8/12/92 67 40 ppb 20 B074B6 34 SW-846 6010 
299 -Wl8 -29 Chromi um 8/ 12/92 20 y u ppb 20 B074C0 34 SW-846 6010 
299-W18-29 Chromium 9/15/92 20 y u ppb 20 B078F2 34 SW-846 6010 
299 -Wl8 -29 Chromium 11/18/92 50 30 ppb 20 B07HC5 34 SW-846 6010 
299 -Wl8 -29 Chromium 11/18/92 20 y u ppb 20 B07HC9 34 SW-846 6010 
299 -Wl 8-29 Chromium 2/11 / 93 40 24 ppb 20 B084H7 34 SW-846 6010 
299 -Wl8-29 Chromium 2/11 /93 20 y u ppb 20 B084Nl 34 SW-846 601 0 
299 -Wl 8-29 Chromium 2/26/93 20 y u ppb 20 B08765 34 SW-846 6010 
299 -Wl8-29 Chromium . filtered 10/ 09/91 20 u ppb 20 B00H61 34 SW -846 6010 
299 -Wl8-29 Chromium . filtered 10/ 09/91 20 u ppb 20 B00NW7 34 SW -846 6010 :E: 
299-W l8-29 Chromium . filtered 3/18/92 41 25 ppb 20 B064F6 34 SW-846 60l0 ::x::: 

n 
OJ 

299-Wl8-29 Chromium. filtered 3/18/92 20 y u ppb 20 B064G0 34 SW -846 6010 I 

I 299 -Wl 8-29 Chromium . filtered 6/09/92 20 y u ppb 20 B06TN7 34 SW-846 6010 
..,, 
""O w 299 -Wl8-29 Chromium . filtered 8/12/92 67 40 ppb 20 B074B6 34 SW-846 60 l0 I 

""" 0 
299 -Wl8 -29 Chromium. filtered 8/ 12/92 20 y u ppb 20 B074C0 34 SW-846 6010 m 
299-Wl8 -29 Chrom ium . filtered 9/15/92 20 y u ppb 20 B078F2 34 SW-846 6010 ....... 

""" 299-W18-29 Chromium. filtered 11/18/92 50 30 ppb 20 B07HC5 34 SW-846 60l0 
299 -Wl 8-29 Chromium. filtered 11 / 18/92 20 y u ppb 20 B07HC9 34 SW-846 6010 
299- Wl8 -29 Chromium . filtered 2/ 11/93 40 24 ppb 20 B084H7 34 SW -846 60 10 
299-W18 -29 Chromium. fi ltered 2/11/93 20 y u ppb 20 B0B4Nl 34 SW-846 6010 
299- Wl8-29 Chromi um. filtered 2/26/ 93 20 y u ppb 20 B08765 34 SW -846 6010 
299-Wl8-29 Cob a 1 t 10/ 09/91 20 u ppb 20 B00H61 34 SW-846 60 10 
299-Wl8-29 Cob a 1 t 10/09/91 20 u ppb 20 B00NW7 34 SW-846 6010 
299-W18-29 Cobalt 3/18/ 92 20 u ppb 20 B064F6 34 SW-846 6010 
299-Wl8-29 Cobalt 3/18/92 20 y u ppb 20 B064G0 34 SW -846 6010 
299-W18-29 Cob a 1 t 6/09/92 20 y u ppb 20 B06TN7 34 SW-846 6010 
299 -W18-29 Cobalt 8/12/92 20 u ppb 20 B074B6 34 SW-846 6010 
299 -W18-29 Cobalt 8/12/92 20 y u ppb 20 B074C0 34 SW-846 6010 
299-Wl8-29 Cobalt 9/15/92 20 y u ppb 20 B078F2 34 SW -846 6010 
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299-Wl8-29 Cobalt 11/18/92 20 u ppb 20 807HC5 34 SW-846 6010 
299-Wl8 -29 Cobalt 11/18/9? 20 y u ppb 20 807HC9 34 SW-846 6010 
299 -Wl8 -29 Cobalt 2/11/93 20 u ppb 20 8084H7 34 SW-846 6010 
299-Wl8 -29 Cobalt 2/ 11/93 20 y u ppb 20 8084Nl 34 SW-846 6010 
299 -Wl8-29 Cobalt 2/26/ 93 20 y u ppb 20 808765 34 SW-846 6010 
299 -Wl 8-29 Cobalt . filtered 10/ 09/ 91 20 u ppb 20 800H61 34 SW-846 6010 
299- W\8 -29 Cobalt . filtered 10/ 09/ 91 20 u ppb 20 800NW7 34 SW-846 6010 
299 -Wl8-29 Cobalt . filtered 3/18/ 92 20 u ppb 20 8064F6 34 SW-846 6010 
299 -Wl8 -29 Cobalt . filtered 3/18/92 20 y u ppb 20 8064GO 34 SW-846 6010 
299-Wl 8-29 Cobalt . filtered 6/09/92 20 y u ppb 20 806TN7 34 SW-846 6010 
299-Wl8 -29 Cobalt . filtered 8/ 12/92 20 u ppb 20 807486 34 SW-846 6010 
299-Wl8 -29 Cobalt . filtered 8/ 12/ 92 20 y u ppb 20 8074CO 34 SW-846 6010 ~ 
299 -Wl8 -29 Cobalt . filtered 9/15/92 20 y u ppb 20 8078F2 34 SW-846 6010 :c 
299 -1-118 -29 Cobalt . filtered 11 / 18/ 92 20 u ppb 20 807HC5 34 SW-846 6010 

n 
I 0:, 

Cobalt . filtered ll / 18/92 rr, 
I 299-1-118-29 20 y u ppb 20 807HC9 34 SW-846 6010 

"'U w 299 -1-/18 -29 Cobalt . filtered 2/ 11/ 93 20 u ppb 20 8084H7 34 SW -846 601 0 I (JI 

299- Wl8 -29 Cobalt . filtered 2/11/ 93 20 y u ppb 20 8084Nl 34 SW-846 6010 
C) 
en 

299- 1-118 -29 Cobalt . filtered 2/26/93 20 y u ppb 20 808765 34 SW-846 6010 --...J 
..,::. 

299- 1-/18- 29 Cob al t -60 L0 / 09/91 -6 9 u pCi / L 800H61 140 ITAS Gamma Scan 
299-1-/18-29 Cobalt -60 3/18/92 1 9 u pCi/L 8064F6 140 ITAS Gamma Scan 
299 -1-118 -29 Cob al t -60 8/12/92 11 9 pCi / L 807486 140 ITAS Gamma Scan 
299-1-/18-29 Cob al t -60 2/ 11/93 -8 9 u pCi / L 808527 140 ITAS Gamma Scan 
299 -1-118 -29 Cob al t -60 2/26/93 -6 7 u pCi / L 808764 140 ITAS Gamma Scan 
299-1-118-29 Col iforms 3/18/92 1 u COL 8064F6 144 
299 -Wl8 -29 Col iforms 3/18/92 1 u COL 8064F6 144 SW-846 9132 
299 -Wl8 -29 Col iforms 8/12/92 1 u COL 807486 144 
299-Wl8-29 Coli forms 8/12/92 u COL 807486 144 SW-846 9132 
299-Wl8-29 Coli forms 11/18/92 u COL B07HC5 144 
299-Wl8-29 Coli forms 11/18/92 1 u COL 807HC5 144 SW-846 9132 
299-Wl8-29 Coli forms 2/11/93 u COL 8084H7 144 
299-Wl8-29 Coli forms 2/11/93 u COL B084H7 144 SW-846 9132 
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299-Wl6-29 Coli forms 5/27/93 1 u COL BOBJN4 144 
299 -Wl6 -29 Coli forms 5/27/ 93 u COL 1 BOBJN4 144 SW-646 91 32 
299 -Wl6 -29 Copper 10/09/91 20 u ppb 20 BOOM61 34 SW -646 6010 
299 -Wl6-29 Copper 10/ 09/ 91 20 u ppb 20 BOONW7 34 SW-646 6010 
299 -Wl6-29 Copper 3/16/92 20 u ppb 20 B064F6 34 SW-646 6010 
299-Wl6-29 Copper 3/16/92 20 y u ppb 20 8064GO 34 SW -646 6010 
299 -Wl6 -29 Copper 6/09/92 20 y u ppb 20 B06TN7 34 SW-646 6010 
299 -Wl6-29 Copper 6/ 12/92 20 u ppb 20 807486 34 SW-646 6010 
299 -Wl6-29 Copper 6/ 12/ 92 20 y u ppb 20 8074CO 34 SW-646 6010 
299 -Wl6 -29 Copper 9/15/92 20 y u ppb 20 8076F2 34 SW-646 601 0 
299 -Wl6 -29 Copper 11/ 16/92 20 u ppb 20 807MC5 34 SW -646 601 0 
299 -Wl6 -29 Copper 11 /16/92 20 y u ppb 20 807MC9 34 SW-646 601 0 ::e:: 
299-Wl6 -29 Copper 2/11/93 20 u ppb 20 8064M7 34 SW-646 6010 ::c 
299-Wl6 -29 Copper 2/11 /93 20 y u ppb 20 8064Nl 34 SW-646 60 10 r> 

I cc 299-Wl6 -29 Copper 2/26/93 20 y u ppb 20 806765 34 SW-646 6010 l"T'1 I \J w 299-Wl6 -29 Copper . filtered 10/09/91 20 u ppb 20 800M61 34 SW-646 601 0 I en 
299 -Wl6 -29 Copper . filtered 10/ 09/91 20 u ppb 20 800NW7 34 SW-646 601 0 C> 

CJ) 

299 -Wl6-29 Copper . filtered 3/16/92 20 u ppb 20 8064F6 34 SW-646 601 0 -..i 
~ 

299-Wl6-29 Copper . filtered 3/ 16/92 20 y u ppb 20 8064GO 34 SW-646 601 0 
299 -Wl6 -29 Copper. fi ltered 6/09/92 20 y u ppb 20 806TN7 34 SW-646 601 0 
299 -Wl6-29 Copper . fi 1 tered 6/12/92 20 u ppb 20 807486 34 SW -646 6010 
299-Wl6 -29 Copper . fi 1 tered 6/12/92 20 y u ppb 20 8074CO 34 SW-646 601 0 
299 -Wl6 -29 Copper . filtered 9/15/ 92 20 y u ppb 20 8076F2 34 SW-646 601 0 
299-Wl6 -29 Copper . filtered 11/16/92 20 u ppb 20 807MC5 34 SW -646 601 0 
299-Wl6 -29 Copper . filtered 11/16/92 20 y u ppb 20 B07MC9 34 SW-646 6010 
299 -Wl6 -29 Copper . filtered 2/11/93 20 u ppb 20 B064M7 34 SW -646 6010 
299-Wl6 -29 Copper . filtered 2/11/93 20 y u ppb 20 B064Nl 34 SW -646 6010 
299-Wl6 -29 Copper . filtered 2/26/93 20 y u ppb 20 B08765 34 SW-646 6010 
299-Wl6 -29 Cresol s (methylphenolsl 3/16/92 10 u ppb 10 8064F6 30 SW-646 6040 
299-Wl6 -29 Cresols (methylphenols) 6/12/92 10 u ppb 10 B07486 30 SW-646 6040 
299 -Wl8 -29 Cresols (methylphenols) 11/16/92 10 u ppb 10 B07MC5 30 SW-646 8040 



93 I 30'·r'i. 4222 

Well Constituent Name Co 11 ect Date Result Error Filtered Qualifi er Uni ts CRQL Sarrple No Method Method Name 

-- - - - - - - - -- - - - - - ---- - - -- - - - - - -- - - -- - - - ---- - - - - - - - - - --- -- ---------- ----- --- - ------------ -- -- --- --- - - - - - - -

299-Wl8-29 Creso l s (methyl phenols) 2/11/93 10 u ppb 10 B084H7 30 SW -846 8040 

299 -Wl8 -29 Cyanide 3/18/92 20 u ppb 20 B064F6 56 SW-846 9010 

299- W18 -29 Cyanide 8/12/92 20 u ppb 20 B074B6 56 SW-846 9010 

299 -W18-29 Cyanide 11/18/92 20 u ppb 20 B07HC5 56 SW -846 9010 

299-Wl8 -29 Cyanide 2/11/93 20 u ppb 20 B084M7 56 SW-846 9010 

299-Wl8 -29 Cyanide. filtered 3/18/92 20 u ppb 20 B064F6 56 SW-846 9010 

299- Wl8 -29 Cyanide. filtered 8/12/92 20 u ppb 20 B074B6 56 SW-846 9010 

299- Wl8 -29 Cyanide . filtered 11 / 18/92 20 u ppb 20 B07HC5 56 SW -846 9010 

299-Wl8 -29 Cyanide. filtered 2/11 /93 20 u ppb 20 B084H7 56 SW -846 9010 

299- Wl8 -29 Decane 3/18/92 10 u ppb 10 B064F6 19 SW-846 8270 

299 -Wl8 -29 Decane 8/12/92 10 u pph 10 B074B6 19 SW-846 8270 

299-Wl8 -29 Dec ane 11 / 18/ 92 10 u ppb 10 B07HC5 19 SW -846 8270 ~ 

299- Wl8 -29 Decane 2/11 / 93 10 u ppb 10 B084H7 19 SW-846 8270 ::c 
n 

co 299- Wl8 -29 Delta -BHC 3/18/ 92 0 u ppb 0 B064F6 17 SW-846 8080 I 

I 299 -Wl8 -29 Delta -BHC 8/ 12/92 0 u ppb 0 B074B6 17 SW-846 8080 rT1 
w \J 
....... 299-Wl8 -29 Del ta -BHC 11 / 18/92 0 u pµb 0 B07HC5 17 SW-846 8080 I 

299 -Wl8- 29 Delta -BHC 2/11/93 0 u ppb 0 B084M7 17 SW-846 8080 
0 
CJ) 

299-Wl8 -29 Di eldri n 3/ 18/92 0 u ppb 0 B064F6 17 SW-846 8080 ....... 
~ 

299-Wl8 -29 Di eldrin 8/ 12/92 0 u ppb 0 B074B6 17 SW-846 8080 

299- W18 -29 Di eldrin 11/18/92 0 u ppb 0 B07HC5 17 SW-846 8080 

299 -W18 -29 Dieldrin 2/11/93 0 u ppb 0 B084H7 17 SW-846 8080 

299- Wl8 -29 Dodecane 3/18/92 10 u ppb 10 B064F6 19 SW-846 8270 

299-Wl8 -29 Dodecane 8/12/92 10 u ppb 10 B074B6 19 SW-846 8270 

299-Wl8-29 Dodecane 11/18/92 10 u ppb 10 B07MC5 19 SW-846 8270 

299-W18 -29 Dodecane 2/11/93 10 u ppb 10 B084H7 19 SW-846 8270 

299-Wl8 -29 Endosu 1f an I 3/18/92 0 u ppb 0 B064F6 17 SW-846 8080 

299-Wl8-29 Endosulfan I 8/12/92 0 u ppb 0 B074B6 17 SW-846 8080 

299-Wl8-29 Endosul fan I 11/18/92 0 u ppb 0 B07MC5 17 SW-846 8080 

299-Wl8-29 Endosul fan I 2/11/93 0 u ppb 0 B084H7 17 SW-846 8080 

299 -Wl8-29 Endosu 1f an II 3/18/92 0 u ppb 0 B064F6 17 SW-846 8080 

299-Wl8-29 Endosulfan II 8/12/92 0 u ppb 0 B074B6 17 SW-846 8080 
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299-Wl8-29 Endosulfan II 11/18/92 0 u ppb 0 807MC5 17 SW -846 8080 

299 -Wl8 -29 Endosulfan II 2/ 11/93 0 u ppb 0 8084M7 17 SW-846 8080 

299-Wl8- 29 Endosulfan sulfate 3/18/92 1 u ppb 8064F6 17 SW -846 8080 

299-1-118-29 Endosulfan sulfate 8/12/92 u ppb 807486 17 SW-846 8080 

299- 1118 -29 Endosul fan sulfate ll / 18/92 l u ppb 807MC5 17 SW-846 8080 

299- 1118 -29 Endosulfan sulfate 2/ 11/93 u ppb 8084M7 17 Sll -846 8080 

299 -1118 -29 Endrin 3/ l8/92 0 u ppb 0 8064F6 17 Sll-846 8080 

299- 1118 -29 Endrin 8/12/92 0 u ppb 0 807486 17 Sll-846 8080 

299- 1118 -29 Endrin I l /18/ 92 0 u ppb 0 807MC5 17 Sll -846 8080 

299 -1118 -29 Endrin 2/1 1/93 0 u ppb 0 8084M7 17 SW-846 8080 

299- 111 8-29 Endri n A 1 dehyde 3/ l8/92 0 u ppb 0 8064F6 17 Sll-846 8080 

299- 1118 -29 Endr in A 1 dehyde 8/ 12/92 0 u ppb 0 807486 17 SW-846 8080 ~ 

299- 1118 -29 Endrin Aldehyde ll / 18/92 0 u ppb 0 807MC5 17 SW -846 8080 :c 
n 

OJ 299-Wl8 -29 Endrin Aldehyde 2/1 1/93 0 u ppb 0 8084M7 17 Sll -846 8080 I 
I 

299- 1118 ·29 Europiun-154 10/ 09/91 .4 25 u pCi / L 800M61 140 ITAS Gamma Scan rn 
w ""C 

CX> 299- Wl8 -29 Europiun-155 10/09/91 11 16 u pCi/L 800M61 140 ITAS Gamma Scan I 
0 

299-Wl8 -29 Fluoride 3/18/92 200 42 ppb 100 8064F6 124 ASTM 0-4327 -88 0) 

299 -1118 -29 Fluoride 6/09/ 92 200 42 ppb 100 806TN5 124 ASTM 0-4327 -88 '--1 
.p. 

299 -1118 -29 Fluoride 8/12/92 200 42 ppb 100 807486 124 ASTM 0-4327 -88 

299 -Wl8 -29 Fluoride 9/ 15/92 300 63 ppb 100 8078F l 124 ASTM 0-4327 -88 

299- Wl8 -29 Fluoride 11/18/ 92 200 42 ppb 100 807MC5 124 ASTM 0 -4327-88 

299- 1118 -29 Fluoride 2/ 11/93 200 42 ppb 100 8084M7 124 ASTM 0-4327 -88 

299-Wl8-29 Fluoride 2/26/ 93 300 63 ppb 100 808764 124 ASTM 0-4327-88 

299-1118-29 Fluoride 5/27 /93 300 20 ppb 100 808JN4 124 ASTM 0-4327-88 

299-Wl8 -29 Gross alpha 10/ 09/91 0 l u pCi/L 4 800M61 135 SW -846 9310 . Alpha 

299- Wl8 ·29 Gross alpha 3/18/92 l u pCi/L 4 8064F6 135 SW -846 9310 . Alpha 

299-WlB-29 Gross alpha 6/09/92 u pCi/L 4 806TN5 135 SW -846 9310 . Alpha 

299-Wl8-29 Gross alpha 8/12/92 l . pCi/L 4 807486 135 SW-846 9310 . Alpha 

299-Wl8-29 Gross .:pha 9/15/92 2 pCi/L 4 8078Fl 135 SW-846 9310 . Al pha 

299-W18 -29 Gross alpha 11/18/92 0 u pCi / L 4 807MC5 135 SW-846 9310 . Alpha 

299-Wl8-29 Gross alpha 2/11/93 l l pCi/L 4 8084M7 135 SW-846 9310 . Alpha 
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299 -Wl8 -29 Gross alpha 2/26/93 1 u pCi / L 4 808764 135 SW-846 9310 . Alpha 
299-Wl8 -29 Gross alpha 5/27/93 1 u pCi / L 4 B08JN4 135 SW-846 9310 . Al pha 
299- Wl8 -29 Gross alpha 6/ 11 /93 0 1 u pCi / L 4 B08MK8 135 SW-846 9310 . Alpha 
299- WlB -29 Gross beta 10/09/91 3 2 pCi/L 8 BOOM61 136 SW-846 9310. Beta 
299- 1-118 -29 Gross beta 3/18/92 2 2 pCi/ L 8 B064F6 136 SW-846 9310 . Bet a 
299-Wl8-29 Gross beta 6/09/92 3 2 pCi / L 8 B06TNS 136 SW-846 9310 . Beta 
299 -Wl8 -29 Gross beta 8/ 12/92 2 2 pCi / L 8 807486 136 SW-846 9310 . Beta 
299 -Wl8 -29 Gross beta 9/15/92 4 2 pCi / L 8 B078Fl 136 SW-846 9310 . Beta 
299- \.11 8 -29 Gr-ass beta ll / 18/92 5 2 pCi / L 8 B07MC5 136 SW-846 9310 . Beta 
299 -Wl8-29 Gross beta 2/l 1/93 6 2 pCi / L 8 B084M7 136 SW-846 9310 . Beta 
299- Wl8-29 Gross beta 2/26/93 3 2 pCi / L 8 808764 136 SW-846 9310. Beta 
299- Wl8 -29 Gross beta 5/27 / 93 3 2 pCi/L 8 B08JN4 136 SW-846 9310 . Beta 

~ 
:c 

299 -\.1 18-29 Gross beta 6/ 11 / 93 6 3 pCi /L 8 B08MK8 136 SW-846 9310 . Beta n 
I co 299 -Wl8 -29 Heptachl or 3/ 18/92 0 u ppb 0 B064F6 17 SW-846 8080 rr, 

I 
w 299-Wl8 -29 Heptachlor 8/12/92 0 u ppb 0 B07486 17 SW-846 8080 -0 

I ID 
299- Wl8-29 Heptachl or 11 / 18/92 0 u ppb 0 B07MC5 17 SW-846 8080 C> 

en 
299- Wl8 -29 Heptachlor 2/ 11 / 93 0 u ppb 0 B084M7 17 SW-846 8080 -....j 

299- Wl 8-29 Heptach l or epoxi de 3/ 18/ 92 l u ppb B064F6 17 SW-846 8080 
.p. 

299 -1-118 -29 Heptachl or epoxide 8/ 12/92 u ppb 80 74B6 17 SW-846 8080 
299- Wl8 -29 Heptachl or epoxide 11/18/92 u ppb B07MC5 17 SW-846 8080 
299- Wl8 -29 Heptachlor epoxide 2/ 11/93 u ppb B084M7 17 SW-846 8080 
299- Wl8- 29 Iron 10/ 09/91 400 344 ppb 20 BOOM61 34 SW-846 6010 
299- Wl8 -29 Iron 10/ 09/91 20 17 ppb 20 BOONW7 34 SW-846 6010 
299-Wl8 -29 Iron 3/ 18/92 200 172 ppb 20 B064F6 34 SW -846 6010 
299-Wl8-29 Iron 3/18/92 20 y u ppb 20 806460 34 SW-846 6010 
299- Wl8 -29 Iron 6/09/92 20 y u ppb 20 B06TN7 34 SW-846 6010 
299- \.118 -29 Iron 8/12/92 360 310 ppb 20 807486 34 SW-846 6010 
299-Wl8-29 Iron 8/ 12/92 20 y u ppb 20 B074CO 34 SW-846 6010 
299 -Wl8- 29 Iron 9/15/ 92 20 y u ppb 20 B078F2 34 SW-846 6010 
299-W18- 29 Iron 11/18/92 430 370 ppb 20 B07MC5 34 SW-846 6010 
299-Wl8-29 Iron 11/ 18/92 20 y u ppb 20 B07MC9 34 SW-846 6010 
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299- Wl8 -29 Iron 2/11/93 230 198 ppb 20 8084M7 34 SW -846 6010 
299-Wl8 -29 Iron 2/11/93 20 y u ppb 20 8084Nl 34 SW -846 6010 
299-Wl8-29 Iron 2/26/93 20 y u ppb 20 808765 34 SW -846 6010 
299- Wl 8-29 Iron, filtered 10/09/91 400 344 ppb 20 800M61 34 SW -846 6010 
299 -Wl8 -29 Iron . fil t ered 10/09/ 91 20 17 ppb 20 800NW7 34 SW-846 6010 
299 -Wl8 -29 iron . fi 1 tered 3/18/92 200 172 ppb 20 8064F6 34 SW -846 6010 
299- Wl8 -29 Iron . fi ltered 3/ 18/92 20 y u ppb 20 8064G0 34 SW -846 60 10 
299 -Wl8 -29 Iron . fi l tered 6/09/92 20 y u ppb 20 806TN7 34 SW-846 60 10 
299- Wl 8-29 Iron , filtered 8/ 12/92 360 310 ppb 20 807486 34 SW-846 60 10 
299-Wl8 -29 Iron , fi l tered 8/12/92 20 y u ppb 20 8074C0 34 SW -846 6010 
299 -Wl8-29 Iron . filtered 9/15/92 20 y u ppb 20 8078F2 34 SW-846 6010 
299 -Wl8 -29 Iron. fi l tered 11 / 18/92 430 370 ppb 20 807MC5 34 SW-846 6010 ~ 
299 -Wl8 -29 Iron. filtered 11 / 18/92 20 y u ppb 20 807MC9 34 SW -846 6010 :x: 

n 
0::, 299-Wl8 -29 Iron . filtered 2/11 /93 230 198 ppb 20 8084M7 34 SW-846 601 0 I 

l"T1 I 299 -Wl8 -29 I ron . fi l tered 2/11 /93 20 y u ppb 20 8084Nl 34 SW-846 60 10 '"O 

""" filtered 2/26/93 808765 SW-846 6010 I 0 299 -Wl8 -29 Iron . 20 y u ppb 20 34 0 
' 299 -Wl8 -29 Lead 3/18/92 5 u ppb 5 8064F6 40 SW-846 7421 CJ\ 

299- Wl8-29 Lead 3/18/ 92 5 y u ppb 5 8064G0 40 SW-846 7421 
-...j 

""" 299-Wl 8 -29 Lead 8/ 12/92 5 u ppb 5 807486 40 SW -846 7421 
299-Wl8 -29 Lead 8/ 12/92 5 y u ppb 5 8074C0 40 SW-846 7421 
299 -Wl8 -29 Lead 11 / 18/92 5 2 ppb 5 807MC5 40 SW-846 7421 
299-Wl8-29 Lead 11/ 18/92 5 y u ppb 5 807MC9 40 SW-846 7421 
299-Wl8 -29 Lead 2/11/93 5 u ppb 5 8084M7 40 SW-846 7421 
299-Wl8-29 Lead 2/11/93 5 y u ppb 5 8084Nl 40 SW -846 7421 
299 -Wl8 -29 Lead . filtered 3/18/ 92 5 u ppb 5 8064F6 40 SW-846 7421 
299-Wl8-29 Lead , filtered 3/18/92 5 y u ppb 5 8064G0 40 SW-846 7421 
299 -Wl8 -29 Lead . filt ered 8/12/92 5 u ppb 5 807486 40 SW-846 7421 
299-Wl8-29 Lead . filtered 8/12/92 5 y u ppb 5 8074C0 40 SW-846 7421 
299-Wl8-29 Lead . filtered 11/18/92 5 2 ppb 5 807MC5 40 SW -846 7421 
299-Wl8-29 Lead . filtered 11/18/92 5 y u ppb 5 807MC9 40 SW-846 742 1 
299-Wl8-29 Lead . filtered 2/11/93 5 u ppb 5 8084M7 40 SW-846 7421 
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299- Wl8-29 Lead. filtered 2/11/93 5 y u ppb 5 B084Nl 40 SW-846 7421 
299-Wl8-29 Magnesium 10/09/91 4900 ppb 100 BOOM61 34 SW-846 6010 
299 -Wl8 -29 Magnesium 10/09/91 4700 ppb 100 BOONW7 34 SW-846 6010 
299-Wl8-29 Magnesium 3/18/92 4700 ppb 100 B064F6 34 SW-846 6010 
299 -Wl8 -29 Magnesium 3/18/92 4700 y ppb 100 B064GO 34 SW-846 6010 
299 -Wl8-29 Magnesium 6/09/92 4800 y ppb 100 B06TN7 34 SW-846 6010 
299- Wl8 -29 Ma gnesium 8/12/ 92 4800 ppb 100 B074B6 34 SW-846 6010 
299 -Wl8 -29 Magnesi um 8/12/92 4800 y ppb 100 B074CO 34 SW-846 6010 
299 -Wl 8-29 Magnesi um 9/15/92 4800 y ppb 100 B078F2 34 SW-846 60 10 
299 -Wl8 -29 Magnesium 11/18/92 4800 ppb 100 B07MC5 34 SW-846 60 10 
299- Wl8 -29 Magnesi um 11/18/92 4600 y ppb 100 B07HC9 34 SW-846 6010 
299- Wl8 -29 Magnesium 2/11 /93 5000 ppb 100 B084M7 34 SW-846 60 10 ::e:: 
299-Wl8-29 Magnesium 2/11 /93 5100 y ppb 100 B084Nl 34 SW-846 6010 :c 

n 
299- Wl8 -29 Magnesium 2/26/93 5000 y ppb 100 B08765 34 SW-846 60 10 I 

OJ 299- Wl8-29 Magnesium. filtered 10/ 09/91 4900 ppb 100 BOOM61 34 SW-846 6010 rrl 
I "'U 

"'"' 299-Wl8 -29 Magnesium . filtered 10/09/91 4700 ppb 100 BOONW7 34 SW-846 6010 I - C) 
299- Wl8 -29 Magnesium . filtered 3/18/92 4700 ppb 100 B064F6 34 SW-846 60 10 CJ) 

299- Wl8-29 Magnesium . filtered 3/18/92 4700 y ppb 100 B064GO 34 SW-846 601 0 ........ 
~ 

299-Wl8-29 Magnesium . filtered 6/09/92 4800 y ppb 100 B06TN7 34 SW-846 60 10 
299-Wl8-29 Magnesium . filtered 8/12/92 4800 ppb 100 B074B6 34 SW-846 6010 
299- Wl8-29 Magnes ium . filtered 8/12/92 4800 y ppb 100 B074CO 34 SW-846 6010 
299- Wl8-29 Magnesium . filtered 9/15/92 4800 y ppb 100 B078F2 34 SW-846 60l0 
299 -Wl8 -29 Magnesium. filtered 11 / 18/92 4800 ppb 100 B07HC5 34 SW-846 6010 
299-Wl8-29 Magnesium. filtered 11/18/92 4600 y ppb 100 B07HC9 34 SW-846 6010 
299 -Wl8 -29 Magnesi um . filtered 2/11/93 5000 ppb 100 B084M7 34 SW-846 6010 
299-Wl8 -29 Magnesium . filtered 2/11/93 5100 y ppb 100 B084Nl 34 SW-846 60 l0 
299 -Wl8 -29 Magnesium. filtered 2/26/93 5000 y ppb 100 B08765 34 SW-846 6010 
299-Wl8-29 Manganese 10/09/91 11 2 ppb 10 BOOM61 34 SW-846 6010 
299-Wl8-29 Manganese 10/09/91 10 u ppb 10 BOONW7 34 SW-846 6010 
299-Wl8-29 Manganese 3/18/92 10 u ppb 10 B064F6 34 SW-846 6010 
299-Wl8 -29 Manganese 3/18/92 10 y u ppb 10 B064GO 34 SW-846 6010 
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299- Wl8 -29 Manganese 6/09/92 10 y u ppb 10 806TN7 34 SW-846 6010 
299-Wl8 -29 Manganese 8/12/92 10 u ppb 10 807486 34 SW-846 6010 
299- Wl8 -29 Manganese 8/12/92 10 y u ppb 10 8074CO 34 SW-846 6010 
299- Wl8 -29 Manganese 9/15/92 10 y u ppb 10 8078F2 34 SW-846 6010 
299- Wl8-29 Manganese 11/18/92 10 2 ppb 10 807HC5 34 SW-846 6010 
299- Wl8 -29 Manganese 11/18/92 10 y u ppb 10 807MC9 34 SW-846 6010 
299-Wl8 -29 Manganese 2/11/93 10 u ppb 10 8084M7 34 SW-846 60 10 
299 -Wl8 -29 Manganese 2/11/93 10 y u ppb JO 8084Nl 34 SW-846 60 10 
299- Wl8 -29 Manganese 2/26/93 10 y u ppb 10 808765 34 SW-846 6010 
299 -Wl8 -29 Manganese . filtered 10/ 09/91 11 2 ppb JO 800M61 34 SW-846 6010 
299- Wl8 -29 Manganese , filtered 10/ 09/ 91 10 u ppb 10 800NW7 34 SW-846 601 0 
299- Wl8 -29 Manganese . filtered 3/18/ 92 10 u ppb 10 8064F6 34 SW-846 6010 :e: 
299- Wl8 -29 Manganese . filtered 3/18/92 10 y u ppb 10 8064GO 34 SW-846 6010 :c 

n 299- Wl8 -29 Manganese. filtered 6/ 09/92 10 y u ppb 10 806TN7 34 SW-846 6010 I 
CJ 299 -Wl8 -29 Manganese, filtered 8/12/ 92 10 u ppb 10 807486 34 SW-846 6010 rr1 
I -0 

""" 299 -Wl8 -29 Manganese . filtered 8/ 12/ 92 10 y u ppb 10 8074CO 34 SW-846 60 10 I 
N 0 299 -Wl8 -29 Manganese . filtered 9/15/92 10 y u ppb 10 B078F2 34 SW-846 601 0 en 

299 -Wl8-29 Manganese. filtered 11/ 18/92 10 2 ppb 10 B07MC5 34 SW -846 60 10 ....... 

""" 299- Wl8-29 Manganese. filtered 11/18/ 92 10 y u ppb 10 B07MC9 34 SW-846 6010 
299- W18 -29 Manganese. filtered 2/11/93 10 u ppb 10 B084M7 34 SW-846 6010 
299- Wl8 -29 Manganese. filtered 2/11/93 10 y u ppb 10 B084Nl 34 SW -846 6010 
299- Wl8 -29 Manganese. filtered 2/26/93 10 y u ppb 10 B08765 34 SW -846 6010 
299 -Wl8 -29 Mercury 3/18/92 0 u ppb 0 B064F6 41 SW -846 7470 
299- Wl8 -29 Mercury 3/18/92 0 0 y ppb 0 B064GO 41 SW-846 7470 
299-Wl8-29 Mercury 8/12/92 0 u ppb 0 B07486 41 SW-846 7470 
299 -Wl8-29 Mercury 8/12/92 0 y u ppb 0 8074CO 41 SW-846 7470 
299-Wl8-29 Mercury 11/18/92 0 u ppb 0 807MC5 41 SW-846 7470 
299-W18-29 Mercury 11/18/92 0 y u ppb 0 B07MC9 41 SW-846 7470 
299-W18 -29 Mercury 2/11/93 0 u ppb 0 8084M7 41 SW-846 7470 
299-Wl8-29 Mercury 2/11/93 0 y u ppb 0 8084Nl 41 SW-846 7470 
299-Wl8-29 Mercury 5/27/93 0 u ppb 0 808JN4 41 SW-846 7470 
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299-Wl8-29 Merc ury 5/27 /93 0 y u ppb 0 808JN5 41 SW -846 7470 

299-Wl8-29 Mercury, fi l tered 3/18/92 0 u ppb 0 8064F6 41 SW-846 7470 

299 -Wl8 -29 Mercury . filtered 3/18/ 92 0 0 y ppb 0 8064GO 41 SW-846 7470 

299- Wl8 -29 Mercury . filtered 8/12/92 0 u ppb 0 807486 41 SW-846 7470 

299 -Wl 8 -29 Mercury . filtered 8/ 12/ 92 0 y u ppb 0 8074CO 41 SW-846 74 70 

299 -Wl8 -29 Mercury . filtered 11 / 18/92 0 u ppb 0 807MC5 41 SW-846 7470 

299 -Wl 8 -29 Mercury. filtered 11 / 18/92 0 y u ppb 0 807MC9 41 SW-846 7470 

299 -Wl8 -29 Mercury . filtered 2/11/93 0 u ppb 0 8084M7 41 SW-846 7470 

299 -Wl8 -29 Mercury . filtered 2/11 /93 0 y u ppb 0 8084Nl 41 SW -846 7470 

299 -Wl 8 -29 Merc ury . filtered 5/27 /93 0 u ppb 0 808J N4 41 SW -846 7470 

299 -Wl8 -29 Merc ury. filtered 5/27 /93 0 y u ppb 0 808J N5 41 SW-846 7470 

299 -Wl 8 -29 Methoxychl or 3/ 18/92 2 u ppb 2 8064F6 17 SW-846 8080 :E: 
299 -Wl8 -29 Methoxychlor 8/12/92 2 u ppb 2 807486 17 SW-846 8080 :c 

n 
OJ 299 -Wl8 -29 Methoxych l or 11/ 18/92 2 u ppb 2 807MC5 17 SW-846 8080 I 

rr, 
I 299 -Wl8 -29 Methoxych l or 2/11 / 93 2 u ppb 2 8084M7 17 SW -846 8080 -:I .f:>, 

Methyl ethy l ketone 3/18/92 100 u ppb 100 8064F6 16 SW-846 8240 I w 299 -Wl8 -29 0 
299-Wl8 -29 Methyl ethy l ketone 6/09/92 100 u ppb 100 B06TN5 16 SW-846 8240 m 
299 -Wl8 -29 Methy l ethy l ketone 8/12/92 100 u ppb 100 807486 16 SW-846 8240 

--...J 
.f:>, 

299 -Wl8 -29 Methy l ethy l ketone 9/15/92 100 u ppb 100 8078Fl 16 SW-846 8240 

299 -Wl8 -29 Methyl ethyl ketone 11/ 18/92 100 u ppb 100 B07MC5 16 SW-846 8240 

299 -Wl8 -29 Methy l ethyl ketone 2/11 / 93 100 u ppb 100 8084M7 16 SW-846 8240 

299 -Wl8 -29 Methyl ethyl ket one 2/26/93 100 u ppb 100 808764 16 SW-846 8240 

299 -Wl8 -29 Methylene chloride 3/ 18/92 5 u ppb 5 8064F6 16 SW-846 8240 

299 -Wl8 -29 Methy lene chloride 6/09/92 5 u ppb 5 806TN5 16 SW-846 8240 

299-Wl8-29 Methy lene chloride 8/ 12/92 5 u ppb 5 807486 16 SW-846 8240 

299-Wl8-29 Methy lene chloride 9/15/92 5 u ppb 5 B078Fl 16 SW-846 8240 

299-Wl8-29 Methy lene chloride 11/18/ 92 5 u ppb 5 807MC5 16 SW-846 8240 

299-Wl8-29 Methylene chloride 2/11/93 3 BU ppb 5 8084M7 16 SW- 846 8240 

299 -Wl8 -29 Methylene chloride 2/26/93 2 BU ppb 5 808764 16 SW-846 8240 

299 -Wl8-29 Naphthalene 3/18/92 10 u ppb 10 8064F6 19 SW-846 8270 

299 -Wl8 -29 Naphthalene 8/12/92 10 u ppb 10 807486 19 SW-846 8270 
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299-Wl8-29 Naphthalene 11 / 18/92 10 u ppb 10 B07MC5 19 SW-846 8270 

299-Wl8 -29 Naphtha 1 ene 2/11/93 10 u ppb 10 B084M7 19 SW-846 8270 

299-Wl8 -29 Nickel 10/09/91 30 u ppb 30 BOOM61 34 SW-846 6010 

299 -Wl8-29 Nickel 10/ 09/91 30 u ppb 30 BOONW7 34 SW-846 6010 

299 -Wl8- 29 Nickel 3/18/92 30 u ppb 30 B064F6 34 SW-846 6010 

299 -Wl8 -29 Nickel 3/ 18/92 30 y u ppb 30 B064GO 34 SW-846 6010 

299- Wl8-29 Nickel 6/09/92 30 y u ppb 30 B06TN7 34 SW-846 6010 

299 -Wl8 -29 Nickel 8/ 12/92 30 6 ppb 30 B074B6 34 SW -846 6010 

299 -Wl8 -29 Nickel 8/ 12/92 30 y u ppb 30 B074CO 34 SW-846 6010 

299 -Wl8 -29 Nickel 9/15/92 30 y u ppb 30 B078F2 34 SW-846 6010 

299 -Wl8 -29 Ni ckel 11 / 18/ 92 30 u ppb 30 B07MC5 34 SW -846 6010 

299-Wl8 -29 Ni ckel 11/18/92 30 y u ppb 30 B07MC9 34 SW -846 6010 ::e:: 
299-Wl8 -29 Nickel 2/11/93 30 u ppb 30 B084M7 34 SW-846 6010 :c 

OJ 299 -Wl8 -29 Nickel 2/ 11/93 30 y u ppb 30 B084Nl 34 SW -846 6010 n 
I 

I 299 -Wl8 -29 Nickel 2/26/93 30 y u ppb 30 B08765 34 SW-846 6010 l"T'1 

-"" 
-"" Ni ckel . filtered 10/09/91 30 u ppb 30 BOOM61 34 SW -846 6010 

""O 

299 -Wl8 -29 I 

299- Wl8 -29 Nickel. fi ltered 10/ 09/91 30 u ppb 30 BOONW7 34 SW-846 6010 C) 
O'I 

299 -Wl8 -29 Ni ckel . filtered 3/18/92 30 u ppb 30 B064F6 34 SW-846 6010 ""'-.I 

Nickel . filtered 3/18/92 30 y u ppb 30 B064GO 34 SW -846 6010 -"" 
299 -Wl8 -29 
299- Wl8 -29 Ni ckel . filtered 6/ 09/92 30 y u ppb 30 B06TN7 34 SW-846 6010 

299 -Wl8 -29 Nickel . filtered 8/12/92 30 6 ppb 30 B074B6 34 SW -846 6010 

299 -\./18 -29 Nicke l . fi 1 tered 8/12/92 30 y u ppb 30 B074CO 34 SW-846 6010 

299-Wl8-29 Nickel . filtered 9/15/92 30 y u ppb 30 B078F2 34 SW-846 6010 

299 -Wl8- 29 Nickel . filtered 11/18/92 30 u ppb 30 B07MCS 34 SW-846 6010 

299 -\./18 -29 Nickel . filtered 11/18/92 30 y u ppb 30 B07MC9 34 SW-846 6010 

299-Wl8-29 Ni ~ke 1. filtered 2/11/93 30 u ppb 30 B084M7 34 SW-846 6010 

299-Wl8-29 Nickel . filtered 2/11/93 30 y u ppb 30 B084Nl 34 SW-846 6010 

299-Wl8-29 Nickel . filtered 2/26/93 30 y u ppb 30 B08765 34 SW-846 6010 

299-Wl8 -29 Nitrate 10/09/91 760 ppb 200 BOOM61 130 EPA Method 300 0 

299-Wl8-29 Nitrate 3/18/92 2600 1460 ppb 200 B064F6 124 ASTM 0-4327 -88 

299-Wl8-29 Nitrate 6/09/92 3600 2030 ppb 200 B06TNS 124 ASTM 0-4327 -88 
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299-Wl8 -29 Ni tr ate 8/12/92 700 394 ppb 200 B074B6 124 ASTH 0-4327 -88 
299 -W18 -29 Ni tr ate 9/15/ 92 600 338 ppb 200 B078Fl 124 ASTH D-4327-88 

299- Wl8 -29 Ni tr ate 11/18/92 700 394 ppb 200 B07HC5 124 ASTH 0-4327 -88 
299- Wl8- 29 Nitrate 2/11 / 93 800 450 ppb 200 B084H7 124 ASTH 0-4327 -88 
299- Wl 8-29 Ni tr ate 2/26/93 500 281 ppb 200 B08764 124 ASTH D-4327-88 

299- Wl 8-29 Nitrate 5/27/ 93 700 61 ppb 200 BOBJN4 124 ASTH 0-4327 -88 

299- Wl 8-29 Nitrite 3/18/ 92 200 u ppb 200 B064F6 124 ASTH 0-4327 -88 
299 -W1 8-29 Ni tri te 6/ 09/92 200 u ppb 200 B06TN5 124 ASTH D-4327 -88 

299- Wl8 -29 Nitri te 8/ 12/ 92 200 u p.pb 200 B074B6 124 ASTH D-4327 -88 
299- Wl 8-29 Nitri te 9/1 5/92 200 u ppb 200 B078F1 124 ASTH 0-4327 -88 
299- W1 8-29 Nitri te 11 / 18/ 92 200 u ppb 200 807MC5 124 ASTM 0-4327 -88 

299- Wl 8-29 Nitri te 2/11/ 93 200 u ppb 200 8084M7 124 ASTH 0-4327 -88 :c 
299-Wl 8-29 Ni tri te 2/26/93 200 u ppb 200 808764 124 ASTH 0-4327 -88 :c 

('"") 
299-Wl 8-29 Ni trite 5/27/ 93 200 u ppb 200 808J N4 124 ASTM 0-4327-88 I 

OJ 
Pent ach l oropheno l 3/ 18/ 92 50 u ppb 50 8064 F6 19 SW -846 8270 l"T1 I 299-Wl8 -29 -0 .... 299- W! 8-29 Pentach l oropheno l 3/18/ 92 100 u ppb 100 8064F6 30 SW -846 8040 I u, 0 

299 -Wl8 -29 Pentach l oropheno l 8/12/92 50 u ppb 50 807486 19 SW -846 8270 CJ) 

299- W18 -29 Pentach l oropheno 1 8/ 12/ 92 100 u ppb 100 807486 30 SW -846 8040 ........ .... 
299 -Wl8-29 Pentach 1 oropheno 1 11 / 18/ 92 50 u ppb 50 807MC5 19 SW-846 8270 

299- Wl8-29 Pentach l oropheno 1 11/18/ 92 100 u ppb 100 807MC5 30 SW -846 8040 

299-Wl8 -29 Pentach l oropheno 1 2/ 11 / 93 50 u ppb 50 8084M7 19 SW-846 8270 
299-Wl8- 29 Pentach l oropheno 1 2/11 / 93 100 u ppb 100 8084M7 30 SW -846 8040 
299 -W18 -29 Phenol 3/ 18/92 10 u ppb 10 8064F6 19 SW-846 8270 

299-W18 -29 Phenol 3/18/ 92 u ppb 8064F6 30 SW -846 8040 
299-W18 -29 Phenol 8/ 12/92 10 u ppb 10 807486 19 SW -846 8270 

299-Wl8- 29 Phenol 8/ 12/92 u ppb 1 807486 30 SW-846 8040 
299-W18 -29 Phenol 11/18/ 92 10 u ppb 10 807MC5 19 SW-846 8270 
299-Wl8-29 Phenol 11/18/92 u ppb 807MC5 30 SW -846 8040 
299-W18-29 Phenol 2/11/93 10 u ppb 10 B084M7 19 SW -846 8270 
299-W18-29 Phenol 2/11/93 u ppb 1 B084M7 30 SW-846 8040 
299-W18-29 Phosphate 3/18/92 400 u ppb 400 8064F6 124 ASTM 0-4327 -88 
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299-Wl8 -29 Phosphate 6/09/92 400 u ppb 400 B06TN5 124 ASTI1 0-4327 -88 
299-Wl8 -29 Phosphate 8/ 12/92 400 u ppb 400 B074B6 124 ASTI1 0 -4327 -88 
299- Wl8 -29 Phosphate 9/15/92 400 u ppb 400 B078Fl 124 ASTI1 0 -4327 -88 
299 -Wl8 -29 Phosphate 11 / 18/92 400 u ppb 400 B07MC5 124 ASTI1 0-4327 -88 
299 -Wl8 -29 Phosphate 2/11 /93 400 u ppb 400 B084 H7 124 ASIB 0-4327-88 
299- Wl 8-29 Phosphate 2/26/93 400 u ppb 400 808764 124 ASIB 0-4327 -88 
299 -Wl8 -29 Phosphate 5/27/93 400 u ppb 400 808J N4 124 ASTH 0-4327 -88 
299-Wl 8-29 Plutonium-238 10/09/91 0 0 u pCi / L 0 BOOH61 146 ITAS Isot opi c Pu 
299 -Wl 8-29 Plutonium -238 3/18/92 -0 0 u pCi/L 0 B064F6 146 ITAS Isotopic P_11 
299 -Wl8 -29 Plutonium-238 8/ 12/92 0 0 u pCi/L 0 807486 146 ITAS Isotopi c Pu 
299 -Wl8 -29 Pl utoni um -238 9/15/92 -0 0 u pCi/L 0 B078Fl 146 ITAS Isotopi c Pu 
299 -Wl 8-29 Plutonium-238 2/ 11 / 93 0 0 u pCi / L 0 808527 146 ITAS Isotopi c Pu ~ 
299 -Wl8 -29 Plutonium-238 2/26/93 0 0 u pCi IL 0 808764 146 ITAS Isotopi c Pu :::i: 

("") 
299 -Wl8 -29 Pl utonium -239/40 I 0/ 09/91 0 0 u pCi / L 0 BOOH61 146 ITAS Isotopi c Pu I ex:, 
299 -Wl8-29 Plutonium -239/40 3/ 18/92 0 0 u pCi / L 0 B064F6 146 ITAS Isotopi c Pu l'T1 I --0 .,,., 
299 -Wl8 -29 Plutonium-239/40 8/ 12/92 0 0 u pCi / L 0 807486 146 ITAS Isotopi c Pu I O'I 0 299 -Wl8 -29 Plutonium-239/40 9/ 15/92 0 0 u pCi/L 0 8078F l 146 ITAS Isotopi c Pu O'I 
299-Wl8-29 Pl utonium -239/40 2/11 /93 -0 0 u pC•i / L 0 808527 146 ITAS Isotop ic Pu 

-.j .,,., 
299 -Wl8 -29 Pl utonium-239/40 2/26/93 0 0 u pCi / L 0 808764 146 ITAS Isotopic Pu 
299- Wl8 -29 Potassium 10/ 09/91 3500 ppb 300 800M61 34 SW-846 6010 
299 -Wl8 -29 Potass ium 10/ 09/ 91 4200 ppb 300 800NW7 34 SW-846 6010 
299- W18 -29 Potassium J/ 18/ 92 3800 ppb JOO 8064F6 34 SW-846 6010 
299 -Wl8 -29 Potassium J/18/ 92 3900 y ppb 300 · 8064GO 34 SW-846 6010 
299-Wl8 -29 Potassium 6/09/92 3700 y ppb JOO 806TN7 34 SW-846 6010 
299-Wl8 -29 Potassium 8/12/92 3600 ppb JOO B07486 34 SW-846 6010 
299-W18-29 Potassium 8/12/92 3900 y ppb JOO 8074CO 34 SW-846 6010 
299-W18-29 Potassium 9/15/92 4000 y ppb JOO 8078F2 34 SW-846 6010 
299-W18 -29 Potassium 11/18/92 3700 ppb JOO 807HC5 34 SW-846 6010 
29';l-W18-29 Potassium 11/18/92 3900 y ppb JOO 807HC9 34 SW-846 6010 
299-W18-29 Potassium 2/11/93 3900 ppb JOO 8084H7 34 SW-846 6010 
299-W18 -29 Potassium 2/11/93 4500 y ppb JOO 8084Nl 34 SW-846 6010 
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299-Wl8-29 Potass ium 2/26/93 3300 y ppb 300 B08765 34 SW-846 6010 
299- Wl 8-29 Potass ium . filtered 10/09/91 3500 ppb 300 B00M61 34 SW-846 6010 
299-Wl 8-29 Pot assi um . fil tered 10/ 09/91 4200 ppb 300 B00NW7 34 SW-846 6010 
299 -Wl 8-29 Potass ium. fil t ered 3/18/92 3800 ppb 300 B064F6 34 SW-846 6010 
299- Wl 8- 29 Potassi um . filtered 3/18/92 3900 y ppb 300 B064G0 34 SW-846 6010 
299- Wl8- 29 Potass ium . fil tered 6/09/92 3700 y ppb 300 B06TN7 34 SW-846 6010 
299- Wl 8-29 Potass ium . fil t ered 8/12/92 3600 ppb 300 B074B6 34 SW-846 601 0 
299 -Wl 8-29 Potassi um . filtered 8/12/92 3900 y ppb 300 B074C0 34 SW-846 601 0 
299- Wl 8-29 Potass i um . filtered 9/15/92 4000 y ppb 300 8078F2 34 SW-846 601 0 
299- \.118 -29 Potass ium . filtered 11 / 18/ 92 3700 ppb 300 B07MC5 34 SW-846 601 0 
299- 111 8-29 Potassium . filter ed 11 /lB/92 3900 y ppb 300 B07MC9 34 SW-846 6010 
299 -\.118 -29 Potass ium . filtered 211 1/93 3900 ppb. 300 B084M7 34 SW-846 601 0 
299- \.118 -29 Potass ium . filtered 2/l 1/ 93 4500 y ppb 300 8084Nl 34 SW-846 601 0 ::E: 

::c 
299- Wl8 -29 Potass ium . filtered 2/26/ 93 3300 y ppb 300 B08765 34 SW-846 6010 n 

I 
c:,::, 299- Wl8 -29 Radium 10/ 09/91 -0 0 u pCi/L B00M61 137 SW-846 9315. Radium ...,., 
I 299 -Wl8 -29 Radium 3/18/ 92 0 0 u pCi / L B064F6 137 SW-846 9315 . Rad11nn -0 

I ~ 
299- Wl8 -29 Radium 8/ 12/ 92 0 0 u pCi / L B074B6 137 SW-846 9315. Raditun 0 ........ 

CJ) 299 -Wl8 -29 Radium 9/ 15/ 92 0 0 u pCi / L R078Fl 137 SW-846 9315 . Radi1 nn ........ 
299- Wl8-29 Radium 11 / 18/92 0 0 u pCi / L B07MC5 137 SW-846 9315. Radi,m +:> 
299- Wl8 -29 Radium 2/ 11 / 93 0 0 u pCi / L B084M7 137 SW-846 9315. Radium 
299 -Wl8-29 Rad i um 2/26/93 -0 0 u pCi / L B08764 137 SW-846 9315 . Radium 
299 -Wl 8-29 Rad ium 5/27/93 0 0 u pCi / L B0BJN4 137 SW-846 9315. Radium 
299- Wl8-29 Ruthenium -106 10/ 09/91 -23 68 u pCi / L B00M61 140 ITAS Garrma Scan 
299-Wl8 -29 Ruthenium -106 3/ 18/ 92 -28 65 u pCi/L B064F6 140 ITAS Garrma Scan 
299- Wl8 -29 Rutheni um -106 8/ 12/92 -26 63 u pCi/L B07486 140 ITAS Garrma Scan 
299 -Wl8-29 Rutheni um -106 2/ 11/93 -68 78 u pCi/L 808527 140 ITAS Ga rrma Scan 
299-Wl8- 29 Ruthen ium-106 2/26/93 -82 69 u pCi/L 808764 140 ITAS Garrma Scan 
299-Wl8 -29 Sel enium 3/18/92 10 u ppb 10 B064F6 48 SW-846 7740 
299- Wl8 -29 Selenium 3/18/92 10 y u ppb 10 8064G0 48 SW-846 7740 
299- W18 -29 Seleniun 8/12/92 10 u ppb 10 B07486 48 SW-846 7740 
299-W18-29 Selenium 8/ 12/ 92 10 y u ppb 10 8074C0 48 SW-846 7740 
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299-1118 -29 Sel enium 11/18/92 10 u ppb 10 B07HCS 48 SW-846 7740 
299 -1118-29 Selenium 11/18/92 10 y u ppb 10 B07HC9 48 SW-846 7740 
299 -1118 -29 Selenium 2/11/93 10 u ppb 10 B084M7 48 SW-846 7740 
299 -1118 -29 Sel eni um 2/11/93 10 y u ppb 10 B0B4Nl 48 SW-846 7740 
299- 1118-29 Selenium . fi 1 tered 3/18/ 92 10 u ppb 10 B064F6 48 SW-846 7740 
299 -1118-29 Sel enium , fi ltered 3/18/ 92 10 y u ppb 10 B064GO 48 SW-846 7740 
299- \.118 -29 Selenium . filtered 8/ 12/ 92 10 u ppb 10 B074B6 48 . SW-846 7740 
299 -\.118 -29 Sel enium . filtered 8/12/ 92 10 y u ppb 10 B074CO 48 SW-846 7740 
299- \.11 8-29 Se lenium . filt ered 11/ 18/ 92 10 u ppb 10 B07HCS 48 SW-846 7740 
299- 1-118-29 Se lenium . filtered 11/18/ 92 10 y u ppb 10 B07MC9 48 SW-846 7740 
299 -1-118 -29 Se lenium . filtered 2/11 / 93 10 u ppb 10 B084M7 48 SW-846 7740 
299 -1-118 -29 Sel enium . filtered 2/11/93 10 y u pptJ 10 B084Nl 48 SW-846 7740 ~ 

299- 1-11 8-29 Sil ver 10/ 09/ 91 20 u pph 20 800M61 34 SW-846 60 10 :r: 
n 

299- 1-118-29 Silver 10/ 09/91 20 u ppl , 20 800NW7 34 SW-846 6010 I 
0::, rr, 
I 299- 1-118-29 Sil ver 3/ 18/ 92 20 u pph 20 8064F6 34 SW-846 60 1 ll -0 

""' 299 -1-118-29 Silver 3/18/92 20 y u ppb 20 B064GO 34 SW-846 6010 I 
CX> C) 

299- 1-11 8-29 Sil ver 6/ 09/92 20 y u ppb 20 806TN7 34 SW-846 010 en -...., 
299 -1-118 -29 Sil ver 8/ 12/92 20 u ppb 20 B074B6 34 SW-846 60 10 ""' 299- 1-11 8-29 Sil ver 8/ 12/92 20 y u ppb 20 8074CO 34 SW-846 liO 10 
299- 1-118 -29 Sil ver 9/ 15/ 92 20 y u ppb 20 B078F2 34 SW-846 6010 
299-Wl8-29 Silver 11 / 18/92 20 u ppb 20 B07MCS 34 SW-846 60 10 
299-Wl8 -29 Si lver 11/ 18/92 20 y u ppb 20 B07MC9 34 SW-846 601 ll 
299 -Wl8 -29 Sil ver 2/11/93 20 u ppb 20 BOB4H7 34 SW-846 6010 
299 -Wl8 -29 Silver 2/11/93 20 y u ppb 20 BOB4Nl 34 SW-846 60 10 
299-1-118 -29 Sil ver 2/ 26/ 93 20 y u ppb 20 B08765 34 SW-846 6010 
299-1-118 -29 Si lver . filtered 10/09/91 20 u ppb 20 BOOM61 34 SW-846 6010 
299-1-118-29 Silver . filtered 10/09/91 20 u ppb 20 BOONW7 34 SW-846 60 1 0 
299 -1-118-29 Silver. . filtered 3/18/92 20 u ppb 20 B064F6 34 SW-846 6010 
299-1-118 -29 Silver . filtered 3/18/92 20 y u ppb 20 B064GO 34 SW-846 60 10 
299 -1-118 -29 Silver . filtered 6/09/92 20 y u ppb 20 B06TN7 34 SW-846 6010 
299-1-118 -29 Silver . filtered 8/12/92 20 u ppb 20 B074B6 34 SW-846 6010 
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299- Wl8 -29 Sil ver. filtered 8/12/ 92 20 y u ppb 20 8074C0 34 SW-846 6010 

299- Wl8 - 29 Sil ver. filtered 9/15/92 20 y u ppb 20 8078F2 34 SW -846 6010 

299- Wl8 -29 Sil ver. filt ered 11/ 18/ 92 20 u ppb 20 807HC5 34 SW-846 6010 

299 -Wl 8 -29 Sil ver. filtered 11 / 18/92 20 y u ppb 20 807HC9 34 SW-846 6010 

299 -Wl8 - 29 Silver . filtered 2/11/ 93 20 u ppb 20 8084H7 34 SW-846 6010 

299 - Wl8 -29 Si l ver . filtered 2/11/ 93 20 y u ppb 20 8084Nl 34 SW-846 6010 

299 -Wl8 -29 Si l ver. filtered 2/26/93 20 y u ppb 20 808765 34 SW-846 6010 

299 - Wl8 -29 Sodium 10/ 09/ 91 5900 ppb 300 B00M61 34 SW-846 6010 

299- \.118 -29 Sodium 10/ 09/91 5800 ppb 300 800NW7 34 SW-846 6010 

299 -Wl8 - 29 Sodium 3/ 18/ 92 5000 ppb 300 8064F6 34 SW-846 6010 

299 -Wl8 - 29 Sodium 3/18/92 5000 y ppb 300 8064G0 34 SW-846 6010 

299 - \.11 8 -29 Sodium 6/09/92 5300 y ppb 300 806TN7 34 SW-846 6010 2:'.: 
299 - \.118 -29 Sodium 8/12/92 5900 ppb 300 807486 34 SW-846 6010 ::i: 

n 
299 - \.118 -29 Sodium 8/12/92 5800 y ppb 300 8074C0 34 SW-846 6010 I 

co 
I 299 - \.118 -29 Sodium 9/ 15/92 6100 y ppb 300 8078F2 34 SW-846 6010 l"T1 

-0 _,,,. 
299 - \.118-29 Sodium 11/18/92 6000 ppb 300 807MC5 34 SW-846 60 10 I 

I.O C) 

299 - \.118 -29 Sodium 11 / 18/92 5900 y ppb 300 807MC9 34 SW-846 6010 en 
299 - \.11 8 -29 Sodi um 2/ 11 /93 5800 ppb 300 8084M7 34 SW-846 60 10 ....... _,,,. 
299 -Wl8 -29 Sodium 2/11/93 6100 y ppb 300 8084Nl 34 SW-846 6010 

299 - \.118 -29 Sodium 2/26/ 93 5800 y ppb 300 808765 34 SW-846 60 10 

299- \.118 - 29 Sodium . filt ered 10/09/91 5900 ppb 300 800M61 34 SW-846 6010 

299 -Wl8 -29 Sodium . filtered 10/ 09/ 91 5800 ppb 300 B00 NW7 34 SW-846 6010 

299- Wl8 - 29 Sodium . filtered 3/18/92 5000 ppb 300 8064F6 34 SW -846 6010 

299 - \.118 -29 Sodium . fi ltered 3/18/92 5000 y ppb 300 8064G0 34 SW-846 6010 

299- Wl8 -29 Sodium . filtered 6/ 09/92 5300 y ppb 300 806TN7 34 SW-846 6010 

299 - \.118 - 29 Sodium . filtered 8/12/92 5900 ppb 300 807486 34 SW-846 6010 

299 -\.118-29 Sodium. filtered 8/ 12/92 5800 y ppb 300 8074C0 34 SW- 846 6010 

299 - \.118 -29 Sodium . filtered 9/15/92 6100 y ppb 300 8078F2 34 SW-84 6 6010 

299 - \.118 -29 Sodium . filtered 11/18/92 6000 ppb 300 807MC5 34 SW-84 6 6010 

299- Wl8 -29 Sodium . filtered 11/18/ 92 5900 y ppb 300 807MC9 34 SW-846 6010 

299 -Wl8- 29 Sodium . filt e red 2/11/93 5800 ppb 300 8084M7 34 SW-84 6 6010 
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299-W18 -29 Sodium. filtered 2/11/93 6100 y ppb 300 8084Nl 34 SW-846 6010 
299 -W18 -29 Sodium. filtered 2/26/93 5800 y ppb 300 808765 34 SW -846 6010 
299-W18 -29 Specific conductance 10/09/ 91 192 umhos I B00M61 94 Probe . Conductivity 
299-W18 -29 Speci fie conductance 10/ 09/91 190 umhos B00M62 94 Probe . Conductivity 
299-W18-29 Specific conductance 10/09/91 189 umhos B00M63 94 Probe . Conductivity 
299-W18-29 Specifi c conductance 10/09/ 91 189 umhos B00M64 94 Probe . Conductivity 
299-\118 -29 Speci fi e conductance 3/ 18/ 92 190 umhos B01GC2 73 ASTM D-1125-A 
299-Wl8 -29 Spec ifi c conductance 3/ 18/ 92 182 umhos 8064F6 94 Probe . Conductivi ty 
299-\118 -29 Spec ifi c conduc tance 3/18/ 92 181 umhos 8064F7 94 Probe. Conductivity 
299 -\118 -29 Spec ific conductance 3/18/ 92 181 umhos B064F8 94 Probe . Conduct i vit.y 
299 -Wl8 -29 Specifi c conductance 3/ 18/ 92 180 umhos 8064F9 94 Probe . Conductivity 
299 -Wl8 -29 Specifi c conductance 6/ 09/92 190 umhos B06TN5 73 ASTM D-1125-A ::c 
299 -111 8-29 Speci fie conductance 6/ 09/92 181 umh os 806TN5 94 Probe . Conductivity :c 
299 -1118 -29 Speci fi c conductance 8/12/92 200 umhos 807486 94 Probe . Conductivity n 

0::, I 
I 299 -Wl 8-29 Specific conductance 8/ 12/92 200 umhos 807487 94 Probe . Conductivi ty rr, 

l.n ""Cl 
0 299 -1118 -29 Spec ific conductance 8/ 12/92 201 umhos 807488 94 Probe . Conductivi ty I 

299-W18 -29 Specific conductance 8/1 2/92 199 umhos 807489 94 Probe. Conductivity 0 
CJ) 

299 -W18 -29 Specifi c conductance 9/ 15/92 190 umhos 8078Fl 73 ASTM D-1125-A ""' _.,. 
299-Wl8 -29 Speci fic conductance 9/1 5/92 212 umhos 8078Fl 94 Probe . Conductivi t y 
299 -Wl8 -29 Spec ific conductance 11 / 18/ 92 190 umhos 807MC5 94 Probe . Conductivity 
299 -W18 -29 Specific conductance ll / 18/ 92 191 umhos 807MC6 94 Probe. Conductivity 
299 -Wl8 -29 Specific conductance 11 /18/ 92 190 umhos 807MC7 94 Probe . Conductivity 
299-\118 -29 Speci fi c ronduct~nce 11 /18/ 92 190 umhos 807MC8 94 Probe . Conductivity 
299 -W18 -29 Specific conductance 11 / 18/ 92 190 umhos 807MD0 73 ASTM D-1125 -A 
299-Wl8 -29 Specific conductance 2/11/93 224 umhos 8084M7 94 Probe . Conductivity 
299-W18-29 Specific conductance 2/11/93 221 umhos B084M8 94 Probe . Conductivity 
299-W18-29 Speci fic conductance 2/ 11/93 221 umhos 8084M9 94 Probe . Conductivity 
299-Wl8-29 Specific conductance 2/11/93 220 umhos 8084N0 94 Probe . Conductivi ty 
299 -W18-29 Specific conductance 2/11/93 190 Ullhos 808527 73 ASTI1 D-1125-A 
299-\118-29 Specific conductance 2/ 26/93 120 umhos 808764 . 73 ASTI1 D-1125 -A 
299-W18-29 Specific conductance 2/26/93 185 umhos 808764 94 Probe . Conductivity 
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299 -1118 -29 Speci fi e conductance 5/ 27/93 188 umhos 808JN4 94 Pr obe . Conductivi ty 
299- 1118 -29 Spec i fie conductance 5/27/93 190 umhos 808LH3 73 ASTH D-1125-A 
299 -1118 -29 Spec i fi e conductance 6/11/93 199 umhos 1 808MK8 94 Probe . Conductivity 
299 -1118 -29 Stronti um-90 10/ 09/91 -0 0 u pCi/L 5 800M61 141 ITAS Sr-90 
299 -1118-29 Stront i um -90 3/ 18/ 92 -0 1 u pCi/L 5 8064F6 141 ITAS Sr-90 
299- 1118 -29 Strontium-90 8/ 12/92 -0 0 u pCi/L 5 807486 141 ITAS Sr-90 
299 -1118 -29 Sulfate 3/18/ 92 11000 10600 ppb 500 B064F6 124 ASTH 0-4327 -88 
299 -1118-29 Sul fate 6/ 09/92 12000 11600 ppb 500 806TN5 124 ASTH 0-4327 -88 
299 -1-118 -29 Sulfate 8/12/92 12000 11600 ppb 500 807486 124 ASTH 0-4327- 88 
299- Wl8 -29 Sulfate 9/ 15/92 12000 11600 ppb 500 8078Fl 124 ASTH 0-4327 -88 
299 -Wl8 -29 Sul fat e ll /18/92 13000 12500 ppb 500 807MC5 124 ASTH D-4327-88 
299- 1118 -29 Sul fat e 2/l l/93 12000 11600 ppb 500 8084M7 124 ASTH 0-4327 -88 2::: 
299- Wl8 -29 Sul fat e 2/26/93 12000 11600 ppb 500 808764 124 ASTH 0-4327 -88 :c 

n 
0:, 299-Wl8 -29 Sulfate 5/27/93 12000 583 ppb 500 808JN4 124 ASTH 0-4327 -88 I 
I 299- Wl8 -29 Technetium-99 10/ 09/91 -0 2 u pCi / L 800M61 143 ITAS Tc -99 l'T'1 

01 ""O ..... 299 -Wl8 -29 Technetium-99 3/18/92 2 u pCi / L 8064F6 143 ITAS Tc-99 I 
0 

299-Wl8 -29 Technetium-99 8/ 12/92 0 2 u pCi / L 807486 143 ITAS Tc -99 O'\ 

299-1118 -29 Temperature . field 10/ 09/91 22 DegC 0 800M6l 170 Probe . temperature '-' ... 
299 -Wl8 -29 Temperature . field 3/ 18/ 92 22 DegC 0 8064 F6 170 Probe . temperature 
299 -Wl8 -29 Temperature . field 6/ 09/92 22 DegC 0 806TN5 170 Probe . temperature 
299 -Wl8 -29 Temperature . field 8/12/92 22 DegC 0 807486 170 Probe . temper ature 
299-1118-29 Temperature . field 8/ 12/92 22 DegC 0 807487 170 Probe . tempera t ure 
299 -Wl8 -29 Temperature . field 8/ 12/92 22 DegC 0 807488 170 Probe . temperature 
299 -1118-29 Temperature . field 8/ 12/92 22 DegC 0 807489 170 Probe . temperature 
299-Wl8 -29 Temperature . field 9/ 15/92 22 DegC 0 8078Fl 170 Probe . temperature 
299-1118-29 Temperature. field 11 / 18/92 22 DegC 0 807MC5 170 Probe . temperature 
299 -1118-29 Temperature . fie l d 11/ 18/92 22 DegC 0 807MC6 170 Probe. tempera ture 
299 -W18 -29 Temperature. field 11/18/92 22 DegC 0 807MC7 170 Probe . temper ature 
299 -1118 -29 Temperature . field 11/18/92 22 DegC 0 807MC8 170 Probe . temperature 
299-1118-29 Temperature . field 2/11/93 22 DegC 0 8084 M7 170 Probe . temperature 
299-1118-29 Tefll)erature . field 2/11 / 93 22 DegC 0 8084M8 170 Probe . temperature 
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299 -Wl8-29 Temperature . field 2/11/93 22 DegC 0 8084M9 170 Probe . temperature 
299-Wl8 -29 Temperature . field 2/ 11/93 22 DegC 0 8084N0 170 Probe . temperature 
299-Wl8 -29 Temperature . field 2/26/93 22 DegC 0 B08764 170 Probe . tempera ture 
299 -Wl8 -29 Temperature . field 5/27/93 23 DegC 0 B0BJN4 170 Probe. temperature 
299- Wl8 -29 Temperature . field 6/11/93 22 _DegC 0 B08MK8 170 Probe . temperature 
299- Wl8 -29 Tetrachl oroethene 3/ 18/ 92 5 u ppb 5 8064F6 16 SW-846 8240 
299 -Wl8-29 Tetrachloroethene 6/ 09 /92 5 u ppb 5 B06TN5 16 SW-846 8240 
299 -W18-29 Tetrachl oroethene 8/12/92 5 u ppb 5 B074B6 16 SW-846 8240 
299 -W18 -29 Tetrachl oroethene 9/ 15/ 92 5 u ppb 5 B078Fl 16 SW-846 8240 
299 -\.11 8-29 Tetrachloroethene ll / 18/ 92 5 u ppb 5 B07MC5 16 SW -846 8240 
299 -\.11 8-29 Tetrachl oroethene 21 11 /93 5 u ppb 5 B084M7 16 SW-846 8240 
299 -\.11 8-29 Tetrachloroethene 2/26/ 93 5 u ppb 5 B08764 16 SW-846 8240 2:: 
299-\.118 -29 T etr ach 1 oropheno 1 s 3/ 18/92 10 u ppb 10 B064F6 30 SW -846 8040 :c 

n 
OJ 299 -\.11 8-29 T etr ach 1 oropheno 1 s 8/12/92 10 u ppb 10 B074B6 30 SW-846 8040 I 

I 299 -\.118 -29 T etr ach 1 oropheno 1 s 11118/92 10 u ppb 10 B07MC5 30 SW-846 8040 rT'1 
""O c.n 

299 -W18-29 Tetr ach 1 oropheno 1 s 2/ 11 /93 10 u ppb 10 B084M7 30 SW-846 8040 I N 0 
299 -Wl8 -29 Tetradecane 3/ 18/92 10 u ppb 10 B064F6 19 SW-846 8270 0) 

299 -\.118 -29 Tetradecane 8/ 12/92 10 u ppb 10 8074B6 19 SW-846 8270 ........ 
+>-

299- \.118 -29 Tetradecane 11/18/ 92 10 u ppb 10 B07MC5 19 SW-846 8270 
299- \.118 -29 Tetradecane 2/ 11 / 93 10 u ppb 10 B084M7 19 SW-846 8270 
299-\.118 -29 Tetrahydrofuran 3/18/ 92 10 u ppb B064F6 16 SW-846 8240 
299- \.11 8-29 Tetr ahydro fur an 3/18/92 10 u ppb 10 B064F6 16 SW-846 8240 
299 -\.118 -29 Tetrahydrofuran 6/ 09/ 92 10 u ppb B06TN5 16 SW-846 8240 
299-\.118-29 Tetrahydrofuran 6/09/92 10 u ppb 10 B06TN5 16 SW -846 8240 
299- Wl8 -29 Tetrahydrofuran 8/12/92 10 u ppb B074B6 16 SW -846 8240 
299 -Wl8 -29 Tetrahydrofuran 8/ 12/92 10 u ppb 10 8074B6 16 SW-846 8240 
299-Wl8-29 Tetrahydrofuran 9/15/92 10 u ppb 8078Fl 16 SW-846 8240 
299-Wl8-29 Tetrahydrofuran 9/15/92 10 u ppb 10 B078Fl 16 ·sw-846 8240 
299-Wl8 -29 Tetrahydrofuran 11/ 18/92 10 u ppb B07MC5 16 SW -846 8240 
299-Wl8-29 Tetrahydrofuran 11/18/92 10 u ppb 10 B07MC5 16 SW-846 8240 
299-Wl8-29 Tetrahydrofuran 2/11/93 10 u ppb B084M7 16 SW -846 8240 
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299-\.118-29 Tetrahydrofuran 2/11/93 10 u ppb 10 8084H7 16 SW -846 8240 
299-Wl8-29 Tetrahydrofuran 2/26/93 10 u ppb 808764 16 SW-846 8240 
299- \.118 -29 Tetrahydrofuran 2/26/93 10 u ppb 10 808764 16 SW-846 8240 
299-\.118 -29 Tin . filtered 10/09/91 100 u ppb 800H61 34 SW -846 6010 
299 -\.118 -29 Tin . filtered 10/09/91 100 u ppb 800NW7 34 SW-846 6010 
299 -\.118 -29 Tin . filtered 3/18/92 100 u ppb 8064F6 34 SW-846 6010 
299- \.118 -29 Tin . filtered 3/18/92 100 y u ppb 8064GO 34 SW -846 6010 
299 -\.118 -29 Tin . filtered 6/ 09/ 92 100 y u ppb 806TN7 34 SW -846 6010 
299 -\.118 -29 Tin . filtered 8/12/92 100 u ppb 807486 34 SW -846 6010 
299 -\.118 -29 Tin . filtered 8/ 12/92 100 y u ppb 8074CO 34 SW-846 6010 
299- 1118-29 Tin . filtered 9/15/92 100 y u ppb 8078F2 34 SW-846 6010 
299 -\.118 -29 Tin . filtered ll / 18/92 100 u ppb 807MC5 34 SW -846 6010 2:: 
299-\.118 -29 Tin . filtered 11 / 18/ 92 100 y u ppb 807HC9 34 SW -846 6010 :J: 

n 
299-\.118 -29 Tin . filt ered 2/ 11/93 100 u ppb 8084H7 34 SW -846 6010 I 

C0 299-1118 -29 Tin . filtered 2/ 11/93 100 y u ppb 8084Nl 34 SW-846 6010 rr, 
I ""O c.n 299- \.118 -29 Tin . filtered 2/ 26/93 100 y u ppb 808765 34 SW -846 6010 I w 0 

299-1118 -29 To luene 3/18/92 5 u ppb 5 8064F6 16 SW -846 8240 en 
299-\.118 -29 Toluene 6/ 09/92 5 u ppb 5 806TN5 16 SW -846 8240 --..J 

-"" 
299- \.118 -29 Toluene 8/ 12/92 5 u ppb 5 807486 16 S11 -846 8240 
299- \.118 -29 Toluene 9/ 15/92 5 u ppb 5 8078FI 16 S11 -846 8240 
299 -1118 -29 Toluene 11/18/92 5 u ppb 5 807HC5 16 SW-846 8240 
299-1118 -29 Toluene 2/ 11/93 5 u ppb 5 8084H7 16 S11 -846 8240 

' 
299-\.118 -29 Toluene 2/26/93 5 u ppb 5 808764 16 S11-846 8240 
299-1118 -29 Tota 1 Carbon 3/18/92 17000 ppb 2000 8064F6 127 ASTH 0-2579 -A 
299-1118 -29 Tota 1 Carbon 8/12/92 15000 ppb 2000 807486 127 ASTH 0-2579 -A 
299-1118-29 Tota 1 Organic Carbon 3/18/92 1000 u ppb 1000 8064F6 122 S11 -846 9060 
299 -\.118 -29 Tota 1 Organic Carbon 3/18/92 1000 u ppb lOQO 8064F7 122 S11 -846 9060 
299 -1118 -29 Total Organic Carbon 3/18/92 1000 u ppb 1000 8064F8 122 S11 -846 9060 
299-\.118-29 Total Organic Carbon 3/18/92 1000 u ppb l000 8064F9 122 S11 -846 9060 
299 -lo/18 -29 Total Organic Carbon 6/09/92 1000 u ppb 1000 B06TN5 122 SW-846 9060 
299-lo/18-29 Total Organic Carbon 8/12/92 1000 u ppb 1000 807486 122 SW -846 9060 
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299-Wl 8-29 Total Organic Carbon 8/12/92 1000 u ppb 1000 807487 122 SW-846 9060 

299-Wl8 -29 Total Organic Carbon 8/12/92 1000 u ppb 1000 B074B8 122 SW -846 9060 

299-Wl8-29 Total Organic Carbon 8/ 12/ 92 1000 u ppb 1000 B074B9 122 SW-846 9060 

299-Wl8 -29 Total Organic Carbon 9/15/ 92 1000 u ppb 1000 B078Fl 122 SW-846 9060 

299- Wl8 -29 Total Organic Carbon 11/18/92 1000 u ppb 1000 B07MC5 122 SW-846 9060 

299- Wl 8-29 Total Organic Carbon 11/18/92 1000 u ppb 1000 B07HC6 122 SW-846 9060 

299 -Wl 8-29 Tota l Organic Carbon 11/18/92 1000 u ppb 1000 B07MC7 122 SW-846 9060 

299- WlB-29 Total Organic Carbon 11/18/92 1000 u ppb 1000 B07MC8 122 SW-846 9060 

299- Wl8 -29 Total Organic Carbon 2/11 /93 1000 u ppb 1000 B084M7 122 SW-846 9060 

299 -Wl8 -29 Tota l Organic Carbon 2/11 /93 1000 u ppb 1000 B084M8 122 SW -846 9060 
299- Wl8 -29 Tota l Organic Carbon 2/11 /93 1000 u ppb l000 B084M9 122 SW-846 9060 

299 -Wl8 -29 Total Organic Carbon 2/11 /93 1000 u ppb 1000 B084NO 122 SW-846 9060 ::e: 
299 -Wl8 -29 Tot al Organic Carbon 2/26/93 1000 u ppb 1000 B08764 122 SW-846 9060 :::r: 
299 -Wl8 -29 Total Organic Hal ogen 3/18/92 30 8 ppb 10 B064F6 67 SW-846 9020 n 

I 
~ 

299-Wl8-29 Tot a 1 Organic Hal ogen 3/18/92 20 5 ppb 10 B064F7 67 SW-846 9020 rr1 I 
t.n -0 

""" 
299 -Wl 8-29 Total Organic Halogen 3/18/92 20 5 ppb 10 B064F8 67 SW -846 9020 I 

299-Wl8 -29 Total Organic Hal ogen 3/18/92 30 8 ppb 10 B064F9 67 SW-846 9020 0 
0) 

299 -Wl8 -29 Total Organi c Ha 1 ogen 6/09/92 20 5 ppb 10 B06TN5 67 SW-846 9020 -...J 

""" 299-Wl8-29 Total Organic Halogen 8/ 12/92 30 8 ppb 10 B074B6 67 SW-846 9020 
299 -Wl8 -29 Total Organi c Halogen 8/ 12/92 60 16 ppb 10 B074B7 67 SW-846 9020 

299-Wl8 -29 Total Organi c Halogen 8/12/92 30 8 ppb 10 B074B8 67 SW -846 9020 
299- Wl8 -29 Total Organic Halogen 8/12/ 92 30 8 ppb 10 B074B9 67 SW -846 9020 
299- Wl8 -29 Total Organic Halogen 9/15/92 40 11 ppb 10 B078Fl 67 SW -846 9020 

299-Wl8-29 Tota l Organi c Halogen 11/ 18/92 70 18 ppi> 10 B07MC5 67 SW-846 9020 
299- Wl8 -29 Total Organic Halogen 11/18/ 92 60 16 ppb 10 B07MC6 67 SW -846 9020 
299-Wl8-29 Tota 1 Organic Halogen 11/18/92 60 16 ppb 10 B07MC7 67 SW-846 9020 
299-Wl8 -29 Tota l Organi c Halogen 11/18/92 60 16 ppb 10 B07MC8 67 SW-846 9020 
299-WlB -29 Total Organic Halogen 2/11/93 70 18 ppb 10 B084M7 67 SW-846 9020 
299-Wl8 -29 Total Organic Halogen 2/11/93 50 13 ppb 10 8084MB 67 SW-846 9020 
299-WlB- 29 Total Organic Halogen 2/11/93 60 16 ppb 10 B084M9 67 SW-846 9020 

299-WlB -29 Total Organic Halogen 2/11/93 40 11 ppb 10 B084NO 67 SW -846 9020 
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299 -Wl8 -29 Total Organic Halogen 2/26/93 30 8 ppb 10 808764 67 SW-846 9020 

299- 1118-29 Toxaphene 3/18/92 2 u ppb 2 8064F6 17 SW-846 8080 

299 -1118 -29 Toxaphene 8/12/92 2 u ppb 2 807486 17 SW-846 8080 

299 -1118 -29 Toxaphene 11/18/92 2 u ppb 2 807HC5 17 SW-846 8080 

299- 1118 -29 Toxaphene 2/11/93 2 u ppb 2 8084H7 17 Sll -846 8080 

299- 1118 -29 Tributy l Phosphate 3/18/ 92 10 u ppb 10 8064F6 19 SW-846 8270 

299-1118 -29 Tr ibuty l Phosphate 8/12/92 10 u ppb 10 807486 19 Sll -846 8270 

299- 1118 -29 Tri buty l Phos phate 11 / 18/ 92 10 u ppb 10 807HC5 19 Sll -846 8270 

299- 1118 -29 Tri buty l Phosphate 2/11 / 93 10 u ppb 10 8084H7 19 Sll -846 8270 

299 -1118 -29 Tr i ch 1 oroethene 3/18/92 5 u ppb 5 8064F6 16 SW-846 8240 

299 -1118-29 Tri ch 1 oroethene 6/09/ 92 5 u ppb 5 806TN5 16 Sll -846 8240 

299- 1118 -29 Tri ch l oroethene 8/12/ 92 5 u ppb 5 807486 16 SW-846 8240 :E: 
299 -\118 -29 Trichloroethene 9/15/92 5 u ppb 5 8078Fl 16 Sll -846 8240 :I: 

("") 

co 299 -1118-29 Tri chl oroethene 11 / 18/92 5 u ppb 5 807HC5 16 Sll -846 8240 I 

I 299-1118 -29 Trichloroethene 2/11/ 93 5 u ppb 5 8084H7 16 Sll -846 8240 
rr, 

u, -0 
u, 299 -1118 -29 Trichl oroethene 2/26/93 5 u ppb 5 808764 16 SW-846 8240 I 

C> 
299 -1118 -29 Tri ch l oropheno l s 3/18/ 92 5 u ppb 5 8064F6 30 SW-846 8040 m 
299 -1118 -29 Tri ch l or opheno ls 8/12/ 92 5 u ppb 5 807486 30 Sll -846 8040 ""-I 

~ 

299 -1118 -29 Tri ch l oropheno 1 s 11/ 18/92 5 u ppb 5 807HC5 30 Sll -846 8040 

299 -\11 8-29 Tri ch l or opheno l s 2/11 /93 5 u ppb 5 8084H7 30 Sll -846 8040 

299 -1118 -29 Tritium 10/09/91 ****** 124700 pCi/L 500 BOOH61 142 ITAS H-3 

299 -1118 -29 Tritium 3/18/92 74 261 u pCi / L 500 8064F6 142 ITAS H-3 

299-1118 -29 Tritium 6/09/92 141 232 u pCi / L 500 806TN5 142 ITAS H-3 

299-1118 -29 Tritium 8/12/92 171 228 u pCi/L 500 807486 142 ITAS H-3 

299-Wl8 -29 Tritium 9/15/92 148 222 u pCi / L 500 8078Fl 142 ITAS H-3 

299-1118 -29 Tritium 11/18/92 221 228 u pCi/L 500 807HC5 142 ITAS H-3 

299-1118-29 Trit ium 2/11/93 -15 212 u pCi / L 500 8084H7 142 ITAS H-3 

299-1118 -29 Tritium 2/26/93 -22 222 u pCi / L 500 808764 142 ITAS H-3 

299 -1118 -29 Tritium 5/ 27/93 70 237 u pCi / L 500 808JN4 142 ITAS H-3 

299 -1118 -29 Tritium 6/11/93 52 210 u pCi / L 500 808HK8 142 ITAS H-3 

?99-1118 -29 Turbidity 3/18/92 NTU 0 8064F6 126 Std Heth #214A 
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299 -1118-29 Turbidity 8/12/92 2 NTU 0 807486 126 Std Meth #214A 
299-1118 -29 Turbidity 11/18/92 1 NTU 0 807MC5 126 Std Meth #214A 
299 -Wl8 -29 Turbidity 2/11/93 NTU 0 8084M7 126 Std Meth #214A 
299-Wl8-29 Uranium 10/09/91 l 0 ppb 800M61 145 ITAS Gross U 
299 -1118 -29 Uranium 3/18/92 1 0 ppb 8064F6 145 ITAS Gros s U 
299 -1118 -29 Uranium 8/12/92 0 ppb 807486 145 ITAS Gross U 
299 -1118-29 Uranium 9/15/92 0 ppb 8078Fl 145 ITAS Gross U 
299 -1118 -29 Uranium 11/ 18/92 0 ppb 807MC5 145 ITAS Gross U 
299 -1118 -29 Uranium 2/ 11/ 93 0 ppb B084M7 145 ITAS Gross LI 
299 -1118-29 Uranium 5/27/.93 0 ppb BOBJ N4 145 ITAS Gross U 
299 -1118 -29 Urani um-238 2/26/93 0 ppb 808764 145 ITAS Gross U 
299 -1118 -29 Vanadium 10/09/91 30 u ppb 30 800M61 34 SW-846 6010 

~ 299 -1118 -29 Vanadium 10/ 09/91 30 4 ppb 30 800Nll7 34 SW-846 60 10 :x: 
299 -1118 -29 Vanadium 3/ 18/ 92 30 u ppb 30 8064F6 34 SW-846 6010 n 

I OJ 299- 1118 -29 Vanadium 3/ 18/ 92 30 y u ppb 30 8064GO 34 SW-846 6010 l"T1 I 
"'O U1 299 -1118 -29 Vanadium 6/09/92 30 y u ppb 30 806TN7 34 S11-846 6010 I Ol 299 -1118-29 Vanadium B/ 12/92 30 u ppb 30 807486 34 S11 -846 6010 0 
CJ) 

299 -1118 -29 Vanadium B/ 12/92 30 y u ppb 30 8074CO 34 S11 -846 6010 -.....j 

299 -1118 -29 Vanadium 9/15/92 30 y u ppb 30 8078F2 34 SW-846 6010 +" 

299 -1118 -29 Vanadium 11/18/92 30 u ppb 30 807MC5 34 S11-846 6010 
299-1118 -29 Vanadium 11/18/92 30 y u ppb 30 807MC9 34 S11-846 6010 
299 -1118 -29 Vanadium 2/11/93 30 u ppb 30 8084M7 34 SW-846 6010 
299 -WlB-29 Vanadium 2/11/93 30 y u ppb 30 8084Nl 34 SW-846 6010 
299-1118-29 Vanadium 2/26/93 30 4 y ppb 30 808765 34 SW-846 6010 
299 -WlB -29 Vanadium . filtered 10/09/91 30 u ppb 30 800M61 34 S11 -846 6010 
299-1/18-29 Vanadium. filtered 10/09/91 30 4 ppb 30 800NW7 34 S11-846 6010 
299-1/18-29 Vanadium. filtered 3/18/92 30 u ppb 30 B064F6 34 S11-846 6010 
299 -1/18-29 Vanadium. filtered 3/ 18/92 30 y u ppb 30 B064GO 34 S11-846 6010 
299 -1/18 -29 Vanadium. filtered 6/09/92 30 y u ·ppb 30 806TN7 34 SW-846 6010 
299-1/18-29 Vanadium. filtered 8/12/92 30 u ppb 30 807486 34 S11-846 6010 
299 -1118 -29 Vanadium. filtered 8/12/92 30 y u ppb 30 8074(0 34 SW-846 6010 
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299 -\.11 8-29 Vanadium . fi ltered 9/15/ 92 30 y u ppb 30 B078F2 34 SW -846 601 0 
299 -\.11 8 -29 Vanadium , filtered 11 / 18/ 92 30 u ppb 30 B07MC5 34 SW -846 6010 
299 -\.11 8-29 Vanadi um . fi lter ed 11 / 18/ 92 30 y u ppb 30 B07MC9 34 SW-846 601 0 
299 -\.11 8-29 Vanad ium . filt er ed 2/11 / 93 30 u ppb 30 B084M7 34 SW -846 6010 
299 -Wl 8-29 Van a di um . fi ltered 2/11/ 93 30 y u ppb 30 B084Nl 34 SW -846 6010 
299-Wl 8-29 Vanadium . f iltered 2/26/ 93 30 4 y ppb 30 B08765 34 SW -846 60 10 
299- \.118 -29 Vi nyl chl oride 3/18/92 10 u ppb 10 B064F6 16 SW-846 8240 
299 -Wl8 -29 Vinyl chl or i de 6/09/ 92 10 u ppb 10 B06TN5 16 SW-846 8240 
299-WJ 8-29 Vinyl chl or ide 8/ 12/92 10 u ppb 10 B074B6 16 SW-846 8240 
299 -Wl8 -29 Vinyl chl oride 9/ 15/92 10 u ppb 10 B078Fl 16 SW-846 8240 
299- \.11 8-29 Vi nyl chl or i de 11/18/92 10 u ppb 10 B07MC5 16 SW-846 8240 
299- \.118 -29 Vinyl chl oride 2/11 / 93 10 u ppb 10 B084M7 16 SW-846 8240 
299- \.118 -29 Vi ny l chl or ide 2/26/93 10 u ppb 10 B08764 16 SW-846 8240 ~ 

:I: 
299-Wl 8-29 Xy l enes (tot al) 3/ 18/92 5 u ppb 5 B064F6 16 SW-846 8240 n 

CJ 
299- Wl8- 29 Xyl enes ( t ota l) 6/ 09/92 5 u ppb 5 B06TN5 16 SW-846 8240 I 

I rr, 
u, 299-Wl8-29 Xy l enes (total) 8/ 12/92 5 u ppb 5 B074B6 16 SW-846 8240 -u ....... I 

299 -Wl8-29 Xylenes (tot al) 9/ 15/92 5 u ppb 5 B078Fl 16 SW-846 8240 C) 

299- W18 -29 Xy l enes ( t otal) 11 / 18/92 5 u ppb 5 B07MC5 16 SW-846 8240 O'I 
....... 

299 -Wl8 -29 Xy l enes (total ) 2/11 /93 5 u ppb 5 B084M7 16 SW-846 8240 ~ 

299-Wl8 -29 Xyl enes (total) 2/26/ 93 5 u ppb 5 B0B764 16 SW-846 8240 
299 -Wl 8- 29 Zi nc 10/ 09/ 91 22 3 ppb 10 B00M61 34 SW-846 6010 
299 -Wl8 -29 Zinc 10/ 09/91 10 u ppb 10 B00NW7 34 SW-846 60 10 
299- W18 -29 Zi nc 3/18/92 10 u ppb 10 8064F6 34 SW-846 60 10 
299 -Wl8 -29 Zi nc 3/ 18/ 92 10 y u ppb 10 8064G0 34 SW-846 60 10 
299-Wl8 -29 Zinc 6/ 09/92 10 y u ppb 10 B06TN7 34 SW-846 6010 
299- Wl8 -29 Zi nc 8/ 12/92 10 u ppb 10 B074B6 34 SW-846 6010 
299-Wl8 -29 Zinc 8/12/92 10 y u ppb 10 B074C0 34 SW-846 6010 
299-Wl8 -29 Zinc 9/15/ 92 10 y u ppb 10 B078F2 34 SW-846 6010 
299 -W18 -29 Zi nc 11/18/92 10 u ppb 10 B07MC5 34 SW-846 601 0 
299-Wl8- 29 Zinc 11/16/ 92 10 y u ppb 10 807MC9 34 SW-846 601 0 
299 -Wl8 -29 Zinc 2/11/93 10 u ppb 10 B084M7 34 SW -846 6010 
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299- WlB-29 Zi nc 2/11/93 10 y u ppb 10 8084Nl 34 SW -846 6010 

299 -WlB -29 Zi nc 2/ 26/ 93 10 y u ppb 10 808765 34 SW -846 6010 

299 -WlB -29 Zi nc . filtered 10/ 09/ 91 22 3 ppb 10 800H61 34 SW-846 6010 

299-WlB-29 Zi nc . f iltered 10/ 09/91 10 u ppb 10 800NW7 34 SW-846 6010 

299-1118-29 Zi nc . filtered 3/18/ 92 10 u ppb 10 8064F6 34 SW -846 6010 

299-1118-29 Zinc. fi ltered 3/ 18/ 92 10 y u ppb 10 8064G0 34 SW-846 601 0 

299-111 8-29 Zinc. filtered 6/ 09/ 92 10 y u ppb 10 806TN7 34 SW-846 6010 

299- 1118 -29 Zi nc. filt ered 8/12/92 10 u ppb 10 807486 34 SW-846 601 0 

299-1118-29 Zinc . filtered 8/ 12/92 10 y u ppb 10 8074C0 34 SW-846 601 0 

299 -1118-29 Zinc. fi l tered 9/ 15/92 10 y u ppb 10 8078F2 34 SW-846 601 0 

299-1118-29 Zinc. fi l tered ll / 18/ 92 10 u ppb 10 807HC5 34 SW-846 601 0 

299- Wl8 -29 Zinc. filtered ll/ 18/92 10 y u ppb 10 807HC9 34 SW-846 6010 ::e:: 
299- 1118 -29 Zinc. filtered 2/11/93 10 u ppb 10 8084H7 34 SW-846 6010 :c 
299- 1118 -29 Zinc . fi ltered 2/ 11 / 93 10 y u ppb 10 8084Nl 34 SW-846 6010 

(""') 

OJ 
I 

I 299 -Wl8 -29 Zinc. fi l tered 2/26/93 10 y u ppb 10 808765 34 SW-846 6010 rr, 

01 
""O 

CX> 299-1118-29 Zinc -65 10/ 09/91 -12 20 u pCi/ L 800H61 140 ITAS Ganma S an I 

299 -WlB-29 Zi rconium/ Niobi um -95 10/ 09/91 2 20 u pC1/ L 800H61 140 ITAS Ganma Scan C) 

en 
299 -1118-29 ganma -8HC (Li ndane ) 3/ 18/ 92 0 u ppb 0 8064F6 17 SW-846 8080 -...J 

~ 

299 -WJ 8-29 ganma -8HC (lindane) 8/ 12/92 0 u ppb 0 807486 17 SW-846 8080 

299-1118-29 ganma-8HC (L indane) 11 / 18/92 0 u ppb 0 807MC5 17 SW-846 8080 

299 -Wl8 -29 ganma -8HC ( Li ndane J 2/ 11/ 93 0 u ppb 0 8084H7 17 SW-846 8080 

299-1118 -29 m-Cr esol 3/ 18/92 10 u ppb 10 8064F6 19 SW-846 8270 

299 -1118 -29 m-C, esol 8/ 12/92 10 u ppb 10 807486 19 SW-846 8270 

299 -1118 -29 m-Cresol 11/18/92 10 u ppb 10 807HC5 19 SW-846 827 0 

299-1118 -29 m-Cresol 2/11 / 93 10 u ppb 10 8084 H7 19 SW-846 8270 

299-Wl8-29 pH 10/ 09/91 8 0 800H61 93 Probe . pH 

299 -1118-29 pH 10/09/ 91 8 0 800H62 93 Probe. pH 

299 -1118 -29 pH 10/ 09/ 91 8 0 800H63 93 Probe . pH 

299 -1118 -29 pH 10/ 09/ 91 8 0 800H64 93 Probe . pH 

299 -1118- 29 pH 3/18/92 8 801GC2 125 ASTH D-1293 

299-1118-29 pH 3/18/92 8 0 8064F6 93 Probe. pH 
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299 -Wl8 -29 pH 3/ 18/ 92 8 0 B064F7 93 Probe. pH 

299 -Wl8 -29 pH 3/ 18/ 92 8 0 B064F8 93 Probe. pH 

299 -Wl8- 29 pH 3/18/ 92 8 0 B064F9 93 Probe. pH 

299-Wl 8-29 pH 6/09/ 92 8 B06TN5 125 ASTH 0-1293 

299-Wl 8-29 pH 6/ 09/92 8 0 B06TN5 93 Probe. pH 

299 -Wl8-29 pH 8/12/92 8 0 B074B6 93 Probe. pH 

299 -Wl 8-29 pH 8/ 12/92 8 0 B074B7 93 Probe . pH 

299 -Wl8-29 pH 8/ 12/ 92 8 0 B0748B 93 Probe. pH 

299 -Wl B-29 pH 8/12/92 8 0 B074B9 93 Probe. pH 

299 -Wl8-29 pH 9/ 15/92 8 B078Fl 125 ASTH D- I 293 

299 -1118-29 pH 9/ 15/ 92 7 0 B078Fl 93 Probe . pH 

299 -1118 -29 pH 11 / 18/ 92 8 0 B07MC5 93 Probe. pH :E: 

299 -Wl8 -29 pH 11/ 18/ 92 8 0 B07HC6 93 Probe. pH :c 
n 

CJ 299 -Wl8 -29 pH 11 /1 8/ 92 8 0 B07MC7 93 Probe . pH I 

I 299 -Wl8 -29 pH 11 /1 8/ 92 8 0 B07MC8 93 Probe. pH 
l"'1 

U'1 
""CJ 

\0 299 -WJ8-29 pH 11 /18/ 92 8 B07MD0 125 ASTH D-1293 I 
0 

299 -111 8-29 pH 2/ 11/ 93 8 0 B084M7 93 Probe . pH °' 
299 -111 8-29 pH 2/ 11 / 93 8 0 B084M8 93 Probe . pH 

........ 
+>-

299- Wl8 -29 pH 2/11 / 93 8 0 B084119 93 Probe . pH 

299-Wl8-29 pH 2/ 11 / 93 B 0 B084N0 93 Probe. pH 

299 -Wl8-29 pH 2/11 / 93 8 B08527 125 ASTM D- I 293 

299 -Wl 8-29 pH 2/26/ 93 8 B08764 125 ASTH D-1293 

299-Wl8-29 pH 2/26/ 93 8 0 B08764 93 Probe. pH 

299-Wl8 -29 pH 5/27/ 93 8 0 B08JN4 93 Probe. pH 

299- Wl8 -29 pH 5/27 / 93 8 B08LH3 125 ASTH D-1 293 

299-Wl 8-29 pH 6/11/93 8 B08MK8 125 ASTH D-1293 

299- Wl8 -29 pH 6/11/93 8 0 B08HK8 93 Probe. pH 

299 -Wl8 -29 trans-1. 2-Di ch l or oethyl ene 3/ 1B/ 92 5 u ppb 5 B064F6 16 SW-846 8240 

299-Wl8 -29 t rans- ! . 2-Di ch l oroethy 1 ene 6/ 09/92 5 u ppb 5 B06TN5 16 SW-846 8240 

299-Wl8 -29 trans- 1. 2-Dich loroethyl ene 8/12/92 5 u ppb 5 B074B6 16 SW-846 8240 

299-Wl B-29 t r ans-1. 2-Di chl oroethyl ene 9/ 15/92 5 u ppb 5 B078Fl 16 SW-846 8240 
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-. - -- - - - - - - - --
299-Wl8-29 
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trans- 1. 2-Dich loroethylene 
trans -1. 2-Dich loroethylene 
trans -1. 2- Dichloroethylene 

Co 11 ect Date Result Error 

--------- ---
11/18/92 5 
2/11/93 5 
2/26/93 5 
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Filtered Qualifier Units CRQL 

-------- -
u ppb 5 
u ppb 5 
u ppb 5 

Sample No Method 

--------- ---
B07HC5 16 
B084H7 16 
B08764 16 

Hethod Name 
------------ -- ---
SW -846 8240 
SW-846 8240 
SW-846 8240 
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Summary of Prov isional Hanford Site Groundwater Background Valuesa 
(Johnson 1993) . (3 sheets) 

Constituent USGS results" IJHC unconfined' IJHC provisional 
(concentration) PNL results" (sarrple size) (sarrple size) threshold 

values 

Aluninua <2 110 ± 139 <200 <200 
(ppb) (12) (50) 

AnnonfUI <50 NA <50 <120 
(ppb) C 18) 

Arsenic 3.9 ± 2.4 6.7 ± 3.7 <5 10 
(ppb) (7) C 14) 

BarilJII 42 ± 20 53 ± 14 41 ± 20 68.5 
(ppb) C 11) (53) 

BeryllilJII <0.3 NA <S <5 
Cppb) C 16) 

Bisruth <0 . 02 NA <S t• <5 
(ppb) (4) 

Boron <SO <SO <100 <100 
(ppb) (14) (35) 

Cadniun <0.2 <10 <10 <10 
(ppb) (1) C 16) 

Calci1.J11 40,400 ± 10,300 40,857 ± 8,282 38, 542 ± 11 , 02 63,600 
(ppb) C 14) 3 

(53) 

Chloride-low NA 5,825 ± 1,355 5,032 ± 1 , 774 8,690 
(ppb) (8) (53) 

Chloride-high NA 20,667 ± 2,503 23,296 ± 2,463 28,500 
(ppb) (6) (14) 

Chloride-all 10,300 ± 6,500 12, 186 ± 7,842 8,848 ± 7,723 NC 
(ppb) (14) (67) 

Chromiun 4 ± 2 <SO <30 <30 
(ppb) (11) (8) 

Copper <1 <10 <30 <30 
(ppb) (10) (50) 

Fluoride 370 ± 100 550 ± 330 437 ± 13i< 1,340 
(ppb) C 14) (47) 775c 

Iron-low NA 22 ± 16c <SO 86 
(ppb) (34) 

Iron-mid NA NA 115 ± 52 291 
(ppb) (7) 

Iron-high NA NA 494 ± 118 818 
(ppb) (12) 

Iron-all NA NA 149 ± 199 NC 
(ppb) (53) 

Lead <0.5 <3Qc <5 <S 
(ppb) (6) C 15) 

MagnesilJII 11,800 ± 3,400 10,814 ± 1,813 11,190 ± 2,578 16,480 
(ppb) ( 14) C 14) 

Manganese-low NA 26 ± 27 <20 24.5 
(ppb) (8) (33) 

Manganese-high NA 150 ± 87 118 ± 17 163.5 
(ppb) (3) (20) 

8-61 
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WHC-EP-0674 

Summary of Provisional Hanford Site Groundwate r Background Valuesa 
(Johnson 1993). (3 sheets) 

Constituent USGS results" WHC unconf i necf WHC provisional 
(concentration) PNL results" (sa~le size) (s~le size) threshold 

values 

Manganese-all -- 60 ± 73 so ± 55 NC 
(ppb) (11) (53) 

Mercury -- NA <0.1 <0.1 
(ppb) (14) 

Nickel <4 <SO <30 <30 
(ppb) ( 14) (23) 

Nitrate NA 3,224 ± 3,380 5,170 ± 3,576 12,400 
(ppb) (13) (78) 

Phosphate <1,000 140 ± 62 <1,000 <1,000 
(ppb) (3) 

Potassiun 4,950 ± 1,240 "5,900 ± 1,253 4,993 ± 1,453 7.975 
(ppb) ( 14) (53) 

Seleniun <2 NA <5 <5 
(ppb) (14) 

Silver <10 NA <10 <10 
(ppb) 

Silicon NA 16,786 ± 3,683 18,152 ± 4,974 26,500 
(ppb) ( 14) (35) 

Sodiun 18,260 ± 10.150 20,286 ± 7,907 1s, n4 ± 6,784 33,500 
(ppb) (14) (53) 

Strontiun 236 ± 102 159 ± 78 164 ± 47 264.1 
(ppb) ( 14) (43) 

Sulfate 34,300 ± 16,900 41,286 ± 27,880 30,605 ± 22,61 90,500 
(ppb) (14) 1 

(67) 

Uraniun 1.7 ± 0.8 NA 1.7 ± 1.2 3.43 
(pCi/L) (10) 

Vanadiun 17 ± 9 NA 9 ± 4 15 
(ppb) ( 18) 

Zinc-low NA 14 ± 20 <SO <SO 
(ppb) (11) (36) 

Zinc-high NA 373 ± 284 247 ± 165 673 
(ppb) (3) (17) 

Zinc-all 6 ± 2 91 ± 190 95 ± 140 NC 
(ppb) ( 14) (53) 

Field alkalinity NA 134, 100 ± 20,469 137,758 ± 33,6 215,000 
(ppb) (10) 56 

(31) 

Lab alkalininity 123,000 ± 21,000 130,000 ± 8,165 133,717 ± 29,3 210,000 
(ppb) (4) 99 

(52) 

Field pH NA NA 7.57 ± 0.29 [6.90, 8.24] 
(57) 

Lab pH 7.64 ± 0.16 NA 7.75 ± 0.21 [7.25, 8.25] 
(52) 

TOC 586 ± 347 NA 519 ± 367' 2,610 
(ppb) (62) 1,610· 

8-62 
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WHC-EP-0674 

Summary of Prov i s ional Hanford Site Groundwate r Bac kground Valuesa 
(Johnson 1993). (3 sheets) 

Constituent USGS results• WHC unconfined' 
(concentration) PNL results" (Sa111Jle size) (sa111Jle size) 

Field cond. NA NA 344 ± 83 
(µiMOS/CII) (22) 

Lab cond. 380 ± 82 NA 332 ± 93 
(µnilos/cm) (36) 

TOX, LDL NA NA <2Qc 
(ppb) ( 14) 

TOC NA NA 31,772 ± 7,022 
(ppb) (48) 

Gross alpha 2.5 ± 1.4 NA 2.5 ± 1.SC 
(pCi/L) (36) 

Gross beta 19 ± 12 NA 7. 1 ± 2.6c 
(pCi/L) (44) 

Radii.Ill <0.2 NA ND 
(pCi/l) (10) 

Note: Johnson, V. G., 1993, Westinghouse Hanford Conpany Operational Groundwater 
Status Report, WHC·EP-0595, Westinghouse Hanford Company, Richland, Washington. 

•source: From Tables 5-9 and 5-11 of DOE-RL (1992b). 
"Results shown are mean ± one standard deviation. 
<Potential outlier observation(s) were removed. 
LDL = lower detection limit. 
NA= not available. 
NC= not calculated. 
ND a not detected. 
PNL • Pacific Northwest Laboratory. 
ppb a parts per bill ion. 
TOC = total organic carbon. 
TOX = total organic halogen. 
USGS = United States Geolog ical Survey. 
WHC = Westinghouse Hanford C~ny. 

8-63 
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APPENDIX C 

SOIL COLUMN RADIONUCLIDE AND CHEMICAL DATA 
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SOIL COL UMN RADIONUCLIDE AND CHEMICAL DATA 

This appendix consists of internal letter reports that document soil 
column sampling and analysis and spectral gamma logging results for field work 
conducted in 1991 to evaluate the transuranic status of the 216-Z-20 Crib. 
Contents are organized in the following three attachments: 

C-1, Calculated and Observed Soil Column Transuranic Concentrations 

C-2, Borehole Logging Activity Report 

C-3, Shallow Soil Column Chemical and Radioanalytical Results (1987). 

C-1 
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tG\ Westlnihouse 
\:::) Hanford Company 

WHC-EP-0674 

Attachment C-1 

Internal 
Memo 

From: Geosciences Group 81231-91-025 
Phone: 
Date: 
Subject: 

To: 

6-0916 H4-56 Revision 1 
July 10, 1991, July 18, 1991 
CALCULATED AND OBSERVED SOIL COLUMN TRU CONCENTRATIONS BENEATH THE 
216-Z-20 CRIB 

J. L. Brand TS-54 

cc : L. A. Garner TS-54 
A. J . Kne pp H4-56 

lll'tJi l e/ LB 

The purpose of this memo is to document recent subject-related measurements 
and calculations performed to assess the TRU status of contaminated soil 
beneath the 216-Z-20 Crib. Results of spectral gamma logging to determine 
the presence and or actual depth distribution of americium and plutonium at 
the subject site are reported in a separate Geosciences Group memo (Price, 
1991). Findings of the spectral gamma logging effort will be referenced in 
this memo as appropriate. 

Definitions 

A TRU-contaminated soil site is one at which 1) the average concentration of 
TRU in the potentially contaminated soil volume is estimated to be greater 
than 100 nCi/g (at a soil density of 1.8 g/ cm3) or 2) has received more than 
so ·grams of plutonium per 100 m2 (DOE, 1987). The latter definition is based 
on characterization data showing TRU concentrations decrease rapidly with 
depth in Hanford soils (DOE , 1987; p.3.9) . · 

Estimated Depth Distribution 

In order to calculate t he average concent rat i on for definition 1) above, an 
appropriate site-specif ic depth increment over which to average the TRU 
inventory is needed. Ames and Serne (1991) have reviewed the expected 
behavior of americium and plutonium isotopes in Hanford soils under average 
effluent chemical conditions. Their summary included wastewater discharged to 
the 216-Z-20 Crib. They characterized this wastewater (PFP) as having low 
dissolved salt and l ow organic contents wi th a pH greater than 6 (or neutral 
to slightly basic) for which conservative distribution coefficient (Kd) 
values of 25 and 200 for pluton i um and americ i um, respectively, were assigned 
(Ames and Serne, 1991; pp. 4.6 , 4.19, 4. 20) . This information suggests 
plutonium would migrate at a faster rate than americium. Thus the soil 
column concentrations . of these two transuranic radionuclides would be 
expected to exhibit a differential distribution with depth. 

C-3 
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J. L. Brand 
Page 2 
July 10, 1991, July 18, 1991 

WHC-EP-0674 

81231-91-025 
Revision 1 

Using the above information, an average crib bottom area of 1412 m2, an 
average discharge rate to the crib of 3.47E+7 liters/month, and average soil 
properties, migration rates of 0.4 and 0.05 cm/day were estimated for 
plutonium and americium (WHC, 1990; p. 8-35). For 10 years (3650 days) of 
operation (1981 to 1991) this implies a maximum migration depth of 15 and 1.8 
meters respect ively. As Ames and Serne (1991) and Moody (1991) point out, 
these estimates are based on very conservative Kd values that may under 
estimate the actual retention of these radionuclides by Hanford soils. 
Additionally, it should be noted that either increasing the discharge rate to 
the crib ~r decreas ing the effective crib area used to calculate infiltration 
would result in proport iona lly greater r ad ionucl ide migrat i on rates. 

\ 

Soil Core Measurements 

Limited soil sampling results provide some clues concerning the 
representativeness of the above estimates. For example, four core samples 
were obtained along the centerline of the crib in December 1986 (Subrahmanyam 
and Ulbricht, 1987). The cores were positioned near the inlet end of the 
crib, midway and near the downslope end. The core samples were collected by 
first augering down to the bottom elevation of the crib ( approx. 3 meters 
below grade). A 7.5 cm diameter by 1-meter long split spoon core barrel was 
then driven into the soil and the resulting core subsampled from the top, mid 
and bottom over the nominal I-meter length. Americium was analyzed by low 
energy gamma-ray spectrometry. A total of ten soil sections were analyzed for 
which a mean ·of 0.27 +- 0.54 ( one sigma) and a maximum of 1.5 nCi/g was 
obtained. No particular pattern with depth was evident. The highest 
concentration was from the inlet end of the crib (1.5 nCi/g) followed by the 
downslope end (0.34 nCi/g). It should also be noted that an Am-241/Pu-239 
ratio of 1-2 was reported for one core sample which was subjected to detailed 
X-ray spectral ~nalysis . The input Am-241/Pu-239 ratio to the crib was 
approximately 0.5 , supporting the inferences concerning differential 
migration rates noted previously (i. e., the Am-241/Pu-239 ratio would 
increase with time as plutonium in the upper soil layer decreases due to its 
more rapid migration rate). 

The above data suggest that a depth increment of at least one reter should be 
used for averaging and that active infiltration of wastewater has occurred 
over the entire length of the crib. 
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Perched Water and Sediment Analysis 

81231-91-025 
Revision l 

The maximum migration depth is unknown, however, some inferences can be made 
that may set limits on the extent of downward migration. For example, as 
Moody (1991) pointed out, there is no evidence that plutonium has migrated 
all the way to the water table (approximately 67 meters below grade). In 
addition, perched water and sediment samples were collected and analyzed from 
a new well (299-Wl8-29) adjacent to the downslope end of the crib during 
Spring 1991. (Perched water refers t o the occurrence of saturated conditions 
above the general water tab l e due to a l ayer of impermeable or semi-permeable 
strata that retards the downward movement of water). Split spoon core 
samples were taken in the vicinity of the perched water zone (produced by 
wastewater discharge to the 216-Z-20 Crib). Perched water was encountered at 
39 meters below grade. These samples were analyzed for both Am-241 and Pu-239 
in the 222-S Radiochemistry Lab. A sample of the perched water was also 
collected and analyzed as the water plus suspended material. Analytical 
results for these samples are summarized in Table 1. All measurements were 
less than the indicated detection limits. These data suggest americium and 
plutonium have not migrated to a depth represented by the perched water zone. 
This observation is ·also consistent with the spectral gamma logging results 
for other monitoring wells located along the length of the crib (Price, 
1991). 

The installation of several drainage boreholes to a depth of 8 meters below 
grade and an acid spill in 1984 may have resulted in some remobilization and 
or a greater depth of migration of some of the TRU already present in the 
crib or subsequently added. The acid spill probably had very little net 
effect on TRU migration since the carbonate in less than a meter of soil 
beneath the crib was calculated to be more than sufficient to neutralize the 
reported quantity of nitric acid involved (WHC, 1990). The effect of more 
direct pathways induced by the dra inage boreho 1 es is difficult to assess. 
However, as noted above, the negat i ve spectral gamma logging results and the 
perched water sample and sediment analyses together suggest that americium 
and plutonium have not reached the perched water level depth at approximately 
39 meters below grade . 
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Based on the above arguments and data, the maximum depth increment for 
averaging soil concentrations is taken as 15 meters with a minimum of 1 
meter. The impact of reducing the effective crib area as well as the effect 
of averaging over various depth increments i s shown in Figure 1. This plot is 
based on calculated soil concentrations resulting from a TRU inventory of 
3.05 curies , consisting of t he sum of Am- 241, Pu-239 and Pu-238 reported in 
liquid discharges to t he crib (Moody 1991). 

The most conservat i ve condi t ion (highes t concentrat ions)~would be if all the 
inventory were assumed to be contained in a 1-meter layer beneath the bottom 
of the crib. However, even under th i s unlikely condition, and even if the 
effective crib area were reduced by 10 fold·; the calculated sediment 
concentration would still be an order of magnitude lower than the 100 nCi/g 
needed to meet definition 1) for a TRU site. The actual expected 
concentrations, even allowing for a 50% reduction in the effective crib area , 
are less than 3 nCi/g (shown as the dashed box in Figure 1). 

The mass of Pu-239 added to the crib is calculated to be 33 grams. Assuming 
this is uniformly distributed over 1412 m2 an areal loading of 2 grams/100 m2 
is obtained, or 4 grams/100 m2 if only 50% of the bottom area of the crib is 
used. This is 20-40 times lower than the areal loading quantity of 80 
grams/100 m2 for a TRU-contaminated soil site (definition 2 above). 

On the basis of the above analysis of available data it is concluded that the 
216-Z-20 Crib does not meet either definition of a TRU-contaminated soil site 
(DOE, 1987; p. 3. 9). 

J. )I~ 
V. G. Johnson 
Principal Scientist 
Geosciences Group 

dyl :; 
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TABLE L Radioanytical Results for Sediment Samples from Well 
299-WlS-29 

pCi/g dry wt 
Sample ID Depth (ft) Sample Type Am-241 Pu-239 

034913 27 grab <.24 <.24 

014513 80 grab 

014916 100 grab <.24 <.24 

0141019 120 qrab 

01411113 128 - bailer/water *<l0-4uCi/g <l0-4uCi/g 

01411116 129-131 Split spoon <.52 <.26 

01412119 131-133 Split spoon <.52 <.26 

01412122 133-135 Split spoon <.45 <.23 

014235125 150-152 Split spoon <.24 <.24 

Raw data avilable. 

* As filterable solids 

pCi/g 
Total 

<50 

<50 

<50 

<50 

<50 

<50 

<50 

NOTE: Less than values are reported as less than the detection limit 
appropriate for each determination. (Variable detection limits arise 
because of variation in sample size and/or counting time used.) 
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J. L. Brand TS-54 
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L. A. Garner TS-54 
D. G. Horton H4-56 
V. G. Johnson H4-56 
A. J. Knepp H4-56 
JRB:CJK:RKP File/LB 

EXECUTIVE SUMMARY 

Borehole logging of four existing groundwater monitoring wells and a newly 
constructed RCRA monitoring well near crib 216-Z-20 was .completed June 19, 
1991 with the high purity germanium system in the Radionuclide Logging 
System (RLS). The objective was to identify depth intervals containing 
americium and plutonium. Gross count gamma-ray profiles along each well 
bore length were recorded then used to identify numerous depth positions 
along each well to be selectively scanned for extended counting times with 
the germanium detector. No depth intervals were identified which had 
gamma-ray activity greater than the normal background. No gamma-ray 
signals indicating the existence of americium or plutonium were found. The 
identification numbers of the five wells along the Z-20 crib that were 
logged for this project are: 

299-WlS-17, 
299-WlS-18, 
299-WlS-19, 
299-WlS-20, and 
299-WlS-29 new RCRA well. 

HISTORICAL DATA 

Since no sources of borehole-specific historical data for the Z-20 crib 
were found prior to initiation of logging activities, transuranic 
concentration information from an adjacent transuranic site was utilized. 
This information was taken from the report RHO-ST-17, "Distribution of 
Plutonium and Americium beneath the 216-Z-lA Crib, Status Report," 
(Rockwell Hanford, February 1979). 

RHO-ST-17 presents results of laboratory analysis from drill cutting 
samples of several newly constructed boreholes. Two boreholes near the 
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216-Z-lA crib were logged by the RLS to demonstrate that americium and 
plutonium gamma-ray signals are identifiable. The borehole numbers are: 

299-WlS-159 
299-WlS-171 

TRANSURANIC GAMMA-RAY IDENTI FICATION 

Borehole 299-WlS-159 was sel ected based on t he l aboratory analysis of 
several closely spaced dr ill cu tti ng samp l es that appeared .to be the most 
uniform through a depth range of at l east three meters. The americium 
concentrations between 3 and 6.5 meters (10-21 ft) cluster about the 100 
nCi/g level. The plutonium concentrations through this depth interval 
exhibit the most uniformity but are more variable than the americium. A 
graphical summary of the laboratory analysis data is duplicated in Figure 
1. 

Borehole 299-WlS-159 was logged on March 19, 1991. The depth interval was 
0.0 to 60.0 feet. The l ogging speed was 20 feet/hour. A representative 
gamma-ray spectrum is shown in Figure 2. Spectrum A0291027 .CHN represents 
the gamma-ray activity observed at 13.5 to 14 .0 feet (4.2 meters) below the 
ground level. Ground level within crib 216-Z-lA is the zer6 reference of 
the logging data. The spectrum in Figure 1 was selected to represent the 
gamma-ray activity that is characteristic of americium and plutonium 
concentrations near 100 nanocuries per ·gram. The counting time for this 
depth interval was only 56 seconds. A logarithmic scale for the vertical 
axis effectively reflects the number of gamma-ray peaks present. All 
gamma-ray peaks in this display , except the 609- and 583-keV peaks from 
naturally occurring uranium and thor i um , are ident i fied as signals from 
americ i um-241, plut on ium-239 and plutonium- 240. The source for 
identification is "The Gamma Rays of the Rad ionuclides" by Gerhald Erdtmann 
and Werner Soyka (1979) . 

Spectra A0291027.CHN is di sp l ayed in f igure 3 with the vertical scale 
changed from logarithmic to li near . The change permits more effective 
comparisons with the remaining figures. Note that the maximum range for the 
vertical scale is 3000 counts. The remain i ng displays have a maximum 
vertical scale range of only 300 counts . 

Borehole 299-WlS-171 was selected on the bases of low concentrations of 
americium and plutonium. This borehole is located about 10 feet outside 
the perimeter fence of the 216-Z-lA crib . The laboratory analyses of drill 
cutting samples reported concentrations of americium and plutonium that did 
not exceed approximately 0.1 nC i/g (100 pCi/g). The graphical presentation 
of the laboratory analys i s data from the report is duplicated in Figure 4. 
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Borehole 299-WlS-171 was logged with the RLS on February 13, 1991. The 
depth interval was 0.0 to 99.0 and 115.S to 124.0 feet. The logging mode 
was move-stop-acquire with a counting time of 180 seconds at each half foot 
sample station. Spectrum A0231079.CHN, shown in figure 5, is from the 
depth location at 84.0 feet were the ga11111a-ray activity from man-made 
radionuclides is most intense. The counting time was over three times 
longer' t han the spectra from the center of the 216-Z-lA crib. All 
gamma-ray peaks in this display , except three peaks , are identified as 
americium-241. The three except ions are t he 352- and 609-keV gamma-ray 
peaks from naturally occurr i ng uran ium and the 583-keV gamma-ray peak from 
natural ly occurr i ng thor ium. 

GEOPHYS ICAL BOREHOLE LOGGING OF CRIB 216-Z-lA 

Borehole data acquisition of high resolution germanium gamma-ray 
spectroscopy by the RLS required several days of field activity. The 
measurements were completed on June 19, 1991. The details of the in situ 
borehole measurements are given in Appendix A: "Record of Borehole 
Geophysical Data Acquisition." The counting time for detailed radionuclide 
identification were at least 150 seconds. The detailed spectra from the 
remaining three boreholes were recorded over 500-second acquisition times 
after concerns were voiced about the lower detection limit for 
transuranics. 

The logging speed for the newly constructed RCRA groundwater monitoring 
well was the normal 20 feet per hour . The limited financial budget for 
RCRA activities was the cause of reduced time on the well. 

The field activities were performed in accordance to WHC procedures. The 
current equipment configuration and dat a acqu isi t i on standards are given in 
Appendix B. The spectra l borehol e l ogg i ng equipment i s undergo ing 
development that will continue for several more months. The measurements 
have been stored on permanent non-erasable media, so the data can be 
retrieved at a later date and concentrations of the gamma emitting 
radionuclides present in the formation can be calculated. 

The objective of the borehole logging was satisfied: gamma-ray spectra from 
boreholes around the 216-2-lA crib prove that americium and plutonium can 
be detected, and garrma-ray spectra from the 216-2-20 crib boreholes do not 
show peaks characteristic of americium and plutonium. The ability to 
precisely quantify the minimum detectable concentration limits for 
americium and plutonium has not been establ i shed at the time of this 
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report. Analytical algorithms are in progress and additional capabilities 
will be forthcoming. However, if the laboratory work reported in RHO-ST-17 
is credible, then the spectra from the 216-Z-20 crib boreholes indicate 
that the americium and plutonium concentrations, if different from zero, -
are significantly below 100 nanocuries per gram. 

Analysis of all spectra from the five boreholes associated with crib 
216-Z-20 indicate that all of the identifiable garrma-ray are associated 
with the naturally occurring sources , namely potassium, uranium, and 
thorium. Figure, a typical spect rum , was recorded in borehole 299-Wl8-19 
at the depth of 57.5 feet. The counting time of 500 seconds is about ten 
times longer than the spectra in figure 3. Five gamma-ray peaks were 
identified. The gamma-rays are: 

Gamma-ray 
keV 
295 
352 
510 
583 
609 

Daughter 
Radionuclide 

Pb-214 
Pb-214 
Tl-208 
Tl-208 
Bi-214 

Original 
Radionuclide 

U-238 
U-238 
Th-232 
Th-232 
U-238 

The gamma-ray from naturally occurring potassium-40, at 1460.7 keV, is 
beyond the energy ranges displayed in these figures. All spectra acquired 
by the RLS include the maximum energy of 2800 keV. The figures in this 
report did not include the spectral information above 800 keV because. the 
naturally occurring garrma-rays dominate the spectra at the higher energies. 
Other man-made radionuclides have garrana-ray photo peaks above 800 keV, 
cobalt-60 is one prominent example. 

CONCLUSIONS 

High resolution spectral gamma-ray borehole logging of five wells adjacent 
to the 216-Z-20 crib was completed June 27, 1991. The in situ geophysical 
measurements along the entire length of each borehole indicated that only 
the natural radionuclides of potassium, uranium, and thorium were present. 
No man-made radionuclides were identified in the five wells adjacent to the 
Z-20 crib. 

The justification of the statement is based on measurements by the same 
borehole gamma spectroscopy tool in two boreholes associated with a known 
transuranic site, -216-Z-lA. The man-made radionuclides, americium and 
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plutonium, were identified from spectra from a borehole adjacent to and a 
borehole through the 216-Z-IA crib. Spectra from a borehole that contained 
significant concentrations of americium and plutonium were to demonstrate 
identification capabilities. Spectra from borehole 299-WIS-171 which, 
according to laboratory analyses, did not contain americium or plutonium at 
significant concentration levels, were used to demonstrate instrumentation 
sensitivity to low concentrations of americium and plutonium. 
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Engineer 
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Figure 1 Distribution of Plutonium and Americium in borehole 299-WIS-159 
from Laboratory ana lysis of drill cutting samples 
See report : RHO -ST- 17 February 1979 
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WELL 299-W18-171 

ELEVATION (METERS ABOVE MSL) : 206 .5 
Beyond 216-Z-lA Crib Boundaries 

DRILL LOG 
LITIIOI.OGIC 

LOG 

v .. , coa11• tend. pebblet 

Mtt1.hum • ••'Y co•n• 1a11d , 

µ•bbl•, 

Med•u1n ••nrJ 

Yety coin• ••od, pellt..t.,, . 
coUbl•• 

Co•H•••ftJ coiilne ,and , 
pebbles, cobbl•I 

fh .. ·•••Y co•n• ,and, Ufl••f 

Medtum,co•11• tancJ, tome 
ptbbfH , ton1t cobbles 

Medium tand 
Fit .. •••ry coaue 11nd, gr11wel 
a,hdlum und 
Ve,y Uue-fine 11nd 

Fh .. •,tMtJlun, sand 
Me&fiu,n•COlfH ,and 

Me4'1um aand 

V••r hnt•Un• 1,nd 

Silly wety One tend 

fu•• •n••do111, tand 

Fh1e -co1ne 11nd 

Y• r-, flne-mrd,uni 11ud 

SIii y ••• y line • ntwdlum I aud 

Medkln1 ••nd 

Med,um•coa,,t 11nd 

Ve1y Une:coaue sand 

() ,. ., ., _, 
· v 

V <' 
,? .. " () 

... . ..J 

" , . ., v 
-?~., 
" .. 
" u " 0 

" 0 "0 
. o 0 

~ -+-" 

-~ 
,.. 

fme•co•••• ••nd, ,111 11t1n9en. -ro __ 

••• vet.t.t•• • ••• cot,t,tu 

fl• .. • •••f coan• 1and,p•bLil•• 

V••Y •m•••••f ccw••• 1amJ. 
JMltltl•• · cot,W.1 

M•dkttn••••r coa,a• ,and, 
p.bltl•I, cobbl1u 

Co•••• ·•••r co•••• ,and, so-:. 
t,tcblli• I 

M•tatum••••Y co•n• 1.and, 

·v•• v••••• 
fh•• ·m•J•um 1anl.l, ·µ•• · v••••I 
V••r hn• •n•d•unt 1 • nd, ••• 

1..-bhl•a 

.... 
J • V 

. " 
-, . , . -. , .,., 

f ' V < . . . v-. 
<w 

• u 
~...;. 
• v .... ,. 

'o:'"1 1 ~ I 
V '.l<-

iii 
a: 
UJ 
I-
UJ 

~ 

J: 
I-
Q. 
UJ 
C 

239,240 Pu 

nCl/g 

10 O 10 2 

FIELD 
SURVEY 

RESULTS• 
0 --~-------~~ 0 

10 -

9 
1 
I 

~ 
I 
r 
I 

JO 

Depth 84.0 ft 

I 

IJ'J 
a: 
UJ 
1-
UJ 

~ 

10 

~ 20 
Q. ...., 
C 

JO 

241 Am 

nCl/y 

10 O 10 2 

----------- P,01•CII 

Li••• ol 

Figure 4 Distribution of Plutonium and Americium in borehole 299-WlS-171 
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APPENDIX A: RECORD OF BOREHOLE GEOPHYSICS DATA ACQUISITION 

Data acquisition required several days of logging. Many daily log 
specifications were common to the entire logging period while others 
were unique for each day. The specification conunon to all acquisition 
sessions are given below. 

Detector 
EG&G Ortec HPGe Pop-Top, 18% 

Increment between depth measurements 
0.5 feet 

Depth reference 
ground level c 0.0 feet 

File contra l 
spectra for each depth increment recorded under computer control, 
spectra files transferred to non-erasable optical disk (WORM) 
upon completion of daily logging activities 

File format 
EG&G Ortec PHA, integer data files (.CHN) recorded in IBM-PC DOS 
compatible format, filename prefixes limited to 8 characters with 
last 3 positions reserved for sequence number 

Spectra format 
gamma-ray energy spectra subdivided into 4000 channels, 
gamma-ray spectra recorded for energy range of about 50 to 2850 
keV 

Logging activities unique to each day of field acquisition are given below. 
Possibly some entries may not be immediately obvious; their explanations 
foll ow: 

o The filename prefix is the first four characters for all saved 
spectra files. The fifth character indicates which detector, either 
number 1 for HPGe or number 2 for NaI was uesd. 

o The file sequence number and data acquis i tion point represent a one
to-one correlation. Only the start and stop depth and file sequence 
number are presented below. 

o The difference between encoder depth and tool position is measured 
when the tool is returned to the zero depth, generally at the end 
of the daily logging activities. 

---------- WELL 299-WlB-17 ----------
File 

Date Depth Feet seq. no. 

4Apr91 File name prefix = A032 
Logging mode = move-stop-acquire 

Start 0.0 000 Count time = 150 sec (real time) 
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Stop 71.0 142 

Start 71.0 143 Logging speed "'5.0 ft/min 
Stop 0.0 283 

Depth error, tool return 7. inch Low 

1May91 File name prefix• A034 
Start 0.0 000 Logging speed • 5.0 ft/min 
Stop 65.0 128 

Logging mode = move-stop-acquire 
Start 65.0 129 Count time = 150 sec (live time) 
Stop 95 .0 189 

:::I'"" Start 216.0 191 Logging speed = 1.5 ft/min 
"'- Stop 210.0 201 
C'-1. · Restart: Logging cable too slack :::r-

• ;t: Start 214.0 203 Logging speed = 1.5 ft/min ....! 
Stop 65.0 499 c::::l 

C'r'l Program aborted at 1 imit: 500 files -~ 
en 

8May91 File name prefix• A035 
Logging mode • move-stop-acquire 

Start 93.0 000 Count time = 150 sec (live time) 
Stop 135.0 084 

Depth error, tool return 3. inches High 

---------- WELL 299-WlS-18 ----------
File 

Date Depth Feet seq. no. 

26Jun91 File name prefix= A046 
Start 0.0 000 Logging speed = 1.5 ft/min 
Stop 166 .0 330 

Depth error, tool return 1. inch Low 
,, 
, J 

27Jun91 File name prefix= A047 
Start 150.0 000 Logging speed = 1.5 ft/min 
Stop 194.0 087 

Tool remained at bottom of hole, 194.57 ft 

27Jun91 File name prefix= A048 
Logging mode = stationary positions 

Depth 194 . 5 000 Count time= 1000 sec (live time} 
Depth 176.5 001 Count time= 500 sec (live time} 
Depth 158.5 002 Count time= 500 sec (1 ive time) 
Depth 140.0 003 Count time= 500 sec (live time) 
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Depth 135.0 004 Count time• 500 sec (1 ive time) 
Depth 133.0 005 Count time= 500 sec (1 ive time) 
Depth 130.5 006 Count time• 500 sec (1 ive time) 
Depth 98.5 007 Count time• 500 sec (1 ive time) 
Depth 92.5 008 Count time• 500 sec (live time) 
Depth 80.0 009 Count time• 500 sec (1 ive time) 
Depth 70.5 010 Count time• 500 sec (1 ive time) 
Depth 50.0 011 Count time• 500 sec (live time) 
Depth 46.0 012 Count time• 500 sec (live time) 
Depth 9.5 013 Count time• 500 sec (1 i ve time) 
Depth 5.5 014 Count time• 500 sec (live time) 

Depth error, tool return 4.5 inches High 

---------- WELL 299-WlS- 19 ----------
U") 
r-- File 
C'-.....J Date Depth Feet seq. no. :::r 

• 
~ 31May91 File name prefix• A042 ....:. 
t::::l: Start 198.0 000 Logging speed • 1.5 ft/min 
l;'."'r"'l Stop 0.0 395 -~ Depth error, tool return 4. inch Low 
c:n 

31May91 File name prefix• A043 
Logging mode = stationary positions 

Depth 705 000 Count time= 500 sec (real time) 
Depth 10.0 001 Count time• 500 sec (real time) 
Depth 13.0 002 Count time= 500 sec (real time) 
Depth 25.0 003 Count time= 500 sec (real time) 

Depth error, tool return 1. inch High 

26Jun91 File name prefix= A045 
Logging mode = stationary positions 

Depth 26.5 001 Count time= 500 sec (live time) 
Depth 57.5 002 Count time= 500 sec (live time) 
Depth 59.0 003 Count time• 500 sec (live time) 
Depth 82.5 004 Count time= 500 sec (live time) 
Depth 91.5 005 Count time= 500 sec (live time) 
Depth 105.5 006 Count time= 500 sec (live time) 

Program failed to operate properly 
Switched to fixed velocity mode 

Start 115.5 010 Logging speed = 0.3 ft/min 
Stop 117 .0 013 

Start 127.0 016 Logging speed .. 0.3 ft/min 
Stop 128.0 019 

Start 138.0 020 Logging speed = 0.3 ft/min 
Stop 139.0 022 

Start 158.0 023 Logg ing speed = 0.3 ft/min 
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Stop 159 .0 025 

Start 175.0 
Stop 177 .5 

Start 197.0 
Stop 195.0 

026 Logging speed 
030 

031 Logging speed 
035 

• 0.3 ft/min 

• 0.3 ft/min 

Depth error, tool return 4.0 inches High 

WELL 299-W18-20 ----------

Depth Feet 

Start 0.0 
Stop 233.5 

Depth 214.0 
· Depth 197. 5 
Depth 189.2 
Depth 169.5 
Depth 154.4 
Depth 137.0 
Depth 136.5 
Depth 134.0 
Depth 118. 0 
Depth 111. 0 
Depth 105.5 
Depth 96.5 

Depth 4.5 
Depth 16.5 
Depth 36.0 
Depth 48.5 
Depth 55.5 
Depth 82.0 
Depth 87.0 

Start 65.5 
Stop 30.0 

Fi 1 e 
seq . no . 

File name prefix= A037 
000 Logging speed = 1.5 ft/min 
465 

Tool remained at bottom of hole, 233.5 ft 

File name prefix• A038 
Logging mode • stationary positions 

000 Count time• 1000 sec (live time) 
001 Count time= 1000 sec (real time) 
002 Count time= 500 sec (real time) 
003 Count time= 500 sec (real time) 
004 Count time= 500 sec (real time) 
005 Count time= 500 sec (real time) 
006 Count time• 500 sec (real time) 
007 Count time• 500 sec (real time) 
008 Count times 500 sec (real time) 
009 Count time= 500 sec (real time) 
010 Count time= 500 sec (live time) 
011 Count time= 500 sec (live time) 

Depth error, tool return 1. inch High 

File name prefix= A041 
Logging mode = stationary positions 

000 Count time= 500 sec (live time) 
001 Count time= 500 sec (live time) 
002 Count time= 500 sec (live time) 
003 Count time= 500 sec (live time) 
004 Count time= 500 sec (live time) 
005 Count time• 500 sec (live time) 
006 Count time= 500 sec (live time) 

010 Logging speed = 1.5 ft/min 
076 

Depth error, tool return 3.5 inches High 
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299-WlS-29 ----------
File 

Feet seq. no. 

File name prefix• A033 
94.0 000 Logging speed • 0.4 ft/min 

135.5 080 

Logging mode • move-stop-acquire 
136.7 082 Count time • 200 sec (live time) 
135.0 086 

0.0 088 Logg ing speed = 0.4 ft/min 
20.0 127 

Depth error, tool return 2.0 inches Low 
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APPENDIX 8: RLS INSTRUMENTATION CONFIGURATION 

CONFIGURATION OF LOGGING INSTRUMENTATION 

The RLS is a computer controlled borehole data acquisition system. The 
computer controls the functions are: 

o tool depth measurements, 

o winch control for tool positioning, and 

o borehole detector measurement control. 

The borehole detector measurement control is responsible for the 
following subfunctions: 

o clear/initialize multichannel counter, 

0 activate multichannel counting gate, 

o terminate counting, 

o attach identification information, and 

o store data on mass storage device. 

The spectral borehole logging equipment is undergoing development that 
will continue for several more months. This report is an interim action 
to document field data acquisition activities and sunvnarize findings. 
Final quantification of radionuclide concentrations can be reported at a 
later date after more studies of the equipment and analysis techniques 
are complete. 

The RLS high purity germanium logging system was first calibrated in 
November -1990 at the DOE calibration center in Grand Junction, Colorado. 
The equipment appeared stable prior to the calibration trip. However, 
its operation during the calibration studies was compromised by elevated 
noise from electrical ground loops between three system components. The 
ground loops appeared after repeated vibrations due to highway travel. 
The equipment was repaired upon return from the calibration trip. 
Measurement during repairs indicated that the calibration, although 
compromised, could still be considered valid. Since December 20, 1990 
the equipment has been very stable. The equipment performance and 
stability will be reported in an internal memorandum when scheduling 
permits. 

Configuration of the equipment hardware, computer software, and 
interpretation technique is subject to change as additional 
calibrations, geophysical studies, and other types of borehole 
measurements are completed and implemented. The current equipment 
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configuration, although not mature, is adequate to· satisfy the stated 
objective of this logging activity. The equipment configuration at the 
time of this logging activity is identified as VERSION A.O. The 
equipment configuration used for this borehole logging activity is 
identical to the configuration used for the November 1990 calibration 
trip to DOE Grand Junction, Colorado. The equipment configuration will 
be reported in an internal memorandum, when scheduling permits. 

ACQUISITION STANDARDS 

In-situ borehole measurements were acquired in accordance with procedure 
WHC-CM- 7-7 Environmental Investigat i on and Site Characterization Manual, 
Section EII 11.1 Geophysical Logg i ng , Appendix 8: Spectral Ga11111a-ray 
Logging, Rev 1 March 5, 1991. Relevant supportive details about the 
field activities are included in th i s report for historical purposes and 
to confirm the quality of recorded data. 

A portable field reference source serves to check equipment efficiency, 
repeatability, resolution, and voltage gain of signal pulses. The 
logging procedure indicates that a field reference source must be used 
and how the mearsurement must be taken. The source is not specifically 
identified in the procedure, but is described as follows. 

Field reference source identification: 79840 
Radionuclides in source : Ba-133, Cs-137, Co-60, Ra-226, Th-232 
Photo-peaks used for two-point energy calibration in Maestro II 

609.3 keV of Ra-226 and 1332.5 keV of Co-60 

The field reference source spectrum is recorded with the tool suspended 
above the ground with the truck stationary. Immediately following this 
measurement a second measurement must also be recorded with the source 
removed, this permits the ambient , or background, gamma-ray signature 
present from local sources to be quant i fied. The background response is 
subtracted from the previous measurement of combined field reference 
source and background. The difference yields the net contribution from 
the reference source . The tool responses to the field reference before 
and after the borehole logging are compared to the tool responses that 
were observed when the equipment was calibrated. 

The fie 1 d reference source becomes the connecting link which permits the•j 
calibration coeffients to be applied for computing the radionuclide 
concentrations. Nuclide concentrations in the subsurface can be computed 
for gamma energies within the November 1990 DOE Grand Junction, Colorado 
calibration study limits of 350 to 2800 KeV. The energy range for which 
the calibration measurements and calibrated detector efficiency are 
valid cannot be extended below 350 KeV until additional studies are 
completed. The lower gamma-ray energy limit of 350 KeV is imposed by at 
least three nonlinear and nontrivial phenomena. 

1. The calibration for man-made gamma-ray emitters depends on the 
determination of an efficiency function wh i ch relates a measured count 
rate in a gamma-ray peak to the corresponding gamma-ray intensity in 
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the surround i ng med i um. Using ca li brati on dat a for th ree gamma rays 
from the uranium decay chain, three gamma rays from the thorium decay 
chain, and the potassium-40 gamma ray, seven values for the efficiency 
function have been determined over a gamma-ray energy range from 351 
keV to 2615 keV. For gamma-ray energies of about 350 keV and higher, 
increases in gamma-ray energy are accompanied by a log-linear decrease 
in the efficiency function because the detector efficiency is 
dominated by Compton scattering. Because the efficiency function is 
well behaved above 350 keV, calibration factors for man-made 
radionuclides can be found by interpolation. However, as the gan111a-
ray energy decreases below about 350 Kev, the role of photoelectric 
absorption in the detector efficiency becomes more and more pronounced. 
The November 1990 calibration measurements were not designated to map the 
complex changes in detector efficiency that occur below 350 keV . 

2. Gamma ray attenuat i on f rom boreho l e material s , such as casing, 
changes rapidly wi th gamma-ray energy at energies below 350 KeV. 

3. The presence of high-atomic-number atoms, such as americium-241 (Z = 
95), in the formation selectively reduces the low-energy gamma-ray 
fluxes . If the high-Z elements exist in low concentrations, the 
nonlinear flux reduction is confined to energies below about 300 keV, 
but the nonlinear region approaches 1000 keV as the concentrations of 
high-Z elements increase toward levels that, although high, can still 
occur naturally, Some features of this so-called "Z-effect" were 
characterized by work for the DOE's National Uranium Resource Evaluation 
project. 

Computer interface with a depth encoder is required to control the detector 
position within the borehole. A problem has been identified in the depth 
measuring system and a solution is being investigated. The problem is that 
the logging cable diameter is non constant and infrequently exceeds the 
groove diameter machined into the depth encoding sheave wheel. This causes 
the cable to ride above the engineered position on the sheave wheel and 
permits the radius to the wheel center to increase. 

During the logging runs , the encoder conversion factor was 793.0 pulses per 
foot. 
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TABLE I 

ANALYSES OF EFFLUENTS TO 216-Z-20 CRIB 

Sampling Pl ant pH roe Ca Mg Al Fe 
~ Condition <-Jog(H+J l < mg/L > 

Plant 
4/24/86 Idle 7.80 1.3 17.6 4.3 0.21 0.04 

RMC 
6/ 16/86 Running 7 . 13 3 . 1 18 . 0 3 . 8 0. 37 0. 03 

PRF 
7/ 25/ 86 Ru nni ng 6.30 2. 6 18 . 7 4.3 0.25 0. 03 

m RMC co 9/4/86 Runn ing 6 . 72 1. 5 18.5 4.2 0.28 a.as "'-I 
::r-.. Pl ant 
~ 10/20/86 Idle 7 .30 ....:. 0.83 16.7 3.6 0.15 0.04 
c:=l' 

Raw n-, - Process 
~ 9/12/86 Water . 7. 72 1.5 16.5 4. 1 0.02 0.04 Cr,i 
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TABLE II 

ANALYSES OF WATER* STAGNANT IN 216-2-20 CRIB 

Position pH Carbonate TOC** Ca Mg Al 
CIDl Hog[H+J l CmMl < 

Riser #1 No stagnant 
Cl-2} water 

Riser #2 
(2-2) 7. 95 1.06 74 105 58 71 

Ri se r /13 
(3- 2) 7. 90 0.92 80 123 60 <83 

Ri se r #4 
(4- 2} 7. 95 1.06 58 135 63 <114 

*The samples from ri ser bottom were coll ected on 12/19/86 
**Total organic carbon 
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TABLE III 

LEACHATE ANALYSES OF SEDif.ENT FROM 216-2-20 CRIB BOTTOM 

Core Ca Mg Al Fe 

Location ~ < ppm 

R1ser #1 10 1-12 1 

Composite 300 287 l,S00 85S 

Riser #2 10 1 5 II 670 391 1,170 81S 
10 1 6" 3 , 687 1,04S l , 646 4,244 

11' 0" 1, 070 615 1,070 2, 686 

11' 6" N/A 639 l, 150 1, 145 

t.n· Riser #3 10 1 7 , 290 508 740 375 
co 
C'-J 12' 7 , 130 369 750 541 

::t- 12' 6" 400 172 700 223 

• ;nr Core #4 10 1 N/A 328 690 277 
-! 
~ 10 1 311 N/A 294 S90 286 

C'i"l 12 1 800 277 720 · 447 -C"r •. Z-20-Soil 0 1 611 en N/A 311 S70 102 

Filter Cake 22,004 l, 142 1,376 1,340 
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TABLE IV 

RADIONUCLIDE ANALYSES OF 216-Z-20 SEDUENTS 

Mass 241Am 137cs 154Eu 40K 
~ ~ W- < pCi/g 

Core #1 10 1-12 1 

Composite 72.44 1502 3.5 34.l 32.5 

Core #2 10 1 511 69.13 63 3.6 1.6 31.2 
11' 0" 80.28 5 3.1 1.4 28. 5 
11 I 6" 74 .99 3 . l 1.3 29.5 

Co re #3 10 1 115. 6 1. 7 1.1 26 . 8 
12 1 78.8 18 3.0 31.4 

U3 12 ' 6" 100.74 53 2.3 1.2 21.9 CCi 
"'- Core #4 10 1 61.67 180 3.6 33.7 :::r-

• 10 1 3" 58.67 44 3.8 31.3 
~ 12 1 59.41 307 3. 7 34.6 .....:. 
t=l: 

Fan Dust O"'l' 59.41 8.7 2.1 36.2 
""""""" 
~ 2-20 Soil 6" 77.04 3.0 0.9 34.9 ~ 
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APPENDIX D 

WELL REMEDIATION AT THE 216-Z-20 CRIB 
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DON'T SAY IT --- Write it! 

TO: V. G. JOHNSON 
D. K. TYLER 

H6-06 
H6-06 

DATE: 8/18/93 
FROM: K. D. REYNOLDS 

Attached is the final report documenting the completion of remediation 
activities undertaken for the 216-Z-20 Crib . The report outlines the 
sequence of events, procedures used and a brief evaluation of the success · 
of the remediations for we lls 299-W18-17 , W18-18, W18-19 , and W18-
20. This work was undertaken in response to the OSI dated February 23, 
1993 from D. K. Tyler. 
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01 .0 INTRODUCTION 

This appendix documents the well remediation conducted for the four 
groundwater monitoring wells located within the perched water zone at the 
216-Z-20 Crib. The objectives of the remediation were to: 

• Seal any openings between the casing and the borehole wall and to 
eliminate potential pathways for contaminant movement 

• Re-complet~ the wells to control temporary perched water and/or 
provide for soil gas monitoring above the deepest perching 
l i thol ogi c unit. 

Dl.1 GENERAL DESCRIPTION OF APPROACH 

The four wells (299-WlS-17, 299-WlS-18, 299-WlS-19, and 299-WlS-20) 
located adjacent to the 216-Z-20 Crib were perforated and pressure grouted 
from the water table to an elevation at or above the Plio-Pleistocene layer. 
The grouting proceeded in stages or "lifts." This involved perforating the 
casing section and then injecting grout through a packer assembly at a 
hydrostatic pressure of 3.45 x 105 Newtons/m2 (50 psi). Neutron/density logs 
for each well provided indications of voids and aided in identification of 
lithologic units for establishing completion depths or elevations. Grout 
volumes were calculated for each section of perforated casing between the 
packer and the previous grout layer. Based on interpretations of geologic, 
geophysical, and construction information, varying volumes of grout were added 
to ensure a continuous seal between the outer casing wall and the formation. 
After completion of the last lift or layer, an additional 4 to 6 m (15 to 
20 ft of casing was perforated to allow perched water inflow and soil gas 
monitoring. Additional details are described in the following sections. 

Dl.2 SELECTION OF COMPLETION DEPTHS 

Completion depths were selected based on the assumption that the 
Plio-Pleistocene layer was the deepest stratigraphic unit that could cause 
perched water to accumulate. Lithologic logs from drilling records and 
geophysical logs as well as lithologic logs from adjacent boreholes were used 
to interpret local geology and to define the target elevation for emplacement 
the final grout layer. Geophysical logs with stratigraphic and generalized 
well construction information for the four wells are shown in Figures D-1 
through D-4. 

Stratigraphic sections were prepared and compared with the natural gamma 
and neutron logs to determine which lithologic facies of the Hanford formation 
or Ringold Formation were present. Known relationships and properties of the 
individual facies, such as porosity, permeability, cementation, and grain 
size, were used to aid in the interpretation of the logs and correction of the 
cross section. Based on the above information discrete "lifts" or zones 
corresponding to well-specific lithologic properties were selected for 
perforation and grouting. 
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01.3 PERFORATING AND GROUTING PROCED URE 

As noted in Section D1.1, the casings were perforated and grouted in 
upward progressing stages or lifts. Each lift or vertical section involved 
first perforating the casing with a PERF-HAWK1 mechanical perforator and then 
insertion of a inflatable mechanical packer assembly immediately above the 
last perforation. Grout was then pumped into the interval below the packer 
through the tubing used to place and control the packer. Because the vadose 
sediments were predominately uncemented, minimal grout injection distances and 
therefore placement pressures were required. The well remediation design 
specified a displacement pressure of 3.45 x 105 Newtons/m2 (SO psi) on each 
lift to ensure adequate injection of the grout into the annular space and the 
adjacent disturbed portion of the formation. 

Specifications for each l i ft included the volume of grout, length, and 
elevation of the intervals to be perforated. These specifications were 
determined by: 

• Drilled and cased size of the borehole 

• Lithology (physical characteristics indicative of possible grout 
loss volume to the formation) 

• Expected effects of drilling method on lithologic unit (e.g., 
washouts or over-drilled portions of the borehole that would require 
increased volume to adequately fill) 

• Interpretation of the neutron logs for identification of potential 
void spaces behind the casing and indications of saturated zones. 

The design considerations noted above are illustrated in Figures 0-2 and 0-3 
at the 53- to 55-m (175- to 180-ft) depth levels. For this interval, the 
neutron log deflects sharply to the left (a deflection to the left indicates 
the presence of either water or a void space behind the casing). Because the 
static water level in these wells is at approximately 60 to 61 m (197 to 
200 ft) below ground surface, the large deflection is interpreted as a major 
void space. The tendency of uncemented cobble gravel overlain by a highly 
cemented zone to cave, or "ravel" when drilled also supports this 
interpretation. Specifications for such intervals called for injection of 
grout volumes that are two to three times greater than calculated based on 
borehole dimensions (minimum hole volumes) to properly fill the voids. Daily 
activity sheets for these jobs indicate that the specified volumes could be 
injected without the need of excess pumping pressures. The lack of resistance 
to pumping and the ready acceptance of volumes in excess of the minimum hole 
volumes support the interpretation that large voids existed where significant 
leftward deflections occurred in the neutron logs (i.e., at depths above 
static water level in the well). 

The original well construction as-builts, proposed remediation design, 
and remediated well as-builts and other details of the construction and 
remediation are shown in Figures 0-5 through 0-16. 

1PERF-HAWK is a trademark of Hawk Industries. 
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D1.3.1 Jet-Shot Perforat i ng 

Well 299-Wl8-19 was constructed with an inner lining of casing that could 
not be penetrated with the standard perforating tool (see Figure D-11). To 
solve this problem, a tool commonly used in the oil industry, the jet shot 
perforator, was used. This was the first use of this type of device on the 
Hanford Site since the large bore diameter drilling was performed for the 
Basalt Waste Isolation Project (before 1987), and required U.S. Department of 
Energy and Washington State Department of Ecology approval. The perforation 
process involves detonation of small metal-lined explosive "shaped charges" 
within the wellbore, at preselected intervals. The force of detonation is so 
great that the metal liner is atomized, and a shock wave weighted with metal 
particles is generated. The inertial force of this shock wave is sufficient 
to drive a hole through casing , cement, and into the formation. As much as 
3.45 x 1010 Newtons/m2 (5 million lbf/ in2

) of force is exerted against the 
casing and adjacent formation. The depth of penetration is controlled by the 
length of the jet stream or shock wave, which in turn is controlled by the 
size of the shaped charge. For this application a configuration of charges 
that perforated four holes (0.63 to 1.3 cm [0.25 to 0.50 in.]) per linear foot 
of casing was used. The upper zones of the well (26 to 43 m [85 to 140 ft] 
below ground surface) were perforated at least twice, resulting in a minimum 
of eight perforations per foot. 

After the perforations and cementing were completed, the wells were 
scrubbed and cleaned before sampling to remove debris that resulted from the 
charges. 

D1.3.2 Indicators of Successful Completions 

The major criteria used in design of the well remediation completions 
were Washington Administrative Code (WAC) 173-160. Each well had a "Hold 
Point" where prior actions were evaluated to determine their compliance with 
WAC 173-160 and with commonly accepted industry criteria. The factors used to 
evaluate remediation success were: 

(1) Was the specified cement grout volume successfully placed in the 
formation? If not, how much was placed verses the calculated 
nominal borehole volume? 

(2) When the wells were perforated above the perching zones in saturated 
intervals, did the well accumulate water? 

The well diagrams (Figures D- 7, -10, -13, and -15) summarize the types of 
information used to judge the success and acceptability of the remediation 
activities. 

D1.3.3 Suggested Improvements (Lessons Learned) 

Two operational problems were observed during the completion of this 
remediation work. The first was the debris left from the jet shot, and the 
second was an equipment problem. 
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Dl.3.3.l Use Debris Catchers. The debri s l ef t in th e we ll bore described in 
Section 01.3.l caused delays in sampling efforts while the well was brushed 
down and the debris in the well removed . Debris from the explosion along with 
casing fragments and formation materials are common byproducts of this type of 
perforating. The use of a junk basket suspended below the detonation point 
would greatly reduce the amount of material left in the well and reduce 
cleanup requirements. 

01.3.3.2 Larger Work Over Rig Needed. During the pressure grouting phase of 
the work, some difficulty in holding the inflatable packers at the correct 
pressures and depths was encountered. The pump setting rig used on the job 
was not capable of exerting enough down pressure to keep the packers from 
rising when the required 3.45 x 105 Newtons/m2 (SO-psi) pressures were 
reached. The system also suffered a gradual loss of pressure during the 
cement setup time. The design called for maintaining pressure on the pumped 
grout during the setup time in an effort to hold the cement in place. 
A dedicated rotary-type workover rig would solve this problem. 

01.4 REFERENCES 

WAC 173-160, 1990, "Minimum Standards for Construction and Maintenance of 
Wells," Washington Administrative Code, as amended. 
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Figure D-5. Pre- Remediation As-Bu ilt for Well 299- Wl8-17. 

WELL CONSTRUCTION AND COMPLETION SUMMARY 

Drilling 
Method: Cable tool 
Drilling 
Fluid Used: Not docunented 
Dril ler•s 
Name: Not docunented 
Drill ins 
Coqlany: Not docunented 
Date 
Started: 25Jun81 

Sa~le 
Method: Hard tool (nom) 
Additives 
Used: Not docunented 
WA State 
Lie Nr: Not docunented 
C~ny 
Location:Not docunented 

Date 
C~lete: 15Sep81 

Depth to water: 205-ft Seo81 
(Ground surface)204.4- ft 19Apr93 

GENERALIZED Dr iller 's 
STRATIGRAPHY Log 

0--246: No record 
246--265: SAND with some PEBBLES, 

COBBLES and SILT 

REMEDIATION: 
Jun-Jul90 by GWS 
Perforated -200--220-ft. 

E 

= 
E 

WELL TEMPORARY 
NUMBER: 299-W18-17 WELL NO: ____ _ 
Hanford 
Coordinates: N/S N 39.256 E/W W 76.091 
State 
Coordinates: N 444 362 E 2,219.133 
Start 
Card #:Not docunented T __ R __ s __ _ 
Elevation 
Grcx.rd surface: Not docunented 

Not 
Elevation of reference point: Surveyed] 
( top of cas ing) 
Height of reference point above[ 3.0-ft 
ground surface 

Depth of surface seal 
Type of surface seal: 
Cement grout to 20-ft 

-4"7 Hole diameter, 
L--l 0--20-ft, 13-in nominal 

---1 20,.265-ft. 9- in nominal 

8-in ID carbon steel casing, 
+3.0,.265-ft 

Depth to bottom, 
217.2-ft, 19Apr93 

C 20.0·ft l 

Brushed casing, fill came in to 
-229-ft. Placed 2 bags 4 .. 8-mesh 
silica sand, 221.4*229-ft. Tremied 
5-gal cement grout, 219.4*221.4-ft . 
Set 30.4-ft of telescoping screen, 
189.4 .. 219. 4-ft 

=---- 8-in casing perforations, 
2DD*220-ft 1 4 cuts/rd/ft 
220--250-ft. 2 cuts/rd/ft 

Drawing By 
Date 
Reference 

RKL/21./18-17.ASB 
24Aug93 
HAN FORD \./EL LS 

D-15 

Stainless steel telescoping screen, 
189 . 4tt219.4-ft. #10-slot 

Cement plug, 
219.4*221.4-ft 

Sand plug, 
221.4 .. 229-ft 

Fill to 
m:f1 
Cement plug, 262*265-ft 
Depth bottom of borehole: [ 265.0·ft] 
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Figure D-6. Remediat i on / Decommi~sioning Pl an for Well 299-WlB-17. 

WELL CONSTRUCTION ANO COMPLETION SUMMARY 

Drilling Saqile 
Method: Cable tool 
Drilling 

Method: Hard tool Cnom) 
Additives 

Fluid Used: Not docunented 
Driller's 

Used: Not docunented 
IJA State 

Name: Not docunented 
Drilling 

Lie Nr: Not docunented 
C~ny 

C~ny: Not docunented 
Date 

Location:Not docunented 
Date 

Started: 25Jun81 c~lete:-'-'15'"'S""e-"'p8-=---1 ___ _ 

Depth to water: 205-ft Sep81 
(Ground surface)200.1·ft Mar91 

DIAGRAMMATIC BOREHOLE 
DECOMMISSIONING PLAN PLAN 
(Depths are from ground surface) 

[1] Remove screen if field conditions 

[2] Perforate 170.,200-ft, 4 cuts/rd/ft . 
[2a] If screen cannot be removed, 
perforate 170-ft*top of screen ("190-ft) 

[3] Place sand plug, 195 .. 219.4- ft, 
and approx 2-ft bentonite 
crUTi:>les/pellets, 193 .. 195-ft. 

[4] Set 8·in packer@ 170-ft. Pressure 
grout w/neat cement, 170.,193-ft. 
Allow 2*3 well volunes or pressure 
at surface not to ·exceed ·sopsi 
on~ gage. Remove packer, 
wait on cement and tag. 

[5] Perforate, 140*170, 4 cuts/rd/ft. 
[Sa] Run Sea-Mist for CC14 detection. 

[6] Set 8-in packet@ 140-ft. Pressure 
grout w/neat cement, 140*170-ft. 
as done in [4] above. 

tn Perforate 98 .. 140-ft, 4 cuts/rd/f t. 
[7a] Run Sea-Mist for CCL4 detection. 

[8] Set 8-in packer@ 98-ft. Pressure 
grout w/neat cement, 98 .. 140-ft 
as done in [4&6] above. 

[9] Perforate, 83*98-ft , 4 cuts/rd/ft. 
[9a] Run Sea-Mist for CC14 detection. 

Check for water inflow w/E·tape. 

HOLD/DECISION POINT: 
Project Scientist to make determinat ion 
to use well as CCl4 vapor extraction well 
or to deconmission the well to surface. 

[10a] C~lete as CCl4 vapor extraction 
well. Geometry to be determined. 

OR 
[10b] Deconmission well by perforating 20*83- ft, 

4 cuts/rd/ft. Set packer$ 3-ft end pressure grout 
w/neet cement, 3 .. 83-ft. Cut casing@ 3- ft, 
weld cap, fill to grade. 

Drawing By: RKL/2W18-17.PLN 

Reference: HANFORD WE LLS 

Date : 09Apr93 

D-16 

WELL TEMPORARY 
NUMBER: 299-1118-17 WELL NO: ____ _ 
Hanford 
Coordinates: N/S N 39,256 E/IJ IJ 76,091 
State 
Coordinates: N 444 362 E 2.219,133 
Start 
Card #:Not docunented T __ R __ s __ _ 
Elevation 
Ground surface (ft): Not docunented 

" 

Not 
Elevation of reference point: Surveyed] 

(top of cas ing) 
Height of reference point above[ 2.6-ft ] 
ground surface 

Depth of surface seal 

Type of surface seal: 
2-ft round cement pad 
Grout to 20-ft 
I.D. of surface casing 
(If present) 

t 20.0-ft l 

[ NO 

-: 1.0. of r!ser P!pe: 
Type of riser p1pe: 

[ 8-in 

Carbon steel 

-: Diameter of borehole: 

Type of filler: 
Not docunented 

Elevation/depth top of seal 
Type of seal:Not docunented 

t 9-in norn] 

Depth top of perforations: t 200.0-ft] 
Descr iption of perforations: 
200.,220-ft, 4 cuts/rd/ft 
220 .. 250-ft, 2 cuts/rd/ft 
Telescoping screen, 189.4 .. 219.4-ft 
#10-slot, stainless steel, ~h- in 00 
Cement plug, 219.4 .. 221.4-ft 
Sand plug, 221.4 .. 229-ft 
Fi l l to 229-ft 

Depth bottom of perforations: [ 250.0-ft] 

Cement plug to 262 . 0·ft 
Depth bottom of casing: 
Depth bottom of borehole: 

t 265.0-ft] 
[ 265.0-ft] 
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Figure D-7 . Post-Remedi ati on Comp l etion Survey for Well 299-Wl8-17. 

WELL CONSTRUCTION AND COMPLETION SUMMARY 

Drilling Slll11)le 
Method: Cable tool 
Drilling 

Method: Hard tool (n01n) 
Additives 

Fluid Used: Not docunented 
Dril ler•s 

Used: Not docunented 
WA State 

Name: Not docunented 
Ori LL ing 

Lie Nr: Not docunented 
COll1)Bny 

COll1)Bny: Not docunented 
Date 

Location:Not docunented 
Date 

Started: 25Jun81 C~lete: 15Sep81 

Depth to water: 205-ft Seo81 
(Ground surfece)204. 4- ft 19Apr93 

DIAGRAMMATIC BOREHOLE 
REMEDIATION ACTIVITIES 
(Depths ere fr01n ground surface ) 

[1] 19Apr93 
DTW=204.4·ft; DTB=217.2-ft 
Depth to screen=190.0-ft 
Added 6½-sacks 8w12·mesh sand, 
(DTB=195.0-ft) end 1-sack 
bentonite crunbles, DTB=193.2-ft 

[2] 20Apr93 
Perforated 170*188-ft, 4 runs 
• 6 cuts/ft (%x~·in/cut). Ran 
packer in hole w/tailpipe Q166- ft 
Pressure grouted to "40psi end 
packer movement with cement 
slurry. Chased w/water. 

[3] 21Apr93 
Perforated 140*157-ft 4 rows, 
(see 2 above). Ran Seamist. 
Ran packer in well w/tailpipe 
Q 138-ft. Pressure grouted 
w/cement slurry. 

[4] 22Apr93 
DTB=134-ft 
Perforated 99+-133- f t . 4 rows, 
(see 2 above). Pos i t ive read ing 
on OVM. Ran packer in hole 
with tailpipe to 96-ft. 
Pressure grouted w/cement s lurry 
to packer movement. 

[S] 23Apr93 
DTB=100·ft 
Perforated 83*98-ft, 4 rows, 
(see 2 above). No reading on OVM . 

[6] 28Jun93 
DTB=100· ft 
Perforated 73w83·ft, 
4 rows (see 2 above) . 
No reading on OVM. 

Drawing By RKL/2W18-17 . REM 
Date 25Aug93 
Refer ence ~HA~N~F~O~R~D-W~E~L~L~S--
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WELL TEMPORARY 
NUMBER: 299·W18·17 WELL NO: ____ _ 
Hanford 
Coordinates: N/S N 39.256 E/W W 76,091 
State 
Coordinates: N 444 362 E 2,219.133 
Start 
Card #:Not docunented T __ R __ s __ _ 
Elevation 
Ground surface: Not docunented 

- : Elevation of reference point: 
(top of cas ing) 

Not 
Surveyed] 

r
: Height of reference po int above[ 3.0-ft ] 

ground surf ace 

I 
I 

-: 

Depth of surface seal 
Type of surface seal: 
Cement grout to 20-ft 

Hole diameter, 
0"20-ft, 13-in n01ninel 
20"265-ft. 9-in n01ninal 

t 20.0-ft l 

- : 8-in ID carbon steel casing, 
+3.0"265 - ft 

Depth to bott01n, 
217.2-ft, 19Apr93 

8-in casing perforations, 
200*220-ft. 4 cuts/rd/ft 
220"250-ft. 2 cuts/rd/ft 
Stainless steel telescoping screen, 
189 .4w219.4-ft. #10-slot 

Cement plug, 
219 ,4w221.4-ft 

Sand plug, 
22,.4 .. 229-ft 

Fill to 
229-ft 

Cement plug, 262 .. 265 -ft 
Depth bottom of borehole: [ 265. O· ft] 
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Figure 0-8. Pre- Remed i ation As-Built for Well 299-Wl8-18. 

WELL CONSTRUCTION AND COMPLETION SUMMARY 

Drilling S811'4)le 
Method: Cable tool Method: Hard tool (nan) 
Drilling Additives 
Fluid Used:_W:;a::;t..,e:.:,r _____ Used: Not dociinented 
Driller's WA State 
Name: John G Lie Nr: Not dociinented 
Drilling COll'4)8ny 
COll'4)8ny: Not dociinented Location:Not documeted 
Date Date 
Started: 04Aug81 C0111'lete: 10Sep81 

Depth to water: 205-ft Aug81 
(Ground surface)Dry Feb91 

GENERALIZED Dril ler's 
STRATIGRAPHY Log 

0,.17: SAND & GRAVEL 
17,.45: Loose GRAVEL (Gray) 
45*48: SAND layer 
48*55: GRAVEL consolidated (brown) 
55,.72: BOULDERS & GRAVEL 
72,.135: SAND 
135,.140: Brown CLAY 
140..146: White CLAY 
146*162: Ringold 
162,.165: SAND layer (Heaving SAND) 
165,.170: SAND & GRAVEL (Heaving SAND) 
170..185: Ringold 
185 .. 190: SAND - GRAVEL mix 
190..205: Ringold 
205,.210: Ringold & SAND layer 
210,.215: Ringold SAND mix 
215 .. 218: SAND (Water heaving SAND) 
218 .. 220: SAND· small GRAVEL (Heaving) 
220,.225: 1/2-in minus GRAVEL 

DRILLER'S NOTE: Fine sand starts at 
at 205-ft, coarse enough to perforate 
at 215-ft. 

225,.245-ft: SAND small grain(screenable) 

WELL TEMPORARY 
NUMBER: 299·W18·18 WELL NO: 
Hanford -----
Coordinates: N/S N 38,903 E/W ~ 76,270 
State 
Coordinates: N 444 009 E 2,218.955 
Start 
Card #:Not dociinented T __ R __ s __ _ 
Elevation 
Ground surface: Not dociinented 

! 

Elevat ion of reference point: [.--'--ND ___ _ 
( top of casing) 
Hei ght of reference point above[ 3.05-ft 
ground surf ace 

Depth of surface seal 
Type of surface seal: 
Cement grout to 20-ft 

Hole diameter, 
0..20-ft, 13-in naninal 
20..265-ft. 9-in naninal 

8-in ID carbon steel casing, 
+3.0..265-ft 

r 20-ft 

DRILLER'S NOTE: Large enough to : 
perforate in, smal l slots = 

ii 

=--~- 8-in casing perforations, 
185" 210- f t , 4 cuts/rd/ft 
215"225 - ft, 2 cuts/rd/ft 

245,.255: SAND 
255,.265: COBBLES & GRAVEL 

= 
REMEDIATION: = 

Feb84, L. Bultena 
Perforated 185,.210-ft. 
Lost bailer, covered with sand. 
Set screen 183,.204-ft. 

Drawing By 
Date 
Reference 

RKL/2W18·18.ASB 
24Auq93 
HANFORD IJEL LS 

;; 

ii 

0-18 

Telescoping screen, 
183,.204- ft. #10-slot 

Lost bailer, 
245 .. 260-ft 

Cement plug at bottan 
Depth bottan of borehole: r 265-ft 1 
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Figure 0-9. Remed i ati on/ Dec ommi ss ioni ng Pl an for Well 299-Wl8-18. 

WELL CONSTRUCTION AND COMPLETION SUMMARY 

Drilling Sa~le 
Method: Cable tool Method: Hard tool (nom) 
Drilling Additives 
Fluid Used:.""""W"'at""e::.:r _____ Used: Not docunented 
Driller's WA State 
Name: John G Lie Nr: Not docunented 
Drilling C~ny 
C~ny: Not docunented Location:Not docunneted 
Date Date 
Started: 04Aug81 C~lete:__,_10~S::.:e~p8""--'-1 ___ _ 

Depth to water:205·ft Aug81 
(Ground surface)Dry@ 198. 4-ft 07F eb91 

DIGRAMMATIC BOREHOLE 
REMEDIATION/DECOMMISSIONING 
PLAN (Depths are from ground sur face ) 

[1] Perforate 173"185· ft, 4 cuts/rd/ft . 

[1a] Run Sea·Mist for CCl4 detection. 

[2] Place approx. 2·ft bentonite crl.lllbles/ 
pellets, 196'-19B·ft (top of fill). 

[3] Set 8·in packer@ 173·ft. Pressure grout 
with neat cement, 173*196·ft. Allow 2"3 
well volunes or pressure at surface not to 
exceed ·so psi on plJf4l gage . Remove packer, 
wait on cement and tag. 

[4] Perforate 134"173·ft, 4 cuts/rd/ft. 

[4a] Run Sea· Mist for CCl4 detection . 

[51 Set 8·in packer@ 134· ft. Pressure grout 
with neat cement, 134"173·ft. Allow 2*3 
well volunes or pressure at surface not 
to exceed ·so psi on plJf4l gage. 
Remove packer, wait on cement and tag . 
Bail any cement water fr om t op of f ina l 
lift. 

[6] Perforate 128"134-ft, 4 cuts/rd/ f t . 

[6a] Run Sea·Mist for CCl4 detection. 
Check for water inflow w/E·tape ._ 

HOLD/DECISION POINT: 
Project scientist to make determination 
to use well as perched water well , and/or 
CCl4 vapor extraction well or to 
deconmission the well to surface. 

[7a] C~lete as monitoring well. 
Geometry to be determined. 

OR 

[6] 

[4] 

m 

[7bl Deconrnission well by perforat i ng 20*128-ft, 
4 cuts/rd/ft. Pressure cement grout 3*128-ft. 
Cut casing@ 3-ft, we ld cap , f i l l to grade . 

Drawing By : RKL/2W18- 18.PLN 

Reference: HANFORD WE LLS 

Date: 09Apr93 

WELL TEMPORARY 
NUMBER: 299·W18·1B WELL NO: ___ _ 
Hanford 
Coordinates: N/S N 38,903 E/W W 76.270 
State 
Coordinates: N 444 009 E 2.218,955 
Start 
Card#: Not docunented T __ R __ s ___ _ 
Elevation 
Ground surface (ft): Not docunented 

~ I 
- 1 Elevation of reference [. ND 

po int : (top of cas i ng) 

1 : He igh t of reference point 
I above ground sur face 

Depth ~of surface seal 

Type of surface seal: 
Portland #2 cement 
to 20·ft 
I.D. of surface casing 
(If present) 

-: I.D. of riser pipe: 
Type of riser pipe: 
Carbon steel 

-: Diameter of borehole: 

Type of filler: 
Not docunented 

C 3.0S·ft J 

[ 20-ft 

Pulled 
[12· in 

[ 8·in 

[ 9·in nornl 

Elevation/depth top of seal 
Type of seal:Not docunented 

Depth top 
of perforations: [ 185·ft 
Descript i on of perforations: 
185"210-ft, 4 cuts/rd/ft 
215"225·ft, 2 cuts/rd/ft 

Screen 183"204-ft 
#10 slot 

Depth to bottom, 198. 4- ft 
07Feb91 

Depth bottom 
of perforations: 

Lost bailer, 245"260·ft 

Cement plug at bottom 

C 225-ft J 

Depth bottom of borehole: [ 265·ft l 
Depth bottom of cas ing: 

NOTE: Order of work and actual perforation/ 
cementing depths may require adjustment 
t o meet encount ered field conditions. 

0-19 
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Figure 0-10. Post-Remed i ati on Completi on Survey for Well 299-Wl8-18 . 

WELL CONSTRUCTION AND COMPLETION SUMMARY 

Drilling S~le WELL TEMPORARY 
Method: Cable tool Method: Hard tool (nom) NUMBER: 299-W18·18 WELL NO: ____ _ 
Drilling Additives Hanford 
Fluid Used: Water Used: Not docunented 
Driller's ---""""'------- WA State 

Coordinates: N/S N 38,903 E/W W 76,270 
State 

Name: John G Lie Nr: Not docunented Coordinates: N 444 009 E 2.218,955 
Drilling C~ny Start 
C~ny: Not docunented Location:Not docUll"leted Card #: Not docunented T __ R __ s. __ _ 
Date Date Elevation 
Started: 04Aug81 C~lete:-'-'10 .. s""e""p8"'"1..__ __ _ Ground surface: Not docunented 

Depth to water:205-ft Aug81 ---t~ 
(Ground surface)Ory@ 198.4-ft 07Feb91 

DIGRAHHATIC BOREHOLE 
REMEDIATION ACTIVITIES 
(Depths are from ground surface) 

[1] 15Apr93*10Mey93 
Atteq,ed to perforate 8-in cas ing, 
170*178.7-ft. Perforating pipe came 
loose from pressure ·tool and lost 
downhole. Fished and recovered pipe 
sections and perforator. 

[2] 11May93 - Depth to bott011F198.3-ft. 
Perforated 173*179-ft, 4 rows. Ran Seamist. 
Set packer w/tailpipe to 173-ft. P~ 
126-gals cement slurry. No pressure on 
pressure gauge. Did not place bentonite 
over fill . 

[3] 12May93 - Depth to bott011F180-ft. 
Perforated 134*173-ft, 4 rows. Did not 
run Seamist. Set packer w/tailpipe to 
133-ft. P~ 207-gals cement slurry. 
No pressure on gauge. 

[4] 14May93 - Depth to bott011F178.4·ft, 
Set packer w/tailpipe to 158-ft. 
P~ed 108-gals cement slurry. 

[S] 17May93 - Depth to bottOOF169 .9-ft . 
Ran Seamist. Set packer w/ta il pipe 
to 148-ft. Pl.fl1:)ed 80-gals cement 
to 45psi. 

[6] 18May93 - Depth to bott011F136.3- f t. 
Placed 13.6-gals cement slurry 
w/d~ bailer. Set packer to 119-ft 
pressured trenmie pipe to 30psi 
for 15 -min. 

en 19May93 - Depth to bottOOF134.1-ft. 
Perforated 128*134-ft, 4 rows of 
6 cuts/ft, (cuts are ~x~·in). 

[8) 28Jun93 - Depth to bott011F134 . 1-ft. 
Perforated 118*128-ft, 4 rows. 
(see 7 above). No reading on OVM 

Drawing By RKL/2W18-18.REM 
Date ..aa.a25""A""u_.g""'93"'-----
Reference HANFORD WELLS 

0-20 

- : Elevation of reference 
po int : (top of casing) 

1 1 Height of reference po int 
I above ground surface .. 

I 
I 

-: 

Depth of surface seal 
Type of surface seal: 
Cement grout to 20- ft 

Hole diameter, 
0*20-ft. 13-in nominal 
20*265-ft. 9-in nominal 

[ ND 

[ 3.05-ft l 

C 20-ft 

- : 8-in ID carbon steel casing, 
+3.0*265-ft 

8- in casing perforations, 
185*210-ft. 4 cuts/rd/ft 
215*225-ft, 2 cuts/rd/ft 

Te lescoping screen, 
183*204-ft, #10-slot 

Depth to bottom, 
198.4-ft. 07Feb91 

Lost bailer, 
245*260-ft 

Cement plug at bottom 
Depth bottom of borehole: [ 265-ft ] 
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Figure D-1 1. Pre- Remediat ion As - Built for Well 299-Wl S-19. 

WELL CONSTRUCTION AND COMPLETION SUMMARY 

Drilling S~le 
Method: Cable tool Method: Hard tool (nom) 
Drilling Additives 
Fluid Used: Water Used: Not docunented 
Driller's WA State 
Name: J 1 Bultena Lie Nr: Not docunented 
Drilling Coq:>any 
Coq:>any: Hatch Drilling Co Location: Pasco, WA 
Date Date 
Started: 25May82 C~lete: 28Jun82 

Depth to water: ND Jun82 
(Ground surface) 197.8-ft Feb91 

GENERALIZED Dr i l ler ' s 
STRATIGRAPHY Log 

0,.15: TOP SOIL & some black SAND 
15"25: Black SAND, SILT & GRAVEL 
25"45: SAND & GRAVEL 
45"70: SAND & SILT 
70,.75: Some black SAND & sandy SILT 
75"85: Some fine SAND mixed 

with black SAND 
85"90: More black SAND 
90"95: Black SAND coming in with water 
95"105: Black SAND wi th some 

small GRAVEL 
105*110: Brown silty CLAY 
11Qff115: Brown CLAY 

(no water coming in) 
115"125: Heaving SAND & 

some small GRAVEL 
125"130: Cemented spots of 

smalll GRAVEL & SAND 
130,.145: Cemented SAND & GRAVEL 
145"160: COBBLES in Ringold 

II 

WELL TEMPORARY 
NUMBER: 299-W18·19 WELL NO: ____ _ 
Hanford 
Coordinates: N/S N 38,503 E/W W 76,403 
State 
Coordinates: N 443 609 E 2.218.823 
Start 
Card #:Not docunented T __ R __ s __ _ 
Elevation 
Groi.m surface: Not docunented 

Elevation of reference point: C._N.,,D~-
(top of cas ing) 
Height of reference point above [ 2.53-f t 
ground surface 

Depth of surface seal 
Type of surface seal: 
Cement grout to 20-ft 

--, Hole diameter, 
i._i 0--20- ft. 11-in nominal 

---1 20,.178-ft. 9-in nominal 

8- in carbon steel casing, 
0,.178-ft 

6- in carbon steel casing, 
+2.5*250-ft 

Cement grout between 
6-in and 8-in casings 

C 20-ft 

16Qff170: Ringold, tam, very hard 
170--180: COBBLES cemented in Ringold 

(very hard to drill) 
180--188: COBBLES & GRAVEL 
188"200: COBBLE , SAND & GRAVE L 
200,.205: Cemented GRAVEL 
205"215: Heaving SAND 

!J r--1 
! _j 

Hole diameter, 
178*250-ft. 7-in nominal 

215"220: Some SILT with heaving SAND 
220,.225: More consolidated SILT & 

some GRAVEL (darker brown) 
225"230: Unconsolidated Ringold 
230,.240: SAND & GRAVEL 

(cemented in spots) 
240,.250: Cemented SAND, SILT & GRAVEL 

REMEDIATION: 
Feb84, L. Bultena 
Perforated 185" 195-ft 
Set screen and bailed wel l 

Drawing By RKL/2Y18·19.ASB 
Date _2=-4"'-A:.::u .... 99""3'-----
Reference HANFORD YE LLS 

= ii 
= : u 
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6- in telescoping screen, 
175w205·ft. #1D·slot. w/packer 
S· f t extension and plate on bottom 

6- in casing perforations, 
185*195- ft. 4 cuts/rd/2 rds ft 
220"250-ft. 4 cuts/rd/ft 

Depth bottom of borehole: C 250-ft 1 
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Figure D-12. Remediation / De~ommi ss i on i ng Pl an for Well 2Q9-Wl8-19. 

\JELL CONSTRUCTION AND COMPLETION SUMMARY 

Ori 11 ing S~le 
Method: Cable tool Method: Hard tool (n0111) 
Drilling Additives 
Fluid Used: ..... IJa""t'"'e"""r _____ Used: Not docunented 
Driller's IJA State 
Name: J. Bultena Lie Nr: Not docunented 
Drilling C~ny 
Con.,any: Hatch Drilling Co Location: Pasco, IJA 
Date Date 
Started: 25May82 C~lete:-"'28""J"'un8--=2=-----

Depth to water: NO Jun82 
(Ground surface)197.8-ft 05Feb91 

OIGRAMMATIC BOREHOLE 
REMEDIATION/DECOMMISSIONING 
PLAN (Depths are fr0111 ground surface) 

[1] Place sand plug, 195"198-ft inside screen. 
_Place -2-ft bentonite crunbles/pellets, 
193"195-ft. 

[2] Perforate 6 and 8-in casings, 140,.185- ft . 
[2a] Run Sea-M ist for CCl4 detection. 

[3] Set 6-in packer Q150-ft. Pressure grout 
w/neat cement 140,.193-ft. Allow 2"3 
well volunes or pressure at surface not 
to exceed -sopsi on~ gage. 
Remove packer, wait on cement and tag. 

[4] Perforate 6 and 8-in casing, 130,.140-ft. 
[4a] Run Sea-Mist for CCl4 detection . 

[SJ Set 6-in packer Q 120-ft. Pressure grout 
w/neat cement 130,.140-ft as [3] above. 

[6] Perforate 6 and 8-in casing, 125"130-ft , 
[6a] Run Sea-Mist for CCl4 detection. 

en Set 6-in packer Q 125-ft. Pressure grout 
w/neat cement 125"130-ft as [3] above. 

[8] Perforate 6 and 8-in cas ing, 100,.125-ft . 
[Bal Run Sea-Mist for CCl4 detecti on. 

Check for perched water . 
HOLD POINT: 
[9] If water or CCL4 vapors are present , 

c~lete well as a monitor ing/vapor 
extraction well. OR: 

[10] Perforate 6 and 8-in cas ing, 60,.100- f t . 
[10a] Run Sea-M ist for CCL4 detect i on . 

[11] Set 6-in packer• 60-ft. Pressure grout 
w/neat cement 60,.100-ft as [3] above. 

[12] Perforate 6 and 8-in casing , 2°"60-ft. 
[12a] Run Sea-Mist for CCL4 detect ion. 

[13] Set 6-in packer• 3-ft. Pressure grout 
w/neat cement 3++60-ft as [3] above. 

[14] Remove pad and surface seal to 3-ft. 
Cut casing• 3-ft, top• with cement if necessary 
and fi l l to grade. 

\JELL TEMPORARY 
NUMBER: 299-1118-19 \JELL NO: ____ _ 
Hanford 
Coordinates: N/S N 38,503 E/IJ IJ 76,403 
State 
Coordinates: N 443 609 E 2,218,823 
Start 
Card #:Not docunented T __ R __ s __ _ 
Elevation 
Grcxr.d surface (ft): Not docunented 

I~: Elevation of reference 
po int : ( t op of casing) 

NO 

r
: Height of reference point 

above ground surf ace: 
C 2.53- ft l 

,, 

-: 

.-1 

Depth of surface seal [ 20-ft 

Type of surface seal: 
Portland #2 cement to 20-ft 

Pulled 
1.0. of surface casing [ 10-in 
(I f present) 

1.0. of r!ser P!pe: 
Type of riser p1pe: 
Carbon steel 

Diameter of borehole: 
0,.178-ft 
Type of filler: 
Not docunented 

[ 6 & 8-in] 

[ 9-fn nan] 

Elevation/depth top of seal 
Type of seal:Not docunented 

Depth top 
of perforations: [ 185-ft 
Descr iption of perforations: 
185"195 - ft, 4 cuts/rd/2 rds ft 
220,.250- ft, 4 cuts/rd/ft 

6- in telescoping screen 175"205 
# 10 slot with packer and 5-ft 
extension with plate on bottom 

Depth to bott0111, 198.9-ft 
05Feb91 

Diameter of borehole: 
178"250-ft 

[?-in nom l 

-E
li Depth bottom of perforations: 

Depth bott0111 of borehole: [ 250-ft 
1 Depth bottom of 6- in casing: 

Drawing By: RKL/21J18 -19 . PLN 

Reference: HANFORD \JELLS 

Date : 01 Jun93 NOTE: Sc r een not removed to minimize 
creat ion of so li d waste . 
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Figure D-13. Post-Remed i at ion Completion Survey for Well 299-Wl8-19. 

WELL CONSTRUCTION AND COMPLETION SUMMARY 

Drilling S~le 
Method: Cable tool Method: Hard tool (n01TI) 
Drilling Additives 
Fluid Used: Water Used: Not documented 
Driller's --=-=------- WA State 
Name: J. Bultena Lie Nr: Not documented 
Drilling C~ny 
Con.,any: Hatch Drilling Co Location: Pasco UA 
Date Date 
Started: 25May82 C~lete:_2:::8:.:Jc:u:.::n8::.:2.._ __ _ 

Depth to water: ND Jun82 
(Ground surface)197.8-ft Feb91 

DIAGRAMMATIC BOREHOLE 
REMEDIATION/ACTIVITIES 
(Depths are fr01TI ground surface) 

[1] 02Aug93 
Placed &-12-mesh sand fill, 
195w198·ft and bentonite pellets 
193w195·ft. Cut casing to 1-ft 
stickup and welded flange on. 

[2] 06Aug93 
Perforated 174w185·ft w/Jet Shot 
shaped charge perforator, (makes 
4, ¼x½·in holes/ft). Perforated 
140,.174-ft. Ran tremnie pipe 
w/packer tailpipe to 140-ft. 
Pressure grouted w/159-gals of 
cement slurry. Chased 
w/11-gals water. 

[3] 07Aug93 · Depth to bott011F166·ft 
Perforated 135w140·ft, 3 times. 
Perforated 130*135-ft. 

(1] 

WELL TEMPORARY 
NUMBER: 299·W18·19 WELL NO: ____ _ 
Hanford 
Coordinates: N/S N 38,503 E/W W 76,403 
State 
Coordinates: N 443 609 E 2,218,823 
Start 
Card #:Not docunented T __ R __ s __ _ 
Elevation 
Ground surface: Not docunented 

-l Elevation of reference point: [._..,ND::.._ __ 
(top of cas ing) 

1 1 Height of reference point above[ 2.53-ft 
I ground surface .. 

Depth of surface seal 
Type of surface seal: 
Cement grout to 20-ft 

Hole diameter, 
l 0--20-ft. 11-in n01Tiinal 

-l 20--178-ft. 9-in n01Tiinal 

8-in carbon steel casing, 
0--178-ft 

6-in carbon steel casing, 
+2.5w250•ft 

Cement grout between 
6-in and 8- in casings 

C 20-ft 

Ran Seamist. Ran tremnie pipe 
w/packer tailpipe to 130-ft. 
Pressure grouted w/99-gals cement 
slurry. Chased w/10-gals water . 

!J 1 : Hole diameter, 
~ ._l 178w250·ft, 7-in nominal 

[4] 08Aug93 · Depth to bottom=134 .5-ft 
Perforated 125w130·ft, 2 times. 
Set packer~ 128-ft, pressure 
grouted w/two hole volumes. 

[SJ 09Aug93 · Depth to bott011F117·ft 
Perforated 112*117-ft and 107*112-ft 
Perched water~ 110-ft. Ran Seamist 
Perfed 102*107-ft twice, DTW=110 · ft 
Perfed 97"102-ft twice, OTU=104.5 -f t 
Perfed 92*97-ft, DTW=103.0·ft 
Perfed 87*92-ft, DTW=97.9·ft 
Perfed 8Sw87·ft, DTW=90.0·ft 
Ran Seamist. No grout. 

[6] 10Aug93 · Depth to bott011F109-ft 
Perfed 85w87·ft, DTW=86·ft 
Perfed 75w85·ft, DTW=86.7·ft 
Perfed 20*75-ft (9 shots), DTW=86.8-ft 

Drawing By RKL/2U18-19.REM 
Date _2:..:5:..:.A:=u.._g9'""3'-----
Reference HANFORD UELLS 
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6-in telescoping screen, 
175*205-ft, #10-slot, w/packer 
S·ft extension and plate on bottOITI 

Depth to bottOITI, 198.9-ft, 05Feb91 

6-in casing perforations, 
I 185w195-ft. 4 cuts/rd/2 rds ft 
1 220,.250-ft, 4 cuts/rd/ft 

Depth bottOITI of borehole: C 250-ft l 
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Figure D-14. Pre-Remediation As-Built for Well 299-WlS-20. 

WELL CONSTRUCTION AND COMPLETION SUMMARY 

Drilling Sllf11:)le 
Method: Cable tool Method: Hard tool (nll!TI) 
Drilling Additives 
Fluid Used: Uater Used: Not docunented 
Driller's UA State 
Name: J. Bultena Lie Nr: Not docunented 
Drilling Coq,any 
Coq,any: Hatch Drilling Co Location: Pasco UA 
Date Date 
Started: 25May82 C~lete: 28Jun82 

Depth to water: ND Jun82 
(Ground surface)194.1·ft Jan91 

GENERALIZED Dr ill er's 
STRATIGRAPHY Log 

5*10: TOP SOIL & black SAND 
10*25: Black SAND, & GRAVEL 
25*40: SAND & GRAVEL 
40*45: SAND, GRAVEL & some SILT 
45*50: SAND, SILT & some small GRAVEL 
50*60: SAND & SILT (tan) 
60*65: SAND, SILT some GRAVEL (tan) 
65*75: SILT & GRAVEL (tan & gray) 
75*80: More GRAVEL, SAND & SILT 
80*85: Cemented GRAVEL & SILT 
85*90: Cemented BOULDERS 
90*95: Cemented COBBLES & SILT 
95*110: SILT & some small GRAVEL 
110*125: SILT, SAND & some small GRAVEL 
125*135: SILT & SAND 
135*140: Cemented GRAVEL & fine SAND 
140*160: Ringold 
160*165: Ringold & COBBLES 
165*175: Ringold & COBBLES & BOULDERS 
175*190: Hard Rlrmgold & BOULDERS 
190*200: Ringold & large COBBLES 
20()+,210: Ringold cemented COBBLES 

& GRAVEL 
210*220: Ringold & COBBLES 
220*225: Hard Ringold 
225*235: Ringold (tan) SAND & 

small GRAVEL in spots 
235*245: Ringold (tan & gray) 

SAND in spots 
245*250: Ringold (tan) 

making SAND in spots 

Drawing By RKL/2W18 ·20 .ASB 
Date 24Aug93 
Reference -H~A~N~F--oR""'D'---WE.,.L_L_S __ 

,. 

UELL TEMPORARY 
NUMBER: 299·U18·20 UELL NO: ____ _ 
Hanford 
Coordinates: N/S N 38 103 E/U U 76 477 
State 
Coordinates: N 443 209 E 2,218,750 
Start 
Card #:Not docunented T __ R __ s __ _ 
Elevation 
Ground surface: Not docunented 

Elevation of reference point: [~Na.:Oa....-__ 
(top of casing) 
Height of reference point above[ 2.5-ft 
groi..o:j surface 

! 
Depth of surface seal 
Type of surface seal: 
Cement grout to 20-ft 

Hole diameter, 
--, -

1 
()+,20·ft, 11-in n01Tiinal • 

L- 1 20"250-ft. 9-in n01Tiinal 

8·in 10 carbon steel casing, 
+2.5*250-ft 

8·in casing perforations, 
198*223-ft, 4 cuts/rd/ft 
220*249-ft, 4 cuts/rd/ft 

Depth to bottOITI, 
237.9-ft, 31Jan91 

Depth bottll!TI of borehole: 

[ 20-ft 

[ 250-ft ] 

D-24 
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Figure D-15. Remed i ati on/ Decommiss i on i ng Pl an for Well 299-Wl8-20. 

WELL CONSTRUCTION AND COMPLETION SUMMARY 

Drilling Sclf11)le 
Method: Cable tool Method: Hard tool (nan) 
Drilling Additives 
Fluid Used: Water Used: Not docunented 
Driller's WA State 
Name: J. Bultena Lie Nr: Not docunented 
Drilling COll1)8ny 
COll1)8ny: Hatch Drilling Co Location: Pasco, WA 
Date Date 
Started: 25May82 C~lete: 28Jun82 

Depth to water: ND Jun82 
(Ground surface)197.3·ft 31Jan91 

DIAGRAMMATIC BOREHOLE 
REMEDIATION/DECOMMISSIONING 
PLAN (Depths are fran ground surfac e) 

[1] Fill to 3·ft above static water 
level w/sand (194•-238-ft). 

[2] Place approx. 2-ft bentonite crUllb les/ 
pellets, 192•194-ft, (top-of·sand). 

[3] Perforate 165•192-ft, 4 cuts/rd/ft. 
[3a] Run Sea-Mist for CCl4 detection. 

[4] Set 8-in packer• 165-ft. Pressure grout 
w/neat cement 165•192·ft. Allow 2•3 well 
volunes or pressure Q surface not to exceed 
·sopsi on pressure gage. Remove packer, 
wait on cement and tag. 

[5] Perforate 142•165-ft, 4 cuts/rd/ft. 
[Sa] Run Sea·Mist for CCL4 detection. 

[9] 

m 
[6] Set 8-in packer• 142-ft. Pressure grout 

w/neat cement 142•165-ft. Al low 2•3 well [S] 
volunes or pressure at surface not to 
exceed ·sopsi on~ gage . Remove packer, 
wait on cement and tag. [3] 

en Perforate 137•142-ft, 4 cuts/ rd/ f t. 
[7a] Run Sea-Mist for CCl4 detection. 

[8] Set 8-in packer Q 137-ft. Pressure grout 
w/neat cement 137•142-ft. Allow 2•3 well 
volunes or pressure at surface not to 
exceed ·sops i on~ gage. Remove packer , 
wait on cement and tag. Bail any water. 

[9] Perforate 128•137-ft, 4 cuts/rd/ft . 
[9a} Run Sea-Mist for CCL4 detection. 

Check for water inflow w/E·tape. 

HOLD/DECISION POINT: 
Project Scientist to make determination to use 
well as perched water well and/or CCL4 vapor 
extraction well or to dec011111ission the well. 

WELL TEMPORARY 
NUMBER: 299·W18·20 WELL NO: ____ _ 
Hanford 
Coordinates: N/S N 38.103 E/W W 76.477 
State 
Coordinates: N 443 209 E 2,218,750 
Start 
Card #:Not docunented T __ R __ s ____ _ 
Elevation 
Ground surface (ft): Not docunented 

----:, I - , 

-: 

-: 

[10] 

Elevation of reference 
po int: (top to casing) 
Height of reference point 
ground surface 

Depth of surface seal 

Type of surface seal: 
Cement to 20-ft 

I.D. of surface casing 
(If present) 

l.D. of riser pipe: 
Type of riser pipe: 
Carbon steel 

Diameter of .borehole; 

Type of filler: 
Not docunented 

ND 

C 2.S·ft 

[ 20· ft 

Pulled 
10· in ] 

[ 8· in 

[ 9·in nom] 

Elevation/depth top of seal 
Type of seal:Not docunented 

Depth top 
of perforations: c·198·ft 
Description of perforations : 
198•249-ft, 4 cuts/rd/ft 

Depth to bottom, 237.9-ft 
31Jan91 

Depth bottom 
of perforations: 

Depth bottom of borehole: 

[ 249-ft 

[10a] C~lete as monitoring well , geometry TBD . Depth bottom, 8·in casing [ 250-ft 
OR 

[10b] Dec011111ission well by perforat i ong, 20•128-ft, 4 cuts/rd/ft . 
Then pressure cement grout 3•128-ft . Cut cas ing@ 3-f t, weld cap and fill to grade. 

Drawing By: RKL/2W18 -20.PLN 

Reference: HANFORD UELLS 

Date: 09Apr93 
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Figure 0-16. Post-Remed i ation Completi on Su rvey for Well 299-WlS-20. 

WELL CONSTRUCTION AND COHPLETIOII SUMMARY 

Drilling S~le WELL TEMPORARY 
Method: Cable tool Method: Hard tool (nom) NUMBER: 299·1118·20 \JELL NO: ____ _ 
Drilling Additives Hanford 
Fluid Used:_w_a.,.t_.e_r _____ Used: Not docunented Coordinates: N/S N 38,103 E/W W 76,477 
Driller's WA State State 
Name: J. Bultena Lie Nr: Not docunented Coordinates: N 443 209 E 2.218.750 
Drilling C~ny Start 
C~ny: Hatch Drilling Co Location: Pasco, WA 
Date Date 

Card #:Not docunented T __ R __ s __ _ 
Elevation 

Started: 25May82 C~lete: 28JU'\82 Ground surface: Not docunented 

Depth to water: ND Jun82 .-----t---:-, 
(Groi.nd surface)197.3·ft 31Jan91 

DIAGRAMMATIC BOREHOLE 
REMEDIATION ACTIVITIES 
(Depths are from groi.nd surface) 

[1] 19Apr93 
Depth to bottom=236.2·ft. Placed 98-gals 
8•12-mesh clean silica sand. 

[2] 23Apr93 
Depth to bottom=196.2·ft. Placed 5-gals 
4•8-mesh silica sand and 1-sack bentonite 
Depth to bentonite=193.0·ft. 
Perforated 165.0w192.0·ft, 4/rows (one row 
is 6 cuts/ft, each cut is ~x~·in). 

[3] 26Apr93 
Set packer to 164-ft. P~ 94-gals 
cement slurry c- 10-sacks cement and 2.S·qts . 
CRF-2). P~ to SO-psi and maintained . 

[4] 28Apr93 
Depth to bottom=>162.S·ft. Perforated 
141.5•162.S·ft, 4/rows. Set packer 
W/tailpipe • 141.S·ft. p~ 66-gals 
cement slurry c-7-sacks cement with 
2·qts CRF-2) to 45-psi and ma intained. 

[Sl 29Apr93 
Depth to bottom=140.2· f t. Perforated 
137•140-ft, 4/rows. Placed 9-ga ls 
of cement slurry (1-sack cement) 
with dlll1) bailer. Installed packer 
to 129.6-ft and pressured to 30-ps i 
for 15-min. 

[6] 30Apr93 
Depth to bottom=137.6·ft. Perforated 
128•137- ft, 4/rows. Checked for water, 
had no inflow. 

en 28Jun93 
Depth to bottom=137-ft. Perforated 
118•128-ft, 4 rows. No reading on OVM. 
DTW-114,4-ft. 

Drawing By 
Date 
Reference 

RKL/21118·20 . REM 
25Aug93 
HANFORD \/ELLS 

0-26 

- : Elevation of reference 
po int: ( t op fo cas ing) 

1 1 Height of ref erence point 
I grollld surface 

Depth of surface seal 
Type of surface seal: 
Cement grout to 20-ft 

Hole diameter, 
0-20-ft, 11- in nominal. 
20•250-ft, 9·in nominal 

[ NO 

C 2.5-ft 

[ 20-ft 

- : 8- in ID carbon steel casing, 
+2.5•250-ft 

8-in casing perforations , 
198•223-ft. 4 cuts/rd/ft 
220-249-ft. 4 cuts/rd/ft 

Depth to bottom, 237.9-ft 
237.9-ft, 31Jan91 

Depth bottom of borehole: [ 250-ft ] 
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