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RPP-ENV-59215 

Revision OOA 

Groundwater Monitoring and Tritium-Tracking Plan for the 200 Area 
State-Approved Land Disposal Site 

Introduction 

PNNL-13121, "Groundwater Monitoring and Tritium-Tracking Plan for the 200 Area State

Approved Land Disposal Site" (SALOS) was created and previously issued in August of 2000. 

PNNL-13121 was approved by and is on file with the State of Washington Department of 

Ecology (Ecology) as a required element of permit condition S10, ''Tritium Tracking and 

Groundwater Monitoring" in State Waste Discharge Permit Number ST0004500 (ST4500), which 

regulates discharges from the Effluent Treatment Facility (ETF) to the SALOS. 

ST4500 permit condition SlO requires the permittee to comply with the Ecology approved 

SALOS groundwater monitoring plan (PNNL-13121). ST4500 permit condition SlO also requires 

that any proposed revisions or modifications to this plan must be reviewed and approved by 

Ecology at least thirty (30) days prior to implementation. 

ST4500 was renewed via Ecology external letter 14-NWP-235, "Re: State Waste Discharge 

Permit ST0004500 (Effluent Treatment Facility/State Approved Land Disposal Site)" (Hedges 

2014) with an effective date of January 1, 2015. The revised permit reduced the number of 

groundwater wells that must be sampled (permit condition S10) in addition to modifying other 

sampling requirements . These permit revision changes to the groundwater sampling 

requirements triggered a subsequent need to update both PNNL-13121 and the sampling and 

analysis plan (SAP) for SALOS. 

The SAP for SALOS was originally contained within PNNL-13121 as Section 5.3, "Sampling and 

Analysis Plan" . As part of the revision process to align PNNL-13121 and the SAP with the 

current ST4500 permit requirements and in support of Washington River Protection Solution 

LLC (WRPS) operational needs, the SAP was removed from PNNL-13121 and converted into its 

own stand-alone document. A revised PNNL-13121 and the new RPP-PLAN-60544, "Sampling 

and Analysis Plan for the 200 Area State-Approved Land Disposal Site" will be concurrently 

issued and submitted to Ecology for review and approval. 

PNNL-13121 Revisions 

RPP-ENV-59215 converts PNNL-13121 into a WRPS document so that it can be revised as 

required to align with the current, effective version of discharge permit ST4500. As part of th is 

conversion the groundwater monitoring plan is also being updated. The best available copy of 

the original PNNL-13121 is attached as Append ix A. Except for the revision modifications 
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RPP-ENV-59215 
Revision 00A 

identified below, all other aspects of the original document remain in effect and are not being 

modified or impacted by this revision . 

Revise the following text and section of PNNL-13121: 

1. Change the document number from PNNL-13121 to RPP-ENV-59215; the document 

titled remains the same. 

2. Delete all existing text with Section 5.3, including all associated subsections, and replace 

it with the following statement; 

"The sampling and analysis plan (SAP) previously contained within Section 5.3 

has been removed and replaced by a stand-alone SAP. For the latest revision of 

the applicable SAP, see the current version of RPP-PLAN-60544, "Sampling and 

Analysis Plan for the 200 Area State-Approved Land Disposal Site". 

All proposed changes will to be submitted to Ecology for their review and approval prior to the 

changes being implemented as per discharge permit ST4500 permit condition SlO. 

References 

J. A. Hedges, 2014, "Re: State Waste Discharge Permit ST0004500 (Effluent Treatment 

Facility/State Approved Land Disposal Site)," (external letter 14-NWP-235 to D.S. Shoop, 

U.S. Department of Energy, Richland Operations Office, December 11), State of 

Washington Department of Ecology, Richland, Washington. 

PNNL-13121, 2000, "Groundwater Monitoring and Tritium-Tracking Plan for the 200 Area State

Approved Land Disposal Site", Pacific Northwest National Laboratory, Richland, 

Washington. 

RPP-PLAN-60544, 2016, "Sampling and Analysis Plan for the 200 Area State-Approved Land 

Disposal Site", Washington River Protection Solutions LLC (WRPS), Richland, 

Washington . 

WAC 173-216, "State Waste Discharge Permit Program," Washington Administrative Code, as 

amended. 

Appendix A- PNNL-13121, "Groundwater Monitoring and Tritium

Tracking Plan for the 200 Area State-Approved Land Disposal Site" 
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DISCLAIMER 

This report was .prepared as an account of work sponsored 
by an agency of the United States Government. Neither 
the United States Government nor any agency thereof, nor 

· any of their employees, make any warranty, express or 
implied, or assumes any legal liability or responsibility for 
the accuracy, completeness, or usefulness of any 
information, apparatus, product, or process disclosed, or 
represents that its use would not infringe privately owned 
rights. Reference herein to any specific commercial 
product, process, or service by trade name, trademark, 
manufacturer, or otherwise does not necessarily constitute 
or imply its endorsement, recommendation, or favoring by 
the United States Government or any agency thereof. The 
views and opinions of authors expressed herein do not 
necessarily state or reflect those of the United States 
Government or any agency thereof. 
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DISCLAIMER 
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Summary 

The 200 Area State-Approved Land Disposal Site (SALDS) is a drainfield which receives treated 
wastewater, occasionally containing tritium from treatment of Hanford Site liquid wastes at the. 200 Area 
Effiuent Treatment Facility (ETF). Since operation of the SALDS began in December 1995, discharges 
of tritium have totaled ~ 304 Ci, only half of what was originally predicted for tritium quantity through 
1999. Total discharge volumes (~2.7E+8 L) have been commensurate with predicted volumes to date. 

This document reports the results of all tritium analyses in groundwater as determined from the 
SALDS tritium-tracking network since the first SALDS wells were installed in 1992 through July 1999, 
and provides interpretation of these results as they relate to SALDS operation and its effect on grmmd
water. Hydrologic and geochemical information are synthesized to derive a conceptual model, which is 
in tum used to arrive at an appropriate approach to continued groundwater monitoring at the facility. 

Hydrostratigraphic relationships beneath the SALDS cause a slight translocation of infiltrating . 
effluent southward toward a former upgradient well 699-48-77 A before entering groundwater. Dis
charges to the SALOS have produced a limited, but persistent groundwater mound near the facility, such 
that groundwater flows radially away from the facility for a short distance before resuming a northeasterly 
direction of flow. 

Groundwater numerical modeling conducted in 1997 predicted hydraulic heads and tritium distribu
tion in the uppermost aquifer in the vicinity of the SALOS through 2095. As of March 1999, the head 
values appear to agree with model predictions, but the extent of the tritium plume created by the SALOS 
is somewhat overestimated by the model. This may be because the actual quantity of tritium sent to the 
SALDS thus far is only half of the predicted amount. 

Only the SALOS proximal wells (699-48-77A, 699-48-77C, and 699-48-77D) have been affected by 
tritium from the facility thus far; the highest activity was observed in well 699-48-770 in February 1998 
(2.1E+6 pCi/L). Analytical results of groundwater geochemistry sine~ groundwater monitoring began at 
the SALDS indicate that all constituents with permit enforcement limits have been below those limits, 
with the exception of one measurement of total dissolved solids (TDS) in 1996. The average concentra
tions of most constituents with enforcement limits are also below estimates of Hanford Site groundwater 
background concentrations for these constituents. Some parameters, such as conductivity, sulfate, and 
TDS have been elevated in groundwater due to leaching of natural salts in the vadose zone beneath the 
SALDS. 

The revised groundwater monitoring, sampling, and analysis plan will retain most of the constituents 
. and parameters from the first State Waste Discharge Permit, ST-4500, but eliminates ammonia as a 

constituent. Replicate field measurements will replace laboratory measurements of pH for compliance 
purposes. A deep companion wen to well 699-51-75 will be monitored for tritium deeper in the upper
most aquifer. Well 299-WS-1 is reduced to tritium monitoring only, because this wen is no longer a · 
legitimate upgradient location for the SALOS. 

lll 
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Acronyms and Abbreviations 

.. 
µg/L micrograms per liter 

. ·cFEST Coupled Fluid, Energy, and Solute Transport 

Ci Curie 

DAVE Data Viewer and Evaluator 
DMR Discharge Monitoring Reports 
DOE U.S. Department of Energy 
DOE/RL U.S. Department of Energy, Richland Operations Office 
DTW depth to water 
DWS drinking water standard 

Ecology Washington State Department of Ecology 
ERDF Environmental Remediation Disposal Facility 

ETF 200 Area Effluent Treatment Facility 

HEIS Hanford Environmental Information System 

K, saturated hydraulic conductivity 

LEMIS Liquid Effluent Monitoring Information System 
LERF Liquid Effluent Retention Facility 
LLBG Low-Level Burial Grm.md 
LWPF Liquid Waste Processing Facilities 

l\.IDA minimum detectable activity 

pCi/L picocuries per liter 
PNNL Pacific Northwest National Laboratory 

QAPjP Liquid Waste Processing Facilities Quality Assurance Project Plan 

RCRA Resource Conservation and Recovery Act · 
RDR Request for Data Review 

SALDS State-Approved Land Disposal Site 

IDS total dissolved solids 
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1.0 Introduction 

Treated water from the 200 Area Effluent Treatment Facility (ETF) is discharged to a disposal site in 
accordance with the State Waste Discharge Permit ST-4500 (ST-4500, Ecology 1995) promulgated by 
WAC 173-216. This disposal site, referred to as the State-Approved Land Disposal Site (SALOS), is 
located north of the 200 West Area of the Hanford Site (Figure 1.1). The treated effluent disposed to the 
SALOS contains varying amounts of tritium, with allowable concentrations of up to 2.4E+o7 pCi/L. As 
required by ST-4500, the groundwater at the SALOS is routinely sampled using a network of wells . The 
objective of the monitoring well network is to track tritium from the SALOS facility as it enters and 
moves within the groundwater system. Three "proximal" wells near the SALOS, and one upgradient well 
have been sampled for additional constituents to ensure groundwater protection. Analytical results from 
these four wells are reported in quarterly discharge monitoring reports. Tritium analyses from the entire 
network are evaluated quarterly to annually. In 1997, the U.S. Department of Energy (DOE) also com
mitted to the issuance of an annual summary report of groundwater monitoring results and evaluation, 
review of the monitoring network, and updates to the groundwater monitoring plan, as appropriate. In 
FY 2000, a new permit will be issued for the facility, requiring an updated groundwater monitoring 
strategy. This document reports on tritium results from the groundwater tritium-tracking network through 
FY 1999, presents pertinent historical information on groundwater hydrology and hydrochemistry for the 
site, estimates perfonnance of numerical _modeling predictions to date, and provides an updated program 
for groundwater monitoring at the SALOS. 

1.1 Background 

A Washington State Waste Discharge Permit (ST-4500) was granted for the SALOS in June 1995, 
and the facility began receiving effluent in December 1995. In January 1996, the Groundwater Screening 
Evaluation/Monitoring Plan -- 200 Area Effluent Treatment Facility (Project C-018H) (Davis et al. 1996) 
was issued to: 1) summarize the hydrogeologic setting, 2) describe.pre-operational groundwater monitor
ing results at the SALOS, 3) provide plans for continued groundwater monitoring for nonradiological 
constituents, and 4) establish a plan for monitoring and tracking of tritium entering groundwater from the 
facility. Also included in the 1996 document are plans for updating a numerical model for prediction of 
groundwater flow and tritium transport. 

In 1997, a revised numerical groundwater model was developed to predict the pattern and rate of 
tritium migration in groundwater as it is discharged to the SALOS. The relevant predictions of this mo4el 
and an evaluation of groundwater monitoring results through 1996 were presented in Barnett et al. (1997). 
A comparison of these predictions with actual conditions through late 1999 is presented in Section 2.2.3 . 
The 1997 report also described results of previous groundwater numerical models for the SALOS. 

Tritium originating from the SALDS was first detected in groundwater in July 1996 in well 
699-48-77 A, a former up gradient well, and the well most distant from the facility in the original SALDS 
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network (see Section 1.3.2). Tritium appeared in wells closer to the facility at a later time. The probable 
reasons for this circumstance are related to hydrogeologic peculiarities beneath the facility, and are 

discussed in Sections 2.0 and 4 .0. 

1.2 Objectives and Scope 

This document reports the results of all tritium analyses in groundwater as determined from sampling 
the SALDS tritium-tracking ne.twork ~ells, since 1995, just prior to the beginning of SALDS operations. 
The document also provides interpretations of these results as they relate to SALDS operation and its 
effect on groundwater. Also presented are analytical results and interpretations for several additional 
chemical parameters assigned enforcement limits by ST-4500 in three proximal SALDS wells and one 
upgradient well. The data include all historical analytical results for these constituents through July 1999. 
Interpretations and discussions of their significan,::e are included for these parameters where they have a 
bearing on groundwater protection and SALDS operation. The hydrogeologic framework of the SALDS 
is presented to provide a coherent conceptual model when linked with groundwater geochemical results. 
The conceptual model is used as a basis for refining the groundwater monitoring program. 

The revised groundwater monitoring program, presented in Section 5.0, supersedes the groundwater 
monitoring plan of Sections 3.0 and 4.0 of Ground-Water Screening Evaluation/Monitoring Plan --
200 Area Effluent Treatment Facility (Project C-018H) (Davis et al. 1996), but draws upon applicable 
background information elsewhere in that document. Section 5.0 defines the new schedule, constituent 
list, and other growidwater-related activities that will accompany the revised permit, which will be imple
mented in FY 2000. 

1.3 Facility Description and Operation 

The E1F is located near the northeast comer of the 200 East Area of the Hanford Site (Figure 1.1). 
Numerous generating facilities produce liquid wastes that are conveyed directly to the ETF or to the 
Liquid Effluent Retention Facility (LERF) which stores waste for later treatment at the ETF. The treated 
effluent, essentially pure water that may contain tritium, is then transferred by pipeline to the SALDS · 
disposal drainfield, which is - 500 m north of the 200 West Area, for infiltration into the soil column. The 
SALDS is also known as the "616A Crib" and "Project C-018H." Sources of wastewater for the E1F 
include: 242-A Evaporator process condensate from treatment of double-shell tank wastes, UP-1 pump
and-treat project, N-Basin wastewater, 222 S Laboratory wastes, and leachates from the Environmental 
Remediation Disposal Facility (ERDF) and other disposal trenches. Most of these streams do not contain 
tritium; the tritium derives primarily from treatment of double-shell tank wastes. Liquid wastes from the 
UP-1 pump-and-treat project and the 242-A Evaporator are conveyed to the E1F by pipeline (see 
Figure 1.1). Other streams are trucked to the facility. ETF operation is described in detail by DOE-RL 
(1993). The treated effluent is monitored in verification tanks prior to discharge to the SALDS. 

1.3 
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1.3.1 Effluent Discharge History 

The first discharge to the SALOS occurred as a result of the testing of the ETF in late 1994. Another 

discharge, designed to test the integrity of the drainfield, was released in June 1995. The effluent in these 

tests consisted of raw (Columbia River) water. :Actual operation, with discharges containing tritium, did. 

not begin until December 1995. Figure 1.2 illustrates monthly and cumulative discharge volumes and 

corresponding inventories of disposed tritium tlm;mgh September 1999. 

Following high discharge volumes and tritium quantities in early 1996, there occurred a period of 
relatively low discharge volume from July 1996 until July 1997. From July 1997 through September 
1999, discharge volumes have remained relatively robust, with the peak monthly discharge of~ l .5E+ 7 L 
occurring in July 1999. As of the end of September 1999, a total of ~2.7E+8 L of water has been 
discharged to the SALOS. 

Tritium disposal has been sporadic since the early 1996 campaigns. The highest monthly discharge 

oftritiumoccurred in May 1996 (57.1 Ci). Several months have seen no tritium discharge at all, including 
virtually the entire period from May 1998 through March 1999. The total inventory disposed thus far to the 
SALOS through September 1999 is ~ 304 Ci. Of this total, 72% was discharged during the first 7 months 
of operation. The discharged 1ritium inventories have been substantially less, thus far, than were predicted 
prior to the onset of operations, but discharged effluent volumes have been proportionate with projections. 

1.3.2 History of Groundwater Monitoring and Well Network 

The results of groundwater monitoring in the vicinity of SALDS prior to operation, and the initial 
groundwater monitoring network are described by Davis et al. (1996). Three proximal wells ( one 
upgradient [699-48-77A] and two downgradiep.t [699-48-77C and 699-48-770]) _were the original wells 

. drilled for groundwater monitoring purposes (Figure 1.3 ). The SALOS groundwater monitoring plan, 

Ground-Water Screening Evaluation/Monitoring Plan -- 200 Area Effluent Treatment Facility (Project 
C-018H) (Davis et al. 1996) also identified numerous other wells between the SALDS and the Columbia 

· River for the purpose of tritium mon~toring only. The more distant wells are considered potential future 

tritium monitoring sites, but a subset of 23 of these wells in the immediate vicinity of the SALOS 
(including the three proximal wells) were selected for routine monitoring of tritium in groundwater 
beginning in 1995. The current network of groundwater monitoring wells, including the tritium tracking 

wells, is shown in Figure 1.3. 

Groundwater monitoring began immediately following the installation of well 699-48-77 A in 1992, 
and wells 699-48-77C and 699-48-770 in 1994. Wells 699-48-77A and 699-48-77D are screened at the 

water table. Well 699-48-77C is screened ~20 m below the water table. Discharges to the facility begin
ning in late 1995 produced a slight hydraulic mound in the vicinity of the SALOS, thus compromising the 

upgradient status of well 699-48-77 A (see Section 2.0). To reestablish an upgradient monitoring site, an 

existing Resource Conservation and Recovery Act (RCRA) monitoring well, 299-W8-1, was selected as 

a replacC?Jllent upgradient well in 1997. · Also in 1997, two of the original ·23 tritium-tracking wells, 

299-W6-5 and 299-W7-2, were dropped from the network because of drying and damage to the well 

1.4 

24of142 



RPP-ENV-59215 Rev.DOA 3/16/2016 - 9:06 AM 

• 

! . 

40 --..--------- ---- --------- ----:--.300 

38 

36 
34 

32 
30 

t! 28 
4) 

5 26 .s 
~ 24 

~-;;-22 
.,~20 

fi1a 
b 16 
>, 

! 14 
12 
10 

8 
6 

4 
2 

• Cumulative Discharge Volume • 250 
Diecharge Volume by Month 

50 

0 0 
81-lloc-115 30-Ap--18 31-~ S1-0oo46 ~ 31~ 31~ 3IMpr-e8 31~ 31-000-118 30-,tf>r-941 31-Aug-80 

60 --..----------------------------r-400 

55 

50 

45 

10 

5 

0 

• Cl.WTllMltive lnwnlory (Curies) • Tritium lnwnlory by Month 

31-lloo-115 30-~ 31-Ailg,IIS 31-0oo-96 30-Apr47 81-A~ 31. 

350 

300 

100 

50 

Figure 1.2. Effluent Volume and Tritium Quantities Discharged to the SAIDS Through 
September 1999. Each increment on the horizontal axes equals one month. 
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Figure 1.3. Groundwater Monitoring and Tritium-Tracking Well Network for the SALDS 

casing, respectively. The spacing of the wells in this area is such that effectiveness of the monitoring 
network was not materially affected by the loss of these two wells .. 

The first list of groundwater analytes was derived as part of an evaluation of several potential SALDS 
locations (Harris and Delaney 1991 ). This list (see Table A.1 in Appendix A) was applied to well 
699-48-77 A immediately after it was drilled in 1992 to gather ' 'pre-facility baseline data." The list was 
applied through June 1993, whereupon a revised constituent list was adopted (Reidel 1993) that was later 
applied to the other two SALDS proximal wells (699-48-77C and 699-48-77D) drilled in 1994 (see 
Table A.2 in Appendix A). Both of these early constituent lists were aimed at defining pre-operational 
groundwater conditions at the SALDS, and preceded the current list found in ST-4500. 
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The current list of analytical parameters and constituents for groundwater monitoring at the SALDS 
proximal wells (699-48-77A, 699-48-77C, and 699-48-77D) was established by Davis et al. (1996), and is 
included in ST -4500 as enforcement limits in groundwater. When the new upgradient well, 299-W8- l , 
was selected, the same constituent list was applied in this well. All four wells have been sampled 
quarterly since sampling began at each well. The only change to the original permit constituents list was 
effected in 1997, when it was discovered that natural soil chemistry was elevating sulfate and a few other 
parameters in gro\llldwater as the clean effluent infiltrated through the vadose zone (see Section 3.0). The 

enforcement limit for sulfate was raised from 30,000 to 250,000 µg/L to compensate for this condition. 
The constituent list with enforcement limits, in use through July 2000, is provided in Table A.3 in 
Appendix A. 

In 1997, the effectiveness of the well network in defining tritium plume development was reevaluated 
using a groW1dwater flow and transport model and the anticipated rates of discharge and tritium disposal 
(Barnett et al. 1997) (see Section 2.0). Minor changes in the monitoring schedule were made based on 
that report. Sampling frequency for four of the tritium-tracking wells was increased from annual to 
semiannual, and water level measurement frequency was increased to monthly (from quarterly) in the 
three proximal SALOS wells. 
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2.0 Hydrogeology of the SALOS 

Details of the hydrogeologic setting of the SALDS are presented by Lindsey and Reidel (1992), 
Reidel (1993),' Reidel and Thornton (1993), with more recent information compiled by Davis et al. 
(1996). Lindsey et al. (1994) described the stratigraphy and provided detailed geologic cross sections of 
the Low-Level Buria1 Grotmds (LLBG) in the 200 West Area, immediately south of the SALDS site. The 
SALOS tritium-tracking network shares 15 wells with the LLBG facility. Hanford Site geology and 
stratigraphy have been characteriz~d by Myers et al. (1979), DOE (1988), Delaney et al. (1991), Reidel 
et al. (1992), and Lindsey (1995). Groundwater hydrology of the Hanford Site and the surrounding 
region is discussed by Gephart et al. (1979), Wurstner et al. (1995), and is most recently summarized by 
Hartman et al. (2000). Swanson (1994) reports the results of aquifer and permeameter tests at the SALDS 
site. This section briefly describes salient elements of the hydro geologic framework of the SALDS as 
derived from these efforts. 

2.1 Geologic and Stratigraphic Framework 

Figure 2.1 illustrates general stratigraphic relationships beneath the SALDS, as determined by site
specific investigations. Additional lithologic details are provided in the well logs of Appendix B. 

The Miocene Elephant Mountain Member of the Saddle Mountains Fonnation basalt underlies the 
sequence of sediments of late Miocene to Holocene age that comprise the vadose zone and uppermost 
aquifer beneath the Hanford Site. The basalt surface occurs at a depth of ~132 m (433 ft) beneath the 

SALDS. The surface of the basalt beneath the facility dips to the south at~3°. Numerous additional 
basalt flows and sedimentary interbeds between flows underlie the Elephant Motmtain Member. These 
flows and interbeds extend downward several thousand meters and host several confined aquifers. 

The late Miocene-to-Pliocene Ringold Formation fluviolacustrine sediments immediately overly the 
basalt and account for ~84% (~l 19 m) ofthiclmess of the suprabasalt strata beneath the SALDS. The top 
of the Ringold occurs approximately 19 m below land surface at this location. The dominant facies of the 
Ringold Fonnation beneath the SALDS are fluvial sand and gravel of the upper Ringold and units A and 
E (corresponding to units 5 and 9, respectively. of Thorne et al. 1994). These two units are elsewhere 
distinguished by the intervening Ringold lower mud unit. However, at the SALDS location this mud unit 
is absent, thus making the two similar A and E units difficult to differentiate. The Ringold Fonnation 
sediments are variably cemented at this location with calcium carbonate and probably other evaporite 
minerals (see Section 4.2). The structural trend of these strata appears to be concordant with that of the 
underlying basalt (i.e .• dipping gently south). 

The Plio-Pleistoccne unit overlies the Ringold Formation, and is ~ 16 m thick beneath the SALDS. 
The top of the unit is encountered at only 2 m (6 ft) below the surface in well 699-48-77D, and, like the 
basalt surface, dips gently to the south. The Pho-Pleistocene unit is typically silt, sand, and local basaltic 
gravel, with abundant carbonate cement and local caliche layers. Lindsey and Reidel (1992) describe this 
unit as occurring discontinuously throughout much of the 200 West Area. Lindsey et al. (1994) state that 
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it is continuous beneath the LLBG immediately south of the SALOS, but add that considerable variability 
exists in carbonate cementation and degree of caliche development at this location. The caliche of the 
Plio-Pleistocene unit is a persistent feattn-e in the 200 West Area, but varies considerably in thickness and 
degrees of development. From cored intervals of boreholes at the SALOS, Reidel and Thornton ( 1993) 
note a lack of "significant" caliche layers or calcrete zones in the Plio-Pleistocene unit, with mostly thin 
(<0.5 cm) stringers of caliche present. Observations made by Swanson (1994) during the excavation of 
infiltration test holes near the SALOS also attest to the lateral variability in cementation and permeability 
of the Plio-Pleistocene unit at this site. 

The Hanford formation sediments consists of non-cemented gravel, sand, and silt, which disconform
ably overlie the Plio-Pleistocene unit in the 200 West Area. m. the vicinity of the SALDS, the Hanford 
formation is encountered at approximately 0.5 m below land surface, and is only 1.4 m thick near the 
northern edge of the facility, to 6.4 m thick near well 699-48-77 A. The Hanford formation is overlain by 
a thin veneer of dune sand. 

2.2 Groundwater Hydrology 

The uppermost aquifer beneath the SALOS occurs within the Ringold Formation sand and gravel 
(tmits A and E). The cWTellt (April 1999) depth to groundwater beneath the SALOS is approximately 
68.3 m (224 ft), and the lower boundary of the aquifer is formed by the Elephant Mountain Member 
Basalt at ~134 m (~433 ft). Thus, the aquifer is approximately 66 m (~210 ft) thick at this location. The 
water table surface in the vicinity of the SALOS for March 1999 is shown in Figure 2.2. 

The saturated zone begins approximately 50 m below the upper contact of the Ringold Formation 
(within wiit E). No identifiable confining layers have been recognized in this aquifer, but pumping tests 
suggest that it is partially and/or locally confined. Swanson (1994) identified the general locations of two 
of these layers within the aquifer. The aquifer is shown as divided roughly into three unequal layers 
because of the semi confining strata. The confinement may be the result of layers of cementation within 
the Ringold Formation. The horizontal component of hydraulic gradient in the general vicinity of the 
SALOS for March 1999 is approximately 0.0018, but is significantly higher very near the drain field 
because of infiltrating effluent. For instance, the horizontal hydraulic gradient between wells 699-48-77 A 
and 699-48-770 in March 1999 was---0.004. 

Vertically-separated well pairs to the southeast and northeast of the SALDS indicate that there is 
virtually no measurable vertical gradient within the uppermost aquifer in this area, away from the imme
diate vicinity of the SALOS. The hydrographs of wells 299-W6-7 and 299-W6-6 (Figure 2.3) illustrate 
the lack of significant vertical hydraulic potential in this area. Well 299-W6-6 is screened 52 m (172 ft) 
lower in the aquifer than well 299-W 6-7. As expected, proximal SALDS wells ( 699-48-77 A, 699-48-
77C, and 699-48-770) indicate a consistent downward-directed vertical gradient near the facility as a 
result of SALOS discharges (Figure 2.4). The consistently higher head in well 699-48-77 A suggests that 
infiltration of effluent to groundwater (mounding) from the SALOS is occurring closer to this well than 
well 699-48-770. Both 699-48-77 A and 699-48-770 are screened at the water table; 699-48-77C is 
screened ~20 m below the water table. 
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The hydraulic potential between the unconfined (uppermost) aquifer and the confined, upper-basalt 
aquifers is also directed downward near the SALOS. However, the lack of measurable vertical gradient 
within the unconfined (uppermost) in the general vicinity of the SALOS (e.g., wells 299-W6-6 and 299-
W 6-7) suggests that significant discharge from the uppermost aquifer to the upper-basalt aquifers does not 
occur in this area, despite the potential for downward flow. 

Annual-to-monthly water level measurements are made in all 21 wells in the SALOS tritium-tracking 
network. The composite hydrographs in Appendix C, grouped by their well locations relative to the 
SALOS, illustrate the results of these measurements over the last several years. The most obvious feature 
common to all wells in the network is the steady decline in water levels since the late 1980s. This decline 
is a result of the termination of effiuent disposal activities within the 200 West Area over the past two 
decades. As_a result of this, and the beginning of the SALOS operation, water levels in the SALOS 
proximal wells, most notably well 699--48-77 A, are becoming consistently higher than water levels in the 
rest of the network wells. 

Falling groundwater levels in the SALOS area is also limiting the service life of some of the triti\ll11-
traclqng network wells. Table C.1 (Appendix C) indicates projected service life for SALDS tritium

tracking wells, based on a linear calculation of decline, and using the most recent 1 year of records 
( ending in May 1999). By this estimate, some wells in the network may have only a few years of service 
left, such as well 299-W7-9, which is projected to have <3 years left. Most of the wells at risk of going 
dry are located near the 200 West Area boundary, south of the SALDS. Loss of some of these wells may 
not significantly reduce network efficiency because of the density of well coverage in this area. 

2.2.1 Vadose Zone and Aquifer Hydraulic Characteristics 

During the site-evaluation of the SALOS in 1994, two shallow (-6.5 m) boreholes were drilled into 
the calcareous portion of the Plio-Pleistocene unit near the southwest and southeast comers of the SALOS 
drainfield for the purpose of conducting infiltration tests. The tests _were conducted out of concern for the 
potential of the Plio-Pleistocene unit to cause excessive lateral diversion of effluent discharged to the 
SALOS. Three falling-head tests produced infiltration rates ranging from 0.9 L · day·• · m·2 at the south
eastern comer to 66.8 L · day-1 

• m·2 in the southwest borehole. The only reliable constant-head test, from 
the southwestern borehole, yielded a hydraulic conductivity of 2.7E-3 cm · sec·1

• No other in situ tests 
were conducted in the vadose zone, but laboratory analyses for saturated hydraulic conductivity (K.5) 

produced values ranging from 1.4E-2 cm· sec·1 in the upper, unsaturated portion of the Ringold Forma
tion, to S.3E-6 cm· sec·1 in the Plio-Pleistocene unit at a depth of ~11 m. The average (n=l2 samples) 

laboratory-determined~ for the Plio-Pleistocene unit was 3.0E-3 cm · sec·1
, while the average (n=2) for 

the upper portion of the Ringold was 1.6E-2 cm· sec·1 (WHC 1994). 

Three constant-rate aquifer tests were conducted at three intervals in well 699--48-77C during the 
drilling of this well in 1994 (Swanson 1994). Well 699--48-770 was used as an observation well. These 
tests produced estimates of Ks ranging from-0.004 cm · sec·• to -0.042 cm · sec·1; with the lower estimate 
occurring in the upper-one-third of the aquifer. Storativity was calculated at 0.0016 from one aquifer 
test within a semi-confining layer in the Ringold Formation, but a storativity value of0.0005 was found to 
work best when applied to !)'Pe curves for analyzing the remaining two aquifer test results. Both of these 
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• 

• .. 

values are typical of confined aquifer storativity. Three slug tests were also performed in the same test 
intervals as the pumping tests and yielded comparable results . 

2.2.2 GrQundwater Flow 

A derivative of the Darcy equation was used to obtain the magnitude of groundwater flow near the 
SALDS facility. The relationship is expressed by 

V = Ksll11e 

where v is the horizontal component of average linear flow velocity, Ks is the saturated hydraulic 
conductivity, I is the horizontal component of hydraulic gradient, and Ile is the effective porosity of the 
aquifer material. Using the March 1999 regional hydraulic gradient of0.0018, an assumed Ile of----0.25 

(Graham et al. 1981; Graham et al. 1984; Cole 1997), and the range of Ks from the constant-rate aquifer 

tests (-0.004 cm · sec-' to --0.042 cm · sec-'), yields a v range of3.0E-5 cm· sec·' (0.03 m/day) to 3.0E-4 

cm · sec-1 (--0.3 m/day). Using the gradient for March 1999 between wells 699-48-77A and 699-48-77D 

(0.004), results in a range for ; of 6.0E-5 cm · sec·1 (0.05 m/day) to 6.7E-4 cm· sec·1 (0.6 m/day). Within 
a very restricted area immediately adjacent to the region of effluent infiltration at the SALDS, flow veloc
ities presumably would be higher still because of the higher hydraulic head. Within and very near the 
area of infiltration, the greatest component of groW1dwater flow would be downward (see Section 4.0). 

Based on the groundwater contour map for March 1999 (see Figure 2.2), groundwater flow in the 
general region around the SALDS is dominantly northeast. However, perturbations caused by effluent 
discharge to the facility produce a "radially" divergent flow close to the SALDS. The flow directions 
indicated in Figure 2.2 are interpretive in nature. For instance, it is not known how far groundwater flows 
southwestward from the SALDS before taking an easterly or northeasterly course. It should also be 
recognized that this figure represents only a potential flow field to illustrate probable direction of flow at 
any point in the field, and that actual translocation of water molecules ( or tritium) has not occurred along 
a path equal to the entire lengths of the flow lines (i.e., lengths of the flow lines are arbitrary). 

2.2.3 Comparison of Current Conditions with Numerical Model Predictions 

Several numerical simulations of groundwater flow and transport have been conducted for the 
SALOS since the planning stage of the facility began in 1991. A summary discussion of these models 
and two relevant vadose-zone flow models is presented by Barnett et al. (1997). Early two-dimensional 
models (e.g., Golder 1991) used overly robust values for SALDS operation and assumed steady-state 
conditions. Some of these extra-conservative models predicted that tritium would reach the Columbia 
River in 100+ years at concentrations near the drinking water staridard (DWS) at 20,000 pCi/L. Later, 
more sophisticated three-dimensional models, such as Chiaramonte et al. (1996), incorporated realistic 
operating scenarios for the SALDS, terms for tritium decay, and transient flow conditions. These models 
indicated that the tritium plume generated by SALDS would remain within ~2 km of the SALOS until the 
plume decayed. 
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The most recent groundwater numerical model for the SALOS used the three-dimensional Coupled 
Fluid, Energy, and Solute Transport (CFESn code (Gupta et al. 1987) to predict hydraulic head and 
tritium plume extent.through the year 2100 (C. R. Cole and S. K. Wurstner in Barnett et al. 1997). In this 
model, transient flow simulations using CFEST were performed for the period of 1980 through 2100. 
The SALDS was assumed to receive tritium from 1996 through 2025 , and effluent with no tritium 
through 2034. One-year time steps were used, incorporating estimates of_SALDS future discharge 
volumes and tritium quantities, and actual volumes and quantities through 1996. Model results were 
illustrated as hydraulic head distributions, lateral tritium plume extent, and vertical distnbution of tritium 
in the vicinity of the SALDS. 

Comparison of the model predictions for the year 2000 with actual late 1999 values indicate that the 
simulations are very close to reality. Figures 2.5 and 2.6 illustrate the predictions for head distribution 
and tritium concentrations, respectively, for the year 2000 near the SALDS. Hydraulic head at the 
SALDS in well 699-48-77D appears to be ~l m lower than predicted by the model (138.0 versus 139.0- · 
compare with Figure 2.2). However, the highest head for the March 1999 potential map (see Figure 2.2) 
near the SALOS is 138.65 mat well 699-48-77 A, which is in virtual i;tgreement with the 139 m value 
predicted by the model. Also, the actual high point of the SALDS groundwater mound for March 1999 is 
probably even closer to 13 9 m-somewhere between well 699-48-77 A and the SALDS. Centering of the 
mowid at well 699-48-77 A is an artifact of contouring, because this well has the highest water level in the 
immediate vicinity. 
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Figure 2.5. Hydraulic Heads Predicted in the Vicinity of SALDS in 2000 
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Figure ~.6. Tritium Concentrations Predicted in the Vicinity of SALDS in 2000 

The extent of the tritium plume is greater in the simulation than actually observed (e.g., no increases 
in tritium have been observed in wells 299-W7-5, -W7-6, and-W7-7 [as of April 2000]), although the 
model predicts concentrations between 500 and 2,000 pCi/L in these wells by year 2000. Also, the model 
indicates tritium activities of~ 20,000 pCi/L reaching nearly to the bottom of the aquifer in the vicinity of 
SALDS and nearly 200,000 pCi/L at the level at which well 699-48-77C is screened, 37 m above the 
bottom of the aquifer and ~20 m below the water table (see Barnett et al. 1997). Sampling in July 1999 
indicated only 77,000 pCi/L in well 699-48-77C, but results from April 2000 produced results of 
~430~000 pCi/L. However, this well produced tritium.results of only 8,100 pCi/L as recently as January 
1999, and only sporadic, low results in earlier samples. Thus, it is probable that tritium from the SALOS 
has not penetrated as deeply into the aquifer as quickly as the model predicts. The model does accurately 
predict the high levels of tritium observed in wells 699-48-77 A and 699-48-77D ( see Section 3.0). 

One of the reasons for the departures between the year 2000 CFEST model predictions and actual 
observations for tritium distribution in groundwater is the discrepancies between projected and actual 

values for discharged tritium quantities. While actual versus modeled discharge effluent volumes are 

virtually identical (238M and 237M liters, respectively, 1997 through 1999), the total quantity of tritium 

sent to the SALDS through September 1999 (~304 Ci) is less than half of the quantity assumed for the 

model through 1999 (~649 Ci). 
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In summary, the CFEST model of Cole and Wurstner (in Barnett et al. 1997) accurately predicts the 
head distribution in the vicinity of the SALOS. The model appears to overestimate the lateral and, to a 
lesser degree, the vertical extent of tritium in the groundwater surrounding the SALDS, probably because 
the quantity of tritium released to the facility has been only one-half of the amollllt assumed by the model. 
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3.0 Tritium-Tracking Results and Groundwater Geochemistry 

Groundwater sampling and analysis for the SALOS consists of two parts: tritium sampling in 
21 wells swrounding the facility, and sampling for a larger list of constituents in the 3 SALOS proximal 

wells and 1 background well. This section describes the prominent historical analytical results from both 
of these efforts since the beginning of SALOS monitoring in 1992 through August 1999. 

Some of the 21 wells in the tritium-tracking network have been sampled since the 1960s, but only the 
tritium results since January of 1995 (11 months prior to SALOS operation) are included in this discus
sion. The SALOS proximal well 699-48-77 A was installed in 1992, and wells 699-48-77C and 699-48-
770 were emplaced in 1994; analytical results for these wells begin during the years of installation. Well 
299-W8-l was designated as a replacement upgradient/backgi-ound well for the SALOS in 1997, but 
groundwater monitoring in this well for the LLBG dates back to its installation in 1988. Because of its 
importance to historical groundwater conditions upgradient of the SALOS, analytical results since 1988 
are examined for this well. The constituent lists and historical aspects of groundwater monitoring are 
discussed in Section 1.3.2. Evaluation of analytical results from the SALOS proximal and background 

. wells focuses on the list of 16 parameters with groundwater enforcement limits or monitoring require- · 
ments found in Section Sl.A. of ST-4500 (Washington State Department of Ecology 1995). 

3.1 Results of Tritium Monitoring in Groundwater 

Appendix D lists all historical results from the 21 wells in the tritium-tracking network from January 

1995 through August 1999. Figure 3.1 shows the locations of the tritium-tracking wells, the maximum 
results for the latest monitoring period (FY 1999), and the trends in tritium activities since the previous 
year (FY 1998). 

Only the three proximal SALOS wells ( 699-48-77 A, 699-48-77C, and 699-48-77D), which are 
immediately adjacent to the facility, have indicated the effects of tritium disposal at SALOS. Figure 3.2 
shows the trends for tritium activities in these three wells for the entire history of monitoring through July 
1999. 

Wells in the southeast portion of the network (i.e., 299-W6-7, 299-W6-8, 299-W6-l l, 299-W6-12, 
299"'W7-6, and 299-W7-8) reflect the dissipating tritium plume that originated from the northeast portion 
of the 200 West Area. All wells in this area have shown a generally-downward trend in tritium activities 
(Figure 3.3), with the exception ofwell 299-W6-6, which is a deep companion ofwell 299-W6-7 and has 
not been affected by the 200 West Area tritium. Some wells, such as 299-W6-8 and 299-W6-l 1, appear 
at first to have recent increases in tritium activities, but these fluctuations are within the historical range of 
counting errors. The August 1999 increase in well 699-W6-l l represents a larger fluctuation from the 
1998 result than the historical range, but the 1998 result is suspected of error. Also, the 1999 result is still 
in line with a continuing downward trend, and at a rate consistent with the historical rate of decline of 
tritium activities in this well. 
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Figure 3.2. Trends of Tritium Activities in SALOS Proximal Wells Through July 1999 

Well 299-W8-1, is nearly 1 km away from the facility, and is unaffected by discharges to the SALOS. 
This well produced one marginally-detectable tritium result of220 pCi/L (minimum detectable activity 
[MDA] = 184 pCi/L) in July 1999, but has historically produced no detections since tritium monitoring 
began in this well in 1988. Three additional tritium results (including a September 1999 result) from this 
well during FY 1999 were also below detection. 

Tritium first appeared in July 1996 in well 699-48-77 A, which is the proximal well that is furthest from 
the SALOS drainfield (~100 m). Tritium activity in this well rose to a maximum of 2.0 E+6 pCi/L in 
September 1997, and has generally d~lined since then. The highest tritium activities detected in ground
water at the SALOS thus far is 2.1E+6 pCi/L from well from well 699-48-770, which is only a few 
meters north of the facility and screened at the water table. However, tritium did not appear in this well 
until September 1997, more than a year later than in the more distant well 699-48-77 A. The possible 
reasons for this apparent paradox are discussed in Sections 3.3 and 4.0. Proximal well 699-48-77C is 
completed deeper within the aquifer beneath the SALOS, and produced detectable tritium results 
(3,000 pCi/L) as far back as August 1996. Thereafter, detections of tritium were minimal and sporadic 
until October 1998, when tritium activities began climbing to 7.7E+4 pCi/L in July 1999 and most 
recently 430,000 pCi/L in April 2000. · 

3.3 

40 of 142 



RPP-ENV-59215 Rev.GOA 3/16/2016 - 9:06 AM 

1200 .....-----~----- ------ --------, 

E :, 
:e 
.b 600 
s! 
~ 

~ 

400 . 299-WS-12 

---299-W6-8 -200 
'N9-Wl-6 ......._ 
29Q..W7-8 

0 ..µ!!!!!!!!l,.,. ... ,!_-+-~-1---t--+--+--l"----+---+-..;..._+---+--+---' 
11-AOQ-87 10-AIJQ-89 11-:A1Jg-91 10-Aug-93 11-Aug-95 10-Aug-97 11-Aug-,99 

5()()()()...----------- ----------:-----,-----, 

40000 

E30000 
:, 

• •• • • O U H OoO OOOO • • h 
0
0, n o o Oho Oo••• • • u uOhOOO O UUoUuuhU o •ooo u •OoHOOhO h o C ........... .............. .. , .. .. . ......... .. •~H •o• - • -- ••·••• - ---• -

~ 
s! 
~20000 

10000 

299-W6-11 ........ 
2$.W6-7 

0 +----+----+----+----+----+----+-----'-t----;-' 
19-Sel)-91 18-Sep-97 

Figure 3.3. Trend Plots for Tritium in Wells in the Southeast Portion of the SALDS Tritium
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3.2 Groundwater Geochemical Results 

In addition to tritium, the three SALDS proximal wells and background well 299-W8-1 are sampled 
for a larger list of constituents. Enforcement limits for 16 (including tritium) of these constituents are 
assigned by ST-4500 for the three proximal wells (699-48-77 A, 699-48-77C, and 699-48-77D). These 
16 constituents, the corresponding enforcement limits, and the maximum, mean, and standard deviation 
through July 1999 for each are listed in Tables E.1 through E.4 in Appendix E. Also listed for comparison 
are Hanford sitewide groundwater background values for each constituent (from Johnson 1993 and 
DOE/RL 1997). 

All analytical results of constituents with permit enforcement limits have historically been below 
those limits in all three proximal SALOS wells, with the exception of pH and one measurement of total 
dissolved solids (IDS). Wells 699-48-77A and 699-48-77D slightly exceeded maximum pH limits (8.5) 
once each in single laboratory measurements during 1994 and 1995, respectively. A laboratory measure
ment of pH from a sample taken from background well 299-WS-1 also produced a result of 9 .08 in Octo
ber 1998. Replicate measurements taken in the field for all of these samples were in line with historical 
results, and indicate that the laboratory measurements were not representative, and should not be used for 
compliance purposes. Loss of CO2 and other processes during transport or handling may significantly . 
alter the pH of a sample. 

In 1996, well 699-48-77 A produced a maximum IDS result of 654,000 µg/L, which is well above the 

permit enforcement limit of 500,000 µg/L. This result occmTed in conjunction with elevated concen
trations of anions and cations, and is attributed to the dissolution of natural soil components by clean 
SALDS effluent (see discussion below). The enforcement limit for this parameter has not been exceeded 
since the 1996 occurrence. 

Figures 3.4 through 3.6 illustrate trends for concentrations of specific parameters in the SALOS prox
imal wells from the beginning of monitoring through July 1999. The increases in each of these constitu
ents is most likely a result_ of the leaching of natural salts (e.g., gypsum, calcite) by dilute SALOS effluent 
during infiltration through the vadose zone (see Thornton 1997 and Barnett et al. 1997). During the entire 
period of SALDS operation (December 1995 to present) these same constituents have been below detec

tions limits in most effluent verification samples (e.g., <200 µg/L sulfate; <1000 µg/L IDS). Well 699-
48-77 A shows the earliest and most pronounced response. The early appearance of sodium in this well in 
higher concentrations, prior to SALOS construction, may be the result of dissolved sodium bentonite clay 
used as a sealant during well construction. Concentration of this element fell off as remnant bentonite 
was washed out of the well environment over time. A few years later, the influx of SALOS effluent 
carrying dissolved soil components from the vadose zone (and possibly the remnants of the first source of 
sodium, i.e., the bentonite scale) resulted in another episode of elevated sodium. 

Other parameters showing abrupt increases in concentrations ( chloride, conductivity, sulfate, IDS, 
and dissolved calcium) all correspond to the arrival of elevated tritium in well 699-48-77 A (approxi
mately July 1996). Well 699-48-77D also produced abruptly elevated levels of chloride, conductivity, 
sulfate, and IDS at approximately the same time (July 1996) as occurred in well 699-48-77A, bl.it without 
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the appearance of tritium. Tritium did not appear in significant activities in well 699-48-77D until 
September 1997. The probable reasons for this disparity are discussed in Section 3.3. 

With few exceptions, average concentrations for constituents with enforcement limits also fell below 
established Hanford Site background values for these constituents in the SALOS proximal wells. The 
exceptions include copper, mercury, strontium-90, and tritium, which averaged above at least one of the 
two sitewidc background concentrations (Johnson 1993; DOE-RL 1997). Tritium has exceeded back
ground in all three proximal wells due to the planned disposal of this isotope at the SALDS. Background 
values have not been calculated for the four organic constituents on the enforcement list. 

Average concentrations of copper and mercury were consistently above the most conservative back

ground values for these metals (1.37 µg/L and 0 .004 µg/L , respectively) in all three proximal wells, as 

well as in background well 299-W8-l. The highest averages for both copper (5.23 µg/L) and mercury 
(0.32 µg/L) occurred in well 699-48-77D. 

Strontium-90 results are reported above the DOE-RL (1997) sitewide background of 1.14 pCi/L, 
particularly in well 699-48-770. However, an evaluation of the counting errors for strontium-90-suggests 
that some of these results are actually below detection limits; most of the remaining results barely exceed 
detection limits. 

3.3 Discussion of Results 

Concentrations for most constituents in the list of Appendix E are essentially uniform over time and 
are well within enforcement limits and sitewide background (where background has been calculated). 
Some exceptions are noted above in Section 3.2. The high standard deviation in constituents such as 
sulfate, IDS, and tritium in the proximal SALOS wells indicates the incursion of effluent from the 
SALOS. High standard deviations of some other constituents, such as metals, reflects the generally low 
concentrations of these. Occasional departures of a few micrograms per liter produce a dramatic rise in 
measures of variability, but actual concentrations remain very low. 

Comparison of the trend plots for tritium in SALDS proximal wells with plots for sulfate, conduc
tivity, and IDS ·reveals an apparent paradox. The arrival of tritium in well 699-48-77 A is also marked by 
significant increases in sulfate, conductivity, chloride, IDS, calcium, and sodium. As noted, these con
stituents have been linked to dissolution of natural soil salts by the clean effluent discharged to the 
SALOS (Thornton 1997; Bamett et al. 1997). Well 699-48-770 also displays an abrupt increase in 
sulfate, IDS, and conductivity that corresponds in time with the increases in well 699-48-77 A. However, 
tritium does not appear in elevated quantities in well 69-48-77D until late 1997-more than a year after 
the surge in concentration of the other parameters in this well. A possible explanation is that the early 
(tritium-free) tests of the SALOS/ETF system (see Section 1.3.1) in late 1994 to early 1995 involved 
small discharges of short duration. These may have been of insufficient volume to reach groundwater at 
well 699-48-77 A, and may have remained impounded near the Hanford/Plio-Pleistocene contact due to 
the contrasts in hydraulic conductivity between these units (see Secti~n 2.0). Later, when tritium dis-· 
charges began in December 1995, the earlier discharges may have been virtually overtaken by the larger, 
tritium-bearing discharges in the vicinity of well 699-48-77 A, and then forced downward due to the added 
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hydraulic head. The same discharges in December 1995 wouid have applied additional hydraulic head to 
the early tritium-free effluent (with dissolved soil salts) already migrating toward well 699-48-77D within 
the ambient ground~ater flow field. 

Strontium-90 is reported slightly above detection limits in SALDS proximal wells and upgradient 
well 299-W8-l sporadically. Most results above detection have been low (maxirnwn = 7 .1 in well 699-
48-77C in December 1997) and, in some cases, within a few percent of counting error, near MDA, or 
sitewide background (see Appendix D). Because of the timing and locations of detections, it is unlikely 
that this constituent could have originated from the SALDS. Well 299-W8-1 produced detections of 
strontium-90 in late 1991 well before SALDS construction. Also, wells 699-48-77C and 699-48-770 
produced detections of this isotope well in advance of other, more mobile constituents demonstrably 
resulting from SALDS discharges. Interestingly, well 699-48-77 A, which responds most readily to 
SALDS discharge events, has produced only one detectable result for strontium-90, while wells 699-48-
77C and 699-48-77D have produced 4 and 6 results, respectively. Evaluation of the counting errors for 
these analyses suggest that the results.may be marginally detectable or even below detection. If the 
results are valid, it may be that discharges from the SALDS, which reach well 699-48-77 A most easily 
and quickly, have a dilutive effect on existing groundwater, thus preventing frequent detections of trace 
constituents in ambient groundwater. Wells 699-:48-77C and 699-48-77D have not been as dramatically · 
affected by SALDS discharges until recently. Hence, remnants of preexisting groundwater constituents 
would be more easily detected. 
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4.0 Conceptual Model 

Drilling, hydro logic testing, and media analyses during construction of the SALDS and the proximal 
groundwater monitoring wells, and subsequent results of groundwater monitoring over the past ~ 7 years 
have provided abundant information with which to construct a concept of the SALDS physical setting and 
response to operation. Figure 4.1 illustrates schematically the effects of disposal on the subsurface at the 
SALDS and other features that have direct bearing on flow and transport of SALDS effluent in the vadose 
zone and uppermost aquifer. This model is prefaced on the information presented in previous sections of 
the document, the salient points of which are discussed below. These points are then synthesized to 
derive the model parameters. The model represents a scenario which will explain observations and 
measurements from testing and monitoring, and is used as a basis from which to formulate an effective 
groundwater monitoring plan. 

4.1 Hydrogeology 

Well 699-48-77 A was installed as an upgradient well to the SALDS facility, but within 7 months 
of the beginning of facility operation this well was the first to respond to the discharges. All three wells 
in the proximity of SALDS produced a discernable hydraulic response to the first discharges, but well 
699-48-77 A responded far more intensely, suggesting a closer proximity and more direct connection to 
the point of effluent infiltration, despite its more remote location ·from the SALDS. This well has consis
tently maintained a higher hydraulic head, up to---0.75 m higher, than the other two SALDS proximal 
wells. As Figure 4.1 indicates, effiuent from the SALDS is probably entering groundwater at a point 
somewhere between well 699-48-77 A and the SALDS. Water level measurements taken regularly in 
piezometers in the SALDS drainfield indicate that effiuent is infiltrating mostly through the southern 
portion of the facility. The discharges create a local groundwater mound in the vicinity of this infiltration 
point, but groundwater flow resumes a northeasterly trend a short distance from the facility. Likewise, 
downward flow potential is enhanced in the vicinity of the effiuent entry point. The effects of the head 
increase are transmitted throughout the thickness of the aquifer beneath the SALDS, but actual transport 
of effluent is more limited, and flow is maintained in a north/northeasterly trend near the bottom of the 
aquifer. This is suggested by the arrival times and distribution of tritium in SALDS proximal wells (see 
Section 4.2) and hydraulic head difference represented between wells 699-48-77C and 699-48-77D. 

Travel time through the vadose zone to the well screen at well 699-48-77 A was from ~5 to 8 months 
under the hydraulic head produced by the first routine discharges; the 3-month uncertainty is due to a 
quarterly sampling schedule. A period of relative inactivity (little to no discharge) at the SALDS occurred 
from July 1996 through June 1997 (see Figure 1.2). This was followed by a substantial increase in dis
charges in July 1997. The hydrograph of well 699-48-77 A (Figure 2.4) indicates a dramatic decrease 
in hydraulic head around September 1996 (which may have begllll even earlier), with a sudden rise in 
September of 1997. If these discharge/head-response events are correlatable, it would suggest a response 
time of only ~2 months in well 699-48-77 A to these discharge events. This is strictly a hydraulic response 
to SALDS discharges and does not imply that effiuent has migrated to the well. The hydraulic response 
time would be highly dependent on available head (i.e., the magnitude and duration of the discharge 
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event). As indicated in Figure 4.1 , average linear flow velocity would naturally be greater at locations 
closer to the apex ofthe groundwater mound, where the point of infiltration adjoins the water table. 

The average linear flow velocity of groW1dwater in the aquifer in the vicinity of SALDS depends on 
proximity to the small groundwater mound generated by the facility, the magnitude of which is in tum 
dependent on the facility' s discharge schedule. As noted in Section 2.2.2, groundwater velocity very near 
the point of infiltration may be several times greater than it is a short distance away. Figure 4.1 depicts 
the higher flow rates (estimated at 0.05 to 0.6 m/day), based on the hydraulic gradient between wells 
699-48-77 A and 699-48-7Tb, which incorporates the zone of effluent infiltration. Immediately beneath 
the zone of infiltration the gradient is higher still, with a significant downward vertical component. A 
relatively short distance away from the facility, however, the hydraulic gradient falls off quickly, 
producing groW1dwater flow rates of only -0.03 to 0.3 m/day. 

4.2 Geochemistry 

Tritium from SALDS operation was first observed in groundwater in well 699-48-77 A in the July 
1996 sample from this well. This means that tritium may have reached the well anytime between the 
April and July sampling events in 1996. Because tritium travels virtually in W1ity with water, it is 
assumed this represents the first observation of effluent from the SALOS. Hence, the length of time for 
the effluent to travel through the vadose zone to the water table is a maximum of 8 months; this would 
.assume a point of infiltration at immediately above well 699-48-77 A. More likely, the effluent reached 
the water table somewhere between the SALDS and this well, based on travel times calculated for 
groundwater flow and subsequent observations in the other SALDS wells. 

Elevated levels of sulfate, TDS, and other constituents (see Section 3.0), derived principally from the 
Plio-Pleistocene evaporite tmit, arrived at well 699-48-77A at the same time of the first tritium obser-

. vation - approximately July 1996. However, elevated sulfate and other soil-derived constituents were 
detected in well 699-48-77D at the same time (July 1996) as in well 699-48-77A, but without tritium. 
This apparent paradox can be explained by the scenario presented in Figure 4.1. Early test discharges of 
clean water (without tritium) were discharged to the SALDS during late 1994 and early 1995 as part of 
engineering tests of the ETF/SALDS system (see Sections 1.3.1 and 3.0). The volumes of these tests 
were of lesser magnitude than subsequent discharges when_ operations began in late 1995. Thus, the 
effluent from these tests may have reached the water table in only scant quantities and under low head 
conditions somewhere between the SALDS and well 699-48-77 A. The dissolved soil components 
(sulfate, etc.) moved north/northeast toward well 699-48-77D with the natural groundwater flow. Later, 
when operations began, with large volumes of effluent containing tritium, the additional head drove the 
dissolved soil salts from the test discharges more rapidly toward both wells. Because of the nearness of 
the infiltration point to well 699-48-77 A, and the limited volume of the test discharges, the tritium
bearing discharges essentially overtook and combined with the soil salts signature from the test 
discharges, thus appearing as one event in well 699-48-77 A. At the same time, the dissolved soil salts 
from the first discharges (without tritium) were driven more rapidly toward well 699-48-77D by the 
increased head of the tritium-bearing discharges and arrived there, coincidentally (within a three-month 
margin of error), at nearly the same time as the tritium and soil salts arrived together in well 699-48-77 A. 
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More than a year later, tritium from the first operational discharges reached well 699-48-77D. For this 
sequence to occur would require that the point of infiltration be located somewhere between the SALDS 
and well 699-48-77 A. 

4.3 Discussion 

Based on accumulated hydrologic and hydrogeochemical data, effluent from the SALDS is evidently 
creating a limited groundwater mound a short distance south of the facility, somewhere between the 
drainfield and well 699-48-77A in a north-south direction. The amount of east-west offset (if any) of the 
point of infiltration from the drainfield to well 699-48-77 A is unknown, but cannot be appreciable if 
estimates of groundwater flow rates (Section 2.2.2) are reconciled with observations. Tritium was dis
charged to the SALOS beginning in December 1995, and was first observed in downgradient well 699-
48-77D in September 1997. If a point halfway between well 699-48-77 A and the southern edge of the 
SALDS is assumed for the point of infiltration, then the effluent discharged in December 1995 would 
have taken approximately 1.5 years to travel ~108 rn to well 699-48-77D. If it is assumed that travel 
through the vaqose zone consumed ~0.5 year (Lu et al. 1993; Barnett et al. 1997), then approximately 
1 year would have be.en required for transport of tritium over the 108-meter distance. Thus, a rate of 
-0.3 m/day is calculated for groundwater flow velocity in the direction ofwell 699-48-770. This rate 
agrees reasonably well with the 0.6 m/day estimated by Darcy equation calculations in Section 2.2.2 for 
the higher groundwater flow rates near the SALOS. It should be recognized however, that the SALOS 
wells are sampled on a quarterly basis, and prior to the September 1997 sampling event, well 699-48-77D 
.had not been sampled since April of 1997. This represents a potential 5-rnonth discrepancy in the above 
travel-time estimate. If the five months are deducted from the travel time, a groundwater flow rate of 
-0.5 m/day is calculated, which is even closer to the .0.6 m/day Darcy calculation for flow near the 
SALDS. . 

Hydraulic gradient decreases within a short distance from the facility as the influence of the limited 
groundwater mound diminishes, and thus results in a potentially lower groundwater flow rate (assuming · 
that the hydraulic properties of the sediments are similar). As presented in Section 2.2.2, the estimate for 
groundwater flow rates outside the immediate influence of SALOS discharges is 0.03 to 0.3 m/day. If 
this range of flow rates is used to calculate travel time in a straight line from well 69-48-77D to the next 
downgradient well, 699-51-75 (699-51-75 is ~940 meters away, nearly directly downgradient of the. 
SALDS-see Figure 2.2), groundwater woµld take from ~8.6 to 86 years to reach well 699-51-75 from 
well 699-48-77D. In comparison, numerical models of Cole and Wurstner (Barnett et al. 1997) estimated 
that tritium (at ~500 pCi/L) will reach well 699-51-75 in 2005, or about 8 years after reaching well 699-
48-770. However, as noted in Section.2.2.3, the numerical model assumed twi.ce the tritium inventory 
that has actually been discharged thus far in the life of the facility. Hence, because of dilution and decay, 

. tritium activities at observable levels (i.e., distinguishable from background) may require substantially 
more than 8 years to reach well 699-51-75. Likewise, the numerical model also predicts that tritium 
would be observed (at ~500 pCi/L) first in wells 299-W7-5 , 299-W7-6, and 299-W7-7 sometime in 2000. 
The arrival of tritium at these wells may be slightly delayed as a result of the reduced tritium inventory in 
actual discharges. However, this is problematic because most of the tritium was discharged at the 
beginning of SALOS operations, and the actual discharge volumes (i.e., driving forces) have been almost 
exactly what the model assumed. 
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The extent to which remnants of the effiuent flows to the south along the Plio-Pleistocene unit ( see 

query in Figure 4.1 above Plio-Pleistocene) is unknown, but cannot be significant because of the dis

continuous nature of the Pho-Pleistocene caliche as observed in test holes, and by virtue of the relatively 
rapid and intense response of well 699-48-77 A to effluent discharges. 

Effluent moves downward rapidly in the region of infiltration between the SALDS and well 699-48-
77 A, but, due to lack of sufficient head, probably does not reach the bottom of the aquifer. Also, because 
of a lack of vertical gradient within the aquifer away from the influence of the SALDS, it is expected that 
the greatest opportunity for detecting tritium migration will be near the water table rather than deeper in 
the aquifer, either in wells 699-51-75, 699-49-79, or wells immediately south of SALDS along the 
200 West Area boundary (e.g., 299-W7-3, 299-W7-5, 299-W7-1 l). 

As of the end of September 1999, ~2.7E+5 m3 of effluent have been discharged to the SALOS. If we 
assume an average effective porosity of 0.2, then a saturated volwne of soil equal to~ l.35E+6 m3, or 
110.5 m on a side, is needed to contain this volume of effiuent. If the aquifer is ~66 m thick at the 
SALOS location (a conservative value, since it does not include mounding and a variably-saturated 
vadose zone), and were composed entirely ·of effluent, the area thus encompassed would be ~20,450 m2

• 

Or, assuming that the effiuent spread evenly in all directions from the point of infiltration, and to a depth 
of 66 m, a circular surface area with a radius of ~81 m would be encompassed. Realistically, based on the 
observations of tritium occurrence near the facility in well 699-48-77C, it is highly unlikely that the efflu
ent has displaced preexisting groundwater to the base of the aquifer. Furthermore, the effects of the Plio

Pleistocene stratum and Ringold semi-confining layers (see Section 2.1) have probably aided additional 
lateral spreading of effluent in the vadose and saturated zones beneath the SALDS. Preferential move
ment to the south in the vadose zone is already suspected as a mechanism for translocating the point of 
infiltration to groundwater. Factors of dispersion are also not accounted for in this estimate. Hence, the 
area oflateral spreading is undoubtedly somewhat greater, and the calculated area would be considered a 
minimum. Nevertheless, the estimate does illustrate the generally limited dimensions of the sediment 
volume that is thus far needed to contain SALDS discharges. 

4.4 Conclusions 

From the above discussions, it can be surmised that: 

, • Effluent from the SALDS drainfield is diverted laterally in the vadose zone by a relatively imperme
able, but discontinuous evaporite horizon (the Pho-Pleistocene unit), such that effiuent enters the 
aquifer at a location north of the SALDS, between the SALOS and well 699-4S-77 A ( as viewed in a 
north-south plane). 

• The effluent will dilute in the groundwater and-spread "radially" away from the small groundwater 
mound for a limited distance before returning to a northeasterly direction of flow. 

• Arrival times of tritium in network wells outside of the SALDS proximal wells will occur later than 
predicted by the numerical model because of the reduce tritium inventory in actual discharges. 
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• The arrival of tritium at wells outside of the SALDS proximal weJls may occur within the next year at 
one or more of the wells near the 200 West Area boundary, depending on the intensity of SALOS 
operations. Arrival of tritium at downgradient well 699-51-75 will occur in >5 years (i.e., later than 

2005). 

• The interplay between hydrostratigraphic features, SALDS discharge schedule, and tritium inven
tories wiU ultimately determine which well(s) will be affected next and the timing of these events. 

• Wel1299-W8-1, which has been used as a background water quality well is no longer a legitimate 
monitoring point for groundwater quality comparisons for the SALDS. The hydrologic changes 
brought about by SALOS operation have altered flowpaths in this region, such that groundwater at 
well 299-W8-1 no longer flows past the SALDS site. 

Although well 699-51-75 is almost directly downgradient of the SALDS (Figure 2.2), it is at a con
siderable distance from the facility compared to the proximal wells. Simply because of this distance, it 
would be prudent to monitor the deep piezometer companion to this well, 699-51-75P, in case vertical 
migration has occurred between the SALDS and this well site. Wells at the 200 West Area boundary 
projected to detect tritium in 2000 are currently monitored on a semiannual schedule in anticipation of the 
arrival of the tritium plume. Well 299-W8-1 is no longer a valid monitoring point for upgradient ground

w~ter quality. However, this well should still be sampled for tritium on an annual basis to ensure the full 
extent of SALDS effluent is not overlooked. SALDS proximal wells alone should be sampled for permit
regulated constituents (including tritium). Historical records from upgradient wells (near 200 West Area) 
could be useful in resolving minor detections of various constituents, but increasingly, the mound at the 
SALDS is forcing preexisting groundwater away from the facility. Thus, only remnant quantities of 
historical groundwater. constituents remain beneath the SALOS. 
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5.0 Groundwater Monitoring Program 

.. 
The groundwater monitoring plan presented in this section is prefaced on experience and data 

collected thus far from groundwater monitoring at the SALOS. The changes made in this plan from the 
original plan of Davis ct al. (1996) are relatively minor, and include an elimination of constituents that are 
no longer considered appropriate for groundwater quality evaluation at the SALOS, based on historical 
monitoring of effiuent and groundwater. Additional changes from current monitoring practices (see 
Section 1 and Davis et al. 1996, Barnett et al. 1997) include: an increase in the frequency of measurement 
of tritium activities in some tritium-tracking wells; the elimination of a well as an upgradient monitoring 
site; and the addition of a deep tritium-monitoring point in the uppermost aquifer downgradient of the 
SALOS. 

5.1 Monitoring Objectives and Scope 

The primary objectives of this groundwater monitoring plan remain largely identical with those of the 
initial plan of Davis et al. (1996), generally, to determine the effects on groundwater, both chemical and 
radiological (from tritium), of SALOS .operation. The specific objectives of the 1996 plan were to: 

• determine if groundwater quality has changed from pre-operational conditions 

• evaluate any potential impact the SALOS may have on groundwater quality in the uppermost aquifer 
• demonstrate compliance with ST-4500 (Ecology 2000) and enforcement limits 

• track the migration of tritium in the aquifer as it enters groundwater from SALOS operations. 

Because much more is now known about the effects of SALOS operation on the groundwater, some 
of the approaches to addressing these objectives, and the relative importance of each, have changed. It is 
already demonstrated that groundwater quality has changed from pre-operational conditions, but to what 
degree it has changed remains an ongoing issue. That the SALOS has impacted groundwater quality near 
the facility is no longer in question, but how this has occurred, its longer term effects, and what further 
impacts may be expected in the future are still of prime concern. Compliance with the permit conditions 
and comparison of groundwater results with enforcement limits will remain unchanged as a primary 
objective, although the permit requirements themselves may change. Tracking the migration in ground
water of tritium originating from the SALOS will continue to be the main objective of the monitoring 
program. Tritium is the· only constituent deliberately discharged to the facility. Because of its radio
logical nature and virtually non-retarded movement in groundwater, it is, therefore, of special interest not 
only as a contaminant, but as a metric of the maximum extent of SALOS influence in the groundwater. 

Additional objectives, which may be viewed as subsets of the primary groundwater monitoring 
objectives, include the correlation of discharge events to observations in groundwater. Also, tracking the 
movement of the tritium plume generated by SALOS will include the comparison of actual observations 
with numerical model predictions. 
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5.2 Monitoring Well Network 

The monitoring well network for tritium tracking and chemical monitoring (proximal wells) will 
remain essentially the same, but with one addition-the deep piezometer 699-51-75P (Figure 1.3) will be 
added to the tritium-tracking portion of the network to monitor the deep portion of the aquifer at this 
location. Table 5.1 shows all 22 wells to be used in the SALDS network. Because of declining water 
levels, some wells in the network may have only a few years of service left (see Section 2.2 and Appendix 
C). However, the estimated well life is based on standard sampling procedures using a dedicated pump. 
Well life could pe extended, if for tritium sampling only, by using alternative sampling. methods, such as 
bailing. If wells are taken out of service because of drying or other circumstances, those wells will be 
evaluated for their importance to the network. If network coverage is compromised by the loss of a well, 
so as to significantly decrease monitoring efficiency, replacement or deepening of the well will be 
considered. Construction details for all wells in the SALDS tritium-tracking network are presented in 
AppendixE. 

Well 299-W8-1 was sel~ted to replace well 699-48-77 A as the ''upgradient" or background well in 
1997 when discharges to the SALDS formed a slight groundwater mound beneath the facility and disqual
ified well 699-48-77 A as an upgradient location ( see Section 1.3 .2). This same phenomenon has also 
compromised the "upgradient" status ofwell 299-W8-1 (see Section 2.2). The SALDS proximal wells 
are no longer in the flow path of groundwater passing the location of well 299-W8-1, hence, this woll is 
not effective as an upgradient or background groundwater quality well. In fact, as long .as discharges 
continue to the SALDS at historical or higher rates and a hydraulic mound is maintained, no well will 
provide an adequate or representative "upgradient" location for the facility. For this reason, well 299-
W8-l will be discontinued as a background water quality well for SALOS, and will be retained for tritium 
analyses only. Wells 699-48-77 A, 699-48-77C, and 699-48-77D, in the 'immediate vicinity of the 
SALOS, will be retained for monitoring groundwater quality, in addition to tritium, as described below. 
The analytical results from these three wells will be compared with permit enforcement limits for 
compliance purposes. 

5.3 Sampling and Analysis Pia~ 

This section describes all activities pertaining to the collection, analysis, interpretation, and reporting 
of groundwater data from the 22 wells in the SALOS tritium-tracking network. Where possible, these 
efforts will be coordinated with other Hanford Site groundwater programs to maintain maximum 
technical and resource efficiency. Sampling and analysis for SALOS will conform to protocols in the 
Implementation Guidance for the Groundwater Quality_Standards (Washington State Department of 
Ecology 1996). 

5.3.1 Sampling Schedule 

Table 5.1 lists the SALOS network wells with corresponding sample frequency and nominal month(s) 
of sampling. Sampling for the proximal SALDS wells will remain on a quarterly frequency. All wells 
will be sampled for tritium in January, with semiannually-scheduled tritium~tracking wells sampled in 
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Table _S.,1. Sampling Schedule for SALDS Wells 

Sample Frequency/ Other Facilities/ 
Well Months<•> Programs Comments 

299-W6-6 A/January Surv-3 Deep companion to W6-7 (screen418 to 429 ft) 

299-W6-7 A/January Surv-3 Shallow companion to W6-6 (screen 246 to 267 ft) 

299-W6-8 A/January 

299-W6-ll A/January 

299-W6-12 A/January Surv-3 

299-W7-l A/January LLBG 

299-W7-ll S/January, July LLBG 

299-W7-12 A/January LLBG 

299-W7-3 S/January, July LLBG Screened near bottom of aquifer 

299-W7-5 S/January, July LLBG 

299-W7-6 S/January, July LLBG 

299-W7-7 S/January, July LLBG 

299-W7-8 A/January LLBG 

299-W7-9 A/January LLBG 

299-W8-1 A/January LLBG 

699-48-71 A/January Surv-3 

699-48-77A Q/January, April, Surv-3 Sampled for additional constituents (plus tritium) 
July, October 

699-48-77C Q/January, April, Sampled for additional constituents (plus tritium) 
July, October 

699-48-77D Q/January, April, Sampled for additional constituents (plus tritium) 
July, October 

699-49-79 A/January Surv-3 

699-51-75 S/January, July Surv-3 

699-51-75P ~January Deep companion to 699-51-75 (piezometer) 

(a) Actual months of sampling may vary slightly due to program coordination, but frequency is maintained. 
A = Annual. 
S = Semiannual. 
Q = Quarterly. 

Other Pro211llllS Using Wells 
Surv-3 = Sitewide surveillance triennial sampling. 
LLBG ;= Low-Level Burial Growids. 
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January and July. Six wells (299-W7-3, 299-W7-l 1, 299-W7-7, 299-W7-5, 299-W7-6, and 699-51_.75} 
will be sampled semiannually for tritium because of the greater likelihood, as indicated by numerical model
ing, that these wells would detect tritium from SALOS before other wells in the network. The~ prox
imal SALDS wells will remain on a quarterly sampling schedule, but the fonner upgradient well 299-W8-1 is 
reduced to annual frequency for tritium sampling only (see Section 5.3.2). 

S.3.2 Constituents List 

Tritium analyses will be conducted for all 22 wells in the network according to the schedule in 
Table 5.1. Analyses for add1tional constituents will be conducted for the three SALDS proximal wells on 
a quarterly-to-annual basis, depending on parameter. Table 5.2 lists the parameter~ for the proximal wells 
and frequencies for each. 

Table 5.2. Constituent List for SALOS Proximal Wells (699-48-77A, 699-48.:.77C, and 699-48-770) 

Constituent 
( u21L unless noted) Enforcement Limit Freauency Method<•> 

Acetone 160 Q SW-846 8260 
Benzene 5 Q SW-846 8260 
Chloroform 6.2 Q SW-846 8260 
Tetrahydrofuran 100 0 SW-846 8260 
Alkalinitv (field)l0

' NA Q Fielcflc' 
Cadmium, total 10 Q EPA-600, 200.8 
Conductivity (field µSiem) MR Q Field1c' 

Coooer, total 70 0 EPA-600, 200.8 
Dissolved Oxy11;en (field)'DJ (rrut/L) NA 0 Field1c' 
Field pH (pH units)l0> 6.5 - 8.5 Q FieldlcJ 

Gross Alpha (pCi/L) MR Q Laboratory specific 
Gross Beta( pCi/L) MR 0 Laboratory soecific 
Laboratory pH (pH units) NA A EPA-600, 150.1 
Lead (total) 50 Q EPA-600, 200.8 
Mercurv (total) 2 Q EPA-600, 200.8 
Strontium-90 (pCi/L) MR Q Laboratory specific 
Sulfate 250,000 Q EPA-600, 300.0 
Tenmerature (field)Cb> (0 C) MR Q Field1c' 
Total Dissolved Solids 500,000 0 EPA,.(i()(), 160.1 
Tritium (pCi/L) MR Q Laboratory specific 
Turbidity (NTU)(bJ NA Q Fietd<c> 
Water-level measurement (m) MR Monthly Fieldlc' 
(a) Methods with equal or greater sensitivity may be substituted when appropriate. 
(b) The average of fo\lr sequential measurements after readings have stabilized. 
(c) Field methods are determined _by company-specific procedures, based on EPA methods, and by 

instrument manuals. 
MR = Constituent is not assigned an enforcement limit, but is subject to routine monitoring and reporting. 
NA = Recommended by Implementation Guidance for Groundwater Quality Standards (Ecology 

·1996) or required for consistency with Hanford GroundwaterMonitoring Project. 
A = Annual. 
Q = Quarterly. 
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The list of constituents in Table 5.2 is similar to the previous list for these wells in the first SALDS 
permit, with some exceptions. Ammonia, which was rarely detected in SALDS groundwater analyses 

(see Appendix D), is eliminated. Metal analyses will be performed for both filtered and unfiltered 
samples. Sample pH has historically been determined in the laboratory by a single measurement. 

Experience from other Hanford Site groundwater programs indicate that replicate field measurements of 

pH are typically more reliable and consistent than single laboratory measurements from the same 
sampling event. The effects of transport and storage may occasionally have deleterious effects on the 
samples, such as loss of CO2, which may caus·e elevated pH results. Henceforth, averaged quadruplicate 
measurements of pH, taken in the field after readings have stabilized, will be used as the ~terminant of 
this property for future comparisons, instead of single laboratory measurements. Laboratory pH 
measurements will be continued annually for comparison with field readings, to determine sample 
changes during handling. 

Replicate field measurements of dissolved oxygen (DO) will also be made during each sampling 
event to ensure that the samples taken represent geochemical conditions in the aquifer, and to establish a 
baseline chemical signature for the well. As with pH and conductivity, DO measurements will be taken 
in succession until readings stabilize prior to sampling, then the final four readings recorded. Levels of 
DO will also be measured and recorded prior to sampling in all tritium-tracking wells, according to the 
schedule in Table 5.1. 

5.3.3· Water Level Measurements 

Water level measurements will be taken in each well in the network in conjunction with every 
sampling event (annual to quarterly basis-see Table 5.1). In addition, water levels will be measured 
monthly in the SALDS proximal wells, 699-48-77, 699-48-77C, and 699-48-770. Monthly measure
ments taken in these wells will allow a more accurate assessment of the hydraulic response of the 
groundwater system to SALDS discharges. All water level measurements will be taken prior to purging 
and sampling of wells. 

5.3.4 Quality Assurance and Control 

Provisions for groundwater sampling, analysis, and data validation procedures and criteria are 
governed by the Liquid Waste Processing Facilities Quality Assurance Project Plan (QAPjP) (Olson 
1997). Analyses are performed by an accredited laboratory as authorized by WAC 173-50, Accreditation 
of Environmental Laboratories (Ecology 1990), and are a reflection of Test Methods for Evaluating Solid 
Wastes, Physical/Chemical Methods (U.S. EPA 1986). Additional or alternative procedures/methods are 
compliant with SW-846, Chapter 10. Details of analytical methods are described in Standard Methods 
for the Examination of Water and Wastewater (Eaton et al. 1995). Procedures for field analyses are 

specified in the subcontractor's or manufacturer's manuals. 
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5.3.5 Well Purging and Sample Collection 

Prior to sample ~ollection, each well will be purged of one well volume of groundwater. Following 
purging, a sample may be collected when field parameters (pH, conductivity, temperature, turbidity) have 
stabilized. Pumping rates for purging and sampling should be sufficiently low such that sample turbidity 
is kept to a minimum. Based on development results and prior sampling experience, pumping rates for 
sampling and purging should not exceed 5 Umin (1 .3 gal/min) in wells 699-48-77 A and_ 699-48-77C, and 

should be ~42 Umin (11 gal/min) in well 699-48-77D. Turbidity must be ~5 .Q NfU prior to sample 
collection in these wells. The pumping/purging rates are not as critical in wells sampled for tritium only, 
but turbidity should be below 10 NfU prior to sampling. If these turbidity criteria cannot be achieved, 
field personnel will contact the project scientist in charge of data ·interpretation or the project engineer in 
charge of data validation. Readings for dissolved oxygen will also be monitored for stability prior to 
sampling. 

Groundwater purged from the SALDS tritium-tracking wells within the 200 West Area boundary falls 
under containment criteria in DOE-RL (1990) and is not discharged to ground surface. Wells in the 
SALDS network outside the 200 West Area boundaries currently do not require containment. If future 
analyses indicate containment is necessary, procedures for containment and disposal will follow Strategy 
for Handling and Disposal of Pu,:gewater at the Hanford Site (DOE-RL 1990). 

5.4 Groundwater Flow Determination and Modeling 

Groundwater elevations in the three SALDS wells will continue to be measured monthly and at the 
time of sample collection. Water level measurements in other.SALDS tritium-tracking wells will be 
made at the time of sampling. Determination of groundwater flow rate and direction will be made annu
ally, at minimum, for the purpose of ensuring adequate understanding ofhydrologic conditions in the 
aquifer in the vicinity of the SALDS. Groundwater flow rate will be determined using the average linear 
flow equation derived from the Darcy relationship, as presented in Section 2.2.2 of this document. Con
touring and interpretation of the water table wiU occur once annually, at minimum, and the direction of 
groundwater flow will be estimated by the mapping of hydraulic head in the aquifer beneath and in the 
vicinity of the SALDS. 

The CFEST-based numerical groundwater model by Cole and Wurstner (in Barnett et al. 1997) or an 
equivalent model will be reapplied using actual discharge volumes and tritium quantity since 1996, and 
will incorporate revised estimates for future operation of SALDS. The model will be reapplied upon the 
occurrence of one or more of the following: 

1. once during the 2000-2005 permit cycle (5 years) 

2. in the event that elevated tritium appears in a well at a time significantly sooner than the model 
predicts 
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. . 

3. within six ( 6) months of detection of the SALDS tritium plume in a monitoring well where 
tritium has not been previously detected 

4. detection of tritium at a location not forecasted by the model. 

The reporting format for the groundwater/tritium-plume numerical model will include hydrogeologic 
information and historical background discussion necessary to understand the application of the model. 
The report will also_ include a description of the model code used, an illustration of the modeled domain, 
and all input parameters and assumptions made in running the model. 

Model results will be illustrated in both cross-sectional and plan views across an area large enough to 
reveal the entire extent of plume travel. Map (plan) illustrations of hydraulic head derived by the model 
will accompany the predicted plume illustrations. The illustrations will be sequenced in five- (5) year 
increments, at minimum, from the time of the modeling effort, until the time that the SALDS tritium 
plume is predicted to decay to below 500 pCi/L (approximately the current MDA for high-level analyses) 
at all locations (see Barnett et al. 1997). Contour intervals for the plume maps will be selected based on 
the range of tritium concentrations in the data sets. A comprehensive table of tritium results for all 
tritium-tracking wells in the well network will be included in an appendix to the report. 

5.5 Data Management, Evaluation, and Reporting 

Groundwater analytical results will be received from the laboratory on electronic medium or hard 
copy. (Field parameters will be submitted in hardcopy). These data are entered directly into the Liquid 
Efiluent Monitoring Information System (LEMIS) and are then validated by the Data Manager at Liquid 
Waste Processing Facilities. After an initial inspection and qualification, these data are copied in wQole 
to the Hanford Environmental Information System (HEIS). 

Groundwater data are evaluated using application-specific databases such as the Data Viewer and 
Evaluator (DA VE), which allows trend analyses and other comparisons and screening. The project 
scientist will evaluate the data (hydrologic and geochemical) for each analytical period (annual to quar
terly) for trend departures, anomalous or erroneous data, or unprecedented results. This evaluation is used 
to assess the potential vulnerability of groundwater to SALOS operation, or to detect the influence in the 
aquifer of other sources that may interfere with the SALOS groundwater interpretations. 

Groundwater analytical results will be evaluated quarterly, at minimum to screen for anomalous 
results, unexpected trends, or exceedences in DWS. Requests for Data Review (RDR) are used by PNNL 
to more closely examine anomalous groundwater analytical results or results suspected of error. All such 
results will be subject to RDRs. All results will also be reviewed and reported annually as described 
below . 

L WPF publishes quarterly Discharge Monitoring Reports (DMR) that contain all analytical results for 
both effluent and groundwater for the SALDS. Groundwater analytical data will continue to be reported 
on a quarterly basis, as they become available, in the DMR. A tritium-tracking and groundwater monitor
ing report will be produced anriually, detailing all tritium results from the tritium-tracking network and 
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non-tritium results for enforcement parameters at the three SALDS proximal wells. This report will 
include a discussion of departures from historical trends in analytical results and pertinent hydrogeo
logical information (see Section 5.4). A summary of SALDS groundwater monitoring results is also 
published annually by the PNNL Groundwater Project in the Hanford Site Groundwater Monitoring 
annual report (e.g., Hartman 2000). 

5.6 Statistical Evaluation of Data 

Basic measures of central tendency and variability will be applied annually to the groundwater 
analytical data, such as presented in Appendix D. Aside from these, no other routine statistical analyses 
will be performed. Contingency statistical analyses may include the application of control charts for 
constituents of particular interest (e.g., conductivity) should trending suggest a departure from historical 
values. 

5. 7 Contingencies 

If effluent monitoring requirements change significantly, groundwater monitoring requirements will 
be revised, as needed, to reflect discharge parameters. 

The network of wells for tracking the tritium in groundwater emanating from the SALDS is currently 
adequate for the necessary levels of assurance of determining impact of OJ)CI"ations on the uppermost 
aquifer and the Columbia River. Additional groundwater monitoring locations would be considered in 
the event that unexpected detections of tritium occur in the CWTent network, or if numerical modeling 
results indicate a need for additional coverage, such that tritium could move undetected beyond the 
bounds of the current network. 

In the event that numerical modeling results indicate that concentrations of tritium in groundwater 
will exceed the surface water standard for tritium at the Columbia River during the life of the tritium 
plume, a list of contingency measures to mitigate or further evaluate potential impacts will be submitted 
to Ecology. 
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Appendix A 

Constituent Lists for SALDS Groundwater Monitoring 

The following tables show the lists of constituents sought for SALOS groundwater monitoring from 
1992 through July 2000. Tables A.1 and A.2 are the constituent lists used prior to the issuance of 
ST-4500 (see Section 1.3.2). Table A.3 is the constituent list derived by Davis et al. 1996, which was 
observed through July 2000. The constituent list and sampling schedule for the new groundwater 
monitoring plan is presented in Section 5.0 in the main body of the document. 
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Table A.1. Constituent List Applied to SALDS Groundwater Monitoring, 1992-1993 . 

Constituent Name 

Contamination I,cdicator Parameters 

Conductivity, field Total organic carbon Total organic halogen 

pH, field 

Drinking Water Parameters 

Alpha-BHC Arsenic Arsenic, filtered 

Barium Barium, filtered Beta-BHC 

Cadmium Cadmium, filtered Chromium 

Chromium, filtered Delta-BHC Endrin 

Fluoride Gross alpha Gross beta 

Lead Lead, filtered Mercury 

Mercury, filtered Mcthoxycblor Selenium 

Seleniwn, filtered Silver Silver, filtered 

Toxaphene Ganuna-BHC (lindane) 

Groundwater .Quality Parameters 

Chloride Iron Iron. filtered 

Manganese Manganese, filtered Phenol 

Sodium Sodium, filtered Sulfate 

Site-Specific and OtMr Cpnstituents 

1, 1, I-Trichloroethane 1, 1,2-Trichloroethane l, 1-Dichloroethane 

1,2-Dicbloroethane 1,4-Dichlorobe])Zene 1-Butanol 

2-Mcthylphenol 4,4'-DDD 4,4'-DDE 

4,4'-DDT 4-Methyl-2-pentanone 4-Methylphenol . 

Acetone Aldrin Antimony 

Antimony, filtered Benzene Beryllium 

Beryllium, filtered Bromide Calcium 

Calcium, filtered Carbon tetrachloride Chlordane 

Chloroform Cobalt Cobalt, filtered 

Coliforms, membrane filter Copper Copper, filtered 

Cyanide Decane Dieldrin 

Dodecane Endosulfan I Endosulfan II 

Endosulfan sulfate Endrin aldehyde Heptachlor 

Heptacblor epoxide Hydrazine Iodine-129; Iow detection 

Magnesium Magnesium, filtered Methyl ethyl ketone 

Methylene chloride Naphthalene Nickel 

A.2 . 
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Table A.1. ( contd) 

Constituent Name . 
. 

Site~p ecijic and Other Constituents (contd) 

Nickel, filtered Nitrate Nitrite . . Pentachlorophenol Phosphate Potassium 

Potassium; filtered Temperature, field Tetrachloroethane 

Tetradecane Tetrahydrofuran Tin 

Tin, filtered Toluene Tributyl phosphate 

Trichloroetbene Tritium Vanadium 

Vanadiwn, filtered Vinyl chloride Xylenes (total) 

Zinc Zinc, filtered m-Crcsol 

trans-1,2-Dichloroethylene 

. . 

. . 
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Table A.2. Constituent List Applied to SALDS Groundwater Monitoring, 1993-1995 

Constituent Name 

Interim PriMIU')' Drillking Water Standards 

Arsenic Barium Cadmium 

Chromium Fluoride Lead 

Mercury Nitrate (as N03) Selenium 

Silver Endrin Lindane 

Methoxycblor Toxaphene 2,4-D 

2,4,5-TP Silvex Radium Gross alpha 

Gross beta Turbidity (surface water only) Coliform bacteria 

Groundwater Quality Parameters 

Chloride Iron Manganese 

Phenols Sodium Sulfate 

Groundwater Contamination Indicator Puometers 

pH Specific conductance Total organic carbon 

Total organic halogen 
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Table A.3. Constituent List_for SALOS Proximal Wells, 1995 Through July 2000 

Highest Allowable 
Constituent Concentration<•> Method 

Acetone 160 8260 

Ammonia 1,100 EPA 350.3, 350.1 

Benzene 5 8260 

Cadmium, total 10 7131A, 200.8 

Chloroform 6.2 8260 

Copper, total 70 6010 ICP, 200.7, 200.8 

Lead, total 50 7421, 200.8 

Mercury, total 2 7470, 7471 

pH, pH units 6.5 - 8.5 150.1 (lab), 9040A 

Sulfate 250,000 300 IC, 9056 

Tetrahydrofuran 100 8260 

Total dissolved solids 500,000 160.i 

Gross alpha (pCi/Lt> Laboratory specific 

Gross beta (pCi/Lt> Laboratory specific 

Strontium-90 (pCi/L)(l,) Laboratory specific 

Tritiwn (pCi/L t> Laboratory specific 

(a) All concentrations in µg/L unless noted. 
(b) Not assigned a permit enforcement limit but are subject to measurement and 

reoorting as required by the permit. 
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Appendix B 

Construction Details and Lithologic Logs for Wells in the SALOS 
Tritium-Tracking Network 

The following records illustrate lithologic and construction details for all wells in the SALDS tritium
tracking groundwater monitoring network Logs for the SALDS proximal wells (699-48-77 A, C, D) 
provide considerably greater detail than those for the older wells in the network. Wells 699-51-75 and 
699-5 l-75P comprise a dual-completion well, with 75P consisting of a 2-inch piezometer open at 
approximately 7 m below the screened interval of, and centralized within well 699-51-75. 
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2&-50' 11ANO 

r.Jr.; . ~ , ,~ 
ir- ~~ ! CJ k~ 50,55· Silly SANO 

H i IQ 
r1 l = ~ -. 

Y! r' ·_Jc~ .: f" /"1 · : :· -, 55-oo' SiQ1111vSiltvSANO 

''7 ;,-j : ~ PUO-Pl.flSTOCEHE/RINGOI.D 
., --, Y, i !' · i CONTACT O 82' ! ,; I~ i I,, ! UPl'Efl R1NGOlO 
,i h :,,,: ! . ... , n .... 1 : 

! .A • . 
, · I f ! :,i 
: .. -~ ~"'! i ! 82-74' SAND 

, , ~"t . ! t 
',,:_ !A I i .. • ~ .· 
• ~ :. : ~"'' RINGOtD UNITE • 1,• 

B.8 

I
, Groa1 Gamma I _ Elev"n 

Log ~ C.C03 • • • • .._ (Feet) 

i"' Moi•t - Depth 
11xSOO) 1 ! . 1 1 ! , -~ - .! . , , ffeetl 

I 
I 

i:> 

I 
I 
\ 

) 
' i 
' 

I 

\ 

~ 
( ! 
) ; 
\ ,, 

I 
i 
I 

i 

/ 

l I 

I I 
} I 
I I 

I 

•• I ' I ... •.•. ,Jl!t • . . 'J!II ... 

r -~ 

f 
10 

660 

I 
' i 
1 

Leeo 
20 

I 
I 

! ~-,. 
I ,~ 
le20 
I 

50· 

I 
! , eo 
~!!10 

I 
I 

I . 
I 

! 70 

Leoo 
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Project: 

~1· 
Depth 
feet) l 

590 

580 

570 

I 
I 
I 

80-j 

I 
~ 
i 

i 
BOJ 

7 
I 

1001 

I 
i 

~ 
! 

! 
110-' 

seo ! 
J 

120~ 

550 

130-: 

6'0 

l 
I 
I 

1'07 

530 i 

Aemarb/ 
Matarial• UNd 

I ~ 
I p, . 

I ~ 
i ~ ' 

ti rj 

H 

~I 

3/16/2016 - 9:06 AM 

._ ., .. . 
" • 0. 

. · O 

o . . 

Graphic Uthologic Log 

7._.0' Grevelv SANO 

->_ 80-102' S--, GRAVEL 

J. 
;:: l 
ID·., 
j : _· ,Id 
k.1 

I 1:- , 'o : 1· . 
I I!-:"-. . I 4) ._ 

I I_. C 

1

1RCl~ 
Ll I •I-:"·. I 

I · l.-· -
1 r--: I ., -_ 
! . i ·: 

t· -+ ··: 
I
_: . .. • 

.v.·.: 
f:: _ 
I< 

js !:-. 

102·115' Gravely SANO 

115·124' Sa,dy GRAVEi. 

124-185'~ : ~ ri I i 1-.. 

1so..-.. • ....... 1,, ....... , !_ r~ ,--: I :11 ·.-
:...-: f'! 

s20 .• r. ~i l , . ! 

R 0. ! ··!1· 
1110-

510 

~ r; i . !- i 

~ n 1111 v--: n ._,L . : 

"'""" I . I ··· ·•· ;· .... .. , .. 1., j~" 

B.9 

j Page 2 of 6 

Gross Gamma i ~~o, -~,•Elev'n 
Log i9' --. • • • • ~ (Feeu 

.I 

i 
i . 

f1x500) ~ - ,1 ,. : ,. ,! .. ~. , (Feetl 
~ Moi•t -1 D,pth 

/ 

) 
\ , 
} 

~ 
l 
I 

l 
I 

( 
(-
\ 
( 

\ 
f 
\ 
I 
J 
I> 

( 
) 

/ 

) 
'l 

) 
} 
'· 
? 

I 
I 

580 

80 

i 90 

~580 
I 

100 

570 

I 
I 
! 110 

~seo 

i 
I 

I 
120 

~ 560 

I 
i 
~ 130 

I 540 

l-·~ 
I 

150 

' ;- 520 

1110 

-510 
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Project: 
Elev'n i 

IFwll I 
O!'9th 
!Feet) 

17J 
i 

500 ; 

'80 

'80 

470 

i 

J 

I tlOl 
I 
I 

i 

A.,.,.rka/ 
Material• U•d 

-.....-....,1,n· ,. 
1221.1 ·1 

i 
210-; 

... 
' 
~ .. ..: ......... 
!218.t'"l~MI 

220_; 

ISi-·--"'· ...... : 1, ·,-022u· ! 
i i 

-"t-12 ....... 22,.3• ' 

430 

I 
l 

230-;10• ....... .,,. •Miftt .. , • 
;221..s: 
' 

-1-12 •-•.zu.1· 

240~ 

-St--N e1-.. w...-,t, ""I I. 
;, • ,_ • 2u.1· 

; 

2~0..; 

-.. 
· . ,, ,1,1,, , t •·• •••l, h 

3/16/20 16 - 9:06 AM 

I~ -~--~, 
1: -'l 

ri .t-.. i 
11-:·-- i If· 1 

'tJ 
-~) 
• . o_ 

RC . · ···:1 
110_ -'! 
h 
I" ·o.: 
i.; _- I 

•~--o.:/ 
-.-. 
f.1 

,i :·_. · 
r --,.-. 
+·· 
f<l 

.i::J 
r.':J 
, . I .u 
r-:~ 
r --' 

C ~l 
t1 I,._. ... 
tjO .j 

I I:" ~ 
I •O • 1 

h 
• i ·. ·0 I 

;o :_' 
C . \;.":! 

I I ·: i -/~ i 
I ! . · ! If _--,I 

i t -c) ·; 
I' • 

Ir°- ~l 
' io I 

i I _.-~.-1 
t A.....J 
i I 

I la~ 

Grai,hic Uthol11gic Log 

1&$-1&7• Sandy GRAVEL 

1&7-1 73" Gr.....,SAHO 

173-1 ae· SAND 

18&-112" Sandy QAA.VB. 

1112-1111• Gr-'\, 5'.NO 

1N-202" Sandy GRAVB. 

201-21 s• SAND 

21$-120" Gr...itv SANO 

220-231" G,wely SANO 

B.10 

I Page 3 of 6 

I Gron~:-- C.C03 • • • • •::J fl:~, 
1% Moist - 0.pth 

11d00l ! , ", ., -r .. rf • . !. , , ff••d 

I ' I i 
-I 1 
l ) 

/ 
) 

/ 
I 
\ 

( 
\ 
\ 

} 
\ 
~ 

) 
i 

/ 

i 
' 
' 

} 

.. ..... 

I 170 

~ 500 

I ,., 
~490 

190 

~·~ .. 
i r-., 
! 
i 220 

L4so 

230 

L440 

! 
240 

250· 
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• • 

. . 

Project: 
Elev'n 
(FHtl A.marb/ 

~teria1 U1ed Depth 
I 

lluny(221 .J ' Jo 
2.21 

1--woitnt-•"'t· 
,.. ·- 0 :zt7.3' 

270i 
400 I 

--1 
-~.--1212.2· .. 

380 

1

21,.n 

280 ~10-20 •- 12te.e· to 

l
·,,o.,, 

l 
I 

300-
i 

370 I 

i I r~~--1 
310 1 I 

390 i · · I 
f..12 -4 1310.1' ,. Jll.11 
Jc....,,.,....,_ f3ti . t· ta 

71•.1·1 

I 
320--...13u.1· .. 1 

?23.1"\ 
350 I 1 

I I 
I 

! 

' I 
I 

330 7 

340 I 
i 
,,. .. , _

1 

,_.,m.rco 

i 
340"1 

330 i 
I 
l 

I 

3/16/2016 - 9:06 AM 

Graphic Litholo9ic Log 

284-288' GRAVEL 

281-321 ' s.,,ct,, GRAVEL 

321·321' Silly SAHll 

B.11 . 

Groat Gamma 
Log 

C1xl5001 

i 

I Page 4 of 6 

c.:03 •••• ..:; I f,l:;, 
Moiat- Depth 

t I., I:,,.,. I,,... fF t ) 

280 

410 

270 

400 

2110 

390 

290 

380 

. 310 

3CIO 

320 

350 

I 
I 
I 330 

L340 
! 

i 340 

~ 330 
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Project: 

Aernerlr.i/ I Ca.,.1.::!mon ~!~ Graphic Uthol...,;c L"" I G,.,..,~..,,,,,• 
Material• UHd iD -,.. -• 

.'i.~• ~ :••, i~ Cl!~ I 11xsoo, 

,.,j 
320 j 

310 

I 

3eo1! 

I 
I 

-"'I , 
380~~ .. -9 1331.S' IO i 

290 ,- - : 

i 
-l i 
I I 
J I 

280 

380 r·12~(3M.J'to n1.1·1 t 

270 

i 
! 
! 
i 

400-Cne4 formablln (319.1' t• 
-400.S"I 
: 
I 
I 

... i 
200 ! 

' j 
I 

! 
420 i 

2so I 
! 

240 

430--8-12 H M 1400.S" 10 437.2"1 

' 
! 
J 

i1: - . I 
· 1 

I -· 1 
! · I 

I 

-.i, • ., , • • • • • • •• • • • 

i· .: 1 
397• 33' $ondv GRAVEL 

•t-=· : I 
~ ! ' 

~ RIHGOLO/SAODLE MOUNTAIN 
__ . • -..:::.....::..: 8ASAlT CONTACT ~ 433' 

.:, .... 

B.12 

I 
I 

. I 

l 
I 

i 

I 
i 
I 
I 
I 

.. 

!Page 5 of 6 

IEl•v'n 
C.C03 • • • • ~ IFeetl 

Moist -1 0•pth 
, , , f , • , : , , , ~. 1 . ~ ,,, 1 (Feet 

360 

320 

380 

·310 

370 

300 

i 

I 380 

~290 

I 
I 3110 

280 

400 

270 

I I 410 

-MO 

! 
! 

l ,20 

1 250 

i 
.- 240 

i 
I 

I 
. • -~ - -. ~ ,.. I 

4JO 
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Project: w-011H1c-01aH RcRA GROIJNOWATER MoN1ToR1NG I Well No: 699-48-77C 
wr:,' '""'TA•' "TION . 

I Page 6 of 6 

• 

. . 

aev'n I IFNtl Rem.rut 
0.pth Materiab Uaed 

IFfftl 
Iii~.,, ......... r • .,7_2· 

440~ 
I 

230 i 
I 

450 

~220 

4e0 

210 

7 
I 

-·~1 
480 

190 

I 
' 490 -' 

180 

5001 
170 , 

I 
J 

i 

I 
I 

510~ 
I 

1110 I 
I 

! 

i 
I 

I 
'520 ~ 

1110 
i 
i 
I 

i 
' ; 

I Wd Conetruction 

..... ~ -, i.1,ii1 1J:~.r.r •• 

I 
i: . I 

I 

I 

I 

! 
i 
! . 
I 
I 
I 

' I 
i 
! 
! 
I 
I 

i 
' i 
i 

I 

! 
: 
I 

' 

-··• · . ., ., .. ... ,. 

~1~a I GtoA Gwnma 1 1e1ev·n 
GraJ1hic Lithologic Lo; Lo; "' CA!:03 • • • • ..:l (FNtl I . ~. Moillt - , 0.pth . . . m (1x500t 1 1 1 ! . 11 r,, , ~, i • t, 11 (F•U 

• i ~ B.EPHANT MOUNTAIN MEM~ I 
i-- ' "' r- I 

' I i 
i I 4-40 

I 230 

I 
I 

I 450 

I 220 

I . 

I '80 
I 

! 210 

! 
' I I 
' I j 

470 I 

' 200 i 

11 

I I i 

I 1 
480 

I I: 190 

i j i I ! 
I \ I 

I 490 I . I 
I I ' 180 
i I I 
i ; I 
: l 

I! I 
• I i 500 

I ' 170 ! . ; 
i. 

I 
t 

' I 
I 

: 
I 510' 

I 180 

I 
I 
t 
I 
I 
i 

l 
520 

I 

; ·-· .... r ! 
I 

a:~~ ' ! ' 

B.13 
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Project: W-017H/C-018H RCRA GROUNDWATER 

MONITORING WELL INSTALLATION 
I Well No: 699-48-77D 1 of 3 

B•v·,, ,• 
!Ffftl Remarks/ 

Deplht Materials UHd 
(Feett ' 

670 

880 

860 

640 

830 

i 
I 
I 

J 
! 
iC--.nt Mal 12• 10 I . 71 
I 
' ,o...: 
' 
\12-~.,,,CN!in9-,. 

~1•~ 

20.; 
I 
; 

i 
~ 

30-: 

I 
I 

40...; 

i 
J 

50-; 
820 

80-
810 

~o-
800 

lete : 1. 1.94 

Graphic Uthologic log 

0-1 .5" Silty SANO 

EOLl,\N/HAHFORO CONT ACT 0 
1.s· 

Hanford fer!MlliDn 
Upper eo-
1.s-e· Sandy GRAVEL 
HAHFOIIOIPUO-PI..EISToaNE 

CONTACT os· 
5-1Sl"Slihd'f_,;., .. ~ 

GRAYS. 

1 .. 24.5' Silty S4ND 

24,5-33' - to SIity SANO 

51 .5-51' s.ndy 51.T 

PUO-P\.EISTOCEHE:'IUNGOLD 
CONTACT O 59' 

UPP9I IIINGOLO 

SM7' SANO 

87-80' G,8'Hllly - to 6arldv 
GIIAVB. 

B.14 . 

l 
Gro•J G.,,,m• 

Log 

, 11>,S00J 

i 
I 

i 
! 
I 
I 
I 

i 
I 
I 
I 
I 
i 

{ 
\ 
I 

I 

~ 
( 

·-~ 
/ 

( ~ 

\ ."-. 
,. , 

j 

/ 
': 

217.10 

673 87 

58~33.30 

7695 8 

1" c.co3 - - - - .cl~:~~ 
1% Moi11 - , Depth 
; 1 : , : , • • ~ • - ! , , , ! . , 1 (Feetl r ~870 

' ! 
l-.o 
i 
I 
' __. ______ -:I 

i ·-
~-c :-------.; 

~---.1 

l. 
i 

l 
! 
I 

I -. 

J 10 
r-890 

l 20 
~850 
! 

' I 30 
:-840 
I 
I 

i 
i ~ 
;-830 

I 
! 

so 
~820 
l 

...-' 

) 
\ 

;.-------iJ 

\ ·. I 60 
I 
;-610 

- l· _. ,_, 

~ 600 

70-
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. • 

Project: 

a.v•n ' 
IFwtl 

Depth 
FMt I w.a· ~ ~ Ramarka/ c ....: ] Materi• • UMd onatN~uon _ Gr8!)hic Uthologic Log 

., t.~:.~ .r: ~ f . -,m 

590 

580 

I 
i 
I 

j 
I 
I 

I 
soJ 
I 
l 

.,,,~I 
110~ 

seo ? 

j 

I 
• I 

I 
. I 
I 
I 

I 

: I 

1201· I 
550 I to· !.,..",wv c...,.., .. , • I 

122.8' I 

, ! 

130_; 

- j 
I 
I 

l~ . 

630 7 
I 

j 
J 

150..;-.-..- tt.r .. 520 207.t"l 

I 
i 
I 
i 

~ 
I • ' 

i 
o ' 

• ! . 
0; 

& 0 i 
o I 

' O ! 

! O! 
I 

o l 

·Ll:i s • i 
• I 

o ; 

·r· .. ; • "O.; 

~--;A 

i~:1 
R"·•t-~; "'!'I . ·i V·: 

I . 
l•I . ' -I ' .. ,:_~~ 
,r:-' 

h I·._:~ i 
• O.j 

~:,! 
I : . • i 

~! 
Q. -~ 

.. o·.i 
• ·· · I 

11 1: •; ; 

,~ -~: ~ I 1'.r:-!::1 

I I · ~ I 
i :~ · . ·j 

. ~ ~ t~·,:-1 
, r r~ I r·:,.! ; 

1110-, 

510 ! 
I 
I 

I t ' I l 
( :.- I !",._° ' 

. i l I iW 
1 I ~+~ 
1 .. ....... ':'."':':':': .. .. .. , I!.,~~ 

RINGOLO UNIT E O 77· 

8~109" GRAVEL 

109-129' Sanely ORA VEL 

129-132' SANO 

132-1113" Sanely GRAVEL 

B.15 

699-48-770 j Page 2 of 3 

I 
Gro .. Ganm• I •ei.v•n 

Log ~ C.C03 • • • • ..:l lrF•tl 
N.Moi.i- \ · Depth 

11 .. soot • r.-.. r,, 1. , ,:. , 1 ! , , , , F .. r, 

>~ 
) 

I • }~ I 
\ I. 
! ! 

I 

i • 

\ f l I 

) i 
\ i 

• / ! 
\ 

1 
( i 
\ I 

< 
. \ 

I 

I 
\ 

L 

I 
! . 
I 
! 

;, 

i" 
I 

i 
r 
I 
! 
I 

10 
!..5110 
l 

I 

J·~" 
i 
I 100 

["' ,,. 
I seo 
l 
i 
I 120 
l-5!10 
I 
I 
I 
i 
! 
f \30 15~ 

I 1,0 
:-530 
! 
! 

150 
'- 520 
I 

1110· 
;-510 
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Project: 

Bev'n I CFwtl 
Depth 
I tl! 

500 

180 
490 

190--
480 i 

! 
J 
I 
I 
I 

200• 311• -·- ....... 1207.1'1 ·~ r" 
210 -',,. ................... !20,.,·I 

480 r ,, 1.1·1 i 

I l 
I I 
~ ' 
I / 

SI.M1ew•w t..-40 217.1 0 ' ! 
111,..,.<11 I 

220 10 sJet tf ..... SCl'Nft 

450 12,c.r to nc.1·1 

230 20-«>-• 121 1.r .. "° 2~.n 

240 
430 

I . 
j •• ,.,.."''" OMlfttl ..... 

~37-2" 

• 237 .T . 

f
.-.,,.12J1.1· ,. Z37.n 

i 
i 
I 

2501 

420 I 
1 
' ... ~ .. 

3/16/2016 - 9:06 AM 

G,ephic Utholo9ic Lav 

170-18, Sllldy GRAVEL 

187-19D' Gr ..... SANO 

1841· 212' S.,,dv GRAVEL 

l •i 

l t -
! ; I .i 

' . · · J i•\: I 212-225' SAND 
i 1•: 1 

j / 1 .-1 I I r ·I 

j li't:\ 22s-231.1• Sondv GRAva 

. 1· ,.L· .... , 
' 1 .. ~ 
i ! I ; 
I i.!:I m .s-237.TSAN0 
i j =- : -~w 
I ' : ' . ' ! . j 

: i 
. i 

i 

B.16 

699-48-770 I Page 3 of 3 

I Gro .. ~;nvn• C.C03 - - - - ~ lf~:~r . 
I Moi1t - Depth I 11xSOO! .. . , .. • • .,, .. ,t... 1Featl 

\ 

( l 
\ ! 
! I 
i • 
i I 
) ~ 
\ I 

I I 

I t-

1 ~ 
' ! ) -( I 
i ' 
' L / ,-
1 i 

) I 
i 
i 

l.. 
I 

-! 
/ ' ; 

I i ~ ,. ,. .'!' 

. 170 
500 

180 
490 

190 
t- 480 

I 

I 
! 200 
Loo 

210 
480 

r·~m 
i 230 
f- 440 
I 

I 
I 
i 240 

r'30 
I 

I 
! 
~420 

250 

' ' ! 
I 
I 
I .. ; 
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WELL CONSTRUCTION AND CCJIPLETION SUMMARY 

Drilline • Saq,le Drive barrel 
Method: C,bte tool Method: Hard tool 

WELL 
NUMBER: 299·W6·6 

TEIIPOURY . 
WELL NO: V6·M 

Drilline 200 w water Additives 
Fluid Used: Sl.llDly Usad: Not docunented 

Manford 
Coordinates: N/S 
St1te IIAPll3 
Coordinatnt II 

N 46ill1.4 E/W V 74,052.5 
137, .'72ii 567,318.7411 Driller•• MA State 

II-: Multiple Lie llr: llot docU!lented 
Dr Ill I ne Calllf)8nV 

451.623 E 2,221,153 
Stert 

Ccllllpeny: JfDlffl prjl ljnp Co Locatton:Not docypented card t: Not docu,ented 
Elevation . 

T __ R ___ s __ _ 
Date Date 
Started: 13Aua91 Ccaiplete: 240ct91 

Depth to •ter: i7 s·r D~1 
(Ground aurfece>J'. ·t JLr93 
GEIIERAL.IZED Geologia t • a 
STRATIGRAPHY Log 
Sl•sl i9"tly 

0-S: Not doc.,_,.ted 
5•10: 'lery sandy GRAVEL 
10tt20: Grevelly SMID 
20--25: Very gravelly SANO 
25-30: 5.-.dy GRAVEL 
3°'"36,5: Silty SANO 
36.5"40: Sandy GRAVEL 
40-SO: Gr1wlly SAND 

(Possible CALICIIE a ""'47-ft) : : 
50-60: Sl gravelly SAIi> : : : 

(Celcar-- sandy SILT, 5M2·ft) 1• : 
60-70: SANO : : : 
70-85: Sl gravelly SAND : : 

(Celcar-- sandy siLT, 1.J.,74·ft) : : 
85-90: Sl ail ty al !lf'avelly SAND : : 

9(),,95: SH ty SAND mt· : 95-100: SAND : 
100-110: SL gravelly SANO : : 
110--120: Silty sandy GRAVEL D 
120o<135: Sandy GRAVEL iii 
13500140: Silty sandy GRAVEL i= 
140ot150: liRAVEL 
150-17'5: Silty sandy GaAVEL 
175-200: Sandy GRAVEL 
20o-270: Silty sandy GRAVEL II!! 
270oo285: Sandy GRAVEL '!• 
ZSS-320: Silty sandy GIAV£L II· 
32o--l25: liRAVEL =--•• 
325-330: Silty sandy GRAVEL • 
33(),,340: Gravelly SAND E 
340--355: Silty sandy GRAVEL I 
355 .. 37'5: Sl ailt~al gravelly SANO • 
375•380: Sf l ty sandy GRAVEL • 
380-400: Sl silty al gravelly SAND • 
4Go-41S: SANDS·GRAVELS ~-i 
415"435: SAND 
435-440: SANDS·GIIAVELS 
44°'"472: SANDS 

Grelllld surface Cft): 706.82 <Btlll cep> 

•----1 El.-wation of reference point: r709.99·ftl 
(top of caaina) 

r;-l lletght of reference point above( 3, 17·ft J 
I I ground turfece 
• l Depth of au-face ae• l C2.0-20.7·ftl 

Type of aurface •-l:Pre;aia concret• 
+a+·tt x t·io surface·pad 

-----1 1.0. of riser pipe: 

I 
Type of rinr pipe: 
sr,fn\ess steel 

-I Di-ter of borehole, 

I• 0-18.1·ft, 17·in noatnal 

ffl
==·:·. ·=··: 18.1•169.8-ft, 13-in noainal 168.&-34D.4•ft, 11·1n ncnlnel 

340.4-472.0·ft, 9· in l'IOllinal 

~~--- Type of filler, 20.7-406.7·ft ~11 aentonite slurry 

I 
I -

c +·io 

[ 406. 7-ft] 

I•• LI Depth top of screen: [ 41!1.6·ft) 
- 4·in. 120-atot, continous 11r., 
~ 304 stainless steel 

Ir: I Depth bott011 of screen: 

~ --
C 429.3·ft] 

1 

;;;;;;;;;;=1 
::::::::::: =~~~~~----

Erwiroplug c01rae bentonite 
hole plug, 435.9"462.9·ft 

Fill, 462.9-472.0·ft 
ti t:t:flt:t 

Depth to bottoai of borehole: C 472,Q-ftl 

DrBlfint ly: IIICL/2W06·06.AS8 Date: 15Apr;93 
Reference: ___________ _ 
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SUMMARY OF CONSTRUCTION DATA AND FIELD OBSERVATIONS 
RESOURCE PROTECTION WELL - 299-116-6 

IELL DlSlaATIC• 
ma.A .. n 
ICU fACILlff : 
NAIIFDID QIOIDJIIAT!S : 
UIIIEIT alaJIIATff : 

DATf DIILLBI : 
DE,tM DIJLUD Clol) : 
IIEASUIID DDT1I ( CIS) : 
DEPTI 'NI lllTa (GS) 

CASIIIC DIMETEI 

ILEV TClP CASIN 1 

El.EV llllCUID UFACI: : 
KIFDIATD IIITHVAL : 
ICIIIHED IIITD'ML 
lXIIRTI 

AYAIU.U LOCS 
TY 1CA11 caMIITI 
DATf EVAllMTID I 
EVAL ---TIClt 1 

LISTED USE 

NIP ffl'£ 
MIIITEIIUCE 

299·116·6 
200 ...,..._t• .,._ ..,.._,t Study 
La.. 
I '6,511.4 II 74,05Z.5 C200ll•ZGlleY92] 
I 451,6ZS E Z,221, 153 [lllllallY] 
I 137,&111.7211 E 567,111.Na OIMIIJ•Zlllay92) 
Oet91 
,n.o-ft 
lot -.-.ted 
257.0-ft, D«:91: 
Z53.0-ft, 1111ar9l 
4·tn • tatnl ... • tNl, • 1.M11 .• 6•ft; 
6-tn • tafnl•• •t•l, •:S. ,.,_·o.S-ft 
1'09.99-ft, (ICVll'Z9•ZQN• y9ZJ 
706.IZ•ft, Ir- cap (ICVll•Z9-20Nay92l 
lot appl lcabla 
411."'429.J•ft, 4•1n IZO-alot atalnl ... steel; 
FIELD IIISPECTICII, 
IIT .. 1 
laolotl•t 
lot applicabl• 
lot awl I cabl • 
IIDt -ltabl• 
La.. Ckarterly •ter 1-, - _,t, ,...,_11Mllr9J 
•ot _, -•..- -• -pl• ecllodl,le 
~tar 

B.18 
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Drflli,. Saiple Drfw barrel 
Method: cable _tool ~thod: Ntnl tool 
Drillh• ZOOV llllter Addftl-

ll!Ll 
._..ER: 299·W6·7 
llanford 

TENPCIUIIT 
WELL IIO: ___ _ 

Flutd UNd:, ... MPaa...,l,..y.._ ___ UNd: lfot dpqaented CoordfNtes: 11/S ' ~1. • .6 E/V .JI 14,076.9 
State IIAD 1337;631.a. 567,311.liii Driller's 1M State 

llw: P, Jnwc(I. PJSICI Lfc Nr: N9t dennnt:"'1 
Drill{,. Cciapany 

CoordlNtes: N __ 4""'5..,1:,.;,623 ____ E 2,221,129 

~: him EDPIDIICI Location: NPJfanf 
Date Date 
started: M!!tY2l Cclllplete: 17Jyl91 

Depth to •ter• m i•ff i\'A~ 
(Ii~ turf~) : ·r93 
GEIIEIALIZED Geolotf• t '• 
STIIATIGIAPIIY LOIi 
Sl•1l lllhtlY 

o-22: ~ CUI/EL 
U-U: Sl sf I ty SAIi> 
Z7-40: Grawlly SAND, caenttd 
40oo45: SAID 

Start 
Card t: Not daqwnt,d 
El.,,.tfon 

T __ a __ s __ _ 

~ aurface (ft>: 706,85 <•tnt capl 

----1 El-tion of referance point& C710.28•ftl 
(top of cuing) 

·r;-1 l • ilht of reference point abow( 3.43-ft .] 
1 1 1rou-d surf-

" I Depth of surlece aeal Cl,Ml,6-ftl 

Type of eurface -l :=:':!c"rete team wi1~!-~ft 45"65: Grnel I y SAIi> 
65-70: SAND 
70-75: Sandy GRAVEL 
75-106: SAND, W/fnterflneered 

calch•~•-
106oo276.2: ... GRAVEL 

, ____ 1_1 I.D. of ri•er pipe: 

L 
Type of rf•er fipe: 

c 4-io 

Sttinlnt 1tn 

I 
Ol-ter of borahole, ._ - • 19.7-ft 1:S·fn ncafnel 

L-- 19. 7•155.4•ft, 11-fn naafnal 
---: 155.""276.2•ft, 9•fn ncafnel 

----1 Type of filler, 2D.6-231.9·ft • ZO•,-st,, bentonfte ca,ptn 

----1 Depth tap of seel: [ 231.9-ft) 
Type of ... l: 
11r1a-to bentonJte pellet• 

,-..--I Depth tap of nnd peck: 
Z0:49·n •fife• •tod 

c 242,3-ft) 

LI Depth top of screen, c 246.5-ftl 
4·fn, 110-• tot, statntm •tttl 

. t 267.2-ft] 

----1 lentontte hole plug, 261.1..Z,6.Z•ft 

------1 Dapth to bottca of borehole: [ 276.2-ftl 

Drwt,. ly: RgL@I06•07.ASI Date: 15Aprfl 
Reference: ___________ _ 
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SUMMARY OF CONSTRUCTION DATA AND FIELD OBSERVATIONS 
RESOURCE PROTECTION WELL - 299-116-7 

WELL HIIGIIA1'1ml 
cacu 1a1n 
IICIA FACILlff : 
IWIFIB D101DIIIATES : 
INIIElf Dl01DIIIA JES : 

DAff DlllLD : 
DEl'TI OIIIUED (IS) 1 
IIEAIUIED llll'TII CCI) 1 
DEPT• TO llo\TO CU) : 

CAIIIIG DIMETD 

ELEV TilP CAIIINi : 
ELEY.._,QFAa: 
l'OFCUTD IIITUVA&. 1 

ICIIEEIIED IIITlltYAL 
CDIIE1IT$ 

AVAILAlll LOGS 
TVICAIICIIIIPITS 
DATE EVAWATl!D , 
EVAL UlDIIEIIIATJ«a : 
'LJS1ED UIE 

29f-W6-7 
ZOO Alll'llllt• N"a llrqa "t Study 
LLN 
I '6,511.6 II 74,016.9 [20Qlf-ZOll!ly9ZJ 
I 451,6ZJ E 2,ZZ1, 1Z9 IIIAIICQM 
I 137,631 ... E 567,311.lll IUDIJ-ZOll!ly9ZJ 
.lul91 
276.Z-ft 
lot -.-ntal 
254. 7-ft, Jul91; 
Z5Z.9•ft, 11Mr93 
4·1n atefnl- ateel, +0.~.5-ft; 
6•1n atalnl- atwl, •:s.u,.·o.S•ft 
710 .28-f t I IJl8VD I Zf•ZOll!ly9ZJ 
706.IIS·ft, .,._. cap PIIMl 129•20Ma)'92J 
lot wt I cable 
246.5-267.2-ft, 4·1n 110-alot atalnlna atwl; 
FIELD IISPECTICII, 
GJIEI: 
Geol111iat 
lot IA>lfcable 
llot: ..... .,., .. 
lot IA" I cable 
LLIG -rt.-ty wtcr l-t •- -•t, ,....,_.nllar9J 
lot on •tr -l• ..,._.,,,. 
~tar, Intake a l6J.6•ft CGS) 
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IELL CIIISTlUCTICI AIID CONPLETICII SUIIAAY 

Drfllf,w lallple Drive ..,.,..l 
Netflod: Qbtuoot .. tllod: •1n1 gppt 
Drflnrt1 200 II lllter Adifttl-
fluld UMd: ... Sp._,..t..,v ____ UMd: 19! dsnMlTS 
Driller•• \Ill Suite 
llaa: ft, V!'l!Plt l le Mr: Nat dmJent.t 
Drfllt,- ~ 
~: Jtltlf EDRfDntl Location: N.,,ord 
Date bate 
Started: 30Apr91 ea.let•: 26Aya91 . 

IELL 
IUIIU: 299•W6•f 
ll•nford 

TENPCUIY 
WELL 110: ____ _ 

=•=m II/$ T:s~~~~ E/11 sw.ha~• 
c-dlNt•: 11 __ ,;aa5_.] ... ,623 .... __ E Z.220.202 
Start 
C.NI t: Not dpqmnted 
El-tfon 

, __ ._, __ _ 
Cround -*- Cft>: 691.34 CICIU gp> 

Deptti to wter: ffl:t·ft ~fi!1 
(Gnuld surface) ___ •ft __ r9l •----1 El.,,.tfon of reference point: C694,73·ftJ 

C111EltAL12ED QeolC19lat•a 
STUTl..»IIY l09 
Sl .. l lglltly 

• 101 Sandy GRAVEL 
10-Z0: Sandy GIAVEL 
20-22.5: SI l ty aandy lillAVl:L 
22.5"25: Sl 11lty MIii 

(CALICIIE I 23-ZJ.S•ft) 
ZS..30: Graftlly aflty SA11D 
Jo-35: Sl 1ravelly SAIi> 
JS-40: Sandy GaAVEL 
40-45: ar-ll y SA111 
45-60: ' sl . er-awlly IAII> 
60-65: MIii 
65-70: ll travelly UIIJ 
70-15: Silty eravelly SAID 
15-IO: S ll ty SA11D 
....,: CALICIE, -ted Ull>/SILT 
as-90: Sl trWellY SAIID 
90-95: llr-lly SA111 
95-160: sandy liltAVEL 
160-165: ll aandy GUVEL 
165-190: Sandy liltAVEL 
190-199. 5: llravell y SA11D 
199.S-,200.2: IAIID 
200.2-218: Sandy GRAVEL 
2111-219.5: SAND 
219.5-.225: Gravelly SAIi) 
225-240: Sandy liltAVEL 
24N45: ll .1rawlly SAIII 
24S-249.S: Gr-lty SAIi> 
249.5"252: Sandy GRAVEL 

Draifnt ly: lgL/2W06·Ql,ASI D• te: 15Apr9l 
ltefe,..,_1 ___________ _ 

B.2l 

(tap of cutne> 

ITI llelaht of Nf..-.nc• point IDOftl 3.39-ft l 
tround-*-.. 

I Depth of _.face -1 0,§:21.0-ftJ 
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SUMMARY OF CONSTRUCTION DATA AND FIELD OBSERVATIONS 
RESOURCE PROTECTION WELL - 299-W6-8 

IELL DEIIIIIIATICII 
CPCU WIIT 
KIA FACIUTT : 
UMFml> COOIDIIIATII : 
LNEIIT COOIDINATII : 

DATE DIILLD : 
DEPTH DIIILLD (GS) : 
teAtlJl!D DEPTII (II) : 
DEl'TN TO IMTB (GS) : 

CASING DIMETO 

ELEY TOP CASlllfi : 
ELEV llltOUIID U~ACE : 
l'OFOUTID IITEIVAL : 
ICltEmD IIITDv.\l 
CIIIEIITS 

AVAIUILE um 
TY SCAN CIIIEITS 
DATI IVALIMTED t 
EYAL IEC0IIIEIIIATICII : 
LIITED "lllf 

.... TYPE 
MINTEIWICE 

~-• 
200 All,....ie Ar. 111111 IIF'1 Study 
LLII 
• u,514.o v n.om.a 1Z0011•20Nay9ZJ • ,s,.m E 2.220.202 PUCONJ 
I 137,631 ... I 567.oza ... IJIMIJ•~ 
Aul91 
252.0-ft 
lot~ 
m.6-ft, Jul91L 
ZJS.9-ft, ,, ... ,,,, 
4·fll atallll- atNl, +O.p,.m.9-ft; 
6-fll st:11lnl- atNl, +l.S-"0.5·ft 
69'.73-tt, DIIIVD'29-2011ay92) 
691.34-ft, Ir- C1P Dlft0•29-21111ey92) 
IIOt -a tclble 
229.~0.6-ft, 4•1n 110-alot atml11l- atmml; 
FIELD IISPECTICII, 
OfllEl: o-•~ Ill' llydroatar, _,,. collapNd ctJrl,w ~lotiori. 
C.Olotfat 
Not 111Pl lcmblo 
Not 111Plfcmblo 
llot 111Pllcmble 
LLIG 11\artorly wtor 1..,.1 -', ,....,nllmr9J 
llot on •ter Ullple ...... le . 
Nydroater, flltlkm I 2'9.9•ft (GS) 

B.22 
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IIEU CGISTIUCTIOII All> CONPLETIOII SUIWIY 

Drftli,. · Sapl• lecldlN to ZO·ft 
lletllod: gpD ti r CoSICY lletflocl: At r tttslD 
Drfl line Addit(VN . 
Fluid Uud:,_N,u9nt..., _________ Uw:I: Not dpc\M)ted 
Drfllw•a 1M State 
llwr J. Jp,o/111 Nlrpo Lfc Ir: lot dpcJMltd 
Drfllfne ~ 
~: .....,, prt l l Im Lacatlan:llot daqMnted 
Date Date 
Started: 14Jan92 ec.tete: 211frd2 
Depth to •ter: 243.9-ft 21Nfy92 

WELL 
IUIEI: 299·"6·11 
N1nford 
Coordfnat•: 1/S 
State IIAD 13 · 
CoordlnatNI • 
Start 

T!NPOUIY 
WELL -,: W6·PI( flOA 

~~~ EN sf/.t~ 
451.611 E 2,220,642 

card •= 11ot doeM,ted 
Elevation 

T __ l __ s __ _ 

Gr-,d alriK• (ft): 700,04 CBm, fMZ>. 

<GNUICI aurface> _____ _ 1+---I Elevation of ref..--e point: [702.86-ftl 
fifNIIALIZ!D &eoloefat•a 
STIATI GltAPtl'I' LOIi 
sl .. th1htly 

0-S: - ....._., .. 
S-15r lflty undy GRAVEL 
15-25: sandy GIAYEL 
25-37: SAIi) . 

37-44: sandy pebbly GRAVEL 
44-59: Sl ail ty SAIID 
5N7: Sandy SILT 
67•74: llo ~l• recowr.d 
74-lh SAID 
11"90: ll vavelly SAND 
11• 7: C:AUCNE l- 11/IAll»/SILT/CLAY 
17"96: SAND 
96-100: GRAVEL 
100-140: Cobble to pebble GIAVEL 
140-115: hbble to callble GRAVEL 
115-196: Pebble GRAVEL 
196-201: SAIID 
Z01-Z14: Pallble lillAYEL 
214-215.5: SA11D 
215.S-ZZ1: Pebble to 

pabble cobble lillAVEl 
ZZ1-ZZ4: Pebble eGbble lillAIIEL 
ZZW41.51 Collble to 

pebble cobble GRAVEL 
241.S-2'2.6: P.llllble to cabble GUYEL 
Z42.6'>245: Pabl>le to 

pabt,le cobble GRAVEL 
245-247: SAND 
247-260: hbble cobble GRAVEL 
260-ZIO: Pallble to 

pebble collble GIAVU 

<tap of c:ulne> 
r;-1 llefght of refer.nee point aboweC 2,112•ft J 
I I 1r1Uld au-fec:e 
• I D9ptll of _.fee:• aul [4.3::'l;§-ft J 

7 •-----1 I.D. of rfHr pipe: C 4-ln 

L 
Type of rfaer pipe: 
U•fnta, •Snt 

• Of-ter of borehole, .,. -1 O-Z0.0-ft. 13-fn ncalnal 
L-- 20.o-97.5•ft, 11•1n ncai,al 

+-'--1 97.S-280.0·ft, 9·-ln ncahwl 

----1 Type of ffller, 9.""237.4•ft 
1entanJst cl'IIP\n 

----1 Depth tap of aeel: f 242.1-ftl 
Type of -l: 
lentonjte hole.R,lup 

i----1 D_eptlltop of aarid peck: [ 246,4-ftl 
20:iP:lllb •B fca sand 

LI Depth top of screen: r 250.9-ftJ 
4-in. tJO:atot. contfnoua w~•P 
T-~ jta1nl!!! !!.eel 

rl Depth bottaa of screen C 271,2-ftl 

::::::::::: 1 ic~:i~4---I Bentanfte hole plug, 27l.9ot278.2·ft 

____ ...,_I Depth to bottca of borehole: [ 28Q,l· ftl 

Dr_,1,. lly: Rn@I06·11,ASI 

leferanca: WIIC·SO·fll·OP·D'9 

oate: 06Jul93 
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SUMMARY OF CONSTRUCTION DATA ANO FIELD OBSERVATIONS 
RESOURCE PROTECTION WELL - Z99-V6-ll 

WELL DEIJ-TJCII 
CEICU LWJT 
ICU FACJLJTT : 
IWIP'OMI allllDJIIA TH r 
UIIIOT CIDDJUTEI I 

DATE DltlLl.!D : 
DE,r• DRILLED (CS) : 
IIEAIUIIED DEl'TN ( GS) I 
DEPTN TO VATH (CS) : 

CASING DIAIIETEI 

ELEV TOI' CASING 
ELEV GIKUII SUIIFACE 
l'EIFIIIATED IITHVAL 
ICIIEHBI IITEIVAL 
COIElllS 

AVAIi.ML£ LOGS 
TV ICM COIIIENTS 
DATE EVALIMTED 
EYAL ltEttlllllEJIMT JCNI 
LISTED USE 
PIR'TTl'E 
IIAIIIT£l!,\IICE 

299-116•11 
200 All,..._te Al'N nr, I It Study 
LLII./IIIA•5 
I '6,500.4 V 74,564.D [ZOGll-07ALV9Z) 
I 451,611 E 2,220,642 (IIAIICOff.l 
I 137,634;W. E 567,162.1611 PIADl3•07Aul92] 
lley92 
2al.3•ft 
lot~lld 
Z0.9-ft, Z111ay92; 

4·tn atalnlNS atNI, +0.9"250.9-ft; 
6•tr, atalr,l- atNI, +z.a-· o.5-ft 
1'112.16-ft, llGVD 129-07Aul92J 
700.04-ft, lrau cap DMMl 129•07Aul92] 
lot applicable . 
250.9"271.Z•ft, 4•1n "10-.lot atalnlNS atNl, 
FIELD JIISPECTICII, 
ona: 
Geolotlat 
llot applf cable 
lot appl fcabla 
IIOt appll cable 

llydrostar, Intake I 269.2-ft (GI) 

B,24 · 
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. 
• 

WEU. CIJISTIUCTl«-1 MD COIPLETlCII SUIWtT 

Drflllna S-.l• lacllhoe to 20•ft 
11athod: q,Ex •le eos•cx llethc!d: Air ctSVD 
Drtlll,- AddltiYM · 
Fluid UMd: . .,.N11a9DI~..,.,.,.---- UMd: Not doctalnted 
Driller•• s. llacltiman 1M State --= .,, ,,,,.,,,,,, Nfrpp Lie llr: Not saee-,m,st 
Drfllina ~ 
Ccllpany: ,,..., Dr-lllfnp Locatlan:fkpt dpqmntfd 
Date Date 
Started: 15.tan92 CCIIIIPlete: 13NrHZ 

WELL 
-...a: Zff•lf6:1Z 
llanford 
Coonllnatw: 11/S 
State w 15 
CoonllnetN: I 
Stal't 
card I: Not dpqftntfd 
Elevation 

TPPORART 
WELL m: 116·111 f13A 

T __ t __ s __ _ 

5rCK.nd arfece <ft>: 689.64 <•r:u• cap> 
o.ptti to iater-: PP,Z·tt P7Mt>fl (&raund mrfac:e) _____ _ •----1 Elevation of ntference point: [692.51-ftJ 

(top of CNlng) 
GEIIEIIALIZED Geolotl• t 11 
STIIA TlGIIAPNY Lot 
ll•1li1htly 

0-S: lot ~ted 
5"15: Silty aandy aAV£L 
15-20: Sandy GIIAVEl 
~: ll . allty SANO 
22-45: Sandy liRAVEl 
45-60: SAIi) 

60-72: lfl ty IAllD 
· 72-11: Sandy SILT 
11"85: SAND 
95-117: Sandy GaAVEL 
117.,123: SAND 
123--125: IRAl/ll 
125--126: SILn Inter-bed 
126"117: lilAIIEl 
117 .. 196: SAIi> 
196"200: Sandy GIAVEl 
200-ZOS: Gravelly SAND 
205-231: Sandy liltAVEL 
231--237: Sl a•ndy SILT 
237•259 .3: GllAVEL 

Drawina ly: IIQ/2WQ6·12,ASI 

tefer-ence: WIIC·SD•Q·PP·049 

Date: 06Jul93 

r;-1 llefght of ntference point above[ Z,87-ft J 
I I grca.nd surface · 

I Depth of surface •eat (3.o--10,0•ftl 

·f 

10.C)oo93.4•ft 

c 4-in 

----1 Dapth top of Hnd pack: c Z37,9·ft) 
2Qo:4P·wb •i\ic• ••od 

LI Depth top of acr-Nn: r 241 13-ftl 
4·\g. _#tO;sl°: contl"°\"5 wrap 
T-3~ !!!1Ql!!!! steel Nlth 
o.:S·ft end cu 

rl Depth bottr:a of 1cr.-t < Z57.3•ft) 

( 259.3-ftl 
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SU'94ARY OF CONSTRUCTION DATA AND FIELD OBSERVATIONS 
RESOURCE PROTECTION WELL - 299-W6-12 

laLL DISIGIIATICII 
CEIICI.A WIIJ 
IICIIA FACILITf , 
IIMFmll COOIOIIATES : 
LMIEIT CXICIIIIIIATES I · 

DATE DIILLED : 
DEPTM DI I LLED (GS) I 
IPSUUD D£PTM (GS) :,. 
DEPTN TO IMTEI (GS) : 

CASING DIANETEI 

REV TCI> CASI• 
Ell¥ GIOUIID -FACE : 
NIFCIRATED IIITUVAL : 
ICIIIEIIED IIITUVAL 
CIIIIEIITS 

AVAII.MLE LOGS · 
TV SCAII alll!IITS 
DATE EVALUATS 
EVAL IECINE-TION 
LISTED USE 
PIN' TTP£ 
MINTENAIICE 

299•W6•1Z 
20D AleNPt• ArN ... .. n~ Study 
I.UGIIIIA-5 
I 46,503.4 11 75.37'.J [ZODll•G7A1119ZJ 
I 451,612 E 2,219,132 PWa1M 
I 137,6.15.JOII E 566,915.9111 [UDID•07Al.lll92J 
llay9Z 
Z59.3-ft 
lot~ed 
230. 7-ft, Z111ay92: 

4-tn stain& ... •t•I, .0.9-241.3-ft; 
6·in atainl- atNl, •2.9-"0.5•ft · 
692.51·ft, DIGW'Z9•D7Aul92) 
6119.64-ft, Ir- cap DICW 1 Z9•07Aul92) 
lot applicable 
241.J-257.J·ft, 4-tn .,O· elot etahil- •-l; 
FIELD IIISPICTICII, 
OTNEI: 
&eol111tet 
lot -.,pl lcal>lo 
lot 1A1l lcablo 
lot -.,pl lcablo 

llyl:lroetor, tntoto a Z56.6•ft (GS) 
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IELL misnucnm All> CONPL£Tlm tlllWlY 

DrH ll1'41 Saple Drive barrel \ELL lOPOUIY 
11ethod: Cfblwoot 11et11od: B•a! tpol 
Drfllfna w water Addftf"98 · 

WI: 299-VM \ELL •h..il9otm.a'----
""'ford 

Flufd UNd: S,,.,ly UNd: lkpt 9EM!Sd 
D~ller•• •sub 

CoordfNt•: N/S 11 46.551 E/W 11 71.601 
Stet• ._: w, "9WI! Lie llr: lkrt doc,-nttd 

orfllina Ccapa1Y 
Coordinat•: II 451 .622 E 2 217.82] 
ltert 

CGIIIPMY: 9PMSP Dr-fllfr:w co Locatfan: JlmlYlck. WA 
Date bet• 

Cerd I: 19S clReNoSN t __ •-·- s __ _ 
El.,,.tian 

Started: 0J,bd7 Cclllplete: 30Jyl87 

GENElALIZED Geologist•• 
flllA Tl liRAPlff log 

W: Slfehtly aitty .,-.,,.lly SAID 
10-11: llllhlty silty~ IRAV£L 
1.,_30: Silty sandy GRAVEL 
3°"64: Sandy GRAVEL 
64-73: s tl tY SAID 
7Joo1'9: Sandy s fl ty CAL I CIIE 
79-82: CALI CME end SAIi> 
12-99: Sf l ty SAIi> 

5Nllrd surface <ft>: 68§.55 "cut cs> 

----1 Elnatfon of refe..- point: [690.71-ftJ 
(top of _,,.., 

r;-1 lleieht of reference point allow[ 2.16-ft J 
I I 1NU111 aurfeee .. 

C 0-ZO•ft l 

99o-130: Coene U110 
130oo135: llfehtly tr-lly IAIID 
135o-1l9: IMO 11/c:elc.ve.a tll>ITOIIE 

•-----1 1.0. of rfHr pipe,: t 4-fn 1 

and CLAY l.,.a 
119-142: um 
142-190: 11 l ty ~ filAVEL 
19o-1P4r Gr-lly SAIi) 
1P4•2"4: Silty aa1dy IIIAWL 
2"4•245: Cr-awlly silty SAND 

Dr•fna ly: BKVMZ·Pl ,6• Dete: J5Apr93 
lefer«-: ___________ _ 

. 
Type of riser pipe,: 
ft•jnta, IStt\ 

: ·: · ·-1 Df~er of bo~le, 
0-10-ft, 17·fn nc,af,-t 
1°"63.4•ft, 13• fn naalNl 
63.4-157. 1· ft, 11·in noalrwl 
157.1•245-ft, 9•fn ..-fnal 

---1 ~ of filler, 3-217-ft 
yolctv ,cout 

..----I Depth top of -l: t 212,0•ftl 
Type of sNl:Volclw Pl\l!D 

----1 Depth top of sand peclt: t 217-ft l 
20:39-n •Ws• •pnd 

L, Depth top of sereen: C 224.0•ftJ 

i~";t~\:!:s;s:.TiDM NrtP 
~---1 T~nc)iynt acreen, Z53o-ZU·ft 

tl"it!f~[:!:S;t;r [OOMI IICM> 

r 245.0·ft] 
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SUMMARY OF CONSTRUCTION DATA AND FIELD OBSERVATIONS 
RESOURCE PROTECTION WELL - 299-W7-l 

WELL DESIGIIATU• 
CfltCI.A IIIIT 
1tC1A FACILITY : 
IIAllfCID CXIOID I IIA TES : 
UIIIIUT CXIOIDIIIAm: 
DAT£ DIILLD : 
D£PTN HILLED (IIS) : 
IIEASUIB) DEl'TI (GS) : 
DO'TN TO ..-ro (GS) : 

CASING DIMETn 
ELEY Tel' CASJIIG : 
El.EV GR0UIII -FACE : 
PEltFOltATED INTERVAL : 
SQEEIIEI) INTERVAL 

aNENTI 

. AVA I UILE LOGS 
TV SCM.CXIINENTS 
DATE EVALUATED 
!VAL IECXJIIIEIIDA TJOM : 
LISTED USE 

lltN> TYPE 
MINTEIIAIICE 

Z99-\IM 
ZOO ANrelatl Are• llln11 ,t Study 
LLIN·l 
I 46,551 w 71,601 CZOOW·10Dd7 
I 451,622 E 2,217,1121 [10Dec:ln 
.1ull7 . 
244.1-ft 
llot~ed 
226.0-ft, Jull7: 
ZZ9. 9· ft, 2411er93 
4·1n atelnl- atNl, +Z.16-224-ft 
690.71-ft. t200W-10Dac87l 
611.SS·ft, •r- cap CZOOW·10Dec:l7J 
ltot -.:,pl tceble 
22W4S·ft, 4-tn '20-alot atatnl- atNl; 
m-243-ft, l·ln telNCGpf,w, GO-alot, ateinlftl ateel 
FIELD IIISKCTIOII, 
OTIElt: 
Geologlat, driller 
llot •ppl table 
llot ltlPl tceb[e 
llot -.:,pl icable 
LLIG llanthly water lewl ... ,._,ta, 010ec87"24Nar93; 
ltot an water •-ple edleclll• 
llydrGat.-
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IELL COIISTIUCTICII All) aJIIPLETICII UIWIT 

Drill i,w ~l• Drift barrel 
Method: Cfbl• WI .. thod: n,n, tpot 
Drllll,w 2oov Water Addltt11•1 

WELL 
IUa!l: Z99·VM1 
llanford 

TEJIIOlAIT 
WELL II0:_..,.,....__1..._ __ 

Fluid UMd:._sym..,.._luY._ ___ UMd: Not dpqpnt!51 Coordlnat•: 11/S • 1t•m 
State UD&l 1 , .O. E/11 ~ZII 

E 2,217.437 
Driller•• w,. State 
llw: G. Jhwt Lie lr: __ 086._7,..._ __ _ 
Dril Ung ~ 

Coordfl•t•: • 451.614 
Start 

~: lllnt inPJDIICI L-tlan: n,nfprd 
Date bate 
started: 10Apr91 ~•t•: Z4fllY91 

GEIIElALIZED Geolt11f•t•• 
STIIAT I GIIAPIIT LOI 
11•1 h1htly 

0-ZS: Sand\f GRAVEL 
Z5-JO: st allty Nndy GIAVEL 
25-42: landy GaAYEl 
42-50: SILT 
5M5: SI l ty Nndy DAVEL weal Idle 
55-60: llrewll y UIII 
60-65: UII> 

card •= nr dpqpptfd ,_ •-- s __ _ 
Elwatlan 
,~ ~- <ft>: 678.03 CBrm BPl 

•----1 Elevatlan of refer-ence point: C6111.45·ftl 
(tcp of c:ull"III) 

r;-1 .. llht of ref.....,• point abawe[ 3,'2·ft J 
I I 9rar.nd airface 

I Depth of -fece Hel C1 ,2::ZQ,0·ftJ 

65-70: llrewll y a fl ty SAIi) 
70-75: Sl .,._u y ail ty SMID 
75-80: Silty So\111 

. i~foi-5.i5:!iJ¥W' 
l . •-----1 I.D. of riur pipe: [ 4-ln 

L 
Type of rfaar pipe: 

INMi5: It I fl ty SAIi) 
as-120: SAIi) 
1Z0-140: sandy aAWL 
140-155: Silty Nndy GIIAVEL 
155-160: sandy DAVEL 
160-165: Silty .,--lly U111 
165-1701 Silty Nndy GIIAlllL 
1 ro,.,-15: lit ty GUWL 
175-185: 1ft ty Nndy GRAVEL 
1SS-195: sandy GUVEL 
195-iOOi Silty Nndy GRAVEL 
200-230: landy GIAVEL 
ZJOot234.5: Silty Nndy liltA'ftL 

Drwt.._ ay: IJL/2WQ7-1].m Datt: ]6Apr93 
RefeNnee: __________ _ 

ll•ID\nt Utt! 

I 
D1-ter of borehole, 

., - 0-19.8-ft, 13-ln -inal 
L-- 19 .... ,65.2-ft, n-rn ,_,,.1 

- 165.2-234.5-ft, 9·fn naafnal 

i----1 Type of filler, Z0.0-203.9·ft 
HP-,,, bprtpnJS• cneta 

:----1 Depth tap of -l: 
Type of -l: 
J/4:3/f•in yotcllX ttblet• 

t 203.9-ftJ 

.----1 Deptlt top of sand pact: [ l07.9·ftl 
zt,4Q·mti aitfc• ,n 

LI Dtpdl top of sc,.....: C 211.5-ftl 

;jffi·£~to;c:1•io\111 •tnt 

t ZR,Q·ftl 

c 234.5-ft] 
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St111ARY OF CONSTRUCTION DATA ANO FIELD OBSERVATIONS 
RESOURCE .PROTECTION WELL - 299-W7-ll 

WELL 0£SJGIIATJml 
CHCU IIIJT 
lcaA FACILln : 
IIAIIF<ml COOIDJIIATH : 
I.MIEIT COOIDIIIATES : 

DATE DIILLEO : 
DEPTH DIILLD (GS) : 
IIEA-EI> DEPTI (GS) : 
DEPTH TO IMTEII (GS) : 

CASIIIG DIMETO 

ELEY TOP CASIIIG : 
ii.ff GIKIUII> _,ACE : 
PEIFOIIATED JNTOVAL : 
ICIIEENED I fflllVAL 
CDIEIITS 

AYAII..Allf LOGS 
TV SCAN CONll!ffl 
DATE EVAUMTED : 
EYAL . llfCCNNEJIDATUII : 
llSTED USE 

NIP nPE 
MI IITEIIAIICl 

299-117-11 
ZIIO Aaretlt• Ara NINI ,t Stullr 
Lllli 
• "· !S 12 11 T7. 'Tflll [200W-~ 
• 451,614 E Z,217,437 (IIAIICl0IY] 
• 137,636.0llt i 566,116.211 DIADIJ-~ 
May91 
254.5-ft 
llcrt ~ed 
Z15. 1-ft, ~_i 
219.l·ft z1o11en_, 
4-in atafnl- at•l, +0.9-211.5-ft; 
6·fn atelnl .. •t•l, +l.42-"0.5-ft 
611.45-ft PICM1°29·Z81111)'9ZJ 
67a.03•ft, ar ... cap PICMl'Z9•21Nay92J 
llot appl ic:abla 
211.5-232.0•ft, 4-tn '1D·alcrt atafnt ... ateel 
FIELD IIISPICTICII, 
OTIER: 
llaolD1i•t• driller 

· llot appl f abl • 
1k1t appl I Clbl • 
llot applf cab(. 
LLK llanthly •ter l-l _,, 24Jan92-2411ar93; 
llot on -ter Mllf>l• sc:hecl,le 
~•tar, intaka I ZlZ.1-ft (TOC) 
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. • 

IELL CGISTIIUCTICII A111 COl'LETICII IIIINMY 

Drilling Slllple Drive barrel 
.. thad: lifble...1001 Method: lltrd toot 
Drfllf111 ZOO W llllter Addftl-

WELL 
laJIIIEI: 299-117·12 
llanford 

Tal'OUllY 
WELL 110: ____ _ 

Fluid UNd:_lp,._.,t .. x ______ UNd: ll9S stns:w,ns,d 
Driller'• 1M State 

c--dl,.t•: •ts '~4 
State MOU • 1\.!i ENdi"' 1~: .. 

llaa: I, Cfffp,:d Lie •r: ... 1186...,..._7 ___ _ 
· Drfl l t III CCIIIPMY 

c--df,.te•: • 451.615 E Z,216,960 

Calllpar¥i l•iut Emlom:t Location: llloford 
OAte Date 
Started: 1Qepr91 Cclllllplete: 28Nrtf1 

Gl!IIHALIZED G•olC111ist 1s 
SlltA TlaAf'IIY Loe 
S\ .. l ltlhtly 

0-S: _...,,Gb\1£L 
s-10: ar-uy SAND 
10-30: lfl ty _.., GRAVEL 
30-35: Sl silty Nrdy GIIAVEL 
35-50: SI l ty ... IIIAVEL 
5°"56: ll allty Nrdy raAVEL 
56«>60s Silty IAID 
6C),,6J: Sandy II LT 

Start 
Card •= lot doc\Mlted r_ •- s __ 
Uwatlon 
Gl"CUld Mrf•ce <ft>: 6§4,64 cac,u m> 

•----; Elrntlan of reference point: l617.93•ftJ 
(tap of casir-s) 

r;-l Height of refennce point llbc»wl 3.Z9-ft J 
I I trculd surface . 

C1,2::22,1·ftJ 

63-65: c-ted sflty, Nrdy GIIAVEL 
65-75: Silty IAIII 

iiifki.l!P~gs• 
7 . 

•-----; I.D. of rlNr pipe: [ 4·tn 

L 
Type of rfNr pipe: 

75-oeO: ll sf lty _.., IIIAVEL 
.,,.110: ll .,--lly silty SAID 
110-11$& ll •llty, al ,,..,,.uy SAie 
115-120: ll er-lly SAND 
1Z0..125: ll • llty tr.,,.\ly SAID 
125-135: Silty tr-lly IAIIJ 
135-140: SI silty gravelly WI> 
140-160: ll Andy aflty GIIAVEL 
160-190: Silty IIAVEL . 
190oo225: landy IIAVEL 
225-230: lirawlly SAID 
ZJ0-245: lendV GIIAVEL 

StaJnla• ftNI 
.. 1 Di-ter of boNllole, .; -1 O-Z1.4·ft, 13-fn nafn• l 
L-- 21.4-164.5-ft, 11-ln ,-fnat 

......,._, 164.S-245.0•ft, 9•1n ,-fnal 

----1 Type of filler, 22.1 .. 207.l·ft f"20...., bffit901H cnabJn 

----: Otptll tap of -1: 
Type of Nal: 
1/4•3/l·in Yo\sllY P1ll1t1 

---1 Depth tap of send peck: 
Jo,.zp--,,, 1f\lc1 gnd 

LI Depth • tap of screa,: 

f;a2•.ffi~f1;!·,1nt 

rl Depth bott• of screen 
~~~-~ 

Drwl111 lyz IICL/2W01·1Z.ASI Date: 16Aprjl 

Raference: __________ _ 

B.31 
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SIJ,t,4ARY OF CONSTRUCTION DATA AND FIELD OBSERVATIONS 
R~SOURCE PROTECTION WELL - 299-W7-12 

IIEll DHIGIIATIOII 
CERCLA UNIT 
ICRA FACILITY : 
IWIFOID COIJIDIIIATES : 
UNIEIT toau>IIIATES : 

DATE DRILLED : 
DEPTH DRILLED (GS): 
IIEASURED DEPTII (GS) 
DEPTH TO IMTO (GS) 

CASIIIG DIAMETER 

ELEV TOP CASIIIG : 
ELEV GIICUIID -FACE : 
P£RFOIIATED INTEIVAL : 
SCREENED IIITEIYAL 
CQIIIEIITS 

AVAIL.AILE LOGS 
TV SCAII CONIIEIITS 
DATE EVALUATED 
EVAL IIECCNNEIIDATIOII 
LISTED use 
P\IIP TYPE 
NAINTEIWICE 

299-V1•12 
200 Aar-... te ArN M.,.....nt St~ 
LLN 
II 46,514 
11 451,615 
11 137 ,636.lll 
llr/91 
245.D·ft 

V 711,246 [200W·07Sep91J 
E 2,216,960 CIWKXJIVJ 
E 566,040.111 CIIAD83·07Sep91J 

llot doci--.ted 
224.0•ft, J"'91; 
226;0-ft, 24Mar93 . 
4· in atalnlna atNl, +1.0,.219,3-ft; 
6-ln •talnlN& at•l, +l,29--"D,5·ft 
6117.93-ft PIGVD'29·07Sep91J 
6114.64-ft, lrus cap [KVl)'29·071ap91J 
llot appl icabla 
219.3-240.0·ft, 4·1n RO·alot atatnl"• atMl 
FJELD JIISP£CTICII, 
OTIEl: 
Gaologlat, drll lar 
lot appl fcabla 
llot appl lclbla 
Not -,,pl lcabl a 
LLIG llanthly wtar l•-l _...,.._,t, 24Jan92-24Ner93; 
Not on •t•r- Ullple •ch«t.lle 
N)'dr-astar-, Intake I 236.7-ft (GS) 
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. . 

UEU CXIWSTIUCTIOII AND COIIPLET1011 SUINMY 

Drllllna SMple 
Netllod: cabtfo&oot Nethod: Hard tool 
Drflltna w Weter Addtttwe 
Flutd UMd: Sip)lv UNd: Not dpq-,tfd 
Drfl ler•• • State 
IIW: V, Now¥ L tc llr: Not dpqalntld 
Drflli,_ ~ · 
CClllpa'ly: Qnlno prfllfnp Co Location: J!OOIMfck. 1M 
Date Date 
Started: 27Jul97 Callplete: n,oyez 

IELL 
WEI: 299:;l(7-3 
Minford 
Coordlnat•: 11/S I 46,520 
State 

TEll'OIMY 
IELL 10:...,lklQI .... .._ __ 

EIW ¥ U,429 
COordlnat•: II _.....,45.,1 .. ,_..623..._ __ E 
Start 

2,217.716 
C.rd f: Not doc,-nted T __ •-- s __ _ 
E\-tlon 
Grcu,d -f- (ft): 673,D <Brtlf cm> 

----1 ElllY• tion of reference point: [676.14-ftl 

QEJIHALIZED G,eoloalat•a 
ITUT I GIIAPIIY LOI 

o-5: GIAVEL (llec:khoe to 8-ft> 
10-35: Silty sandy UAVEL 
35-40: c,-.,,.11y aflty CLAY 
4M5: Silty sandy GIAVEl 
45-50: Crawlly undy SILT 
54),,65: Silty undy GIAVEl 
65-15: &rweUy silty SAND 
15o'95: "'-lly SAIi> 
95-100: SA111 
100,.110: Cr.,,.lly SAIi> 
110-120: Silty unify GtAVEL 
1Z0..125: lflty .-.wlly U11D 
125-145: lflty .-,dyooaar1dy UAVEl 
145'o140: Sflty gravwlly U11D 
14°"175: Silty sandy GltAVEL 
115-180: Silty erawlly UIID 
1ao,,1as1 sandy GRAVEL 
1115,.195: Grliwlly SA11D 
195-205: sandy GRAVEL 
205oo220: Silty ...-,ell y SA111 
22°"235: Sandy GRAVEL 
23s-255: Slightly ailty,o 

alftlltly .,-.wlly IAIID 
255oo262: SAIID II/Cl.Al 259-261-ft 
ZQ,o280: Sandy GRAVEL 
zao-2115: Gr-lly SANO 
28§,,310: Sandy GRAVEL-GRAVEL 
315-320: Gravelly SAND 
:SZ0,,325: IIIAVEL 
JZ5oo345: Silty .-,dyooaar1dy GltAVEL 
345-350: lir-lly SAIIO 
]50,,355: Silty sandy GltAVEL 
35S-370: ar-Hy alltyo,graftlly SMID 
J70,,380: SAIi) 

J80,t390: Silty sandy GIAVEL 
J90N400: 8rewlly SAIi> 
'°°""°5: la,dyGRAVEL 
40s-410: CraftllY allty 1A11> 
41M15: Silty unify GRAVEL 
415'o420: Crewlly •flty um 
42°"435: Sandy GIAVEL 
435-445: ~llY"llr.,,.lly aflty SAND 
44~65: Silty~ lilAVEL 
465"473: SAND-aandy GltAVEL 
473"476,7: IASALT 

(tap of caalng) . 
r;-1 Neiaht of refllt"ance point abow[ 2.43-ft l 
I I vound -face 
• I Depth of -1ace aeel [ Q-20-ft J 

, .. ----1 J.D. of riaer pipe: t 4•fn l 

f 
Type of rfaer pipe: 
ss•tntm nnt 

-I DI-tar of tior.hole, 
Ma•ft, Z1•fn ,-lnal 
41-t47·ft, 17·tn ,-fnal 
147-zJO•ft, 13-ln ncalnal 
Z3C)oo350~ft, 11-tn ,-fnal 
350oi476. 7-ft, 9• tn ncalnel 

I Type of ffll.-, 20-196-ft 
t,ntontte I\wcx 

I Depth top of ... l: []96.0·ft J 
Type of -l:llotclay arout 

---1 Depth top of •and pack: [427.0·ft l 
zo..10-n st I Jc• nnd 

Dr•ina ly: IIKLJ2W7-03.ASI Dato: 16Apr93 
••f•renco: ___________ _ 
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SUftlARY OF CONSTRUCTION DATA AND FIELD OBSERVATIONS 
RESOURCE PROTECTION WELL - . 299-W7-3 

WELL DESJGIIATUIII 
CEICLA IIIJT 
ICU FACILITY s 
IWIPIJID COOM>IIIATl!S : 
LNaUT aDDIIIATH s 
DATE DIJLLED : 
DEPTII DIJLLED (GS) : 
IIEASURED DEPTN (GS) : 
DEPTH TO .-To (C.S) : 

CASIIIG OINETEl 
ELEV TOP CASING : 
ELEY laOIN> -f'AC! : 
l'EIIFIIUTEI> INTHVAL : 
ICREEIIED INTERVAL 

CIIIEIITS 

AVAIWI.E LOOS 
TV SCAN IXN!EIITS 
DATE EVALIMTO : 
!VAL REIXIIINl!mATJON : 
LISTED USE 

PIN'nP£ 
MIIITEIWICE 

299-117-J 
200 Allreaata .,_ "-'11-rl't Study 
LLIIIA·J 
N '6,520 II 11 420 · 120O11-111Dd7] 
N 451,6ZS E: Z,217,716 1..::DM 
~ 
476.7-ft 
Not~ed 
Z11.7·ft, Sepl7; 
Z17.4•ft, 24Naf-93 
4•1n atainl- atNl, +2.4Joo449-ft 
676.14-ft, t200W· 10Dec87J 
6~.n-ft, lraa cap [200W-10Dlldl7] 
Not applicable 
449"470-ft, 4-ln RO•alot atalnleaa atNl; 
•470-411-tt, l•ln telNCOpfng, ISO•alot, atalnl- ateel 
FJELD INSPECTICII, 
OTIEI: 
S.OlOlf .,. crf ller 
llot appl lcable 
Not appl lcable 
llot lf!Pl lc:able 
LUC Nondlly .. tar lewl •-_,t, 01Dec,l7•Z~r93; 
llot an •tar Ullple adlecMle 
llyweet-
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WELL CXIIITIIUCTl«-1 Aa CONPUTUII SlNWtY 

Dr! ll 1"8 laple WELL TENPOIMT 
11ethoct: GfbLIIJP91 t1et11act: ••nt toot 
Drllll"8 W Water Addftl-

IUIIO: 299.117.5 WEll ID:_,•:=-=---
llanford 

flufd UNd: lyg,ly UNd: l9t stnnrSW 
Drtllff 11 lia lt1te 

c--diNt•: .,, • 46.509 EN N 76.816 
State 

._: ft, Jpy/D. ifrcf• lie Ir: lfot dpclamtfd 
Drllti"8 COlllpMy 

Cw-diNt•: I 445,614 E 2,2111.405 
Start 

Cc11pany1 9NnR Pcfl\h• eo Loc:ation: JmnJck. W 
Date Oat• 

C.rd I: Not doclapltw T_ ._ s __ _ 

Started: 30Stpl7 eci.t•t•: 19Noy87 

Depth . to wter: J"-p ~ 
(GrCIUld Mlrlace>. 13, -f _r93 

GEIEUl.lZO Geo\09lst•a 
STIIATl&IAPIIT Lot 

5,10: GIIAWL 
10: Sandy GIIAVEL 
15-25: Sandy GIAVEL 

El...,.tlan 
llrcuwf ...-f- <ft>: 6ZP,4J Clrw gp> 

o-----: El...,.tlon of reference point: C67'3.05-ftJ 
(top of c~lng) 

r;-1 Nelaht Di ref- point _,,.r 2,64•ft J 
I I Ir-GIN surface 

I Dapttl of -1- •eel [ !H·ft 

»-45: Sflty 8a,dy GIIAVIL 
50,55: SUty .,_lly IAIII 
60: &rllftlly • Hty 1A111 
65-751 Silty .,.--Hy IAIII 
.I0-1~: Sandy IIIAVEL 
110-1Z5: 11\ty a.ldy CIAVEL 
130oo150: Sandy GRAVEL 
155-1115: Silty 8a,dy CIAVEL 
190-Z00: atlty ..--lly SAID 
205: Stlty 8a,dy GUVEL 

•-----l I.D. of riser pipe: c ,-,n 1 

210: ltlty 1rwelly SAND 
215: &r-l\y IAIID 
220: Sandy GRAVEL 
225: Ill ty/claywy SAIi) 

or .. 1ne ly: UVMZ:•05,ASI 

I ii 
:: : 

Date: 16Aplfi 

··'-=·------------

Type of riser pipe: 
Stafnln, 15ttl 

: : -1 Df-ter of _..,..ole, 
0-10.0•ft, 17• fn ,-lnal 
10.°"50.l•ft, 13·1n ,_,.l 
50.• 154.6·ft, 11 · 1n nairal 
154.6-229.0·ft, 9-ln ,-fnal 

,----1 Type of filler, S-190-ft 
lfntanftl llYCCY 

---( Depth top of •and peck: 
l9:2P·mb •Ille• IPR 

LI Depth top of •creen: 

!t!t,:::t::, 

rl Depth bott• of •creen 

B.35 
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SUMMARY OF CONSTRUCTION .DATA AND FIELD OBSERVATIONS 
RESOURCE PROTECTION WELL - Z99-W7-5 

WELL DESJGIIATIIJI 
CEIClA IIIJT 
RCIIA FACJLJn : 
Mlfal> COOIDIIIATES : 
lMIOT COOIDJIIATU : 
DAT£ DRILLED : 
DEPTN DII LLED (IIS) : 
MEASURED HPTI (U): 
DEPTN TO IMTD (liS): 

CASIIG DIANETO 
!L!V TOP CASJIG : 
ELEV GRQJIID SURFACE: 
POfalATED JfflRVM. 1 
SCltEEIIED IIITOVAL 
CXNIENTS 

AVAIL.Ml.£ LOGS 
TV ICM CON!ITS 
DATE EVALUUEI> : 
IEYAL IIECOIIIEIDA TICII : 
LISTED UK 

299·117-5 
zoo ........ te Ar• -v I I rt Study 
UIMA·:S 
I 46,509 II 76,816 [200W-18Jul90J 
I 445,614 E 2,211,405 PWICOIM 
llolle7 
229.0-ft 
lot ~tecl 
211.0-ft, Nov87; 
21:S.5•ft Z4Nar93 
4·tn atalnl ... atNl, •2.64-207-ft 
673.05-ft, [200W•18Jul90] 
670.41-ft, lnu cap [2()011•18Jul90J 
lot applicable . 
207•227,7·ft, 4-in l20·alot ateinl .. etffl; 
FIELD INSPECTUII, 20Jen92• 
Suinl ... atNl cuing. 4-ft by 4·ft caner-et• peel, 4 poats, 1 ,._.,l• 
AflPlld end locked, br- cap in peel 11ftti •ll JD. . 
llot in radiation ,-. · 
arm: 
Geologist, drfller 
llot appl I cable 
lot appl I cable 
lot appl feeble 
LL841 tlenthly -ter l.-l •aw -t, 100ecl7•2411ar93 
llot on 11ater aaple ~l• 
llydroetar 
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f 

. . 

WELL CXINSTIIUCTICII All> CXINPLETICII llNIAlY 

Drflltna --.,le WELL TEll'ORMY 
Nethod1 CiF\foARP\ 
Drf lltne w Weter 

llethod: llllll too\ 
Addftt..,.. 

IUllEI: Z22·HN 
llanford 

IELL 110: !ml! 

fluid u..d: s,ply Used: lls!1~1ted Coordfnat•: 1/1 II ~,511! EN II ZA,Zl2 
Driller•• la State ltata 
._: la 112\IX 
Drflltne 

Lie It: !lit ~Sl5' toordinat•: • ~1,615 E Z,Z11,BI 
Cclllipwly Start 

CCIIIIPl'IY1 PINIR8 Ptfllfrw Co Location: hron!Fk, Ml 
Data Data 

card t: 1112S doaNntl!a T __ 1_1_ 

Startad: Q2Slpl7 Cclllpletaz 

Depttl to •ter· 119 e-n II! 
(G,-,d -f~U : ·r93 

GEIIEWIZED Geologist•• 
STUTIGIAPlff Log 

°"5r ht ~tad 
5-10: Sa,dy filtAVEL 
1• 15: llrawlly SAIII 
15"20: 1anc1Y GRAVEL 
Z0,,35: Silty sandy aAVEL 
35-45: Slfthtly silty 1r-lly SM11 
45-55: llr-lly SAIi> 
55-75: Slllllltly travelly 1A.:i 
75-80: Grawlly SAIID 
S0-100: lirav,lly silty SAIi> 
100-105: Silty .,-avelly SAIi) 
tOS-110: Grawlly silty u• 
110-175: Sandy GRAVEL 
175-190: Ill ty sandy liUVEL 
190-195: 1 ll ty 1raw ll y SAIi) 
195-205: St l ty sandy GUVEL 
2115-210: Sandy GIIAYEL 
21H15: If l ty sandy GIAVEL 
215-Z30: lanclY GIIAYll 
230-235: Silty .-.vally SAND 
m •-242.1: Silty Andy IIIAVEL 

or .. tna ly: ffl/21107-06168 

P2l9YIT 

leferance: ___________ _ 

Elevatian 
GNUld aurf- (ft): 676,25 CltMI FM>> 

----: Elevation of refer.nee point: (678,64-ftl 
(tap of cuire> 

r:-1 lafght of reference point atxiv.c Z,39•ft J 
I I gnuid surface 
T 

I Deptll of surface seal 

•-----1 I.D. of riser pipe: 
Type of ri Mr pipe: 
Stafnleg ttnl 

•: •: :_.._, Dfaeter of borehole, 
: : Mt.2-ft, 13· 1n ,-fnal 

51.2-152-ft, 11-in ,-inal 
152-242.l·ft, 9·fn 110111inel 

,----1 Type of ffller, 3-200.5-ft 
hntanfte IIY!TX 

[o-200-ft l 

c MD 

:----1 Deptll top of -l: C 200.5·ftl 
Type of -l:Volclu pellet• 

1----I Depth top of sand pact: t 205 .5-ftl 
10-ZQ·ri ,me•'" 

LI Depth top of screen: c 209,Q-ft1 
iol";t!f!!t:!:tit:i'tinous HCIR 

t 229.Q·ftl 

t 242.8-ft] 
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Sutl1ARY OF. CONSTRUCTION DATA AND FIELD OBSERVATIONS 
RESOURCE PROTECTION WELL - 299-W7-6 

!ELL DISJGIIATIOII 
CElCU IIIJT 
ltCIA FACILITY : 
IIAIIFCIID aaDlllATES : 
LMIOT aaDIIIATES : 
DAR DllLUD : 
DEPTI DIJLLED (GS) : 
NEAUIODIPTll(GS): 
DEPTH TD IIATU (GS) : 

CASIIIG DIMEl£11 
ELEV TCP CAIIINI : 
ELEV GIICUII UFACE: 
IIOFOUTED IMTEIVAL: 
SCREEIIED IIITEIIVAL 

AVAILAIU LOGS 
TV ICAII . CXIIEITS 
DATE EVALUATED : 
EVAl RECCIIEIIIATIOII : 
LISTtD USE 

PUMP TYPE 
NAIIITEIIAIICE 

299-117-6 
200 AIINlat• A,... 111:n11111nt Study 
LLW·l 
I 46,509 II 71,219 IZGOW-1DDd7J 
I 451,61S E 2,211,.7 DIAll0IJIVl 
llowl7 
242.1-ft 
lot~ed 
218.0-ft, lepl7; 
219.4-ft, Z4fllr93 
4-tn atatnl- atwl, +Z.39-209-ft 
671.64-ft IZOOW·1CIOd7] 
676.ZS·ft, Ir_. cap 1200W·100ec87l 
llot appltabl• 
209-229-ft, 4•fn IZO•alot ataint ... steel; 
ZJ1"241-ft, 1-fn tel..cqifne, '30-alot, atalnl ... at"l 
FIEUI I IISPECT lCII, 
OTIIU: 
&eol111tat, driller 
IIOt SFPI lcabla 
llot ewllcable 
110t appl I cable 
U1!1i llanthly •tar l-l -t. 01Dd7-24Nar93: 
llot - wter ....,,. echacl.,le 
ltydroater 
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\Ell COIISllUCTUII All) ~LET Ulll SlJIWt1 

Drfllfne Sallple Driw barrel IELL TENPOIARY 
111ethod: c.111woo1 Method: H,al tpol IUIIEI: 299-VT·Z 

ltlnford 
WELL 111h...ilu9DI,.,._ __ 

Drflline -.; Weter Addltlvws 
fluid U.ed: Syply Ulad: ,Ot SYS!lStd 
Driller•• 1M State 

Coordfnet .. : N/S N 46.509,L E/W V 76.SJJ, 7 
State NADIIJ 131,636,!iii 566,~ • ,. 

llw: L. Cong, Lie Nr: lot doc'M]s:,d 
Drfllina ~ 

CoordfnetN: N __ 4,..5..,1.,..6 .. 15..___ E 2.218 6117 
Stwt 

eapa,,,slpJn & IMW Pt1 l\ Locatlon:19t MN>Std Card t: ltot doqented T_ I __ s __ _ 
Date Date 
Started: Z30ctft CGllplete: 27Jlml9 

RIIWLIZEO Geol09tat'• 
STIATIGIIAPNY LOI 
Sl•alli;.tly 

El-tian 
CrOlrd -f- <ft>: AD,26 <•r111 cap> 

•+----I Elevation of referei,ce point: [674,94-ftl 
<top of c•lne> 

r,-1 Neli;.t of ,-.t.,.._ point ._.( 2,9§•ft l 
11 ~ IIUrlace 
• I Depth of surf- .... 1 t2-17,4·ftJ 

-t; 1.0. of riser pipe:,_ r 4·fn 
Type of riser pipe: 
ss,tn\,u uni 

1 Dl-'er of borehole, 
I D-20.Z•ft 13-fn no• fnel -1 20.z..zu.i-ft, 9•fn ~,net 

i-,----1 Type of filler, 17.4-198-ft 
h!)ton1t1 cfYlb\a . 

:----1 Depth tap of INI: 
,...,_ of ... 1: 
3(§-tn Yt\cl,x P!\let, 

r 19§.0·ft] 

t----1 Depth top of Hnd peck: C 202.7-ftl 
ZIHQ·n ,ma Hod 

LI Depth top of scrwm [ 207, l·ftJ 
tit~·J1.t;:foiicft1inln• ttn\ 

rl Depth bottca of SCF'ell'I C 227.f·ftl 

I ffl l 229,6-230.l·ft 
.__ __ __._ Depth to bottca of borehole: r 230.8-ft) 

Orwfne ly: 1n12W07-07 .ASI 

•ef-: lfflC:!1·0204 
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SUftilARY OF CONSTRUCTION DATA AND FIELD OBSERVATIONS 
RESOURCE PROTECTION WELL - 299-W7-7 

IELL D!SJrillATtc• 
cncu 1111n 
llClA FACILITT : 
IIAltFmD CXlDID I IIA TES : 
I.MIOT CIDOIDIIIATES : 

DATE DltlllED : 
DEPTll DIULLED (GS) : 
NEAU11!D DE,TI (GS) : 
OEPH TO IMTU (GS~ : 

CASING DIMETU 

ELEV TCII' CASING · z 
ELEV aallll UPACE: 
PEIRllATED JIITOVAL : 
SCREENED lffllVAL 
COIIENTS 

AVAJUILE LOGS 
TY ICM CXNIEIITI 
DATE EVAWATSI : 
!VAL Hl:CIINPl>ATICII : 
LISTED ta 

lltlP "" MJIITEIIAIICE 

299-VT-7 
ZOO ...... te A,_ "--- ,t Stuily 
I.LIi 
N 46,509.:S 
I 451,615 
N 137,636.311 -~ 
230.1-ft 

W 76,511.7 t200W·29Jan90) 
E z.z,a,617 P1A11CGNJ 
IE 566,567 .1• IIIADIJ•29.len90J 

llot ~ed 
211.l·ft, ~; 
215.D•ft, Z411ar93 
4·1n •te1nl- •t"l• •0.9't207·ft; 
6•1n •t•lnl- at .. t, •2.99--"0.5-ft 
674. 94-ft [200U•29Jan90J 
6.71.96·ft, Ir- C41f> t200W·29Jan90J 
llot eppt lcable 
207.1•227.l·ft, 4·fn f10·alot atelnlna at•l, 111th ch..,.l pact 
Fl ELD I IISP£CT ICII, 
OTIIEI: 
Geologl•t, drll ler 
llot appl I cable 
11ot eppl f c:eble 
llot epplfcable 
LlK -.-1:erly .. ter l._l -u• -·t, 27Feb90-24Nllr93: 
lot on .. ,.,. NIIPl• ac:MO.lle 
llydrostar 
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IELl CDIISTUTION All) CONPUTICII SLIIWIY 

Drflll,- Sllple Drlw barrel IELL TBIIOaMY 
Nethod: ctb\foloo\ Method: !Ital tpa\ 
DrHU,-. ~ Weter Additives 

WR: 299•V7·f 
llanford 

IELL 11>:_,N.,,one=-. __ 

Fluid UMd: Symlv Uwt: IIOt dllcyllnted 
Drfller'• 1M State =•== N/$ ",~:ffl:L E/W "dt:ffl:L 
llw: L. Cprdpn Lfc •r: llot 11es!M:ttpd 
Drfllir-. ClllllpWIY 

~h•t•: • _ _.:r,45.:..1r...,zt.i::l41.-_ E 2,218,326 
ltert 

CallpMy:fMln' ·-- Pell\ Locatfon:lot dpqftmted Date bite 
card •: IRS dpc\aented T __ •-- s __ _ 
El-tfan . 

Start.ct: 12Qct89 CClllplete: 1J>ts82 

GEWRAllZEO Ge0l111fat•a 
SWTIGUPNY Log 
Sl-.llghtly 

O-ZO: s.ndy GltAVEL (tr- c:maLES 
zo..a.5: lluddy nndy GIAIIEL 
28.S-35: .....,...., 
35-39.5: lluddy IAIII (tr- CALICIIE) 
39. 5"48: ...... GltAVEL 

(fir- 47-o48-ft> 
41-51: Sl tnWllY SAIi> 
51"57: lluddy aaldV &RAVEL 
57"59: ar-lly SA111 
59-71: IAII) 
7IMl5: llnwl l y MIii 
115-110: Sandy aAIIEL (tr- CClllES) 
110-120: UIII 
12• 1301 ...... GltAVEL 
13• 235: lluddy Mndy GUVEL 
z.Js-240: Sl aiddy ..--lly SAND 
24• 244.5: lluddy _., GltAVEL 

Gl'Oll'ld _,_ (ft): 6§4.40 {lcn, cap> 

•----1 Elevation of reference point: [68T.35-ft1 
(tap of c•lna> 

r;-1 lleflht of referm point aboYe[ 2,9S•ft l 
I I 1l'Oll'ld _.f_ 
... 

I Depth of ..-face ual (2o:18,7·ftl 
Type of surface wl:Pre-.t~ concrete 
4x4·ft g §:in surf1ce iii! t Z·ft 

sf!Je!rJlB~r-=" -ti I .D. of rfNr pipe: 
Type of rlur pipe: · 
H•'olm ,snt 

I DI-tar of boNhole. 
0-11. 7-ft 13-in ,-fnal 

-• 18.7•244.5-ft, 9-fn naafnal 

c +·to 

,.;...---I Type of filler, 11.7..Z15•ft 
t:29 wb beotpnJtt 

----1 Daptli tap of ••l: 
Type of -l: 

c 215.0-ft] 

114-fn Y91s\!Y tfb\rt• 

••---1 Depdl tap of And peck: C 217,3-ftl 
29-4Q•NSII 1lltc11,od 

LI Depth tap of acreen: r 219,f•ftl 
;j{C•J!!!to!ic't1tn1ns 1t,rl . 

r: Depth bottca of screen [ 240.6·ftl .. . 

I Fill 243.4-244.S·ft 
.._ ___ ...,_ Depth to bottaa of borehole: [ 240.6•ftl 

Dr .. tne ty: tn/2"07-08.Ag 
t•f•r--: lfllC•M•Q204 

Oete: 16Ap[93 
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SUMMARY OF CONSTRUCTION DATA AND FIELD OBSERVATIONS 
RESOURCE PROTECTION WELL - 299-W7-8 

WEU DESIGMTllll 
cncu UNIT 
KIA FACILITT : 
UIIFOID COORDIIIATH : 
UlaBT COORDIIIATtS : 

DATE DIILLSI ; 
DEPTH DIILLB> (GS) : 
NEASURED D£PTN (GS) ; 
DEPTH TO IMTH (GS) :· 

CASING DIMETEI 

ELEV TOP CASING : 
ELEV atOIMl SUltFACE : 
PEIFOIATED IIITEIVAL : 
SCREEIIED JITUVAl 
COIIENTS 

AVAILAILE LOGS 
TY SCAII COIDTS 
DATE EVALIMTED : 
EVAL IECONNEll>ATIIII : 
LlSTf.D USE 

NI' TYPE 
MIITEIIAIICE 

. 
299-"7·1 
200 A11,r911te A,_ Nm• a-rtt Study 
LLH 
I 46,509.1 
I 451,614 
I 137,617.0. 
hc:89 
240.6-ft 

V 76,880. t t200V-29Jan90J 
E 2,211,326 [lWKXIIVJ 
E 566,761.711 [WIJ·Z9J•n90J 

IOt~ted 
129.2-ft, N0\119: 
228.l·ft, Z4Nar93 
4- fn eufnl- etNl, ..,..Z07·ft; 
6- ln etafnl- etNl, +2.9SM"0.5· ft 
617.35-ft, [ZOOll•Z9Jan90J 
614.40-ft, ,,._ cap [200W•29Jan90] 
lot appl fcable 
219.a-240.6-ft, 4·fn ltO·elot • tafnl- •t•l, with cliannel paclc 
FIEU, JIISPECTICII, 
CJ1'11D1 
lleol111f• t, driller 
llot appl fcable 
llot appl fcable 
llot aiipl I cable 
LU& Ncntllly ... ter leftl .....--t, meb90ot24Nar93 
IOt on 118ter- Nlllple •cheralle 
~t•r-
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:· 

WELL COIISTIUCTICII AIII CO.UTICII UIIMT 

Drllllne Saiple Driw barrel IELL 
lletlladr c,blt_tool lletllodr Mcf tool 
Drllline zoo v lllter lddftl-
Flufd Ueed:..1MR-Ki\1.1x ____ IIHd: lot ....,-mud 
Driller•• 1111 State 

IUIIOz 299·"7•9 
lenford 
c-dlnet•: Ill 
Stete IIADl3 
Coordlnat•: • 
Start 

• ~·m·k E/V &71tf'lt! 1 , • E , . • 
IIW: I. Ib0am Lie •r: llot dDc\M]tM 
Drllline c...,, 

4$1 649 E 2 216 317 
ea.p.,,y: IIIHC E,wlonc, Location: lp)ford 
Date Date 

cant •= •es dpqprted , __ •--•
u-t1on 

Stertedz Q!QcSl'l Ccllllplete: JlAprCJO Ground _.f_ (ft): 689,11 CICIII CID) 

Depth to wter: ff5:g-Jf 19! Cllnuwd --1Ke) ____ • _rfJ 

IIEIIEIALJ ZED lllol ogl at'• 
ITIATIGMPIIY L"II 
st .. l !9"tly 

0 .... 1,.. tvr 1n12W07·Q9,6R 

llferera: lfflC·M•0205 

·----1 El..,.tlon of reference point: r692.09·ftl 
<top of c:aine> 

r,-1 llellllt of rlf1rw1 point abaft[ 2.98-ft l 
11 FCl!Und._.t_ 
• 

----1 I .D. of rlHr pipe: 
Type of rlMr pipe: 
lttfDLIH tt:nl 

- 0-143.5-ft, 11-in ,-trwl I Dl-ter of bor91ole, 

- 14S.S-Z5Z.Z·ft, 9-tn ,_lnel 

I = of filler, 20.Z-Z09.8·ft 
..,, 1Bot111Jt1 ,,,.,. 

----1 Depth top of ••l: 
Type of -l: 
J{4·tn Ye\clpy tfbl•t• 

C2-19 .O· ftl 

( 4•1n J 

t 209.8-ftl 

,----I Depth top of Nnd peckz r 214.3-ftl 
20-4Q·lltb •Ilia •!')d 

L, Oapth top of ac,...,.: r 220.3-ft] 
!;m·Jlf;;!!R;ctt•ID!nt ttn\ 

rl Depth botta of screen 
!!..._~i::::---

( 241. 1•ft] 

---1 Yolcley tablets, Z4Z.W41.4·ft 

WlfllS.flfl.~~~::::1 Ff ll 248.4-252.Z· ft 
~ Deptll to bott• of borehole: C 25Z,2•ftl 

hte: 16Aprfl 
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SUllfARY OF CONSTRUCTION DATA AND FIELD OBSERVATIONS 
RESOURCE PROTECTION WELL - 299-W7-9 

lllLL DESIGIIIATICII 
ala.A WIT 
ICIA FACILITY : 
UIIFDIID c:omD IIIATtS : 
UNIOT COO.OIIIATfS : 

(IIIAD 13) 
DATE DULLED : 
D£PTN DIJLLSI (GS): 
IEAUED DEPTH (GS) : 
DEPTN TO IMTH (GI) 1 

CASlllG DlMIETEl 

ELEY TCJP CASIN8 : 
. ELEY GIICUI) -FM:E 1 

P'ElfaaATED INTIE1IVAL I · 
SCREENED J ITEIVAL 
CONMBITS 

AYAILAIU LOGS 
TY SCAII aNIENTS 
DATE EYAWATID : 
EYAL 1£C0MIEl)ATJCII : 
tlSTE> USE 

.... TTl'E 
NA IIITEIIAIICE 

21)9."7•9 
200 Aftr ... te Area .... ll ltudy 
LLK 
I 46.549.J W 11.IU.9 lZOOW•JOAUll90J 
I 451.649 E Z,216,317 llWlfORD COM 
I 117.646.5911 E 565.144.IJlt [IIADIJ-~ 
Apr90 
252.Z·ft 
lot~ed 
227.0-ft. llovl9; 
230.0-ft, 24Ner93 
4•tn atalnt .. •t•l, +1.0-ZZ0.3-ft; 
6-tn atainl•• ateel, +Z.98·•·o.5•ft 
692. 09-ft. CZOOW-~J 
619.11-ft, Ir- cap l200ll·~l 
llot 1111Pl f c:abl • 
220.J-241.1·ft, 4·in.110·alot atainl .. atNl, ~fth c:hannltl pack 
FIELD IIISPEClltll, 
OTIIH: 
1ieolt11iat, drfl let" 
Not flFPlfc:able 
11ot awt lcllble 
lot awl icable 
LLlli -hly -t..- l-l -• wit, 19Apr90-Z4Nar93; 
lot on .. ter Nllple achedul• 
llydroatar_ 
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: 

IELL CGISTIUCTICII MD CONPUTIGI IUIMIT 

Drill\,. Saiple IELL TEMPOUIY 
Nethod: Qblwool •thod: !tnl tool 
Drlllt,w W Weter . Adifftf-

rm: Zft:Vll·l IELL 110: .. 1..,pne....., __ _ 
llanford 

Fluid UMd: IIFIX Uled: ht dpgwnttd 
Driller•• 1M St•te 

c-dfnat•: N/1 I 46,551 EN V 19,200 
State 

IIW: L. lultg Lie •r:: IRS dpga)ttd 
Orllll,w CC1111PMY 

Coordfnat•: M 45],650 E 2.24f,2f7 
Start 

CGllplny: PIMA9 prlllfnp Co l!ICl!tlan: Kem!YJck, .. 
Date Dete 

Card •= lot doQmnted r __ •-- s __ _ 
Started: 09,bf)87 CC111plete: 23JuUl7 

Deptb to •ter: ffl i-n JI! 
(SNU!d arf-) : -r93 
GEIEIALIZED Geol09fst•• 
STIATIGRAPIIY LOIi 

o-5: lladtf I ll 
5-65: SandyaAVEL 
65-eO: Qr-lly SAND 
80-90: ~lly eandy SILT 
90-95: Silty eandy &RAVEL 
95-105: Sandy DAVEL • • • 
1115-110: Sltllhtly •llty 9,-lty SAMO c : : 
110-115: lllllhtly er-lly SAID 

Elevatlan 
srowid _.,_ <ft>: 699.45 <•en• cap> 

----: Elwatton of r•f•rw• point: [701.D-ftJ 
(top of _,,., 

r:-1 •rllht of nf•.-.nce point lboffC l,§ll·ft J 
I I around eurf-

1 Depth af aw-face wl C Q:206·ftJ 

Tw,,e of eurf.- ... i:PrHllx cancret• 
4114·ft 11 6-fn gfp ~~ !JE!! 
v&(!e'C!J{;t:!lt;tW!,, 

115-135: llfllhtly 9,-lly •llty SAID c : : 
135-145: Silty SAIi> . : : : 

l+-----1 I.D. of riser pipe: c +·io 
145-1551 Slfelltly 1r...,.lly •llty UIII: 
155-165: ltlty ..-.wlly IAIID 
165-180: Sandy Nndy GIAVEL 
teo-195: Sandy GIIAYEL 
195-ZDO: Silty eandy IIIAVEL 
200-2051 lllty/cleywr GRAVEL 
2115-210: &revelly silty SAND 
210ot27'0.5: Silty eandy GRAVEL 

Dr .. t,. 1y: ftn{2W08-QI ,AP Date: 16ftpr93 
Reference: ___________ _ 

fype of riser pipe: 

st1tn\a1 ''"' : : 
: : -I Dfaater of borehole, 

: : o-62.7-ft, 1l·ln ..-hwl 
62.7-156.l•ft, 11•1n ..-trwl 
156.W7'0.5-ft, 9·fn ,-111111 

:---1 Type of ffller, :S-206-ft 
yolc\n ti,ntanttte grout 

:----1 Depth top of SMl: [206.0-ft l 
Type of ... l :yo1c1n a\ \•tt 

i----1 Depth top of Hnd paclti 121015-ft l 
Z0::39·n •jl lc• IIQd 

LI Depth top of screen: [ 236.2-ftl 
s;D;t!f®i:!.ot;t:.,tfnou1 Wtp 

[ 270,5-ft] 
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SUftlARY OF CONSTRUCTION DATA AND FIELD OBSERVATIONS 
RESOURCE PROTECTION WELL - 299-WS-l 

WELL DHlaATICII 
CEICLA UII IT · 
ICIA FACILITY : 
IIAIIFCJID COIIIDUIATES : -
LNEIT COOIDIIIATES : 
DATE DIILLSI : 
DEPT• -DIILLED (GS): 
NEASUIED DEPTN (GS) : 
DEPTH TO IMTEI (GS) : 

WING DIANETEI 
ELEV TIJP 1:ASlllG : 
ELEV GllGNI SUllFACE : 
PEIIFORATID INTERVAL: 
SCREEIIB> INTERVAL 

CDIEIITS 

AVAtuat.E LOGS 
TV SCAM CCNIIEIITS 
DATE EVALIMTED : 
EVAL IEIXWIEIIDATION : 
LISTED USE 

PUIIP TM 
IIAIITEIWICE 

299-... , 
200 .,....,. ArN "9rl191• it Study 
LUIIA·] 
I 46,551 W 19,200 CZOOW·10Deca7J 
I 451,650 E 2,216,006 (IIAIICOMVJ 
.lull7 
270.5-ft 
IIOt ~ted 
239.6-ft, Sepia; 
m.4-ft, Z4Mlr93 
4·fn etllnlna etNl, +1 .... 202-ft 
701.]]•ft, IZOOW·10Decl7J 
699.45•ft, Ir•• cap [Z00IH0Decl7J 
llot eppl fcable 
236ooZ56•ft, 4·1n 120·elot etalnl ... atNL; 
257•267-ft, l·in teleeccplng, f30•alot, atafnl ... atNl 
FIELD IIISP£CTION, 
OTllfl: 
leolcillat, driller 
llot -.,pl f cable 
IOt aA)l fcable 
lot -.,pl lcable 
LLIII llonthly .. ter l-l ..uur--t. 01Dd7•2/Jlar93: 
lot on 11ater --.,le ~l• 
lt)ldroetar 
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WELL CGISHUCTICII All> CXJNPLETICII SIJIIUY 

Dr-illi,w ~- WELL TEIW'CIMY 
lletlNld: l:lla1 I S!!S!I Method: lllcsl Sal 'llSlm IUaEI: '22:!l·Zl A5214 WELL 10: 
Dr-fllfnt Addlti- · llenford 
Flul~ UMd: !IIISIC UNd: IIIS aiia 11!1111• ~h•t•: 11/S II iI,IH E/V It 13!,MQ 
Dr-fl lw•a 1M State Stlte -= IIMII: ltbr"t1 Lie Ill": IRS llll!i!BD1111 CoordlnetM: II !52,251 E 2,ZZ!,5!2 
Dr-fl 11,,. ~ Start 
~= 1111~111 location:llllt ~Id c:erct t:121 doctamtl!I T_llll 1...lS 1..lW,_ 
Date D1te El-tlan 
Startad: 2'Aua54. c._.aete: 26Sm56 IINllnl aur-face: .,5·f1 llUll!ll!m 

Dapth to 11ater: m ·,t ~ I I I Elevation gf referw,ce point: [6§11.15·ftJ (Gnlln:I eurf ace> , • f 
(tllp of casl"8) 

GENERALIZED Driller•• 
1 1 Neh1ht of nferance point aboll9£ 1,65-ft J 

STIAT IGIAPIY Lag gl"CUld surface 
% - ...-- I Dapth gf -f- aul 

0-7: TOP SOJL·WVEL No aurface anl ~tad: 
OP J 

7-27: IOUUl£1.S•llltAVEL 
27"42: IAIID·SILT·- GIAVEL 
4Z-67: SAND 
67•n: IAll)•SIIAVEL·CX•LEs 
72ool1 : cmaLl!l•Ulll•GIAVEL 
11-90: UIIMllA'4L·C018\.ES 
90-95: C-tad U.•GIAVEL•CX•LES•SILT 
95-116: IMD•IILT·aAVEL 
116-152: SAlll·SILT-IIIAVEL (IGulden) I l·ln ID cartion ateel caal,,., 
152-1111: IAllll•aAVIL•IICIA.IIOS, nD IILT •1,t:W·ft 
110-284: llll>·llLT·IIAVll 
za.-m: IAll>·&UVEL 
295-303: IMIMIIIAVEL·SIL T. -: 9·in ,-fnel h11le, ~ 
:sm,.305: SAIi) and SJ-LT 

IEIIED IA TIOII: 
.hrl7l by ,... 
Slottad ceah11, 
_...,239-ZSl·ft PWIFGIO WELLS) 

I l•fn caalna perlor-eti-,: m1:U:~!sl 
DTI 
• .,,..,,~ 

ll_1 lor-ehale drilled depth: c 305-ft 1 

DTMepth to bGttoa, 
283.6-ft 12Jyt93 

Dr-•ina ty: ~•AH 
Dete : 
let-. : IIYE!!III! l&LLI 
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Sl»IIARY OF CONSTRUCTION DATA AND FIELD OBSERVATIONS 
RESOURCE PROTECTION WELL - 699-48-71 

WELL DISIGMTICII 
CDCLA •rT 
ICU PACILITY : 
UIIRa auDIIIATD : 
LNaEIIT CODIDJIIATU : 
11.t.Tt DIILLBI : 
DEPTI DIIILLBI (QS) t 
l!EAS&alD DEPTN (GS) 
D9TII TO *TH (IS) 

CASIIIG DIAIIETEI 
l!LEV TIP CASINli : 
ELEV GIIClal UFACE : 
PEIIFOMTED INTERVAL : 
SCREEB IIITUVAL 
COINENTS 

AVAtUlllE· LOGS 
TV $CAIi IDIIEIITI 
DATE EVALUATED : 
EVAL IIEalNIIENDA TI CII : 

. LI SYED USI! : 
a.uEIITUSB 

NI' TYPE 
MIITEWICE 

699-41•71 
lot IA)llcable 
llot appll cable 
I 47 ,ISi V . 111,660 IIIAIIFOIID IE.Lil 
I 452,951 E 2,224,542 IIWICGM 

~t 
ZG.6-ft, 1ZJut93 
264.0-ft, Z6Sep56. 
242.l·ft, 02"""94 
l·ln, frca +1.6-JOJ· ft 
688.15-ft (NAIIFOIID WElLIJ 
6116.5°ft EstfMted 
23• 302-ft 
lot appl fcable 
FIELD IIISPECTICII, 12Jul9J, 
l•ln urban •t•I CNfne. 
lo pad, no paata. · Capped and loclted. 
lo petWMtt fdlntfflcatlon. IIOt tn • redletlon :raw. 
OTIIEI: 
Driller 
lot IA)l fcable 
Not eppllcale 
llot ~tcable 
lftwua -1 .... 1 wl • nur-ot, 01~. 

. WIIC ESUI 11/l -· torfne, 
N. aftwt• ... line and wl -ftorfne 
Electric ~fbl• 
Nelnt- ectlvttf• doaaalted fn the •-,ford Wells DetabeN Syat• 
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WELL IXIISTUTICII AIII CDl'lnJCII llllNY 

Drflll"8 llplpl• WLL TENPCUIT 
Method: Qbl• toot Method: bed tpot ow> 
Drflll"8 Addftfvw 

IUIIEI: 699-49-lP A5221 W[LL .,: ___ _ 
llanford 

Flutd UMct:,_v,_.t.,.,c..._ ____ uwt: tw,tt. ct,x 
Dr1 Her•• 1111 Stet• 

c-dfNtN: 11/S I 48,600 EJW w 79.1ZZ 
state 

11w: Pr••U•ld lie •r: Not S\MIStd 
Dr1lli... Cmpel1Y 

c-dfNtN: • 453,699 E Z,Z16,Q71 
Start 

1:mpa¥1 lot dpamntml Loc:atlon:.,.ND...._ ___ _ 
Date Date 

card t:Not dQcwmtml T...llll. 1....ZS SJi2L 
El-tlon 

·started: 2"""61 COllplete: 06Jul4f Ground -face: 688,t•ft fstl•tfd 

Depth to wter:·m·,t ~um 
(Gra&N -fec:e) I •f 5,,94_. ---1 Elevation of ref-e point: t6119.2Q:ftl 

CiEIIEJtALIZED Drfller•a 
STIATJlilAl'IIY LOI 

o-20, IIOCD 
ZO-U1 Grey SAND 
22-25: • lec:lc SAIII 
&30: aAVEL 
311-35: • l ec:t 1A111 
JS,,40: • l ec:lc and lill I te 1A111 
'°"45: CLAY• IAIII and lillAVEL 
45-47: C:OW.. 111W UID I little GIAVEL 
47-50: FfN 11W SAID, little lillAVEL/CLAY 
5CMl5: UIII, CUT I . ll ttle GIAVEL 
IISo-95: U1D & CUT ti/very I lttle SIAWL 
95-117: IAIID I Cl.AT 
111-120: Mal, CLAY I IIOCU 
1Z0-1Zl: Mal & GIAVEL II/little CLAY 
123-1301 IAII) I GUVEL 
1:S0-135: Grey SAIII 
135-1401 IAIID & GRAVEL 
140-150: GRAVEL I l fttle IAIII 
15(),,154: Ma> & GRAVEL 
154-1591 SAID 
159-160: SAID, GIA\IEL I 110CU 
160-1611 FIN vey IAIII 
161-tllh SAID I GRAVEL - IOCICS 
1eo-200: Mal & little GIAVEL & lOCa 
ZOO,,Z10: Mal, liillAVEL, IICICICS II/- CLAY 
Z1o-z25: SAID, IIOCU I - CUT 
Z25-i651 UIID, CUT I IOCICS ., 
265-270: SAID I aflty GRAVEL 
270-277: IAIII, GIAVEL I I fttle CLAY 
277-all: SAIi> I GUVEL, - IIOCICS 
zao-za5: Stlty unly GIAVEL 
m-2901 SIity WI> I GIAVEI. 
290 : SAND I GIAYEL 

IBIED IA TICIISI 
Aul56. Gentz, 
Perforated 235-265-ft 

q74, II. lult
Perforatad 225-235-ft 
Ftll to 280-ft 

llarlO, 11. lult-
Set _, pl'-'I a 279-ft 

Drwtne ty: Rn/6N491179.Ap 
Dete : .... ZJSfl!2',m::z-,.;:... __ _ 
leferenc:e : !WfFQISP MELLI 

DTI 
" 

(top of casing) 
r-1 Nellht of refer- point above[ 1,1-ft 
I tran:I eurface 

" I Depth of surface seal ._I _.IID,.__ __ 
No eurface -1 doc\awlted: 
IN 41l4·ft con1:reto ped 

1----I l·fn JD cartlon atNl c:aat,_, +1.1•.-:2,65•ft 

B.49 

Dr•-oepth to bottca, 
279,4-ft. Z1Feb91 

·f 

c 290.0·ftl 
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S1114ARY OF CONSTRUCTION DATA AND FIELD OBSERVATIONS 
RESOURCE PROTECTION WELL - 699-49-79 

IEU DESICIIATlml 
IICIIA FACILITY 
cacu 111n : 
IIAIIFcm> amDIIIATES : 
UIIIUT amDIIIATH : 
DATE DlllLED : 
DEPTN DIIUB) (GS) : 
IIEULtill DEPTN (GS) : 
DEPTII TO IMTn (liS) : 

CASI IG DIAIIETE• 
ELEV TCP CASIIIG 
ELEV GaOllll -FACE 1 
PEltfORATED INTOVAL : 
SCREEIED IITUVAL 
COMMENTS 

AVAILMLE LOGS 
TV SCAII COIIIIENTS 
DATE · EVM.UATED : 
E'IAL IECXIIEIIDATlml : 
LISTED UR 
a,nfWTUSEJI 

NII' TYPE 
11A I NTEIIANCE 

699•49·19 
llot wttcaltle 
lot wt I cable 
• 48,600 11 19,122 (IIAllfcm> WELLS) 
• 453,699 E 2,216,071 PIAIIC0IIVl 
~ul41 
290.0-ft 
279.4-ft, 21feb91 
-m,-ft -Nl48 
m.a-ft, 01.11a194 
11· lnL. carbon atNl, •1. 1•-265-ft 
689.-ft [IANFOID WELLSJ 
6118. 1·ft, E• ti•ted 
225-265· ft 
llot awl I cable 
FIELD IIISPECTIGI, 21F~1", 
l·ln c:erban atNI c•tna. Caw-I and loc:ted 
11M 4a4- ft pad, no ,-u, ldantlflc:etlan at...., an • In pad. 
llot In redlatlan --
OTIEI; 
Driller 
llot awl I cable 
llot Wllcable 
lot awl I cabl • . 
lltewlde _,_,,_, -,1 - _,t, 261~UW194; 
a c:llarec:terl:ratfan and UK ES&N 11/l -rtorina, 
M altwlde • -.altrv and 11/l -itorifll 
Electric aulaer• lbl• 
Nalnt- actlvltln ~ted In tile Manford llel la Datel,au Syat• 
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. 
' 

: 

WELL QlHTIIUCTlml All> all'LETICII IINIAIY 

Drflllfll lalllple WE\.L TEll'CIUIT 
llettloch Cablt tool llettlod: Nlrd tool (rm) 
Drflllfll Addftl,,._ 

IUaEI: 699•51-75 A5Z32 WELL 10:. ____ _ 
llanford 

fluid UMd:..,MUaaz•i.....---- Uwl: llot 11Pnrrttr1 
Driller•• 1M Stet• 

CDordlMtft: .,s w 50.667 E/V N 15.151 
flat• 

._: a,ntg Lie •r: Ip• dPnfflltS 
Drl ll f fll CGllpa'ly 

eoord,,.t•= • . +ss.m I z,m,944 
Stert 

cap.,y: lot doaantl!il Locatlon:lfot ctnemt::1 
Ollte Ollte 

Cerd l:lpt dnrmoted T...la. 1..,25( S..mL_ 

lterted: ZJA\1157 Clllplete: 040ct57 

GalEIALIZED Driller's 
STIATIGIIAPIIY Lot 

0-15: IICIIUEIS, GIAYEL _. U11D 
15-45: aaJLDEIS, lillAVEL 
45-55: CllllLEl•ICIJI.DUS 
55-65: IOUUIEllS·GIAYEL 
65-75: COIIUl•CltAYEL·IDULDEIS 
15-10Ch CllllLEl·GIAVEL 
100-120: MIii, GIAVEL and CXllllES 
120-1301 aJIILES end GIAWEI. 
1».160: IIAYEL, SAIi) _. SILT 
160-170: CIIIILH, IIAVEL, SAIII & SILT 
170-2151 GIAWL, IAII> end SILT 
215-225: IAll>•ITml! 
zzs-230: CIIIIC.U•UAVEL • UII> 
ao-m: IIAVEL _. SAIi> 
Z!S-240: Collrae SAIID, l I ttle CltAYEL 
240-ZSS: SAll>·GIAYEL 
255-260: MIi>, CltAVIL _. ClllllH 
260-270: GRAVEL _. SAIi) 
270-275: UIII little SILT 
275-aO: SAll>·GIAYEL·SILT 
zao-a5: SAll>·GIAVll 
Zl5ot295: MIii, CllllLES, GRAVEL 
295-305: Collrae GIIAVEL·flrw SAa 
305-320: .._ll _. - GIAVlL, 

flrw IAIII 
:szo-m: Collrae GIAVEL .., UIII 
DS,.340: IAIIO·SllT·GltAVEL 
34o-345: UIID·GIAVEL 
345-350: IAll>·GIAVEl·COAlfS 
JSo-3601 IAIID, IIIAVU, IASALT CIIALES 
360-3651 SA11D end GRAVEL 
365-370: SAll>·SILT·GIAIIEL 
371),,375: SAIi> • GRAV£L, IASALT 
375-380: IAIIO, lllvtL, IASALT 

_. OOIILES 
380-382: IASAL T 

Elevation 
Groin:! _.f_: 632,3-ft EatJwsl!il 

•----1 Elwetlon of refe,--e point: [641.51-ftl 
Ctap of c .. tna> 

r-1 hight of reference point lbow[ Z,25·ft J 
I traund -1ece 
1 . 

I Depth of aurfece seal 
~ aurfeca ... l doc.....,,tad i •----1 I-In ID carbon ., .. , calng, •2,2-316,7-ft 

[ II) 

-I 9-fn ..-lnal hole. 9::H6,7•ft 

, .. ----: Z.0625- In tlj)fna, +fl):37Q•ft 

699-51-75 

IIIDD---, Gr-l peck. 365•:UZ~ 
Pln-ter acreen:370-375-ft l I-In ..-inal hole, 376.7•382,0·ft /L---•----1 lorehole drilled depth: ( 382.0·ftl 

699-51-75P 

Dr•fna ly: 1tCl/6115tV75A,ASJ Date : ... ~.._._..._ __ _ 

Referwe: MNFQ!P WELLS 
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SUMMARY OF CONSTRUCTION DATA AND FIELD OBSERVATIONS 
RESOURCE PROTECTION WELL - 699-51-75 

~LL DISllillATICII 
ICU FACILITY 
CHCLA WIT : 
UIIPC8 QXIIDIIIATII : 
I.AIIIEIT comDIIIATES : 
O.Tt NILLED .: 
DEPTH NILLED (GS) : 
IIEASUIED D!PTII (GS) 1 
DEPTH TO 114TB (81) 

WIIIG DINETEI 

EUY TOP WIIIC : 
El.ti GICUID SlaFACE : 
l'HFDIATED IIITHYAL : 
SCIIEENED I IITEIVAL 
COMMENTS 

AVAIi.AiLE LOGS 
TV SCAN CIDIIIEITI 
DATE EVALlMTED : 
IYAI. lll!CINEll>ATlal : 
LISTED USE 
QIIIIIIIT USEI 

l'IN'TYPE 
Ml IITEIIAIICI 

699-51·75 
lot appl f Cll>le 
lot appl fcable 
II 50,667 11 75, 151 (Hanford Wei l11J 
11 455,776 E z.zzo.°'4 tllAIICOIIVJ 
Oet57 
J82.0·ft 
llot~ed 
193. 0·ft, OctS7 
191.6·ft, 01.11.1194 
8•in, carbon atwl, +2.25-376.7•ft, 
2.062S•fn, • --370•ft 
641.51-ft (IWIFDID IIELLIJ 
639.3-ft, Eati•ted 
190-370-ft 
370-375, plll-'ff 
FIELD IIISPECTIOII, l1Jan90, 
I· In carbon atNl cast,... tapped end tocked 
llo pad, pate _ or-.--••t fclal'ltfffcatfan. 
llot In redlatlon z-. 
O'fNEI; 
Dr1llw 
llot: ..,..t lcable 
llot applicable 
llot ef!Pl lcable 
Sit-Ids -1-1 IC/I ~. 150ct57• 1J"'94; 
IIIC ESUI II/ t aonf tor11.i1. 
PIIL altwt• NIIPl ii.ii,· IC/l aonftlll'I,.. Ind c:heracterlzatfon 
Electric. ~Ible 
Nalnt_. actlvltl• ~ad fn the lanford llella ·Databeae Syat• 
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: 

Appendix C 

Hydrographs and Serviceability Information for SALOS 
Tritium-Tracking Wells 

Figures C.1 and C.2 are composite hydro graphs of SALOS tritium-tracking wells grouped by general 
locations relative to the S_ALOS. Each group is compared with the hydrograph of the SALOS proximal 
well 699-48-77A Separate hydrographs of the SALOS proximal wells are presented in Figure 2.4. 

Table C.1 contains well construction and serviceability information for 21 wells in the SALOS 
tritium-tracking network. Records for well 699-51;.75p are limited and were excluded from these plots. 

C.1 
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140~------------------------, 
Southeast 

--&-
iii 
E 138 ,.,_ 299-W7-8 

J ., 2.99-W6-12 
f.! 
CD j 137 .... 299-WS-8 

2.99-W6-11 

136 .. _. 299-WS-6 

· 699,-418-TT A 

135-i--+---l---+---+----+--+"'"""--+----+----+--t---+---' 
23-Dec-88 . 23-0ec-90 23-0ec-92 23-0ec-94 23-Dec-96 23-0ec-98 

140.-------------------------.======i. 
North, Northwest, and East 

139 

138 

135 

134 

699-48-TTA 

699-48-71 

---699-49-79 
-a-

.. 699-51-75 

133+---+----l- - +-- -+--lr--+-- -+--I---+--'--+--+-' 
27.Jan-90 27.Jan-92 27-Jan-94 27-Jan-96 27.Jan-98 27.Jan-2000 

Figure C.1 . Hydrographs for Wells in the SALDS Tritium-Tracking Network Southeast (top) and North, 
Northwest, and East (bottom) of the SALDS Drainfield (see Figure 1.3 for locations) 

C.2 

126 of 142 



RPP-ENV-59215 Rev.GOA 3/16/2016 - 9:06 AM 127 of 142 

: 

. 142 -r-----------------------1 ---

141 

140 

137 

Southwest 299-WS-1 

··················································-················································ ······ 299-WT-9 
-a--

2!19-W7-1 
-'i'-

'09-W7-11 

---
299-WT-12 --

136 +--t--+--t--+----l---+--l--+--l---+-~e--+-_j 

11-Aug-87 10-Aug-89 11-Aug-91 1 O-Aug-93 11-Aug-95 1 O-Aug-97 11-Aug-99 

142 ,--------------------;_-:_-:_-_-_-_-_-_ ---

South 

141 ... .......... ···································································--·····- ······ ···· ···- -- .. --

140 

699-48-TTA 

······· ···-································•········ .- ··············· '2!:YJ-W7-5 
-e-

'299-WT-7 

-----299-WT-6 

137 ······································- ·· ·······················-························-····························· ··· · 

136 ;-- t---t--+--+--+--+--+--l-----+--+--l-~--+-_j 

11-Aug-87 1 ~Aug-89 11-Aug-S1 1 O-Aug--93 11-Aug-95 1 ~Aug-97 11-Aug-99 

Figure C.2. Hydrographs for Wells in the SALDS Tritium-Tracking Network Southeast (top) and South 
(bottom) of the SALDS Drainfield ( see Figure 1.3 for locations) 
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Well 98 "'-'e 

299-W6-8 10-Juo-98 
299-W&-7 11.Jun-98 
299-W6-8 1~98 
299-W&-fi 10-Jun-98 
299-W5-12 11-Jun-98 
299-WT-1 10✓un-9a 
299-W7-11 10.Jun-98 
299-W7-12 10-Jun-98 
299-W7-3 10-Jun-98 
2119-W7•5 10-Jun-98 
299-W7-4 10.Jun-98 
299-W7-7 10.Jun.98 
299-W7..a 10.Jun-98 
299-W7-9 10.Jun-98 
299-WB-1 tO.Jun-98 
690-4-71 18-Jun-91 
1199-<48-77 A 10.Jun-98 
699-48-770 10.Jun-98 
1199-•8-77D 10-Jun-98 
1199-49-79 17..Jun-98 
699-51-75 17-Jun-98 

3/16/2016 - 9:06 AM 

Table C.1 . Well Serviceability Information for SALOS Tritium-Tracking Network 

99 Dale 980TWII 990TW WT Elev ft Ref Elev ft 

11-Mar-99 263.31 26-4.•9 4•5.50 709.99 
11-Mar-89 283.5 26-4.7 4•5 .58 · 710.28 
11-Mar-99 246.73 2•7,89 4•7.CM 694 73 
11-Mar-99 255.36 258.56 448.30 702.86 
11-Mar-99 244.07 244.99 4•7.52 692.51 
11-Mer-99 238.44 239.21 •51.50 590.71 
11-Mar-99 229.87 23057 4,;n 88 5111 .45 
10-Mar-99 235.73 23e.81 •51.12 887.13 
11-Mar-99 225.81 226,88 4•9.26 . 57814 
11-Mar-99 222.58 223.85 449.•0 873.05 
11-Mar-99 · 228.63 229.74 448.90 878.14 
11-Mar-99 224.62 225 72 449.22 874.0• 
11-Mar-99 238.64 2302 448.43 6117.35 
11-Mar-99 239.24 . ..,,,'.\ •5179 692.09 
11_u-...99 248.28 249.31 •52.02 701 .33 
111-Mar-99 249.28 250.3 437.85 688.15 
11--99 221 .06 223.65 •51 .07 87•.72 
11-"--"" 224.15 225.52 «a.711 87•.28 
11.M.ov-99 222.97 22•.53 •• 9.34 873.87 
18-Mar-99 238,82 239.78 4•9.42 889.2 
111-Mar-99 197.32 , 198.12 443.39 11•1.51 

"All measurement• are In feet, u they appear In the databae. 
DTW and well screen bottom hi measured from top or casing. 

·na· • lnlonnallon not .,ailable 

"-'h of W911 
screen bottom 

432.47 
270.63 
253.99 
274.02 
260.17 
2•7.19 
235.42 
2•3.29 
4n•3 
230.34 
238.69 

"230.78 
243.5'< 
24•.08 
258.38 
285.25 
23517 
312.37 
237.20 
280.50 
235.00 

.......... of Wafer left Amounl ........ Waler left 
numn lntalce •bow Int.II• 1111 can be '-red 1111 In well 

•22.2 158.89 10.27 159.111 
267 3.50 3.63 7.13 
na 7.2' 

272.00 18.6-4 2.02 1U8 · 
257.00 12.93 3 .17 18.10 
244.85 921 2 .51 1.72 

232 2.33 3 .42 5.75 
na · 7.58 

461 7g 235.118 10,84 248.62 
227.25 4,67 3 .09 7.78 
-•.2 5.57 2 .•9 1.08 
227.8 3.18 2.98 1.16 
240.03 0.95 3.52 4.91 

na 414 
na - - 10.10 
na 35.97 

233.52 12.48 1.65 1-4.11 
303.9 79.75 " 8.•7 88.22 

233.35 10.38 3.85 14.23 
na ·- •1.88 

204.1 6 .78 30.90 37.88 

128of142 

Annual Rate Years or Service Left 
ol""'""neffll 

1.57 107.0 
HIil 3.8 
128 4.9 
1.80 11 .0 
123 12.3 
1.03 7.5 
1.20 4.0 
1.4• •.5. 
1.43 172.3 
1.43 4.7 
1.48 4.8 
1.47 3.5 
0.37 10.5 
1.41 2.7 
1.12 1.1 
1.37 25.5 ..... 4.8 
1.•9 58.4 
1.70 7.8 
1.29 31.8 
1.07 34.2 
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AppendixD 

Tritium Results from SALOS Tritium-Tracking Wells 

The following ·table lists analytical results for tritium for groundwater samples from all 21 SALOS 
tritium-tracking wells through July 1999. The records begin with January 1995, approximately one year 
prior to the beginning of SALOS operation. Older wells, constructed during the 1960s;also have tritium 
records dating from that period, but are excluded for brevity as are records for two wells dropped in 1997, 
299-W6-5 and 299-W7-2. The entire record for all wells may be viewed in the HEIS database. 

D.l 

. . I 
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Table D.1. Tritium Results for SALOS Network 

Well Result Total Error Units Qualifier Collect Date 
299-W6-11 9450 860.6 pCi/L 08-Mar-95 
299-W6-11 8390 794 pCi/L . 15-Sep-95 
299-W6-11 8200 pCi/L 18-Dec-96 
299-W6-11 6200 pCi/L 13-Nov-97 
299-W6-11 920 pCi/L 11-Sep-98 
299-W6-12 563 221.7 pCI/L 09-Mar-95 
299-W6-12 394 228 pCi/L 15-Sep-95 
299-W6-12 360 pCi/L 18-Dec-96 
299-W6-12 410 pCi/L 18-Dec-96 
299-W6-12 480 pCi/L 13-Nov-97 
299-W6-12 540 pCi/L 11-Sep-98 
299-W6-6 19 184.7 pCi/L u 09-Mar-95 
299-W6-6 17.9 203 pCi/L u 18-Sep-95 
299-W6-6 63 pCVL u 19-Dec-96 
299-W6-6 160 pCi/L u 12-Nov-97 
299-W6-6 257 · pCi/L u 11-SeP:.98 
299-W6-7 42900 3295 pCi/L 08-Mar-95 
299-W6-7 45000 3460 pCi/L 18-Sep-95 
299-W6-7 41000 pCi/L 19-Dec-96 
299-W6-7 36000 pCi/L 12-Nov-97 
299-W6-7 41000 pCi/L 11-Sep-98 
299-W6-8 886 244.7 pCi/L 08-Mar-95 
299-WS-8 723 241 pCI/L . 21-Sep-95 
299-WS-8 810 pCi/L 18-Dec-96 
299-W6-8 700 pCi/L 13-Nov-97 
299-WS-8 920 pCI/L 05-Mar-98 
299-W6-8 860 pCi/1.. 05-Mar-98 
299-W6-8 · 1000 pCi/L 11-Sep-98 
299-W6-8 770 pCi/L 25-Mar-99 
299-W7-1 176 205.7 pCI/L u 13-Mar-95 
299-W7-1 -160 223 pCi/L u 11-SeP..95 
299-W7-1 66.04 187.2 pCi/L u 07-Mar-96 
299-W7-1 -51 .2 202 pCi/L UJ 10-Sep-96 
299-W7-1 73.2 196 pCI/L u 12-Mar-97 
299-W7-1 162 pCi/L u 17-Nov-97 
299-W7-1 180 pCi/L u 05-Mar-98 
299-W7-1 10.8 191 pCi/L u 12-Mar-98 
299-W7-1 -76.4 195 pCi/L u 10-Sep-98 
299-W7-1 -6.65 185 pCi/L u 10-Mar-99 
299-W7-11 90.2 200 pCi/L u 13-Mar-95. 
299-W7-11 -144 224 pCi/L u 11-Sep-95 
299-W7-11 -41.442 179.8 pCi/L u 11-Mar-96 
299-W7-11 79.3 210 pCi/L UJ 10-Sep-96 
299-W7-11 102 211 pCi/L lJ 11-Mar-97 
299-W7-11 162 pCi/L u 17-Nov-97 
299-W7-11 180 pCi/L u 05-Mar-98 
299-W7-11 111 200 pCi/L u 10-Mar-98 
299-W7-11 52.2 197 pCi/L U · 10-Mar-98 
299-W7-11 -20.5 199 pCi/1.. u 14-Sep-98 
299-W7-11 -57 181 pCi/L u 11-Mar-99 ~ 

299-W7-12 183 206 pCi/L u 13-Mar-95 
299-W7-12 120 201.8 pCi/L u 13-Mar-95 
299-W7-12 -21 198 pCi/L u 12-Sep-95 
299-W7-12 -104.37 175.5 pCi/L u 11-Mar-96 
299-W7-12 69.1 211 pCi/L u 18-Sep-96 

D.2 
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Table D.l. (contd) 

Well Result Total Error Units Qualifier C..olle.ct D.ate 

299-W7-12 72.1 209 pCI/L u 10-Mar-97 
299-W7-12 -42.5 230 pCi/L u 04-Sep-97 

. 299-W7-12 43 196 pCi/L u 10-Mar-98 
299-W7-12 -29.7 199 pCi/L u 14-$ep-98 
299-W7-12 -14.3 184 pCi/L u 10-Mar-99 
299-W7-3 226 208.7 pCi/L 13-Mar-95 
299-W7-3 -35.8 197 pCi/L u 12-Sep-95 
299-W7-3 103.92 188.9 pCi/L u 07-Mar-96 
299-W7-3 -182 233 pCi/L u 17-Sep-96 
299-W7-3 -31 .7 189 pCi/L u 12-Mar-97 
299-W7-3 90.7 194 pCi/L _ u 10-Sep-97 
299-W7-3 35.8 197 pCi/L u 10-Mar-98 
299-W7-3 -49.8 214 pCi/L u 16-Sep-98 
299-W7-3 -26.1 183 pCi/L u 10-Mar-99 
299-W7-5 260 203.6 pCi/L 14-Mar-95 
299-W7-5 331 221 pCi/L 12-Sep-95 
299-W7-5 99.315 196.3 pCi/L u 08-Mar-96 
299-W7-5 174 255 pCi/L u 17-sep-96 
299-W7-5 56.9 _209 pCi/L u 31-Mar-97 
299-W7-5 330 209 pCi/L J 08-Sep-97 
299-W7-5 27.1 198 pCi/L u 11-Mar-98 
299-W7-5 115 213 pCi/L u 15-Sep-98 
299-W7-5 40.8 188 pCi/L u 11-Mar-99 
299-W7-6 487 230.6 pCi/L 20-Apr-95 
299-W7-6 376 223 pCi/L 13-Sep-95 
299-W7-6 271 .1 2 204.7 pCi/L 29-Mar-96 

-299-W7-6 319 22.7 pCilL J 16-Sep-96 
299-W7-6 199 210 pCi/L u 12-Mar-97 
299-W7-6 84.1 2.38 pCi/L u 04-Sep-97 
299-W7-6 418 259 pCi/L 04-Sep-97 
299-W7-6 270 pCi/L 17-Nov-97 
299-W7-6 150000 pCi/L 17-Nov-97 
299-W7-6 240 pCi/L 05-Mar-98 
299-W7-6 361 220 pCi/L J 11-Mar-98 
299-W7-6 222 236 pCi/L u 15-Sep-98 
299-W7-6 345 208 pCi/L J 10-Mar-99 
299-W7-7 350 210.1 pCi/L . 14-Mar-95 
299-W7-7 216 213 pCi/L 12-Sep-95 
299-W7-7 384.46 215.5 pCi/L 08-Mar-96 
299-W7-7 435 234 pCi/L 10-Sep-96 
299-W7-7 293 22.5 pCi/L J 10-Sep-96 
299-W7-7 301 211 pCi/L J 12-Mar-97 
299-W7-7 233 203 pCi/L u 10-Sep-97 
299-W7-7 18.9 198 pCi/L u 11-Mar-98 
299-W7-7 18 219 pCi/L u 15-Sep-98 
299-W7-7 186 207 pCi/L u 09-Mar-99 
299-W7-8 451 217.2 pCi/L 14-Mar-95 
299-W7-8 354 222 pCi/L 14-Sep-95 
299-W7-8 409.29 209.7 pCi/L 11-Mar-96 
299-W7-8 331 228 pCi/L J 10-Sep-96 
299-W7-8 231 219 pCi/L u 11-Mar-97 . 299-W7-8 491 264 pCi/L 11-Sep-97 
299-W7-8 422 22.5 pCi/L 11-Mar-98 
299-W7-8 268 222. pCi/L u 15-Sep-98 
299-W7-8 314 207 pCi/L J 11-Mar-99 
299-W7-9 69.2 191 pCi/L u 14-Mar-95 

D.3 
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Table D.1. (contd) 

Well Result Total Error Units Qualifier Collect Date 

299-W7-9 90 205 pCi/L · u 13-Sep-95 
299-W7-9 115.63 190.6 pCi/L u 11-Mar-96 
299-W7-9 -51 .7 202 pCi/L · UJ 10-Sep-96 
299-W7-9 195 205 pCi/L u 12-Mar-97 
299-W7-9 25.1 189 pCi/L u 10-Sep-97 
299-W7-9 81 .9 200 pCi/L u 10-Mar-98 
299-W7-9 -86.3 199 pCi/L u 15-Sep-98 
299-W7-9 223 200 pCi/L u 11-Mar-99 
299-W7-9 172 196 pCi/L u 11-Mar-99 
299-W8-1 45.1 189.4 pCi/L u 14-Mar-95 
299-W8-1 3.07 200 pCi/L u 13-Sep-95 
299-W8-1 176 193.5 pCi/L u 11-Mar-96 
29S:-W8-1 156 216 pCi/L UJ 10-sep-ss 
299-W8-1 215 pCi/L u 23-Jan-97 
299-W8-1 42.5 194 pCi/L u 12-Mar-97 
299-WB-1 212 pCI/L · u 02-Apr-97 
299-WB-1 182 pCi/L u 04-Sep-97 
299-WS-1 173 pCi/L u 17-Deo-97 
299-W8-1 200 pCi/L u 06-Feb-98 
299-W8-1 95 196 pCi/L u 12-Mar-9,8 
299-W8-1 227 pCi/L u 15-Apr-98 
299-W8-1 263 pCi/L u 09-Jul-98 
299-W8-1 221 220 pCi/L u 15-Sep-98 
299-W8-1 274 pCi/L u 20-Oct-98 
299-W8-1 141 pCi/L u 13-Jan-99 
299-W8-1 193 198 pCi/L u 11-Mar-99 
299-W8-1 193 pCi/L u 20-Apr-99 
299-W8-1 220 pCi/L 13-Jul-99 
699-48-71 128 203 pCi/L u 18-Apr-95 
699-48-71 27.8 197 pCi/L u 18-Apr-95 
699-48-71 45.6 215 pCi/L 23-Sep-95 
699-48-71 2.559 200.1 pCi/l u 18-Mar-96 
699-48-71 -123.83 192.5 pCi/L 18-Mar-96 
699-48-71 -118 182 pCi/L u 17-Mar-97 
699-48-71 147 219 pCi/L u 18-Mar-98 
699-48-77A 343 pCI/L u 04-Feb-95 
699-48-77A 300 pCi/L u 17-Apr-95 
699-48-77A 86.9 232 pCi/L u 12-Jul-95 
699-48-77A 142 224 pCi/L 27-Jul-95 
699-48-77A 149 200 pCi/L u 24-Oct-95 
699-48-77A 64.5 194 pCi/L u 24-Oct-95 
699-48-77A 260 pCi/L u 15-Jan-96 
699-48-77A 300 pCl/L u 03-Apr-96 
699-48-77A 300 pCi/L u 03-Apr-96 
699-48-77A 135.05 207.7 pCi/L 03-Apr-96 
699-48-77A 74000 pCi/L 15-Jul-96 
699-48-77A 210000 pCi/L 06-Aug-96 
699-48-77A 210000 pCi/L 06-Aug-96 
699-48-77A 270000 pCi/l 23-Aug-96 
699-48-77A 450000 pCi/L 23-Oct-96 
699-48-77A 450000 pCi/l 23-Oct-96 
699-48-77A 500000 pCi/L 23-Jan-97 . . 
699-48-77A 490000 pCi/L 23-Jan-97 
699-48-77A 530000 pCi/L 02-Apr-97 
699-48-77A 2000000 pCi/L 04-Sep-97 
699-48-77A 1700000 pCi/L . 17-Dec-97 
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Table D.l. (contd) 

Well Result Total Error Units Qualifier Collect Date 

699-48-77A 1600000 pCi/L 17-Dec-97 
699--48-77 A 920000 pCi/L 06-Feb--98 
699-48-77A 270000 pCi/L 15--Apr-98 

" 
699-48-77A 260000 pCi/L 15-Apr-98 
699-48-77A 970000 pCi/L 09-Jul-98 
699--48-77 A 140000 pCi/L 20-0ct-98 
699-48-TTA 140000 pCi/L 20-0ct-98 
699-48-77A 30000 pCi/L 13-Jan-99 
699--48-77 A 15000 pCi/L 20-Apr-99 
699-48-77A 15000 pCi/L 20-Apr-99 
699--48-77A 18000 pCi/L 14-Jul-99 
699-48-77C 609 pCi/L 04-Feb--95 
699-48-77C 594 pCi/L 04-Feb--95 
699-48-77C 543 pCi/L 17-Apr-95 
699-48-TTC 465 pCi/L 17-Apr-95 
699-48-77C 231 240 pCi/L u 12-Jul-95 
699--48-77C 336 212 pCi/L J 24-0ct-95 
699--48-77C 390 pCi/L 15-Jan-96 
699--48-77C 350 pCi/L 15-Jan-96 
699-48-77C 300 pCi/L u 03-Apr-96 
699-48-77C 410 pCi/L 15-Jul-96 
699-48-77C 390 pCi/L 06-Aug-96 
699-48-77C 3000 pCi/L 23-Aug-96 
699-48-77C 180 pCi/L u 23-Aug-96 
699-48-77C 580 pCi/L 23-0ct-96 
699-48-77C 2100 pCi/L 23-Jan-97 
699--48-77C -420 pCi/L 02-Apr-97 
699-48-77C 580 pCi/L 02-Apr-97 
699--48-77C 270 pCi/L 04-Sep-97 
699-48-77C 4100 pCi/L 17-Dec-97 
699-48-77C 1300 pCl/L 06--Feb--98 

· 699-48-77C 630 pCi/L 06-Feb--98 
699-48-77C 310 pCi/L 15-Apr-98 
699--48-77C 261 pCi/L u 09-Jul-98 
699-48-77C 2100 pCi/L 20-0ct-98 
699-48-77C 8100 pCi/L 13-Jan-99 
699--48-77C 35000 pCi/L 20-Apr-99 
699--48-77C 77000 pCi/L 13-Jul-99 
699-48-77C 77000 pCi/L 13-Jul-99 
699-48-77D 343 pCi/L u 04-Feb--95 
699-48-77D 305 pCi/L 17-Apr-95 
699--48-77D 39.1 229 pCi/L u 12-Jul-95 
699-48-77D 102 233 pCi/L u 12-Jul-95 
699-48-77D 57.9 194 pCi/L u 24-0ct-95 
699-48-77D 240 pCi/L u 15-Jan-96 
699-48-77D 300 pCi/L u 03-Apr-96 
699--48-77D 400 pCi/L u 15-Jul-96 
699-48-77D 400 pCi/L u 15-Jul-96 

' 699-48-77D 380 pCi/L u 06-Aug-96 -
699-48-77D 410 pCi/L 23-Aug-96 
699-48-77D 180 pCi/L u 23-0ct-96 
699-48-770 410 pCi/L 23-Jan-97 
699-48-77D 390 pCi/L 02-Apr-97 
699-48-77D 69000 pCi/L 04-Sep-97 
699-48-77D 80000 pCi/L 04-Sep-97 
699-48-77D 970000 pCi/L 17-Dec-97 
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Table D.1. (contd) 

Well Result Total Error Units Qualifier Collect Date 

699-48-770 2100000 pCi/L 06-Feb-98 
699-48-770 1800000 pCi/L 15-Apr-98 
699-48-77D ,1100000 pCi/L 09-Jul-98 
699-48-77D 1100000 pCI/L 09-Jul-98 
699-48-77D 730000 pCi/L 20-0ct-98 
699-48-77D 540000 pCi/L 13-Jan-99 
699-48-77D 540000 pCi/L 13-Jan-99 
699-48-77D 600000 pCi/L 20-Apr-99 
699-48-77D 610000 pCi/L 14-Jul-99 
699-49-79 154 205 pCI/L u 18-Apr-95 
699-49-79 127 207.8 pCI/L 01 -May-95 
699-49-79 24.6 201 .1 pCi/L 01-May-95 
699-49-79 17.912 200.7 pCI/L u 22-Apr-96 
699-49-79 162 pCi/L u 17-Nov-97 
699-49-79 238 _226 pCi/L u 18-Mar-98 
69S-:.49-79 140 pCi/L u 25-Mar-99 
699-51-75 3.58 212 pCi/L 17-Aug-95 
699-51-75 -27.115 187.3 pCVL 08-Jul-96 
699-51-75 -9.24 196 pCi/L u 24-Mar-97 
699-51 -75 -34 .9 222 pCi/L u 18-Mar-98 
699-51-75 257 pCi/L u 11-Sep-98 
699-51-75 225 pCi/L u 11-Sep-98 
699-51-75 140 pCi/L u 25-Mar-99 
699-51 -75 140 pCi/L u 25-Mar-99 
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Appendix E 

Analytical Results for Constituents with Enforcement Limits 
in Groundwater at the-SALOS 

Tables E. l through E.4 list all results above method detection limits for constituents with enforcement 
limits specified in Special Condition SL of the SWDP for the SALDS. These tables include all results 
through July 1999 for the proximal wells 699-48-77 A, 699-48-77C, and 699-48-77D, and background 
well 299-W8-l . Only results from proximal wells were compared with en~orcement limits, thus the 
reason for footnote (b) throughout the "Enforcement Limits" column in Table E.l . Comments noting 
"see texf' are issues concerning the constituent that are discussed in the main body of the document. 
Constituents with few results ("n" column) indicate that most results are below detection. Mean (i) 
and standard deviation (s) are calculated for each constituent with more than one detection. Hanford Site 
background values are determined by Johnson (1993) ("Bl" column) and DOE-RL (1997) ("B.2" 
column) . . 

E.l 
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Table E.1. Analytical Results for Constituents with Enforcement Limits in Groundwater at the SALDS Through 
July 1999-:--Well 299-W8-l 

x<•> 
Maximum Enforcement 

Constituent n s<a) Result<•>/Date Limit Bl 82 Comments 

Acetone 5 27.6 35.S 74/1-97 (b) NA NA All results associated with blank contaminaiion 

Ammonia 4 105 73.7 200/8-92 (b) <120 170 

Benzene 2 0.58 0.6 1.0/4-97 (b) ·NA NA Estimated value and blank contamination (one each) 

Cadmium, total 2 0.39 0.15 4.0/1-90 (b) <10 1.29 

Chloroform 15 0.53 0.32 1.5/2-92 (b) NA NA 
Copper, total 10 4.12 7.89 26.0/11-91 (b) <30 1.37 

Lead, total 12 1.84 2.56 8.9/2-92 (b) <S 3.35 

Mercury, total 5 0.26 0.15 0.5/12-92 (b) - <0.1 · 0.004 

pH ISi 8.04 0.27 6:92/10-88 (b) 6.90 8.07 Includes field and laboratory measurements (see 
9.08/10-98 8.24 text) 

Sulfate 40 45,575 1,828 50,600/3-99 (b) 90,500 54,950 

Tetrahydrofuran - -- -- -- (b) NA NA No detections; 28 analyses 

Total dissolved solids II 253,000 25,472 291,000/10-98 (b) NA 277,190 

Gross alpha 14 1.76 0.82 3.28/3-95 (b) 5.19 3.48 pCi/L 

Gross beta 43 4.95 1.84 8.41/12-93 (b) 12.62 9.73 pCi/L 

Stroritium-90 2 2.5 1.27 3.4n-99 (b) NA 1.14 pCi/L (see text) 
(filtered) 

Tritium I -- -- 22on.99 (b) NA 182 Result is near MDA 

(a) Results in µg/L unless otherwise noted. 
(b) Constituent not assigned enforcement limit, but is subject to routine monitoring and reporting. 
Bl = Hanford Site groundwater background concentrations by Johnson (1993), 95th percentile, µg/L. 
82 = Hanford Site groundwater background concentrations by OOE/RL ( 1997), 95th percentile, µg/L, based on unfiltered samples unless· noted. 
MDA = Minimum detectable activity. 
NA = Background values not available for this constituent. 
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Table E.2. Analytical Results for' Constituents with Enforcement Limits in Groundwater at the SALOS Through 
July 1999-Well 699-48-77A . 

x<a) Max.imum Enforcement 
Constituent n s<•> Resu1t<1>/Date Limit<•> Bl B2 Comments 

Acetone I .. -- 19/11-92 160.0 NA NA Result associated with blank contamination. 

Ammonia 2 55.0 21.2 70/10-93 1,100.0 <120 170 Both results associated with suspect QC data 

Benzene I .. -- t.0n-95 5.0 NA NA 
Cadmium, total 5 1.04 1.71 3.6/10-95 10.0 <10 l_.29 

Chloroform 3 0.43 0.27 4.2/4-96 6.2 NA NA 
Copper, total 23 3.45 4.40 15/5-93 70.0 <30 1.37 

Lead, total 6 0.51 0.55 1.4/9-93 50.0 <5 3.35 Includes estimated values near MDL 

Mercury, total 3 0.21 0.01 0.22/1-96 2.0 <0. 1 0.004 

pH 115 7.85 0.24 6.93/6-92 6.5-8.5 6.90 8.07 Maximum result is suspect. Includes field and 
8.58/10-94 8.24 laboratory measurements (see text) 

Sulfate 41 57,701 69,014 194,000/8-96 250,000.0 90,500 54,950 See text 

Tetrahydrofuran .. ·- -- -- 100.0 NA NA No detections; 28 analyses 

Total dissolved solids 35 272,114 165,262 654,000/8-96 500,000.0 NA 277,190 See text 

Gross Alpha 29 2.09 0.88 5.4/7-96 (b) 5.79 3.48 pCi/L 

Gross Beta 36 4.28 2.46 7.7/10-93 (b) 12.62 9.73 pCi/L 

Strontium-90 I -- -- 2.4/7-99 (b) NA 1.14 pCi/L ( see text) 
(filtered) 

Tritium 24 469,278 570,123 2,000,000/9-97 (b) NA 182 pCi/L (see text) 

(a) Results in µg/L unless otherwise noted. 
(b) Constituent not assigned enforcement limit, but is subject to routine monitoring and reporting. 
Bl = Hanford Site groundwater background concentrations by Johnson (1993), 95th percentile, µg/L. 
B2 = Hanford Site groundwater background concentrations by DOE/RL (1997), 95th percentile, µg/L, based on unfiltered samples unless noted. 
MDL = Minimum detection limit. 
NA = Background values not available for this constituent. 
QC = Quality control. 
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Table E.3 . Analytical Results for Constituents with Enforcement Limits in Groundwater at the SALOS Through 
July 1999-Well 699-48-77C 

X(a) 
Maximum Enforcement 

Constituent n s<•J Resu 1t<•J /Date Limit<•> Bl B2 Comments 

Acetone 4 8.8 5.3 15/4-97 160.0 NA NA 3 results associated with blank contamination 

Ammonia -- -- . -- -- 1,100.0 <120 170 No detections; 23 analyses 

Benzene - -- -- -- 5.0 NA NA No detections; 25 analyses 

Cadmium, total 4 0.51 0.64 1.45/1-99 10.0 <10 1.29 

Chlorofonn ii 0.76 0.09 0.9/7-98, 10-96 6.2 NA NA -
Copper, total II 2.25 3.61 11.8/10-94 70.0 <30 1.37 

Lead, total 5 0.41 0.50 1.3/10-95 50.0 <5 3.35 

Mercury, total 4 0.2 0 -0.2/4-97 2.0 <0.1 0.004 

pH 81 7.92 0.15 7.56/4-95 6.5-8.5 6.90 8.07 Includes field and laboratory measurements (see text) 
8.32/10-98 8.24 

Sulfate 27 22,854 8,307 49,460/4-99 250,000.0 90,500 54,950 Sec text 

Tetrahydrofuran - -- -- -- 100.0 NA NA No detections; 24 analyses 

Total dissolved solids 28 202,138 29,948 260,000/4-99 500,000.0 NA 277,190 See text 

Gross alpha 14 1.73 0.51 2.5/4-97 (b) 5.79 3.48 pCi/L 

Gross beta 30 5.62 6.23 28/4-97 (b) 12.62 9.73 pCi/L 

Strontium-90 4 3.23 2.66 . 7.1/12-97 (b) NA 1.14 pCi/L 
(filtered) 

Tritium 27 8,081 20,Q63 77,000/7-99 (b) NA 182 pCi/L (see tel11) 

(a) Results in µg/L unless otherwise noted. 
(b) Constituent not assigned enforcement limit, but is subject to routine mo·nitoring and reporting. 
Bl = Hanford Site groundwater background concentrations by Johnson ( 1993), 95th percentile, µg/L. 
82 = Hanford Site groundwater background concentrations by DOE/RL ( 1997), 95th percentile, µg/L, based on unfiltered samples unless noted. 
NA = Background values not available for this constituent. 
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Table E.4. Analytical Results for Constituents with Enforcement Limits in Groundwater at the SALDS Through 
July 1999- Well 699-48-77D 

X(a) 
Maximum Enforcement 

Constituent n s<•> ResultC•>toate Limit(•) Bl B2 Comments 

Acetone -- - -- -- 160.0 NA . NA No detections; 25 analyses 

Ammonia -- -- -- -- 1,100.0 <120 170 No detections; 23 analyses 

Benzene -- -- -- -- 5.0 I NA NA No detections; 25 analyses 

Caamium, total 3 1.15 0.94 1.87/1-99 10.0 <10 1.29 All estimated quantities 

Chloroform 4 0.78 0.17 . 1.0/10-95 6.2 NA NA Maximum is estimated value 

Copper, total 18 5.23 3.4 10.9/10-94 70.0 <30 1.37 

Lead, total 2 0.22 0.11 0.3/1-97 50.0 <5 3.35 3 filtered results are slightly higher (max = 2.4) 

Mercury, total 3 0.32 om 0.4/4-97 2.0 <0.1 0.004 

pH 80 8.15 0.22 7.32/8-96 6.5-8.5 6.90 8.07 Includes field and laboratory measurements (see text) 
8.6/10-95 8.24 

Sulfate 28 31 ,843 21 ,874 105,000/8-96 250,000.0 90,500 54,950 See text 

Tetrahydrofuran -- - -- -- 100.0 NA NA No detections; 25 analyses 

Total dissolved solids 28 211 ,000 43 ,220 309,000/7-96 500,000.0 NA 277,190 

Gross alpha 16 1.57 0.5 2.4n-96, I 0-96 (b) 5.79 3.48 pCi/L 

· Gross beta 23 3.60 2.05 6.95110-95 (b) 12.62 9.73 pCi/L 

Strontium-90 6 2.85 1.99 5.5110-98 (bl NA 1.14 pCi/L 
(filtered) 

Tritium 18 568,956 643,679 2, I 00,000/2-98 (b) NA 182 pCi/L 

(ii) Results in µg/L unless otherwise noted. 
(b) Constituent not assigned enforcement limit; but is subject to routine monitoring and reporting. 
Bl = Hanford Site groundwater background.concentrations by Johnson (1993), 95th percentile, µg/L. 
82 = Hanford Site grou11dwater background concentrations by DOE/RL (1997), 95th percentile, µg/L, based on unfiltered. samples unless noted. 
NA = Background values not available for this constituent. 
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