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Summary

Groundwater monitoring within the upper basalt-confined aquifer is necessary to determine if offsite
migration of contamination is occurring across the southern portion of the Hanford Site. During fiscal
year 2001, selected offsite wells completed in the upper Saddle Mountains Basalt were sampled in areas
bordering the Hanford Site to the south and southeast. Sampling was limited to seven wells, three to
the east and southeast of the 300 Area and four near Richland and West Richland. The purpose of the
sampling effort was to assess whether constituents analyzed were within the range of natural background
concentrations and to evaluate the relationship between groundwater on and outside the Hanford Site.

Groundwater samples analyzed were limited to chemical inorganic and radiological constituents.
Dissolved inorganic constituents and parameters analyzed included major anions and cations, trace
metals, and pH. Radiological constituents included gross alpha, gross beta, and tritium. Inorganic
constituents were analyzed to provide basic information pertaining to water chemistry, including ionic
charge balance, aqueous speciation, mineral saturation, and spatial hydrochemical facies distribution.
Tritium was analyzed because of its proximity to the onsite tritium plume in the unconfined aquifer.
Gross alpha and gross beta were analyzed to provide a general indication of total radioactivity.

Concentrations of all analyzed constituents in the offsite samples were near or within the range of
background concentrations. It is concluded that offsite groundwater quality at the upper basalt-confined
aquifer sample locations in the area south and southeast of the Hanford Site is not affected by ground-
water contamination occurring on the Hanford Site. Although no offsite groundwater contamination was
detected, it is recommended that future periodic sampling be conducted to confirm that contamination
is not migrating offsite and to obtain additional information related to groundwater flow paths and
hydrochemical trends.
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1.0 Introduction

As part of the U.S. Department of Energy’s groundwater monitoring program, Pacific Northwest
National Laboratory conducts reconnaissance sampling and analysis of groundwater within the upper
confined aquifers of the Saddle Mountains Basalt in areas south and southeast of the Hanford Site. This
region was previously identified by Spane and Webber (1995) as a potential pathway for contaminants to
migrate off the Hanford Site within the upper basalt-confined aquifer system. During this study, sampling
was limited to seven wells, three east and southeast of the 300 Area and four near Richland and West
Richland (Figure 1). Sampling was conducted in October and November 2000. Additional groundwater
sample data for the upper basalt-confined aquifer system are also included from Spane and Webber
(1995) and from recent monitoring activities on the Hanford Site. The purpose of the sampling effort was
to assess whether constituents analyzed were within the range of natural background concentrations.
Groundwater analytical information also provides a basis for defining hydrochemical trends and ground-
water flow paths.

The hydrochemical and radiological sample data can be used to provide hydrologic interpretative
information for the upper basalt-confined aquifer system. This information, together with other hydro-
logic information (e.g., hydraulic properties, potentiometric surface), can be used for evaluating
groundwater sources, regional groundwater flow patterns, residence times, rock/water reaction, and
intercommunication with overlying aquifers. These evaluations are important for assessing the potential
for contaminants to migrate off the Hanford Site through the upper basalt-confined aquifer system.

This report presents the sampling and analysis results of offsite groundwater samples collected from
the upper Saddle Mountains Basalt. The hydrogeology of the upper Saddle Mountains Basalt is described
in Section 2.0. This section includes geologic cross sections within the study area and background
information pertaining to hydraulic head conditions and the potential for offsite migration. Section 3.1
provides criteria used for selecting offsite wells for sampling and general well information. A summary
of groundwater sampling and analysis methods is provided in Section 3.2. An evaluation of the ground-
water chemistry of the upper basalt units is presented in Section 4.0. The summary and conclusions are
given in Section 5.0, and recommendations for future work are provided in Section 6.0. References cited
in this report are listed in Section 7.0. A summary and log inventory of wells, sampling procedures,
general field parameters, and groundwater sample reports are included in the appendices.

2.0 Hydrogeology

Saddle Mountains Basalt is the uppermost formation of the Columbia River Basalt Group occurring
within the offsite study area. This basalt unit reaches a maximum thickness of approximately 290 meters
(950 feet) in Pasco Basin (DOE 1988, vol. 2). In the area south and southeast of the Hanford Site, the
Saddle Mountains Basalt is approximately 120 to 240 meters (400 to 800 feet) thick (Myers and Price
1979, 1981; DOE 1988, vol.1). Saddle Mountains Basalt consists of five members, each of which may
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Figure 1. Well Sample Locations

contain one or more basalt flows, in the study area. The five members are, stratigraphically from top to
bottom, the Ice Harbor, Elephant Mountain, Pomona, Esquatzel, and Umatilla.

Sedimentary interbeds, collectively a part of the Ellensburg Formation, are inter-layered between
many of the basalt flows in the Saddle Mountains Basalt. The Ellensburg Formation is made up of fluvial
and lacustrine sediments mud, sand, and gravel that were deposited between intervening volcanic
eruptions. The Ellensburg Formation, along with porous basalt flow-tops and flow-bottoms, form basalt-
confined aquifers that extend across the area south and southeast of the Hanford Site (DOE 1988, vol. 2).
These aquifers are intercalated with confining units consisting of basalt flow interiors. The Levey and
Rattlesnake Ridge interbeds and permeable zones between basalt flow contacts in the Elephant Mountain
and Ice Harbor Members form the uppermost basalt-confined aquifer system in the southern part of the
Hanford Site (Spane and Webber 1995).



2.1 Geologic Cross Sections

Two geologic cross sections, oriented approximately from west to east (A — A’) and southwest to
northeast (B — B’) through the sampled wells, are presented in Plate 1. The inset to Plate 1 shows the
locations of the cross sections, and Appendix A provides a summary and log inventory of wells used for
the cross sections. The primary purpose of these cross sections is to show the upper Saddle Mountains
Basalt and its general hydrogeologic relationships with respect to surface topography and major surface
water features (e.g., the Columbia River). These are important for evaluating groundwater chemistry and
potential migration of contaminants within the upper basalt-confined aquifer system.

The cross sections depict the well locations, geologic contacts, elevation above mean sea level, and
general well completion information. A scale of 2.5 centimeters (1 inch) equals 610 meters (2,000 feet),
as per the U.S. Geological Survey’s 7.5 Minute Series (Topographic) Quadrangles, with a vertical
exaggeration of 40 times was used. Interpretation of the geologic contacts was based on the drilling logs
of selected wells and by projecting from off-line wells. Geologic, top of basalt contour, structural cross
section, and stratigraphic correlation maps from Myers and Price (1979) and Reidel and Fecht (1994), and
hydrogeologic cross sections presented in Liikala (1994) also were used as input in the interpretation.

The cross sections depict an undulating basalt surface that generally conforms to the topography of
the land surface. In cross section A — A’, the basalt surface slopes gently downward from the Horn Rapids
Structure in the west to the Pasco Syncline. From the axis of the syncline, it slopes gently upward to the
east. The basalt crops out along the eastern face of the Horn Rapids Structure. Cross section B — B’
depicts a somewhat more variable surface, especially to the southwest, where the section transects the
Red Mountain Structure. Transected features include the Red Mountain Structure, the Lost Lake
Syncline, and the Horn Rapids Structure. Thrust faults that generally dip to the southwest occur along the
east flanks of the Red Mountain and Horn Rapids structures. Continuing to the northeast, a much gentler
slope is noted through the Pasco Syncline. Outcrops are evident on the northeastern sides of the anti-
clines. While it is certain that the uppermost basalt in this area is that of the Saddle Mountains Basalt
Formation within the Columbia River Basalt Group, individual flows within the upper Saddle Mountains
Basalt were identified only where information is available.

2.2 Hydraulic Head Conditions

Figure 2 shows the most comprehensive Hanford Site potentiometric map of the upper basalt-
confined aquifer system (Spane and Raymond 1993; Spane and Webber 1995). Hydraulic head values
used to construct this map were determined from water levels measured in wells that represent the
Rattlesnake Ridge interbed, Elephant Mountain interflow contact zone, Levey interbed, and with less
reliance, the top of the upper Saddle Mountains Basalt. Figure 2 shows that few hydraulic head
measurements were taken in the upper basalt-confined aquifer system in offsite areas to the south and
southeast.

On the Hanford Site, groundwater in the upper basalt-confined aquifer system flows southeast from
the Central Plateau region (i.e., near the 200-East Area) to the southeastern part of the site. The inferred
lateral groundwater flow pattern indicates flow toward the Columbia River in the southeastern portion of
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the Hanford Site and adjacent offsite areas to the east. The flow patterns indicate that the Columbia River
is a line-sink discharge area for the upper basalt-confined aquifer system in these areas.

The right-hand portion of the map (see Figure 2) infers high hydraulic heads and an increased
hydraulic gradient east of the Columbia River. Hydraulic heads within the upper basalt-confined aquifer
system east of the Columbia River are generally higher than heads on the Hanford Site. Hydraulic heads
increase from 119 meters (390 feet) above mean sea level near the river to over 150 meters (492 feet)
above mean sea level approximately 10 kilometers (6.2 miles) east of the river (see Figure 2). In compar-
ison, onsite hydraulic heads range from 119 to 134 meters (390 to 440 feet) above mean sea level over
most of the Hanford Site. High heads are associated with recharge effects from applied irrigation and
canal seepage related to agricultural activities (Spane and Raymond 1993; Drost et al. 1997).

2.3 Potential for Offsite Migration

The potential for offsite migration of contaminants exists through the upper basalt-confined aquifer
system, which lies within the upper Saddle Mountains Basalt. Contaminants have been found in this
confined aquifer system in the central part of the Hanford Site. Two of the potential offsite migration
pathways identified for contamination within the upper basalt-confined aquifer system are across the
eastern-southeastern and the southern boundaries of the Hanford Site (Spane and Webber 1995). The
potential for contaminants migrating across the eastern-southeastern boundary is considered low for the
following reasons:

o lateral groundwater flow velocities along this path are low

¢ indications suggest that the Columbia River represents a major line-sink discharge area for the upper
basalt-confined aquifer system

o high hydraulic head conditions occur east of the river.

The lateral groundwater flow velocity within the upper basalt-confined aquifer system has been
estimated to be 0.7 to 2.9 meters per year (2.3 to 9.5 feet per year) by Spane and Webber (1995), based
on hydraulic properties of the Rattlesnake Ridge interbed. This is consistent with an average areal
groundwater flow velocity of 2.2 meters per year (7.2 feet per year) (also reported in Spane and Webber
[1995]) that was estimated using groundwater ages determined from carbon isotopic information.

Hydraulic heads within the upper basalt-confined aquifer system east of the Columbia River are
generally higher than heads on the Hanford Site. Hydraulic heads increase from 119 meters (390 feet)
above mean sea level near the river to over 150 meters (492 feet) above mean sea level approximately
10 kilometers (6.2 miles) east of the river (see Figure 2). In comparison, onsite hydraulic heads range
from 119 to 134 meters (390 to 440 feet) above mean sea level over most of the Hanford Site.

The likelihood for contaminants migrating across the southern boundary of the Hanford Site remains
highly uncertain because of a lack of hydrogeologic and hydrochemical data for the upper basalt-confined
aquifer system in this area. However, urban development and agricultural activity continues to increase



in these areas. As a result, groundwater production from the upper basalt-confined aquifer system is
increasing in response to the demand to meet agricultural, municipal, and domestic needs.

The first comprehensive investigation of the Hanford Site upper basalt-confined aquifer system was
documented in Spane and Webber (1995). This comprehensive investigation integrated hydrochemical
results with hydraulic head conditions (Spane and Raymond 1993) and hydraulic properties (Spane and
Vermeul 1994). Hydrogeologic characterization data were also evaluated for the upper basalt-confined
aquifer system in the southern part of the Hanford Site (Thorne 1998). A limited amount of onsite
sampling of the upper basalt-confined aquifer system is routinely conducted and reported in annual
groundwater reports (e.g., Hartman et al. 2002).

This study is a continuation of work presented in Spane and Webber (1995). Spane and Webber
(1995) reported hydrochemical and isotopic results for three offsite wells south of the Hanford Site near
the Yakima River. Our report focuses on an area outside the Hanford Site to the south and southeast
and contains hydrochemical data that can serve as additional baseline information for the upper basalt-
confined aquifer system. Because of our modest sampling effort, only a limited number of constituents
were analyzed.

3.0 Methods and Limitations

Provided below is a summary of the approach used for selecting wells that were sampled in this study
and the procedures associated with groundwater sampling and analysis.

3.1 Waell Selection

Selection of offsite sample wells was based on well location, well completion information, the avail-
ability of well information, the ability to contact the current well owner, and accessibility. Approximately
400 well logs from a portion (~78 square kilometers [~30 square miles]) of the area south and southeast
of the Hanford Site were evaluated. Driller’s logs of the sample wells were provided by the Washington
State Department of Ecology offices in Yakima and Spokane. Well information also was obtained from
U.S. Geological Survey database files, Tacoma, Washington. Wells that were completed solely within
the upper Saddle Mountains Basalt over similar depths below the top of basalt were selected for sampling.
Selected wells were visited to verify the correct identity of the well and to ensure that the well was acces-
sible for collecting a sample. Based on these criteria, a small subset of wells was selected for sampling.

The selected offsite wells were not designed for groundwater monitoring, but are currently in use for
drinking water supply, irrigation, and fire suppression. The offsite well completions (e.g., well seals)
were not constructed to current monitoring well construction standards (WAC 173-160) as required for
the onsite monitoring wells. Because of this, the potential exists for commingling of upper basalt-confined



aquifer groundwater with overlying unconfined groundwater via the well annulus during sample collec-
tion. For this study, it is assumed that the component of unconfined groundwater mixing in the sample is
negligible.

General well information is presented in Appendix A. Table A.1 shows the well numbers, coordi-
nates, geologic unit, surface elevation, top of basalt elevation, depth of open sample interval, and eleva-
tion of open sample interval. The first seven wells listed in Table A.1 were sampled and the additional
wells listed were used in developing the geologic cross sections. Well numbers provide the location of
the wells according to the official rectangular public-land survey (e.g., 09N28E-04G) or to the Hanford
Site well naming system (e.g., 699-S31-1). Rectangular public-land survey numbers are in an abbreviated
form that refers to the township, range, section, and a letter indicating the 16.2-hectare (40-acre) subdivi-
sion of the section. Coordinates of the seven sample wells were measured in the field using a hand-held
Global Positioning System unit. Measured coordinates were recorded in Universal Transverse Mecator
grid system (NAD 83) coordinates and then converted to Washington State plane coordinates, south zone
(NAD 83) using the software called Corpscon (version 5.11.08, U.S. Army Corps of Engineers 2001).
Ground surface elevations were taken from U.S. Geological Survey files or were estimated from
7.5-minute U.S. Geological Survey topographical maps. The sample interval for the wells sampled
consists of an open hole or a perforated interval.

The sampled wells represent various depths within the upper 73 meters (239 feet) of the Saddle
Mountains Basalt geologic unit. Because of a lack of detailed geological log information for many of the
sampled wells, no effort was made to correlate the sampled interval with specific basalt members and/or
sedimentary interbeds within the upper Saddle Mountains Basalt. Available well logs presented in
Appendix A indicate that most of the sampled wells represent the upper basalt-confined aquifer system
referred to in Spane and Webber (1995).

3.2 Groundwater Sampling and Analysis

Sampling of offsite wells followed procedures similar to those for sampling Hanford Site wells.
However, slight modifications in the sampling procedure were necessary (see Appendix B). Appendix B
describes the sampling procedure followed in this study and field measured parameters associated with
sampling the offsite wells.

All groundwater samples collected in this study were analyzed in accordance with procedures used

for onsite wells sampled for the U.S. Department of Energy’s groundwater monitoring project at the
Hanford Site, which are described in Hartman (2000).

4.0 Groundwater Chemistry

Groundwater sample analyses were limited to determination of chemical inorganic and radiological
constituents. Chemical inorganic constituents included dissolved trace metals and major cations and



anions. Radiological constituents included gross alpha, gross beta, and trititum. The chemical inorganic
and radiological constituents are listed in the Hanford Environmental Information System (HEIS) data-
base. The sampling procedure, general parameters measured during sample collection, and well numbers
cross referenced to the HEIS database well numbers are presented in Appendix B.

4.1 Chemical Inorganic Constituents

Results of the analyses for the major inorganic constituents are presented in Table 1. The analytical
results for the groundwater samples can be assessed for reliability by determining if the equivalents of the
major cations and anions are approximately equal (Hem 1985). Charge balance error can be calculated by
the following relationship:

%error = X equivalents of cations - X equivalents of anions x 100
¥ equivalents of cations + X equivalents of anions

Water analyses are normally considered acceptable if the charge balance error is less than 5% (Freeze and
Cherry 1979). The charge balance error for the analyses associated with this study varied from -0.66 to
3.46%.

The concentrations of major inorganic constituents and pH and alkalinity values reported in Table 1
are typical of regional groundwater chemistry within the upper basalt-confined aquifer system. Calcu-
lated total dissolved solids were less than 400 mg/L, which is also typical (Spane and Webber 1995).
Nitrate concentrations of the wells sampled ranged from nondetect (<0.049 mg/L, N as NOs) to
2.57 mg/L and are significantly less than the 45-mg/L drinking water standard. Nitrate concentrations
of groundwater samples collected from upper basalt-confined aquifers on the southern part of the Hanford
Site are typically also low to nondetect (Poston et al. 2001). Analyses of Yakima River samples are also
included in Table 1 for comparison to the groundwater samples.

The dissolved trace metal analyses are presented in Table 2. The results for the trace metals yielded
several trace metal concentrations found at insignificant or undetectable levels. However, the secondary
drinking water standard concentrations were exceeded for aluminum and manganese in several samples.
The trace metal concentrations in Table 2 are similar to those reported in Spane and Webber (1995) for
the upper basalt-confined aquifer system.

Speciation and saturation calculations were performed for the groundwater analyses using the
MINTEQA2 geochemical equilibrium model (Allison et al. 1991). This evaluation indicated that all
analyses for calcite were close to saturation. This is consistent with the observation that calcareous
cement and caliche is generally an important constituent of sediment in the vicinity of the Hanford Site.
Silica was not analyzed in the groundwater samples collected for this study since this analysis is not
routinely performed. Detection limits for aluminum and iron by inductively coupled plasma emission
spectroscopy (ICP) with optical detection are too high to be useable; thus, an assessment cannot be made
of the degree of saturation of the groundwater samples with respect to aluminosilicate and iron oxide
mineral phases. The groundwater environment in the upper basalt-confined aquifer system ranges from



Table 1. Dissolved Major Inorganic Constituents, pH, and Estimated Total Dissolved Solids Content

Anions Cations
Total
Well Number/ Nitrate | Alkalinity Charge
Sample Sample Calculated | Chloride Fluoride | (mg/L,N as | (mg/L as Sulfate Calcium | Magnesium | Potassium Sodium Balance
Location Date | pH TDS (mg/L) (mg/L) NO;) CACO3) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (% Error)
09N28E-04G 11/6/00 |8.16 329 6.7 12 <0.049 (U) 184 <0.11 (U) 8.41 1.89 10.0 76.0 2.54
09N28E-06C 11/6/00 | 7.65 397 15.4 0.44 2.57 146 93.1 43.4 21.4 10.1 325 223
10N27E-14D 11/6/00 | 7.86 232 2.8 0.65 <0.049 (U) 118 25.0 21.7 11.1 5.95 20.7 0.93
10N27E-14D® [ 11/6/00 |7.86 224 2.7 0.61 <0.049 (U) 118 21.7 20.7 10.6 3.78 20.2 -0.66
10N28E-18F 11/6/00 | 7.64 206 3.8 0.65 0.102 120 0.75 17.3 6.25 5.68 25.4 1.37
10N28E-24R 10/27/00 | 8.29 322 12.9 1.8 <0.049 (U) 172 <0.11 (U) 5.41 1.85 14.2 75.5 2.14
10N29E-02Q 10/27/00 | 7.95 339 8.0 0.50 <0.049 (U) 122 87.8 34.6 17.8 8.09 332 3.46
10N29E-19E 10/27/00 | 8.49 323 12.0 1.7 <0.049 (U) 174 <0.11 (U) 6.56 223 13.1 75.1 2.55
399-5-2 6/14/01 |8.21 286 8.7 1.3 <0.009 (U) 159 <0.029 (U) 14.1 5.11 8.16 552 3.35
699-S11-E12AP |5/16/00 |8.05 318 14.2 0.68 0.62 180 <0.11 (U) 223 6.11 7.08 475 231
699-S24-19P 8/31/98 |[7.11 217 6.8 0.18 248 107 19.7 28.2 9.26 3.77 16.0 2.98
Yakima River® | 1/13/00 |8.1 140 4.4 0.1 4.1 74 8.3 16.3 6.17 1.54 9.1 2.52
Yakima River® |[1/11/01 |8.1 207 6.5 0.2 6.29 106 13.1 252 9.51 2.6 14.4 0.86
Yakima River® |4/17/01 |9.1 211 7.3 0.2 2.10 111 14.4 24.7 9.17 2.85 15.1 -0.94
Yakima River® |6/13/01 |8.2 188 5.8 0.2 3.57 96 13.9 22.9 9.04 2.5 13.2 1.72
Yakima River® |9/6/01 |83 215 6.9 0.2 3.82 112 15.4 24.6 9.66 2.76 14.7 -1.67
Background® 7.78 251 7.05 0.49 5.68 119 27.1 36.5 112 4.58 13.4 2.75

(a) Duplicate sample.

(b) Data from http://waterdata.usgs.gov.

(c) Refers to the geometric mean natural background concentration in the Hanford Site unconfined aquifer, reported in DOE (1997).
TDS = Total dissolved solids.

U = Not detected.
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Table 2. Dissolved Trace Metals

Well Number

Sample Date

Trace Metals (pg/L)

Ag Al Ba Be Cd Cr Co Cu Fe Mn Ni Sb Sr v Zn
09N28E-04G 11/6/00 U U 53.7 U U U U U U 354 U 6] 55.4 U U
09N28E-06C 11/6/00 U U 39.6 U U U U U U 11.3 U U 331 U 24.6
10N27E-14D 11/6/00 U U 38.7 U U U U U 83.7 63.6 U U 146 U 162
10N27E-14D (a) 11/6/00 U U 373 U U U U U 60.2 60.3 U U 139 U 183
10N28E-18F 11/6/00 U U 72.8 U U U U 9.9 80.1 26.7 U U 150 U U
10N28E-24R 10/27/00 U U 335 U U U U U U 7.5 U U 414 U 6.6
10N29E-02Q 10/27/00 U U 339 U U U U 7.8 143 349 U U 259 U 35.8
10N29E-19E 10/27/00 U U 34.0 U U U U U U 18.1 U U 459 U 31.5
399-5-2 6/14/01 U U 83.3 U U U U U 140 36.7 U U 104 U 7.8
699-S11-E12AP 5/16/00 6] u 52.8 6] 6] 6] U 0] 98 52.2 6] u 110 15.5 5.5
699-S24-19P 7/24/01 6] u 339 6] 6] 8.1 U U 27.0 53.6 6] 0] 106 6] 11.7
699-S24-19P 8/31/98 6] u 475 U 6] 6] U 6] 219 197 6] U 124 U 14.0
Background®™ 3.42 1.23 31.2 0.583 0.274 0.893 0.274 0.332 55.3 222 0.686 23.8 158 1.83 1.27
Reporting Limit 10.0 200 200 5.0 5.0 10.0 50.0 25.0 100 15.0 40.0 60.0 50.0 20.0 20.0
Minimum Detection Limit 7.4 85.2 7.3 0.60 2.8 7.5 4.6 6.4 56.6 1.9 13.3 39.1 1.8 6.9 42

(a) Duplicate sample.

(b) Refers to the geometric mean natural background concentration in the Hanford Site unconfined aquifer, reported in DOE (1997).
U = Not detected.




moderately oxidized to slightly reduced in character (DOE 1988), although no oxygen concentration or
pH measurements were obtained in this study. Measurements of dissolved oxygen obtained from the
unconfined aquifer on the Hanford Site during routine sampling activities generally range from about 2 to
10 mg/L. Reduced conditions are known to exist in the deeper basalt aquifers at the Hanford Site (Dill

et al. 1986). It is well known that groundwater systems evolve towards a more reduced chemical state as
residence time increases (Freeze and Cherry 1979).

Although the number of offsite wells sampled was low, an evaluation of water chemistry as related to
defining hydrochemical facies was undertaken based on major cation and anion chemistry of the ground-
water. A Piper trilinear diagram that illustrates the variation in major element chemistry is presented in
Figure 3. Data from Table 1 and Spane and Webber (1995) were used for the diagram. Note in particular
that the water chemistry appears to evolve along two lines, one from a calcium/magnesium groundwater
type toward a sodium-rich type and the other from HCO; toward SO4. The direction of these trends are
consistent with increasing specific conductance and total dissolved solid content of the samples and
reflect increased rock/water interaction. Measured pH values also generally increase in the samples along
these trends, again consistent with the silicate hydrolysis reactions associated with rock/water interaction
processes (Hem 1985).

Mg

AVAVAVATA

Ca Na+K HCOj

® Offsite Monitoring Well (this study)

A Offsite Monitoring Well (Spane and Webber 1995)
®  Onsite Monitoring Well (HEIS database)
Yakima River

—> Hydrochemical Evolutionary Path

2002/DCL/Confined Aquiler/001 (08/27)

Figure 3. Piper Trilinear Diagram
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The major processes responsible for these hydrochemical trends can be summarized using generalized
reactions associated with movement of groundwater along flow paths (DOE 1988, vol. 2). Initially,
precipitation entering the soil will be slightly acid owing to dissolution of carbon dioxide from the
atmosphere, as illustrated by the reaction:

COyg+ H,0 =H' +HCO;".
Dissolution of calcite (CaCO;) in sediments may then occur:
CaCO; +H' =Ca’ + HCOy
which results in an increase in pH and the calcium and bicarbonate content of the water.
If gypsum (CaSO,) is encountered, the sulfate content of the groundwater will increase:
CaS042H,0 = Ca™" + SO,” + 2H,0.

The latter reaction is a plausible explanation of the HCO; to SOy trend present in Figure 3, since
gypsum is probably present in small amounts in the vadose zone sediments of the area.

The increase in sodium associated with several of the samples appears to reflect chemical evolution
related to basalt/water interaction. In particular, hydrolysis of volcanic glass and feldspar and formation
of clay and zeolites, plus associated ion exchange reactions, will tend to consume calcium and magne-
sium, while releasing sodium and potassium (DOE 1988, vol. 2; Spane and Webber 1995; Thorne 1998).
Silicate hydrolysis reactions also result in an increase in pH owing to the consumption of the hydrogen
ion. These chemical changes are particularly evident in samples from wells 09N28E-04G, 10N28E-24R,
and 10N29E-19E, which are elevated in sodium and potassium, depleted in calcium and magnesium, and
have pH values well above 8.

The spatial distribution of hydrochemical facies can be presented by superimposing Stiff diagrams on
a map of well locations, as shown in Figure 4. While a limited number of samples are associated with
this study, several observations can be made. Samples from wells 09N28E-04G, 10N29E-19E, and
10N28E-24R are sodium-enriched types, and thus, represent a more evolved water chemistry (i.e., longer
residence times and hence increased interaction with basalt). It is inferred that groundwater is flowing
from the upper basalt-confined aquifer system in these areas and discharging into the Columbia or
Yakima rivers (see also Thorne 1998). The chemistry of the water sample from well 10N27E-14D is a
less evolved example of a Ca,Mg-HCO; type and suggests more recent local recharge from surface water
(e.g., Yakima River water). Sample 10N28E-18F is intermediate in composition between these two end
members.

Samples from wells 10N29E-02Q and 09N28E-06C are very similar and are evolved groundwater
chemistries of a Ca, Mg-SO, type (Figure 4). It is suggested that these chemistries are related to irrigation
recharge associated with agricultural activities, where sulfate is leached from vadose zone sediments as
irrigation water infiltrates downwards. The sulfate-enriched water type appears to be rare on the Hanford
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Site. However, sulfate enrichment of unconfined aquifer groundwater has been observed in association
with recent effluent discharge activities on the Hanford Site (Thornton 1997). Increasing levels of sulfate
have also been observed in some wells in the central part of the Hanford Site, where water levels are
decreasing and infiltration from the vadose zone may be affecting water chemistry.

e
¥
Y
L 699,-S1T-E12AP
o]
=N Hanford Site Boundary ® 10N29E-02Q
D 699-524- 300
6\99 524-19P Aren
. 399-5-2 ®
~—
—
~
1 ~
"‘-_‘!0N2?E-14D ® 1ON2BE-18F  — e -
10N27E-23J ® 10N29E-19E
® o 1ON27E.28B ® 10N28E-24R
.
ke \\\\ meq/L
L7 . F A
Gy § i 10 5 5 10
%\ A (
Yo U Na+K i cl
)| Ca - HCO3
09N28E-06C
@ ¢09N28E-05C Mg so4
~._ ® 09N28E-04G |
West Richland ) Richland I..f
Y '1 [ 2 vakima and Columbia Rivers
| (
\ izl
\ g ® Off Site Monitoring Well
\“ = \
S o 1 2 3 4 5 km
. "\ r"'_o N I
\ [ _ o 1 2 Imi
U AR ||
can_neweom02 01 July 28, 2002 6:05 PM

Figure 4. Hydrochemical Facies Stiff Diagram Map for the Upper Basalt-Confined Aquifer System

4.2 Radiological Constituents

Offsite groundwater samples were analyzed for gross alpha, gross beta, and tritium. Gross alpha and
gross beta analytical measurements are used as screening tools for measuring gross radioactivity in
groundwater. Tritium results for groundwater samples from the upper Saddle Mountains Basalt are useful
for identifying the presence of hydrologic intercommunication with tritium-contaminated groundwater in
the overlying unconfined aquifer.
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4.2.1 Gross Alpha

Gross alpha radioactivity is a measurement of all alpha activity present in a sample, regardless of the
specific radionuclide source' (Peterson et al. 2002). Alpha particles are positively charged subatomic
particles ejected spontaneously by the nuclei of some radioactive elements. Alpha particles are emitted
by both natural and manmade radioactive elements. Most alpha-emitting radioactive elements occur
naturally in the environment, including uranium-238, radium-226, and other isotopes in the uranium
decay series. An example of a manmade alpha-emitting radioactive element in the environment is
americium-241, which originated from atmospheric nuclear weapons testing in the 1950s. The major
manmade alpha-emitting radionuclide contaminant associated with Hanford Site groundwater is uranium.

Gross alpha concentrations shown in Table 3 indicate low levels of alpha activity in offsite ground-
water in the upper basalt-confined aquifer system. Gross alpha results ranged from undetectable levels to
0.4 pCi/L. In comparison, gross alpha ranged from undetectable levels to 6.2 pCi/L in Hanford Site upper
basalt-confined aquifer groundwater from 1991 to 2001, with a mean of 1.7 pCi/L. However, onsite
levels of gross alpha were not detected for the upper basalt-confined aquifer system in the southern part of
the Hanford Site. The background geometric mean gross alpha concentration for the overlying uncon-
fined aquifer on the Hanford Site is 1.09 pCi/L (DOE 1997).

4.2.2 Gross Beta

Gross beta radioactivity is a measurement of all beta activity present in a sample, regardless of the
specific radionuclide source” (Peterson et al. 2002). Beta particles are charged subatomic particles
emitted from the nucleus of an atom by radioactive decay. Beta particles are produced naturally and
artificially by many radionuclides. Examples of natural beta-emitting radionuclides include potassium-40
and carbon-14, which are weak beta emitters. Strontium-90 (including daughter product yttrium-90), a
much stronger producer of beta particles, was the major manmade beta emitter in the environment from
fallout due to atmospheric nuclear weapons testing during the 1950s. However, most strontium-90
worldwide has now decayed away. Other examples of manmade beta emitters include tritium, cobalt-60,
technetium-99, cesium-137, iodine-129, and iodine-131. The major manmade beta-emitting radionculide
contaminants associated with Hanford Site groundwater include tritium, iodine-129, strontium-90, and
technetium-99.

Gross beta concentrations in upper basalt-confined aquifer groundwater south and southeast of the
Hanford Site ranged from 5.15 to 12.2 pCi/L, with a mean of 9.2 pCi/L (see Table 3). From 1991 to
2001, gross beta measured in onsite upper basalt-confined aquifer groundwater ranged from undetectable
levels to 330 pCi/L, with a mean of 8.9 pCi/L. Elevated onsite levels of gross beta were measured in an
area of intercommunication between the upper basalt-confined aquifer and the overlying contaminated
unconfined aquifer in the central part of the Hanford Site (i.e., near the 200-East Area). In the southern

" EPA Fact Sheets at website http://www.epa.gov/radiation/understand/alpha.htm.
* EPA Fact Sheets at website http://www.epa.gov/radiation/understand/beta.htm.
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region of the Hanford Site, gross beta levels ranged from 6.2 to 9.8 pCi/L, with a mean of 8.0 pCi/L. The
background geometric mean gross beta concentration for the overlying unconfined aquifer on the Hanford
Site is 5.6 pCi/L (DOE 1997).

Table 3. Dissolved Radiological Constituents

Gross Alpha Gross Beta | Tritium
Well Number Sample Date (pCi/L) (pCi/L) (pCi/L)

09N28E-04G 11/6/00 0.07 (U) 8.87 46.5

09N28E-06C 11/6/00 0.82 (U) 10.2 55.6

10N27E-14D 11/6/00 0.90 (U) 7.07 56.2

10N27E-14D® 11/6/00 -0.06 (U) 8.07 56.4

10N28E-18F 11/6/00 0.42 (U) 5.15 42.7

10N28E-24R 10/27/00 0.57 (U) 12.2 34.6

10N29E-02Q 10/27/00 -0.18 (U) 10.7 64.3

10N29E-19E 10/27/00 -0.08 (U) 11.5 56.1

399-5-2 6/14/01 0.25 (U) 9.84 7.55

699-S11-E12AP 5/9/97 0.12 (U) 7.61 -0.47 (U)

699-S11-E12AP 6/5/98 0.16 (U) 8.48 5.95Q)

699-S11-E12AP 5/16/00 -0.28 (U) 6.18 7.98 (J)

699-S24-19P 9/29/97 NA NA 52.6

699-S24-19P 8/31/98 NA NA 17.2

699-S24-19P 7/24/01 NA NA 433 (Q)

Onsite confined® 1991-2001 1.7 8.9 8.4

Background® 1.09 5.6 63.9

(a) Duplicate sample.

(b) Refers to the mean concentration in the Hanford Site upper basalt-confined aquifer
using data for which analytical methods are similar to the offsite sample analyses.
Mean calculated using method described in Gilbert (1987).

(c) Refers to the geometric mean natural background concentration in the Hanford Site
unconfined aquifer, reported in DOE (1997).

J = Estimated value.

NA = Not analyzed.

Q = Associated quality control sample is out of limits.

U = Not detected.

4.2.3 Tritium

Background tritium, an unstable isotope, is produced naturally in the atmosphere by the effects of
cosmic ray bombardment and artificially by fallout from thermonuclear weapons testing. Prior to the
advent of thermonuclear weapons testing (i.e., before the 1940s), background tritium levels in the hydro-
logical cycle were from 5 to 25 pCi/L (Eisenbud 1987). Tritium levels in surface waters associated with
weapons testing fallout have decreased over the last several decades because of the decline of nuclear
weapons testing and because tritium has a short half-life of 12.35 years. Detectable levels of tritium in
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Columbia River water at Priest Rapids Dam, immediately upstream of the Hanford Site, were reported to
range from 1,100 to 2,300 pCi/L in 1967, with an average of approximately 1,540 pCi/L (Corley and
Wooldridge 1969). By 2000, average tritium levels in Columbia River water at Priest Rapids Dam had
decreased to 35 £ 5.6 pCi/L (Poston et al. 2001). The background geometric mean tritium concentration
in groundwater from the upper part of the unconfined aquifer at the Hanford Site was determined to be
63.9 pCi/L (DOE 1997). This value was determined statistically on a sitewide basis using data unaffected
by site operations. Spane and Webber (1995) reported a median tritium concentration of 0.32 pCi/L for
36 samples collected from the upper basalt-confined aquifer system.

Tritium results for samples collected from wells in the southern region of the Hanford Site and
adjacent areas to the south and southeast are shown in Table 3. Tritium concentrations in the offsite
upper basalt-confined aquifer system ranged from 34.6 to 64.3 pCi/L with a median of 56.1 pCi/L and a
mean of 51.6 pCi/L. These levels are similar to background tritium levels observed in upstream
Columbia River water (i.e., Priest Rapids Dam) and to background levels observed in the unconfined
aquifer at the Hanford Site. Tritium measured in onsite upper basalt-confined aquifer groundwater ranged
from undetectable levels to 194 pCi/L, with a mean of 8.4 pCi/L. These levels represent samples
collected from 1991 to 2001 and analyzed using a low-level detection method. Most of the elevated
tritium concentrations in onsite upper basalt-confined groundwater are associated with an area of
intercommunication with the overlying contaminated unconfined aquifer in the 200 East Area-Gable
Mountain region, which lies in the central part of the Hanford Site (Spane and Webber 1995).

The distribution of tritium for the upper Saddle Mountains Basalt in the southern region of the
Hanford Site and adjacent areas to the south and southeast is presented in Figure 5. Data from this study,
Spane and Webber (1995), and the HEIS database were used for preparing the map. Tritium data for
Yakima River water are reported in DOE (1988) and Early et al. (1986). Wells located near the Yakima
River generally show slightly elevated tritium levels that are similar to those observed for the Yakima
River. These slightly elevated levels are consistent with hydrochemical data indicating a recharge input
component from Yakima River water to the upper basalt-confined aquifer in this area. This is an area
where the upper Saddle Mountains Basalt is shallow or exposed relative to the surface topography (see
Plate 1). The offsite study area near the Yakima River is irrigated mostly by surface water from the
Yakima River (Ebbert et al. 1995).

Offsite wells east of the Columbia River show slightly elevated tritium levels while onsite wells in the
southeastern portion of the Hanford Site show low levels (see Figure 5). These data indicate a recent
recharge input (i.e., since the 1950s) to the upper basalt aquifer in the study area east of the Columbia
River, where recharge from agricultural irrigation practices have areally impacted groundwater. The
offsite study area east of the Columbia River is irrigated mostly by surface water from the Columbia
River (Ebbert et al. 1995).
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Figure 5. Distribution of Tritium Concentrations in the Upper Basalt-Confined Aquifer System



5.0 Summary and Conclusions

Based on the limited data presented in this report, contaminants on the Hanford Site have not
migrated via the upper basalt-confined aquifer system pathway to the offsite sample locations within the
study area. Concentrations of constituents analyzed were within the range of background levels expected
for the upper basalt-confined aquifer system. The likelihood that contaminants will migrate across the
southern boundary of the Hanford Site is highly uncertain because of a lack of hydrogeologic and hydro-
chemical data for the upper basalt-confined aquifer system in this area. However, development continues
to increase in offsite areas south, and to a lesser degree, southeast of the Hanford Site. With increased
development and continued groundwater usage from the upper basalt-confined aquifer system, the
potential exists for the migration of contaminants from the Hanford Site to offsite areas within this
confined aquifer system in the future.

An evaluation of major cation and anion chemistry of the groundwater samples indicates that water
chemistry appears to evolve along two trends, one from a calcium/magnesium hydrochemical type
towards a sodium-rich type and the other from a bicarbonate type towards a sulfate type. Increase in
sodium reflects hydrochemical evolution related to basalt/water interaction. This more evolved ground-
water commonly occurs near areas of discharge. The spatial distribution of hydrochemical facies infers
that upper basalt-confined aquifer groundwater in the southern region of the Hanford Site and adjacent
offsite areas to the south and southeast is flowing toward and discharging to the Columbia or Yakima
rivers. High hydraulic heads and an increased hydraulic gradient east of the Columbia River suggest that
upper basalt-confined groundwater flows laterally toward the Columbia River within the study area. The
hydrochemical trend from bicarbonate towards sulfate suggests irrigation recharge associated with
agricultural activities, where sulfate is leached from vadose zone sediments as irrigation water infiltrates
downwards.

Spatial distribution of hydrochemical facies and evolutionary trends indicate less evolved ground-
water (i.e., calcium/magnesium type) near the Yakima River. This is consistent with previous studies
indicating that Yakima River water is a local source of recharge for the upper basalt-confined aquifer
south of the Hanford Site. This is an area that is irrigated mostly by surface water from the Yakima River
and where the upper Saddle Mountains Basalt is shallow or exposed relative to the surface topography.

Tritium concentrations measured in offsite areas to the south and southeast of the Hanford Site are
higher than most of the tritium concentrations measured in onsite upper basalt-confined aquifer ground-
water. These higher levels represent background tritium predominantly associated with atmospheric
fallout resulting from nuclear weapons testing. These tritium data provide evidence that the upper Saddle
Mountains Basalt is recharged locally, most likely by agricultural irrigation activities. Gross alpha and
gross beta concentrations showed low levels of radioactivity in offsite upper basalt-confined aquifer
groundwater. These levels are comparable to levels found in the upper basalt-confined aquifer over most
of the Hanford Site.

18



6.0 Recommendations

Basalt units and interbeds within the upper Saddle Mountains Basalt in areas to the south and south-
east of the Hanford Site should be evaluated. In these areas, very little information is available regarding
the extent, thickness, and continuity of basalt units and interbeds within the upper Saddle Mountains
Basalt. This information is important to evaluate the upper basalt-confined aquifer system as a potential
offsite migration pathway for contaminants.

Hydraulic head measurements should be acquired periodically from wells, where possible, to better
define current groundwater flow directions in the southern region of the Hanford Site and adjacent areas
to the south and southeast. Offsite wells that are not used for water supply are preferable for measuring
hydraulic heads to avoid drawdown effects associated with pumping.

Additional offsite groundwater sampling activities should be undertaken on a periodic basis. Ground-
water data from offsite locations are relatively sparse. During these offsite sampling activities, similar
groundwater data would be collected from at least one onsite well in the southern part of the Hanford Site
to provide a comparison of water chemistry.

Increased offsite groundwater usage increases the need for investigating the upper basalt-confined
aquifer system as a potential contaminant migration pathway. Specific areas of offsite groundwater usage
from the upper Saddle Mountains Basalt should be identified. Discharge rates in these areas should be
estimated using existing data from state and federal agencies.
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Appendix A

Summary and Log Inventory of Wells

Wells within the study area from which geologic information about the basalt/suprabasalt sediment
contact was obtained include fire protection wells for Benton and Franklin Counties, city of Richland
production wells, Hanford Site monitoring wells, agricultural irrigation wells, and a West Richland water-
supply well. The locations of these wells are shown in the inset to Plate 1. Well construction and litho-
logic diagrams are contained in this appendix and in Plate 2 (West Richland Municipal Water Supply
Well #7). Well completion data are summarized in Table A.1. Drilling logs (water well reports), (Fig-
ures A.1 through A.12) were obtained from the Pacific Northwest National Laboratory Well Log Library,
Washington State Department of Ecology, city of Richland, and local drilling companies.

The well numbers for the majority of the wells inventoried are given in a sequence that refers to the
township, range, and section from the U.S. Geological Survey’s 7.5 Minute Series (Topographic)
Quadrangles. For some wells, a letter at the end of the sequence further designates the subdivision within
the section. Where multiple wells exist within the subdivision, the wells are numbered sequentially.
These wells were installed between 1966 and 1999. Generally, they were drilled open hole within the
basalt and completed with carbon steel casing extending through the suprabasalt sediments to the surface.
A select few are completed with perforated carbon steel casing. No completion information was available
for the Fire Station well, and wells 10N/29E-26, 09N/27E-21, 09N/27E-15, and 10N/29E-02Q.

Wells 699-ORV-1 (Figure A.4), 699-ORV-2 (Figure A.7), and 699-LANDFILL (Figure A.8) supply
water to the city of Richland’s Horn Rapids Off-Road Vehicle (ORV) Park and Horn Rapids Sanitary Landfill.
They were installed in the late 1970s and early to mid-1980s. Wells 699-ORV-1 and 699-ORV-2 are com-
pleted with perforated carbon steel casing, whereas well 699-LANDFILL is open hole within the basalt.

The Hanford Site monitoring wells 699-S31-1, 699-S28-E0, and 699-S30-E14 (Figures A.9, A.10,
and A.11) were drilled between 1951 and 1981. These wells were installed primarily to monitor ground-
water contamination resulting from Hanford Site operations. At one point, well 699-S28-E0 was
reportedly used to supply water to the Hanford Patrol Training facility. It is unlikely that this practice
continues today, with city of Richland services extending farther west to the Hanford’s Hazardous
Materials Management of Emergency Resources (HAMMER) facility. The Hanford Site monitoring
wells are open hole within the basalt, with carbon steel casing extending through the suprabasalt
sediments to the surface. All three of the wells are also perforated in the suprabasalt sediments.

References
NAD 83. 1983. North American Datum of 1983.

NGVD 29. 1929. National Geodetic Vertical Datum of 1929.
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Table A.1. General Well Information

Geologic Unit Approximate | Approximate Top Approximate
State Plane Adjacent to Surface of Basalt Approximate Depth of] Elevation of
Northing® State Plane Uppermost Basalt Elevation® (m Elevation® Completion Interval |{Completion Interval®)
Well Number (m) Easting® (m) Completion Interval above MSL) (m above MSL) (m BGS) (m above MSL)

09N/28E-04G 107479.7 591328.6 | Saddle Mountains Basalt 111 54 5510 96 15to 56
09N/28E-06C* 107792.9 587654.3 Saddle Mountains Basalt 189 113 132 to 149 40 to 57
10N/27E-14D© 113873.3 584820.2 Saddle Mountains Basalt 128 110 19 to 50 78 to 109
699-ORV-1 (10N/28E-18F)© 113866.6 588018.4 | Saddle Mountains Basalt 145 84 6610 90,98 to 118 27t047,55t079
10N/28E-24R®© 111955.5 596841.6 | Saddle Mountains Basalt 149 64 125to 131 18to 24
10N/29E-02Q 116801.2 604204.7 Saddle Mountains Basalt 207 - 118+ <89
10N/29E-19E© 112354.3 597313.2 Saddle Mountains Basalt 152 80 74 to 82 70 to 78
699-ORV-2 (10N/28E-18) 114089.5 588735.5 Saddle Mountains Basalt 139 78 101 to 142 -3t038
699-LANDFILL (10N/28E-17) 112939.2 588935.1 Saddle Mountains Basalt 147 71 76 to 95 52to 71
699-S31-1 114213.3 589749.3 Saddle Mountains Basalt 140 72 67 to 70 70to 73
699-S28-E0 114963.2 590005.3 Saddle Mountains Basalt 136 68 68 to 72 64 to 68
699-S30-E14 114270.3 594368.0 Frenchman Springs Basalt 122 58 602 to 626 -504 to -480
Fire Station Well 1114455 598200.4 | Saddle Mountains Basalt 155 88 67+ <88
10N/29E-26 111527.8 603506.8 Saddle Mountains Basalt 149 43 107+ <42
09N/27E-21 103162.6 582186.1 Saddle Mountains Basalt 232 28 204+ <28
09N/27E-15 103545.4 582681.8 Saddle Mountains Basalt 219 190 29+ <190
West Richland Water-Supply Well No. 7 107982.9 585641.8 Pomona Basalt 141 128 182 to 198 -57 to -41
699-S51-2 108013.4 589201.8 Saddle Mountains Basalt 118 65 53to 174 -56 to 65

(a) NAD 83.

(b) NGVD 29.

(c) Well sampled in this study.
BGS = Below ground surface.
MSL = Mean sea level.
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Figure A.1. Well Number 09N/28E-04G, Located South of the Hanford Site
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Figure A.2. Well Number 09N/28E-06C, Located South of the Hanford Site
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Figure A.3. Well Number 10N/27E-14D, Located Near the Yakima River South of the Hanford Site
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WELL NUMBER ORYV #1 (10N/28E-18F01, 699-ORV-1)
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Figure A.4. Well Number 699-ORV-1, Located Just South of the Hanford Site Boundary
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Figure A.6. Well Number 10N/29E-19E, Located Southeast of the Hanford Site
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Figure A.7. Well Number 699-ORV-2, Located Just South of the Hanford Site Boundary
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Figure A.9. Well Number 699-S31-1, Located Along the Southern Boundary of the Hanford Site
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Figure A.10. Well Number 699-S28-E0, Located Near the Southern Boundary of the Hanford Site
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Figure A.11. Well Number 699-S30-E14, Located Near the Southern Boundary of the Hanford Site
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Appendix B

Sampling Procedure and General Field Parameters

Sampling of wells off the Hanford Site followed procedures similar to sampling wells on the Hanford
Site. Slight modifications to the sampling procedure were necessary, however, because of issues asso-
ciated with liability in collecting samples from privately owned wells and because of the variety of
wellhead and pumping configurations encountered.

Each well was sampled using the existing dedicated submersible pump. At most of the wells, purge
water was directed away from the well using a garden hose and allowed to discharge to the ground
surface. At one well (10N/27E-14D), the purge water was not discharged to the ground surface because
the wellhead and pump was configured in a closed system. For this well, flow was directed to a storage
tank in the closed system.

Unlike most monitoring wells on the Hanford Site, the offsite wells are used for water supply. These
water-supply wells are typically pumped intermittently on a daily basis to a storage or pressure tank.
Because of this intermittent pumping use, long purge times to evacuate three bore volumes were not
necessary during sample collection. Purge times of approximately 15 to 20 minutes were sufficient to
evacuate the discharge line. Where possible, low flow rates were estimated using an 18.9-liter (5-gallon)
bucket. At high flow rates, the well owner provided an estimate of the pump capacity.

The wells were allowed to purge until field-measured parameters pH, temperature, and specific
conductance had stabilized. Results of the stabilization parameters and purge volumes are presented in
Table B.1. Total purge times were approximately 15 to 20 minutes for most of the sample wells and the
flow rates between sample wells ranged from approximately 8 to 760 liters per minute (2 to 201 gallons
per minute). All samples collected were visually clear, indicating a qualitative turbidity range near
5SNTU or less. After field-measured parameters had stabilized, groundwater samples were collected
using a 10-liter (2.6-gallon) container. Samples were collected from a spigot near the well, and where
possible, ahead of any storage or pressure tank. The 10-liter (2.6-gallon) sample was then used to fill the
sample bottles, with separate aliquots for anions, cations, and radionuclides. Cation samples were filtered
(0.45-micron filter size) in the field using a peristaltic pump prior to filling the cation sample bottle.
Cation sample bottles were preserved with reagent grade HNO; prior to entering the field. Hydraulic
head measurements were not taken during the sampling event because the wells were inaccessible for
measuring water levels.

Sampling information relevant to each well is documented on Groundwater Sample Reports presented

in Appendix C. Well names are cross-referenced with the HEIS well number and unique well identifi-
cation number in Table B.2. Well 10N27E-14D was sampled in duplicate for quality control information.
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Table B.1. General Parameters Measured During Sample Collection

Temperature Specific
Sample (degrees Conductance | Purge Flow |Total Purge|Total Purge
Well Number Date pH Celsius) (microS/cm) | Rate (L/min) | Time (min) | Volume (L)
09N28E-04G 11/6/00 8.16 16.6 377 7.6 16 122
09N28E-06C 11/6/00 7.65 18.0 534 37.9 14 531
10N27E-14D 11/6/00 7.86 16.4 282 100 5 500
10N28E-18F 11/6/00 7.64 18.3 245 760 18 13680
10N28E-24R 10/27/00 8.29 19.8 382 34 20 680
10N29E-02Q 10/27/00 7.95 17.0 456 18.9 18 340
10N29E-19E 10/27/00 8.49 18.3 384 9.5 21 200
399-5-2® 6/14/01 8.21 17.9 351 30.3 60 1818
699-S11-E12AP® | 5/16/00 8.05 17.5 365 7.6 65 494
699-824-19P® 8/31/98 | 7.11 20.4 514 NA NA NA

(a) Onsite wells in southern region of Hanford Site.

A = Not available.

Table B.2. Offsite Well Numbers Cross-Referenced to HEIS Well Numbers

HEIS Unique Well
Well Number HEIS Well Number ID Number
09N28E-04G 09N28E04G01 C3642
09N28E-06C 09N28E06C02 C3643
10N27E-14D 10N27E14F03 C3644
10N28E-18F 699-ORV-1 A9125
10N28E-24R 10N28E24R03 C3645
10N29E-02Q 10N29E02Q01 C3646
10N29E-19E 10N29E19E01 C3648
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GROUNDWATER SAMPLE

Project: OFFSITE GW MONITORING, AUG Date:

EPORT

“-L-oo Page 1 of 2
Task Order/Month; 20 SEPT. 00 QC Type: Calculations:
Well Number: 09N28E-04G A : | 2 X (6~ 32 4 al
Total Purge Volume (gal): Purge Flow Rate (gal/min):
g 2. rg g 2‘_
Pump Type: [Time on: | Water: Purge: Samp.. |Off:
S ubmerssl e (TREAPIR RYEE /A CTRE P
SAMPLES COLLECTED
BOYY74 Severn Trent St. Louis COC No.: X00-026-1 RECORD COPY
“1;20mL;P Activily Scan (None) 23
41;500mL;G/P  310.1_ALKALINITY: Alkalinity (1) (Cool 4C) PROJ. 280
*+1;500mL;P  300.0_ANIONS_IC: List-1 (5) (Cool 4C) Y CAT. 133
B0YY85 (Filtered) Severn Trent St. Louis COC No.: X00-026-1 WORKING COPY
+ 1;500mL;G/P  6010_METALS_ICP: List-1 {(19) (HNO3 to pH <2}
BOYY96 Severn Trent Incorporated COC No.: X00-026-12 ./

3;1000mL;P  TRITIUM_ELECT_LSC: H-3 (1) (None)
«1;20mL,P Activity Scan (None)
+»1,1000mL;P 9310_ALPHABETA_GPC: Alpha + Beta (2) (HNO3 to pH <2)

Total No. Bottles: 10 Containment Code: Collector: OWW/&p W
4

FIELD MEASUREMENTS
Water Level (TOC): Drawdown (TOC): Oil Sheen Yes d No X
Prev. pH: Prev. DTW: E-Tape No.:
Time l:24am (1528 111364-_»1
PH Bros |B.S |%.]1¢
Temp. (C) I Jte.o [le. b
Cond. (usiem) 1398 B154 3% &
Turb. (NTU)
D. O. (mgfL)

FIELD OBSERVATIONS
Weather:

Field Comments: MM&LM_L&%M____
cless . u‘g-b«rlnwl'\-l:-]

Pre Check: Post Check:

Comments: SEE ATTACHED SHEETS FOR LOCATION AND PUMPING INSTRUCTIONS. PURGE 15-30 MIN. UNLESS PUMP HAS BEEN
RUN RECENTLY. RECORD GPS IF POSSIBLE

Well capped and locked: [ ] Yes [ No Logbook/Pg# :

Samples Surveyed for Gamma Radiation by RPTs; Tves TN

Data Recorded by: ‘éz Zﬂ'b% C(;&/M;J //’4'”’
Print and sign name 4 Date

Data Checked by:
Print and sign name Date

C.1



GROUNDWATER SAMPLE REPORT

Project. OFESITE GW MONITORING, AUG Date:l [-’ m Page 2 of 2
Task Order/Month: 20 SEPT. 00 QC Type: Calculations:
Well Number: 09N28E-04G A#
Total Purge Volume (gal): Purge Flow Rate (gal/min):
Pump Type: [Time on: | Water: Purge: Samp.: |Off
1139
SAMPLES COLLECTED
BOYYB7 PNL Sigma 5 COC No.: X00-026-23

+ 1;1000mL;P  Activity Scan (None)

Total No. Bottles: 10 Containment Code: Collector: ﬁg Wd/bQ

FIELD MEASUREMENTS
Water Level (TOC): Drawdown (TOC): Oil Sheen Yes O No O
Prev. pH: Prev. DTW: E-Tape No.:
Time ey | J1°3¢L
pH Sos | ¥z
Temp. (°C) I150F Lre.g
Cond. (us/cm) 37)“0 1576 6
Turb. (NTU)
D. O. (mg/L)
FIELD OBSERVATIONS
Weather:
Field Comments:
Pre Check: Post Check:
Comments: SEE ATTACHED SHEETS FOR LOCATION AND PUMPING INSTRUCTIONS. PURGE 15-30 MIN. UNLESS PUMP HAS BEEN
RUN RECENTLY. RECORD GPS IF POSSIBLE
Well capped and locked: [Jves [ No Logbook/Pg# :
Samples Surveyed for Gamma Radiation by RPTs: Yes [ No
N
Data Recorded by: 'é d ZADFZA )] Mtﬁ //rém?/‘?ao
Print and sign name L4 Date
Data Checked by:
Print and sign name Date

C2



GROUNDWATER SAMPLE

Project: OFESITE GW MONITORING, AUG Date; ¢ Page 1 of 2
Ij-6-00
Task Order/Month: 20 SEPT. 00 QC Type: Calculations:
, RECORD COPY
Well Number. 09NZBE-06C A% | PROJ 28023
Total Purge Volume (gal): I 4o Purge Flow Rate (gal/min): {0 CAT. T3.3
Pump Type: Time on: | Water: Purge: Samp.: | Off. WORKING COPY____
o Le, jatog  niespmijatiq | 12720
SAMPLES COLLECTED
BOYY75 Sevemn Trent St. Louis COC No.: X00-026-2"

*1,20mL;P Activity Scan (None)
*1;500mL;G/P  310.1_ALKALINITY: Alkalinity (1) (Cool 4C)
*1;500mL;P 300.0_ANIONS_IC: List-1 (5) (Cool 4C)
BOYY86 (Filtered) Severn Trent St. Louis COC No.: X00-026-2 /

*1;500mL;G/P  6010_METALS_ICP: List-1 {19) (HNO3 to pH <2)
BOYY97 Severn Trent Incorporated COC No.: X00-026-13 ./

3;1000mL;P  TRITIUM_ELECT_LSC: H-3 (1) (None)
+1;20mL;P Activity Scan (None)
«1;1000mL;P  9310_ALPHABETA_GPC: Alpha + Beta (2) (HNO3 to pH <2)

Total No. Bottles: 10 Containment Code: Collector: / ) MM
{

FIELD MEASUREMENTS

Water Level (TOC): Drawdown (TOC): Oil Sheen Yes [J No [

Prev. pH: Prev. DTW: E-Tape No.:
Time [2:27 |29
pH 299 | 765
Temp. (°C) /2.2 | /f.0

Cond.psiem) | Sy, 7 |523. §
Turb. (NTU)

D. O. (mg/L)

FIELD OBSERVATIONS

Weather:
Field Comments:

Pre Check: Post Check:

Comments: SEE ATTACHED SHEETS FOR LOCATION AND PUMPING INSTRUCTIONS. PURGE 15-30 MIN. UNLESS PUMP HAS BEEN
RUN RECENTLY. RECORD GPS IF POSSIBLE

Well capped and locked: [ Yes [ No Logbook/Pg# :

Samples Surveyed fo?mma Radiation by RP‘I;ﬁ W

Data Recorded by: 4 €A~ h M /)] 2t/ //’ & ~F<
Print and sign name £ Date

Data Checked by:
Print and sign name Date

C3



GROUNDWATER SAMPLE REPORT

Project: OFFSITE GW MONITORING, AUG Date:

1\-{ -00 Page 2 of 2
Task Order/Month: 20 SEPT. 00 QC Type: Calculations:
Well Number. 09N28E-06C Ak l lo [ ¢ - |40 3 L
Total Purge Volume (gal): | 4o Purge Flow Rate (gal/min): ~l6
Pump Type: ITime on: | Water: Purge: Samp.: |Off:
Submersh Qo 12i05pu J2:1q fitt %
SAMPLES COLLECTED
* BOYYB8 PNL Sigma 5 COC No.: X00-026-24
1;1000mL;P  Activity Scan (None)
Total No. Bottles: 10 Containment Code: Collector:  pwioy
FIELD MEASUREMENTS
Water Level (TOC): Drawdown (TOC): Oil Sheen Yes ] No (R
Prev. pH: Prev. DTW: E-Tape No.:
Time \2:0Tpnf 12204 [12:12 | 12:1¢C [i2:14
pH 194 [1.84 l9a1 | 788|765 |24
Teme. () 1.2 | [l | (8.3 |ig.0
Cond Guslem)  1514-7 [ 650.2 |5432|53(.¢ 15339
Turb. (NTU)
D. 0. (mg/L)
FIELD OBSERVATIONS
Weather:

Field Comments: ivvoaadisn fP'ﬁe.:{- nea., de

cle ay e %ivl-’-o(."l'}

Pre Check: Post Check:

Comments: SEE ATTACHED SHEETS FOR LOCATION AND PUMPING INSTRUCTIONS. PURGE 15-30 MIN. UNLESS PUMP HAS BEEN
RUN RECENTLY. RECORD GPS IF POSSIBLE

Well capped and locked: [ Yes ([ No Logbook/Pg :

Samples Surveyed for Gamma Radiation by RP&%
Data Recorded by: f ff"bgw e //’JZW
Print and sign name / Date

Data Checked by:

Print and sign name Date

C4




GROUNDWATER SAMPLE

Project: OFFSITE GW MONITORING, AUG Date:
i1\-¢ - oo Page 1 of 3

Task OrderMonth: 20 SEPT. 00 QC Type: ‘b U {0 Calculations: RECORD COPY
Well Number: 10N27E-14D Ak PROJ. 28023
Total Purge Volume (gal): Purge Flow Rate (gal/min): CAT. 13.3

o ¥ ~iz.5 o F M2 WORKING COPY.
Pump Type: [Time on: | Water: Purge: Samp.: |Off:
Sl wargoll, 202 |12 02000 |92 016 td 13080104

SAMPLES COLLECTED
BOYY77 Severn Trent St. Louis COC No.: X00-026-4 v

1,20mL;P Activity Scan (None)
1;500mL;G/P  310.1_ALKALINITY: Alkalinity (1) (Cool 4C)
1,500mL;P 300.0_ANIONS_IC: List-1 (5) (Cooi 4C)
BOYY84 Severn Trent St. Louis COC No.: X00-026-11 /
1;20mL;P Activity Scan (None)
1:500mL;G/P  310.1_ALKALINITY: Alkalinity (1) (Cool 4C)
1;500mL;P 300.0_ANIONS_IC: List-1 (5) (Cool 4C)
BOYY88 (Filtered) Severn Trent St. Louis COC No.: X00-026-4 v

1;500mL;G/P  6010_METALS_ICP: List-1 (19) (HNO3 to pH <2)

Total No. Bottles: 19 Containment Code: Collector: g wwna~ /g MM
7

FIELD MEASUREMENTS

Water Level (TOC): Drawdown (TOC): Qil Sheen Yes 1 No [X

Prev. pH: Prev. DTW: E-Tape No.:

Time Tiodran [410Tonm

PH 1.5 [1.86

Temp. (°C) 164 {104

Cond. (us/cm) 284S |282.0

Turb. (NTU)

D. O. (mg/L)

FIELD OBSERVATIONS

Weather:

Field Comments:

dﬂv\‘égj Gom D vnp ol se

<
C\ml Ve -\»w\_e."o(.‘l-«}'
J?W:*d PW‘IQ_ bfcm)g e‘g Q-‘MW\

4

Pre Check: Post Check:

Comments: SEE ATTACHED SHEETS FOR LOCATION AND PUMPING INSTRUCTIONS. PURGE 15-30 MiN. UNLESS PUMP HAS BEEN
RUN RECENTLY. RECORD GPS IF POSSIBLE

Well capped and locked: [Tves O No Logbook/Pg# :

Samples Surveyed for Gamma Radiation by RPTs: [ vYes

G O No
Data Recorded by: (j‘/lle Zﬁbﬁ)& &6&; f ///?I/Z'oaa

Print and sign name / V4 Date
Data Checked by:

Print and sign name Date

CS5




GROUNDWATER SAMPLE

Project: OFFRSITE GW MONITORING, AUG Da‘tle:- 6- 00 Page 2 of 3
Task Order/Month: 20 SEPT. 00 QC Type: Calculations:
Well Number: 10N27E-14D A |
Total Purge Volume (gal). 12.5 Purge Flow Rate (gal/min): _, 2%
Pump Type: [Time on: | Water: Purge: Samp.: | Off:
o whmursl LLL. A:02am |42 02800 4: 07am | 4: 0B amd
SAMPLES COLLECTED
BOYYO95 (Filtered) Severn Trent St. Louis COC No.: X00-026-11 +»

1,500mL;G/P  6010_METALS_ICP: List-1 (19) (HNO3 to pH <2)
BOYY99 ) Severn Trent Incorporated COC No.: X00-026-15 v/

3:1000mL:P  TRITIUM_ELECT_LSC: H-3 (1) (None)
1;20mL;P Activity Scan (None)
1;1000mL;P 9310_ALPHABETA_GPC: Alpha + Beta (2) (HNO3 to pH <2)
BOYYB6 Severn Trent Incorporated COC No.: X00-026-22 v/

3;1000mL:;P  TRITIUM_ELECT_LSC: H-3 (1) (None)
1;20mL;P Activity Scan (None)
1;1000mL;P 9310_ALPHABETA_GPC: Alpha + Beta (2) (HNO3 to pH <2)

Total No. Bottles: 19 Containment Code: Collector:  ow wav" M‘W

FIELD MEASUREMENTS

Water Level (TOC): Drawdown (TOC): Qil Sheen Yes O No @

Prev. pH: Prev. DTW: E-Tape No.:
Time :vdam|g:0 Tam
pH 1.25 | 186
Temp. () 6.4 114
Cond. (us/cm) 2%4.5| 292.0
Turb. (NTU)

D. O. (mg/L)

FIELD OBSERVATIONS

Weather:
Field Comments: blau S€
cleoy , wo buybid ity

[ m.‘#r,'a(__‘;_,g%a._bccdu ot alavwm,

Pre Check: Post Check:

Comments: SEE ATTACHED SHEETS FOR LOCATION AND PUMPING INSTRUCTIONS. PURGE 15-30 MiN. UNLESS PUMP HAS BEEN
RUN RECENTLY. RECORD GPS IF POSSIBLE

Well capped and locked: [ ] Yes [| No Logbook/Pg# :

Samples Surveyed for Gamma Radiation by RPTs: [ ;es (7 No

Data Recorded by: &“ Abé“ el /- & -2odr
Print and sign name Date

Data Checked by:
Print and sign name Date

C.6



GROUNDWATER SAMPLE REPORT

Project: OFFSITE GW MONITORING, AUG Date:
: \-4-00 Page 3 of 3

Task Order/Month: 20 SEPT. 00 QC Type: Calculations:
Well Number: 10N27E-14D A#: l 2. X S - v < 34_Q/~ -~
Total Purge Volume (gal): —l2.5 Purge Flow Rate {gal/min): ¢ ~2 l/L
Pump Type: Time on: | Water: Purge: Samp.: Off:

Submersrhbilo :0224 9.02ewq:0Ta ‘1'—08""

SAMPLES COLLECTED
BOYYCO PNL Sigma § COC No.: X00-026-26

1;1000mL;P

Total No. Bottles: 19

Activity Scan (None)

Containment Code: Collectorr oL W en~ /gW

FIELD MEASUREMENTS

Water Level (TOC): Drawdown (TOC): Oil Sheen Yes U] No [X

Prev. pH: Prev. DTW: E-Tape No.

Time Q:OA‘ 4-, 0 Zawn

pH 1.25 |1.8¢

Temp. (°C) le& |z 4~

Cond. (usfem) 284.5 |7.82.0

Turb. (NTU)

D. 0. (mg/L)

FIELD OBSERVATIONS

Weather:

Field Comments: S aninled Lrv. pump house .

cledy  #o Yurtodrdu

3 ?M?—'— 19:. c:ﬂb-!l( 0"{ A(MM

Pre Check: Post Check:

Comments: SEE ATTACHED SHEETS FOR LOCATION AND PUMPING INSTRUCTIONS. PURGE 15-30 MIN. UNLESS PUMP HAS BEEN
RUN RECENTLY. RECORD GPS IF POSSIBLE

Well capped and locked: [ | Yes [J No Logbook/Pg# :

Samples Surveyed for Gamma Radiation by RPTs: y OnN

Data Recorded by: 2 FA)“;A (o M LG -Zoer
Print and $ign name 4 Date

Data Checked by:
Print and sign name Date

C.7




GROUNDWATER SAMPLE REPORT

Project: OFFSITE GW MONITORING, AUG Date: e ‘_ 00 Page 1 of 2
Task Order/Month: 20 SEPT. 00 QC Type: Calculations:
RECORD COPY
Well Number: 699-ORV-1 A#:
| PROJ.____ 28023
Total Purge Volume (gal): Purge Flow Rate (gal/min): 206 C AT. T3.3
Pump Type: frime on: [Water: | Purge: | Samp.. |Off: WORKING COPY
S wWpmarsshle 30: 26 [10°20 [}0:20uuh|0: 10: %% 4
avs SAMPLES COLLECTED
BOYY78 Severn Trent St. Louis COC No.: X00-026-5
1:20mL;P Activity Scan (None) '
1:500mL:G/P  310.1_ALKALINITY: Alkalinity (1) (Cool 4C)
1;,500mL;P 300.0_ANIONS_IC: List-1 (5) (Cool 4C) .
BOYY89 (Filtered) Severn Trent St. Louis COC No.: X00-026-5+/
1;500mL;G/P  6010_METALS_ICP: List-1 (19) (HNO3 to pH <2 )
BOYYBO Severn Trent Incorporated COC No.: X00-026-16+"
3;1000mL;P  TRITIUM_ELECT_LSC: H-3 (1) (None)
1;20mL,P Activity Scan (None)
1,1000mL;P  9310_ALPHABETA_GPC: Alpha + Beta (2) (HNO3 to pH <2)
Total No. Bottles: 10 Containment Code: Collector QLU ALV, /é AN
FIELD MEASUREMENTS ’
Water Level (TOC): Drawdown (TOC): QOil Sheen Yes O No ‘g
Prev. pH: Prev. DTW: E-Tape No.:
Time 10 % 0umh 19: %5450, 10.24, [10:24
pH gl [248s [T [7.c4
Temp. (°C) e 181 |1g.2 [193
Cond. (ps/cm) 2465 [245.0]24¢.,7] 24 4.9
Turb. (NTU)
D. O. (mg/L)
FIELD OBSERVATIONS
Weather:
Field Comments: s l"o\d. se b re o
cleom o bedidy
TIPS {2 TR P
Pre Check: Post Check:
Comments: SEE ATTACHED SHEETS FOR LOCATION AND PUMPING INSTRUCTIONS. PURGE 15-30 MIN. UNLESS PUMP HAS BEEN
RUN RECENTLY. RECORD GPS IF POSSIBLE
Well capped and locked: L ves [ No Logbook/Pg# : >
Samples Surveyed for Gamma Radiation by RPTs:  [[] v, [ No W
Data Recorded by: [CM'( /;4‘)% Q% Mj ///&/Zfﬂ
Print and sign name / Date 4
Data Checked by:
Print and sign name Date

C.8



GROUNDWATER SAMPLE REPORT

Project: OFFSITE GW MONITORING, AUG Date: 4 _
f'/ {ﬂ ’w Page 2 of 2

Task Order/Month: 20 SEPT. 00 QC Type: Calculations:
Well Number: 699-ORV-1 A# I
Total Purge Volume (gal): Purge Flow Rate (gal/min):
Pump Type: ITime on: | Water: Purge: Samp.; |Off:

SAMPLES COLLECTED

BOYYC1 PNL Sigma 5 COC No.: X00-026-27

1;1000mL;P  Activity Scan (None)

Total No. Bottles: 10 Containment Code: Colledoé/ﬂ%‘(ﬂ
7

FIELD MEASUREMENTS

Water Level (TOC): Drawdown (TOC): Oil Sheen Yes 0 No O

Prev. pH: Prev. DTW. E-Tape No.:

Time 10:38 | /0.3

pH /2 7Y

Temp. ('C) [2-£ | 1£.3

Cond. (us/cm) AYe. 5 2Y y‘//

Turb. (NTU)

D. 0. (mg/L)

FIELD OBSERVATIONS

Weather:

Field Comments:

Pre Check: Post Check:

Comments: SEE ATTACHED SHEETS FOR LOCATION AND PUMPING INSTRUCTIONS. PURGE 15-30 MIN. UNLESS PUMP HAS BEEN
RUN RECENTLY. RECORD GPS IF POSSIBLE

Well capped and locked: [ ] Yes [ No Logbook/Pg# :

Samples Surveyed for Gamma Radiation by RPT;Q W

Data Recorded by: [M"/M O M //’/ - Zrva
Print and sign name L Date

Data Checked by:
Print and sign name Date

C9



GROUNDWATER SAMPLE REPORT

Project: OFFSITE GW MONITORING, AUG oD:;e:?. 1 200e Page 1 of 2
Task Order/Month: 20 SEPT. 00 QC Type: Calculations:
Well Number: 10N28E-24R A | 27z qalhons T 173 e:' "
o - — qgallman X 20w 1809
al Purge Volume (gal),, 180 Purge Flow Rate (gal/min): &-10 5“‘/"“; B
Pump Type: [Time on: |Water: Purge: Samp.: | Off:
Swhbmers'ble 10: 298w, 10 4% 10 Soamh
SAMPLES COLLECTED
BOYY79 ¢ Severn Trent St. Louis COC No.: X00-026-6

* 1;20mL;P Activity Scan (None)
*1;500mL;G/P  310.1_ALKALINITY: Alkalinity (1) (Cool 4C)
+1,500mL;P 300.0_ANIONS_IC: List-1 (5) (Cool 4C)
BOYY90 (Filtered) Severn Trent St. Louis COC No.: X00-026-6

»1;500mL;G/P  6010_METALS_ICP: List-1 (19) (HNO3 to pH <2)
BOYYB1 Sevem Trent Incorporated COC No.: X00-026-17

3;1000mL;P  TRITIUM_ELECT_LSC: H-3 (1) (None)
*1,20mL.P Activity Scan (None)
«1,1000mL;P  9310_ALPHABETA_GPC: Alpha + Beta (2) (HNO3 to pH <2)

Total No. Bottles: 10 Containment Code: Collector: p wniey
FIELD MEASUREMENTS

Water Level (TOC): Drawdown (TOC): Oil Sheen Yes O No [X

Prev. pH: Prev. DTW: E-Tape No.:

Time 10:35aue | |0.4Tawe

pH .30 [g.2a

Temp. (°C) (2.2 {ta.8

Cond. (us/cm) ?ﬁ\-s 3’8'L~°

Turb. (NTU)

D. 0. (mg/L)
FIELD OBSERVATIONS

Weather:

Field Comments: __S N . g

waler was eloar (o by :4»3)

Pre Check: Post Check:

Comments: SEE ATTACHED SHEETS FOR LOCATION AND PUMPING INSTRUCTIONS. PURGE 15-30 MIN. UNLESS PUMP HAS BEEN
RUN RECENTLY. RECORD GPS IF POSSIBLE

Well capped and locked: [ | Yes [ No Logbook/Pg# :
Samples Surveyed for Gamma Radiation by RPTs: Yes [ No

Data Recarded by: } ZA )} FWM /ﬂW Date/d. Z7. 07

Print and sign name

Data Checked by:

Print and sign name Date

C.10




GROUNDWATER SAMPLE REPORT

Project: OFFSITE GW MONITORING, AUG Date: Page 2 of 2
Task Order/Month: 20 SEPT. 00 QC Type: Calculations:
Well Number. 10N2BE-24R A% l 2. 5o /=17 Sec,
Tota!l Purge Volume (gal): / /t Purge Flow Rate (gal/min):
Pump Type: Time on:  { Water: Purge: Samp.: | Off:
/0.2% /8.YF .53
SAMPLES COLLECTED
BOYYC2 PNL Sigma 5 COC No.: X00-026-28
1 ;‘i 000mL;P  Activity Scan (None)
Total No. Bottles: 10 Containment Code: Callector: g /{ ﬂ’D FA&
FIELD MEASUREMENTS
Water Level (TOC): Drawdown (TOC): Oil Sheen Yes [J N O
Prev. pH: Prev. DTW: E-Tape No.:
Time 1035 [ /0.y
pH §30 | F.25
Temp. (°C) AN N 4
Cond. (us/cm) 3F.8 |3F2.6
Turb. (NTU)
D. O. (mg/L)
FIELD OBSERVATIONS
Weather:

Field Comments:

Pre Check: Post Check:

Comments: SEE ATTACHED SHEETS FOR LOCATION AND PUMPING INSTRUCTIONS. PURGE 15-30 MIN. UNLESS PUMP HAS BEEN

RUN RECENTLY. RECORD GPS IF POSSIBLE

Well capped and locked: [ ] Yes [ No Logbook/Pg# :

Samples Surveyed for Gamma Radiation by RPTy ;jyo
Data Recorded by: £ 086w / S

Print and sign name

[M-22- x

Date

Data Checked by:

Print and sign name Date

C.11



GROUNDWATER SAMPLE REPORT

Project: OFFSITE GW MONITORING, AUG Date:

’ oct 21 2000 Page 1 of 2
Task Order/Month: 20 SEPT. 00 QC Type: Calculations:
Well Number: 10N29E-02Q A#: | » SgalfminXBmin = ~ ‘103‘,(

Total Purge Volume (gal): 90 Purge Flow Rate (gal/min). ., s a al /s
Pump Type: Iltime on: |{Water: Purge: lﬂSamp.: Off:
SubtvSibhle 10 3g WA ‘2law |]:224m
SAMPLES COLLECTED
BOYY80 Severn Trent St. Louis COC No.: X00-026-7

1,20mL;P Activity Scan (None)

1;500mL;G/P  310.1_ALKALINITY: Alkalinity (1) (Cool 4C)

1;500mL;P 300.0_ANIONS_IC: List-1 (5) (Cool 4C)

BOYY91 (Filtered)

Severn Trent St. Louis COC No.: X00-026-7

COC No.: X00-026-18

1:500mL;G/P  6010_METALS_ICP: List-1 (18) (HNO3 to pH <2)
BOYYB2 Severn Trent Incorporated
3;1000mL;P  TRITIUM_ELECT_LSC: H-3 (1) (None)
1;20mL;P Activity Scan (None)
1;1000mL;P  9310_ALPHABETA_GPC: Alpha + Beta (2) (HNO3 to pH <2)

Total No. Bottles: 10

Containment Code:

Collector To hn (ren/dent Lo W)

FIELD MEASUREMENTS
Water Level (TOC): Drawdown (TOC): Oil Sheen Yes [ No X
Prev. pH: Prev. DTW: E-Tape No.:
Time q:03cuaf1:4 Bam | T1:21am,
pH 1.5 [7.95 1.5
Temp. (°C) 13,5 6.3 |i1.0
Cond. (us/cm) 48 .1 {454.5 lase,. A
Turb. (NTU)
D. O. (mg/L)
FIELD OBSERVATIONS

Weath
v

Field Comments:

QMM#}‘W vebne ow MI._ baclk u’.{. Mg house (no Ve ive

;V\

Pre Check:

Pacolrie Da.\.':lrg‘ld' Towae,

Post Check:

Comments:

SEE ATTACHED SHEETS FOR LOCATION AND PUMPING INSTRUCTIONS. PURGE 15-30 MIN. UNLESS PUMP HAS BEEN
RUN RECENTLY. RECORD GPS IF POSSIBLE

Well capped and locked: [ ] Yes [] No Logbook/Pg# :

Samples Surveyed for Gamma Radiation by RPTs: Z Yes [ No

Data Recorded by: f LA Frap . (o /D200
Print and sign name Date

Data Checked by:
Print end sign name Date

C.12



GROUNDWATER SAMPLE REPORT

Project: OFFSITE GW MONITORING, AUG Date: Page 2 of 2
Task Order/Month: 20 SEPT. 00 QC Type: Calculations:
Well Number: 10N29E-02Q A#: |
Total Purge Volume (gal): Purge Flow Rate (gal/min):
Pump Type: [Time on: | Water: Purge: Samp.: | Off:
SAMPLES COLLECTED
BOYYC3 PNL Sigma § COC No.: X00-026-29

1,1000mL;P  Activity Scan (None)

Total No. Bottles: 10 Containment Code: Colleclor.C;'Z Ad Fred

FIELD MEASUREMENTS
Water Level (TOC): Drawdown (TOC): il Sheen ves [ No
Prev. pH: Prev. DTW: E-Tape No.:
Time 903 |9y | Q. 2
pH 7.8 |7.95 (2.95
Temp. (°C) 172. 5 /6.3 /7.6
Cond. (us/cm) Wb | 45 \yst./
Turb. (NTU)
D. O. (mg/L)
FIELD OBSERVATIONS
Weather:
Field Comments:
Pre Check: Post Check:
Comments: SEE ATTACHED SHEETS FOR LOCATION AND PUMPING INSTRUCTIONS. PURGE 15-30 MIN. UNLESS PUMP HAS BEEN
RUN RECENTLY. RECORD GPS IF POSSIBLE
Well capped and locked: [ Yes [] No Logbook/Pg# :
Samples Surveyed for Gamma Radiation by RPng.?es U No
Data Recorded by: E 2 AD 'F‘WS ""A"U /2-20-02
Print and sign name Date
Data Checked by:
Print and sign name Date

C.13



GROUNDWATER SAMPLE

Project: OFFSITE GW MONITORING, AUG

EPORT

Date: o c+ 27, 2aoo|

10 .27 -00 Page 1 of 2

Task Order/Month: 20 SEPT. 00 QC Type: Calculations:
Well Number: 10N29E-1SE A#: | 1% 5 2@ v v
Total Purge Volume (gal): ;2. Purge Flow Rate (gal/min): 2 "1. 2% K 1\ weowm = 53, ,>— 70{
Pump Type: [Time on: | Water: Purge: Samp.: | Off:
s whwiersybile W2 0am A 3t W15 4200

SAMPLES COLLECTED

BOYY82 Sevem Trent St. Louis COC No.: X00-026-9
1;20mL;P Activity Scan {(None)

1;500mL;G/P  310.1_ALKALINITY: Alkalinity (1) (Cool 4C)
1;500mL;P  300.0_ANIONS_{C: List-1 (5) (Cool 4C)
BOYY93 (Filtered) Severn Trent St. Louis COC No.: X00-026-9

1;500mL;G/P  6010_METALS_ICP: List-1 (19) (HNO3 to pH <2)
BOYYB4 Severn Trent Incorporated COC No.: X00-026-20

3;1000mL;P  TRITIUM_ELECT_LSC: H-3 (1) (None)
1;20mL;P Activity Scan (None)
1;1000mL;P 8310_ALPHABETA_GPC: Alpha + Beta (2) (HNO3 to pH <2 )

Total No. Bottles: 10 Containment Code: Collector. Dwner—
FIELD MEASUREMENTS

Water Level (TOC): Drawdown (TOC). Oil Sheen Yes [ No

Prev. pH: Prev. DTW: E-Tape No.:

Time 122800130 | 11340,

PH B.57 |%.44 |3 4q

Temp. ("C) 16 .% 3.4 ligz

Cond. (usfom) 281.1 [383.F {332.8

Turb. (NTU)

D. 0. (mg/L)
FIELD OBSERVATIONS

Weather:

Field Comments: 5@*—“?’-'&’7 S :‘F‘ﬁ‘i e gﬂgkgg "é:: P:“cwogﬂb.

cleo(no —l»uvl..\d.‘hj)

Pre Check: Post Check:

Comments: SEE ATTACHED SHEETS FOR LOCATION AND PUMPING INSTRUCTIONS. PURGE 15-30 MIN. UNLESS PUMP HAS BEEN
RUN RECENTLY. RECORD GPS IF POSSIBLE

Well capped and locked: [] Yes [ No Logbook/Pg# :

Samples Surveyed for Gamma Radiation by RPTs: l;:y] No

Data Recorded by: oé. [ﬁbw é/ Z e tr? SO 20~
Print and sign name Date

Data Checked by:
Print and sign name Dats

C.14



GROUNDWATER SAMPLE

EPORT

A#: I

Project: OFFSITE GW MONITORING, AUG Date: Page 2 of 2
Task Order/Month: 20 SEPT. 00 QC Type: Calculations:
Well Number: 10N29E-1SE

2.5?*/ l‘ﬂ /“l.,l

Total Purge Volume (gal): 5- ' Purge Flow Rate (gal/min):
Pump Type: Timg on: |Water: Purge: Samp.: |Off: .
St lponye—HU /). L 20y 2
SAMPLES COLLECTED
BOYYCS PNL Sigma 5 COC No.: X00-026-31
1;1000mL;P  Activity Scan (None)
Total No. Bottles: 10 Containment Code: Collector: f 1 M
A FIELD MEASUREMENTS
Water Level (TOC): Drawdown (TOC): Oil Sheen ves [ No [
Prev. pH: Prev. DTW: E-Tape No.:
Time 28 2T¢ /738
pH S | £.45 | 5. /5
Temp. (°C) /-5 o | #.3
Gond. (us/cm) 3£l |243.5 |35
Turb. (NTU)
D. O. (mg/L)
FIELD OBSERVATIONS
Weather:

Field Comments:

Pre Check:

Post Check:

Comments:
RUN RECENTLY. RECORD GPS

IF POSSIBLE

SEE ATTACHED SHEETS FOR LOCATION AND PUMPING INSTRUCTIONS. PURGE 15-30 MIN. UNLESS PUMP HAS BEEN

Oves O No

Well capped and locked:

Data Recorded by: 2 : Z«""b M

Samples Surveyed for Gamma Radiation by RPTs:

Logbook/Pgi# :

T yes T No

ot faw

SI-27- s

Print and sign name

Data Checked by:

Date

Print and sign name

Date

C.15




PNNL-14107

Distribution
No. of No. of
Copies Copies
ONSITE 23 Pacific Northwest National Laboratory
6 DOE Richland Operations Office D. B. Barnett K6-81
R. W. Bryce K6-75
M. J. Furman AS5-13 P. E. Dresel K6-96
R. D. Hildebrand A6-38 J. S. Fruchter K6-96
K. M. Thompson A6-38 M. J. Hartman K6-96
A. C. Tortoso A6-38 T. L. Liikala K6-96
DOE Public Reading Room (2) H2-53 S. P. Luttrell K6-96
J. P. McDonald K6-96
DOE Office of River Protection D. R. Newcomer (5) K6-96
R. E. Peterson K6-96
R. M. Yasek H6-60 S. P. Reidel K6-81
F. A. Spane K6-96
CH2M HILL Hanford Group, Inc. R. M. Smith K6-96
P. D. Thorne K9-33
D. A. Myers HO0-22 E. C. Thornton K6-96
D. Vela K6-96
3 Fluor Hanford, Inc. W. D. Webber K6-96
Hanford Technical Library (2) P8-55
J. V. Borghese E6-35
L. C. Swanson E6-35
R. T. Wilde H8-68

Distr.1
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West Richland Municipal
Water Supply Well #7
le

NS

Surface Datum (ft)
Elevation MSL Datum (ft)

Hanford Formation

42!

4

440

Ice Harbor Basalt

147

400

380

360

340

320

—20

—40
I

—60

—80

—100

—120

—140

-

<

G.S. Elev.

460.85'

~50'

Pilot/Observation
Well

;l

Surface Datum (ft)
Elevation MSL Datum (ft) \

>

G.S. Elev.
461.52'

460

-

J24—inch Boring (0' - 48")

| «<—20-inch Carbon Steel Casing (0' - 48") 440

18-inch Carbon Steel Casing (0' - 410")

—20

40

=
s ﬁ’\ 14-inch Boring (0' - 17")
e Concrete Surface Seal (0' - 4')

Fo-inch Boring (17' - 397"

Hanford Formation

L 4204
/ Tw 3/4-inch Boring (48' - 350')
400
380
1 360

H 340

g&<—16-inch Carbon Steel Casing (0' - 844") o

—80

—100

—120

—140

47.5'

-2 <— Bentonite Chips (4' - 290")
Ice Harbor Basalt

:g—z-inch Diameter PVC Casing
o2 (+2.5'-292"

Levey Interbed
165'

300

— 160

300

Elephant Mtn. Basalt

311

280

260

240

220

200

180

160

— 180

—200

—220

—240

—260

—280

—300

— 160

150'

Levey Interbed

280

260

240

<— Cement Seal (0'- 417"

220

200

180

160

— 180

—200

—220

—240

—260

—280

—300

178'

Elephant Mtn. Basalt

&-12 Colorado Silica Sand
(290" - 308"

Slotted 2-inch Diameter PVC Screen
w/bottom cap (292' - 302")

Rattlesnake Ridge Interbed

140

120

100

80—

—320

340

—360

—380

T T

140
120-
1722—inch Boring (350" - 415") - Using Under-Reamer

100

80—

R R

—320

—340

—360

—380

311"

390

Pomona Basalt

60—

40

20

-20-

-40

-80-

-100-

-120

-140-

-160-

-180—

|
SN
=
S

A

—420

440

—460

—480

—500

—520

—540

—560

—580

—600

—620

—640

60—

T

N

40

F9—inch Boring (415' - 867')

Note: 835'/837' - 846' partially reamed
to 22-inch or less diameter.

20

20—
-40
-60-
-80—

-100—

-120

—400

—420

—440

—460

—480

—500

—520

—540

—560

—580

—600

-140-

Field-Perforated Interval (597" - 648")

- == D

647'

Esquatzel Basalt

725

-200

-220—

240~

-260-

—660

—680

—700

—720

<— Cement Seal (665' - 844") - Seal was verified w/ Bond Log

—— - D

Esquatzel Basalt
invasive into
sediments

-280

750'—————————————————_

Selah/Cold Creek Interbed

-300—

-320-

-340

-360

—740

—760

—780

—800

—820

™

}

o ————————— - ?

]

K-Packer Assembly (830' - 832"

835'/837'

Umatilla Basalt

-380—

-400—

420

-440

-460—

-480—

-500-

=520

-540-

-560-

-580-

-600-

-620—

-640—

-660-

-680

— 840

— 860

—880

—900

—920

—940

—960

—980

—1000

—1020

—1040

—1060

—1080

—1100

—1120

—1140

o

[

Centralizer to Protect K-Packers

NN

12-inch Diameter Carbon Steel Blank

K\Tx NN

A

FS—inch Boring (867" - 1252")

K-Packer Assembly (873" - 875")

Centralizer to Protect K-Packers

» 2 1/8-inch x 1/8-inch slots
* 33 slots / ft

390

F 7/8-inch Boring (397" - 600")

Pomona Basalt

TD = 600'

<— 12-inch Diameter Factory-Slotted Carbon Steel Casing (876.5' - 1138")

6.5"

AN

24"

6.5"

/

-
v

Not to Scale

K-Packer Assembly

/ 12" ID, 12 3/4" OD Carbon Steel Pipe

3 sets of 3-ring synthetic packers per assembly

15 1/2" top assembly
15 1/4" lower 4 assemblies

Production Well

All grout installed by Braiden-head (pressure grouted inside-out) method consisting
of high-strength expanding Portland cement with hemi-hydrated gypsum added.

K-Packer Assembly (1138' - 1140")

‘4 Centralizer to Protect K-Packers

- == D

1147

Mabton Interbed

1205

=700

=720

~740

—1160

—1180

—1200

/ K-Packer Assembly (1160' - 1162")

<«———Centralizer to Protect K-Packers

12.75-inch O.D./10-inch 1.D. 40-Slot S.S. Continuous

<
W

Wire-Wrap, 8-12, Pre-Pack Screen (1170'- 1182")

1' Blank Between Screens

<<
T

12.75-inch O.D./10-inch I.D. 60-Slot S.S. Continuous

Wire-Wrap, 6-9, Pre-Pack Screen (1183'-1206")

Priest Rapids Basalt

=760

-780—

—1220

—1240

-800-

1260

- == D
%(Q K-Packer Assembly (1206' - 1208')

Centralizer to Protect K-Packers

» 2 1/8-inch x 1/8-inch slots

* 33 slots / ft

/Centralizing Tab

| 3

Open End

TD = 1252

<— 12-inch Diameter Factory Slotted Carbon Steel Casing (1208' - 1252")

PLATE 2

West Richland Municipal
Water Supply Well #7






