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ABSTRACT

Surface geophysical investigations mapped conductive zones related to water leaking
into the Exhaust Shaft. These surveys were used to locate five boreholes drilled to
depths of up to 100 feet below ground surface (bgs) as part of a hydraulic assessment
program to evaluate source(s) of fluid seeping into the Exhaust Shaft at the Waste
Isolation Pilot Plant (WIPP) site located in southeastern New Mexico. Four boreholes
(C-2505, C-2506, C-2507 and ES-001) penetrated water-bearing horizons between 48
and 63 feet bgs located in sandstones of the lower Santa Rosa Formation, and
mudstones of the upper Dewey Lake Formation. Three boreholes (C-2505, C-25086,
and C-2507) were drilled and selectively cored and completed as wells to determine
the stratigraphic horizons producing fluid, to evaluate hydrologic parameters of
saturated horizons, and possibly to de-water the shaft area. Slug and pump test data
indicate hydraulic conductivity values range from 5.48x10°to 1.56x10® m/sec, with
storativity values from 1.11x102to 9.38x10°. Well C-2506 has an estimated 24-hour
maximum sustainable pumping rate of about 0.5 gallons/minute (gpm). Water-level
measurements from the three wells indicate a hydraulic gradient of about 28 ft/100 ft at
S 20° W. Two other boreholes, ES-001 and ES-002, were drilled to depths of 54 feet
and 19 feet, respectively, to investigate the nature of the Mescalero caliche. In four
boreholes (C-2505, C-2506, C-2507, and ES-001), fluid samples were collected and
the water-quality analyzed to identify trends and possible fluid sources into the Exhaust
Shaft. Water-quality analysis of fluid samples indicates total dissolved solids ranging
from a high of 11,500 milligrams/liter (mg/l) in C-2506 and 8,550 mg/l in C-2505 near
the Exhaust Shaft to 4,510 mg/l in ES-001 and 4,000 mg/l in C-2507 moving to the
south. In addition, reported trace-metal concentrations, including lead, are well below
New Mexico Water-Quality Control Commission Standards, except for several selenium

results.
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3.2.3 Borehole C-2507

Borehole C-2507 was drilled on October 1, 1996 and completed to a total depth of 72
feet bgs using a hollow-stem auger and a rotary-cone reaming bit on October 2. Core
samples were collected during drilling from 39 to 63 feet bgs and these samples were
used to describe the geologic materials in the formations encountered (Appendix D) .
Core-sample recovery averaged 95%. C-2507 was reamed to a diameter of
approximately 8 inches from ground surface to 72 feet bgs in order to set a 4-inch PVC

casing and well screen.

A saturated formation was encountered in interbedded grey sandstone, siltstone, and
mudstone to claystone of the upper Dewey Lake Formation during the recovery of the
core samples from 49.0 to 54.0 feet bgs on October 1. On the morning of October 2, a
water-sample was collected from C-2507 using a disposable bailer. The sample was
sent to the laboratory for analysis (Appendix C). Field analysis indicated that the
specific conductivity of the water recovered from C-2507 was 5,050 umhos/cm @25°C
(Table 3.1). Before reaming C-2507, the water level was 42.55 feet bgs on the morning

of October 2.
3.2.4 Borehole ES-001

Borehole ES-001 was drilled on October 2, 1996 to a total depth of 54 feet bgs using a
hollow-stem auger. ES-001 is located approximately 100 feet south of the Exhaust
Shaft and was drilled to confirm the stratigraphic information from C-2505, C-2506, and
C-2507 and, if possible, to obtain a water sample. Core samples were not collected
during drilling. Observations of the drill cuttings indicated that the thickness of the
Mescalero caliche was approximately one foot.

A saturated formation was encountered during drilling from 49.0 to 54.0 feet bgs on
October 2. On the morning of October 3, a water-sample from ES-001 was collected
using a disposable bailer. The sample was sent to the laboratory for analysis
(Appendix C). Field analysis indicated that the specific conductivity of the water
recovered from ES-001 was 5,890 umhos/cm @25°C (Table 3.1). Before water
sampling ES-001, the water level was 43.14 feet bgs. After water-ievel measurements
and sampling, ES-001 was backfilled to land surface with drill cuttings and bentonite

gel.
3.2.5 Borehole ES-002

Borehole ES-002 was drilled on October 3, 1996 to a total depth of 19 feet bgs using a
hollow-stem auger and split-spoon sampler. ES-002 is located approximately 75 feet
southeast of the Exhaust Shaft and was drilled to investigate the Mescalero caliche.
Soil samples were collected with a split-spoon sampler at selected intervals during
drilling. These samples indicated that the Mescalero caliche in ES-002 was
encountered between 11 and 14 feet bgs. After sampling, ES-002 was backfilled to
land surface with drill cuttings and bentonite gel.
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3.3 Well Completions -
Boreholes C-2505, C-2506, and C-2507 were completed as wells to monitor water
levels and to allow hydraulic testing of the water-saturated zones. The wells were
cased with a 4-inch I.D. PVC casing with a 0.010-inch slotted screen placed across the™,
water-saturated horizons. The screened intervals were from 45.0 to 65.0 feet bgs in
C-2505 and C-2506, and from 44.0 to 68.73 feet bgs in C-2507. -
o
The annulus of each screened interval was filled with 16-30 silica sand. Three linear ™
feet of bentonite pellets were placed above this sand pack to serve as a seal. The
remainder of the annular space between the casing and the borehole wall was filled
with Portiand cement. All wells have a surface completion consisting of a 3-foot by 3-
foot concrete pad and a locking, rectangular, steel welihead to protect the PVC casingm

Figures 3.1, 3.2, and 3.3 are diagrams of the well completions. -
4.0 HYDRAULIC TESTING =
-

Wells C-2505, C-2506, and C-2507 were developed by repeated bailing after
completion. All wells appeared to recover quickly following the bailing-induced -
drawdown. The weils produced muddy sediment during bailing, indicating the need towd
remove the drilling-related fine material in the wellbore. Following development, the
wells were hydraulically tested to develop estimates of the hydraulic properties of the M
water-saturated horizons. All three wells were tested using slug-injection techniques
and a step-drawdown pumping test was conducted in C-2506.

-
i

4.1 Water-Level Observations

Water levels have been measured in wells C-2505, C-2506, and C-2507 and borehol M«
ES-001. All boreholes appear to have encountered water at the same elevations in
beds ranging over a short interval from the lower Gatufia through the Santa Rosa anGm
the upper Dewey Lake. Figure 4.1 summarizes the water levels observed in these _;
wells. Preliminary analysis of the data indicate that the piezometric surface

represented by these data has a gradient of approximately 28 ft/100 ft at S 20° W.
Further monitoring of these water levels will be performed to determine if this -
preliminary estimate is indicative of actual conditions.

]
4.2 Slug Testing -

Slug-injection tests were performed in wells C-2505, C-2506, and C-2507. The tests ™
were conducted by installing a test tool consisting of an inflatable packer with an -
access port valve (APV), supported by standard 1-1/4-inch black pipe. For testing, the
packer was inflated so as to isolate the screened interval and the APV was closed to 1
the tubing above the packer with the injection fluid. Pressure transducers were .
installed to monitor the fluid pressures in the test interval and the annulus above the
packer.

N B
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Testing consisted of installing the test tool and inflating the packer. Once the packer
inflation stabilized, the APV was closed and the tubing above the packer was filled with
fresh water. Before starting a test, the fluid pressures in the isolated test interval and in
the annulus were monitored until they were stable. A test was started by opening the
APV allowing the formation to instantaneously be put under a pressure increase and
then allow the water in the tubing to flow into the formation. The fluid pressures were

monitored through each testing sequence.

Two slug-injection tests, approximately 4.5 gallons in volume each, were conducted in
each of the observation wells, i.e. C-2505, C-2506, and C-2507 between October 1-3,
1996. Figures 4.2, 4.3, and 4.4 are Cartesian plots of the testing sequences. All siug
injections were absorbed within approximately 10 minutes. Evaluation of the data
indicates that these tests were dominated by wellbore storage, indicating that the
applied slug-injection pressures were not great enough to fully stimulate the formations.
Because of the limited available head above the water level and the apparently limited
thickness (~15 feet) of the water-saturated zones, the relevance of slug testing is

limited in these wells.

Interpretations of the slug-injection tests in wells C-2505, C-2506, and C-2507 are
probably not reflective of the true formation hydraulic characteristics because the tests
did not have sufficient head difference and were not long enough to adequately stress
the formations. These tests do indicate, however, that the wells do respond to applied
pressures in a relatively rapid manner and may have sufficient transmissivity to sustain
some level of pumping, at least as long as necessary to conduct a test to estimate the
order of magnitude of the formation’s transmissivity.

4.3 Step Drawdown Test

A step-drawdown test was conducted in well C-2506 on October 17, 1996. To conduct
this test a ¥2-horsepower, electric-submersible pump was installed in C-2506 along with
pressure transducers to observe the fluid pressure in C-2506. Pressure transducers
were also installed in wells C-2505 and C-2507 before and during the pumping and
recovery periods. After observing the quantities removed during the bailing of C-2506
and the recovery both to the bailing and the slug-injection tests, pumping rates from
0.25 to 1.0 gallons per minute (gpm) appeared to be appropriate for the step-drawdown

testing.

The step-drawdown test in C-2506 consisted of three two-hour, consecutive pumping
periods followed by a single recovery period after all pumping was complete. The
pumping rates used were approximately 0.28 gpm, 0.60 gpm, and 0.78 gpm. The
pumping rate was somewhat unstable during the first pumping period and, for the first
two thirds of the two-hour step, the discharge water was turbid and contained enough
sediment to impair the operation of the in-line totalizing flow meter. After the water
became clear, the pumping rate stabilized for the remainder of the first step, and the
pumping rates were very stable during steps 2 and 3. These observations indicate that
during the early part of the test, well C-2506 was undergoing additional development.
Figure 4.5 is a linear-linear plot of the pressure response versus time in pumping well

13
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C-2506 and observation wells C-2505 and C-2507, while Figure 4.6 is a piot of the
pumping rate data versus time during the step-drawdown pumping test. Figures 4. 7!!
through 4.9 are simulations of test data representing the best-fit values of transmissiit
and storativity for the pumping well C-2506 and observation wells C-2505 and C-2507
for the step-drawdown pumping test. -

u
Evaluation of the step-drawdown test indicate: -
. Approximately 200 gallons of water were removed from C-2506 during the tes‘!',“
. All three observation wells, C-2505, C-2506, and C-2507, responded to the test
. The C-2506 fluid-pressure responses for each pumping period indicate that th

test influence moved beyond wellbore storage and affected the formation;
. The drawdown cone encountered a no-flow boundary toward the end of the thgf
step-pumping period, "
. Test data indicate a hydraulic conductuvnty range of 5.48x10°to 1.56x10° m/sec
and a storativity range of 1.11x10?to 9.38x107 -
. The water-bearing horizons behave as an unconfined system w
5.0 WATER-QUALITY SAMPLING AND ANALYSIS -
-

Water samples were collected with a disposable bailer for laboratory analysis from
wells C-2505, C-2506, and C-2507 and borehole ES-001. The muddy water was flem

filtered while other samples were decanted after allowing the sediment to settle befol
sending them to the laboratory. The water samples were sent for geochemical analysis
to the Grand Junction Projects Office Analytical Laboratory in Grand Junction, -

Colorado. Total dissolved solids (TDS) ranged from 11,500 mg/L (C-2506) east of th-%

Exhaust Shaft, decreasing to 4000 mg/L (C-2507) to the south. Higher TDS values are
linked to an increase in chloride and sodium concentrations. Decreases in the TDS ﬂ

values to the south appear related to mixing with a secondary source, possible -

recharge zone(s) (i.e. ponds located near ERDA-9) as identified in the geophysical
survey report found in Appendix B. A report on the sampling and the results of the
analysis are contained in Appendix C.

E 3 (.1

6.0 GEOLOGIC DESCRIPTIONS OF CORE-SAMPLES

Core samples were collected from wells C-2505, C-2506, and C-2507. The samples”
were collected with a hollow-stem auger or an air-rotary string. The samples were u
recovered with a triple-tube sampling apparatus. Core recovery was, in general, very
good with recovery percentages greater than 90% for most cored intervals. Relatlvelm
thin Pleistocene Mescalero caliche (up to about 3 feet) was encountered below sevewh
feet of surface fill and dune sand. Underlying the Mescalero is about 36 feet of partly
calcified Miocene-Pleistocene Gatufia Formation. Below the Gatuiia is approximate™ {
to 8 feet of Triassic Santa Rosa Formation Each of the drillholes encountered the
Dewey Lake Formation between 48 and 54 feet below the surface and reached total
depth in the upper part of the unit. Core inspection indicates a very moist zone in the’™
lower Santa Rosa and upper Dewey Lake Formations. A detailed report is included % |
Appendix D.

18 -
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7.0 DISCUSSION

The data obtained from the installation, sampling, and testing associated with welis
C-2505, C-2506, and C-2507 indicate that a water-saturated horizon is present in the
lower Santa Rosa/upper Dewey Lake Formations in the depth range where water is
leaking into the Exhaust Shaft (50 to 80 feet bgs). These data indicate that the wells
nearest the Exhaust Shaft are capable of sustaining water production in the range of

0.3 to 0.6 gpm for a 24-hour period or longer.

Initial hydraulic gradient indicates that water flows from north to south, but data are
limited to three wells that are located south and east of the Exhaust Shaft. In order to
have a more complete understanding of the hydraulic gradient, data are needed west
and north of the Exhaust Shaft to establish whether or not the gradient is a site-wide
trend or a local condition. The water level in C-2507 (Figure 4.1), associated with the
finer-grained rocks of the Dewey Lake may show a slower response time as compared
to the other wells. It is also possible that C-2507 could have intercepted a
discontinuous permeable zone which is serving as a drain for the water-saturated zone
corresponding to similar stratigraphic horizons in wells C-2505 and C-2506.

The geochemical water-quality data indicate that the water in the lower Santa Rosa and
the upper Dewey Lake Formations has a higher concentration of dissolved-solids near
the south and east side of the Exhaust Shaft than that found in the same stratigraphic
horizon 200 feet to the south. Coupled with the hydraulic gradient information, this may
indicate that water near the shaft is being diluted by fresher water to the south (a
secondary source). This would be consistent with the geophysical survey report which
identified several high conductivity areas south of the Exhaust Shaft near ERDA-S. At
the same time, because of a lack of information from the north, west and far east, these
data are inconclusive regarding the source(s) of the groundwater in the lower Santa
Rosa/upper Dewey Lake Formations. In addition, analysis of the samples indicates that
the concentrations of lead in the samples collected from boreholes C-2505, C-2506,
C-2507, and ES-001 are below NMGWCC standards and are not an apparent source of
the lead found in previous samples collected near the base of the Exhaust Shaft.

The geophysical survey report identifies five high conductivity anomalies. Three
anomalies are located south of the Exhaust Shaft lying on a line trending in an east-
west direction near ERDA-S. These anomalies may be associated with surface water
retention ponds, a drilling mud pit, and topographic low areas where recharge may
occur during significant rainfall events. The two other anomalies which extend in a
north-south direction between surface-water diversion berms are located in the Off-Site
East (OSE) area as described in Appendix B. EM-34 surveys were conducted in the
OSE area to establish background data free of any influence from metallic surface
structures and are not considered conclusive data in defining changes in conductivity in
the near surface. Further investigation could determine whether or not recharge is
occurring from the east as a result of the salt pile and/or topographic low relief as
determined from maps of the area prior to site construction associated with the OSE

area.
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A long-term pumping test, 1-to-7 days in length, or longer, would help to determine if

- wells C-2505 and C-2506 are sufficient as a dewatering mechanism, or if additional ™
wells may be required to stop seepage through the shaft liner. A long-term pumping

test would also indicate if dewatering would be an effective long-term solution. [f

significant dewatering occurs during testing, noted by head values not returning to preﬁ

pumping test conditions, then the water-bearing unit may be limited in areal extent. oH

the other hand, if head values do return to near pre-pumping test conditions, then the

areal extent of the water-bearing horizon may be large enough to warrant further :
hydrologic investigations.
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B.1.0 Introduction

IT Corporation (IT) conducted a surface geophysical investigation at the Waste Isolation Pilot
Plant (WIPP) near Carlsbad. New Mexico as part of a hydrological assessment of the exhaust
shaft from August 21, through September 5, 1996. The investigation included three geophysical
survey areas covering a total surface area of approximately 41,100 square meters (approximately
442 872 square feet; 10.2 acres). A detailed survey was conducted near the WIPP exhaust shaft,
and two reconnaissance surveys were conducted at nearby off site locations. A site map showing

the geophysical survey areas is presented as Figure 1.

The objectives of the WIPP geophysical surveys were to:

e Identify and map conductive zones related to water leaks in the exhaust shaft that
occur at approximately 50 and 75 feet (ft) [approximately 15.3 and 22.9 meters (m)]

below ground surface (bgs)

e Identify and map conductive zones around pipeline trenches in the vicinity of the
exhaust shaft possibly related to leaking pipes and/or an accumulation of water

e Conduct a utility clearance survey in an approximate 50-ft (approximate 15.3-m)

radius of the exhaust shaft in support of planned drilling activities.

To accomplish the objectives, integrated surface geophysical surveys were conducted using
frequency- and time-domain electromagnetic (EM) methods for mapping subsurface conductive
zones, and ground penetrating radar (GPR) and utility locator methods to map subsurface utilities
in the WIPP exhaust shaft area. The frequency-domain EM (FDEM) data were mapped and
color-enhanced to facilitate recognition of subtle anomalies and are presented as plan-view
contour maps. Time-domain EM (TDEM) data were processed and modeled using geophysical
inversion techniques and are presented as individual soundings. Site conditions including the
geologic setting and surface conditions at each survey area are discussed in Section 2.0. Field
procedures used during the investigation are described in Section 3.0. The data processing
methods used and interpretation of the geophysical data are presented in Section 4.0.
Conclusions and recommendations derived from the geophysical survey are presented in Section
5.0. Attachment A contains color-enhanced contour maps of FDEM data; Attachment B contains
IT Corporation
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TDEM sounding data from the exhaust shaft survey area; Attachment C contains TDEM
sounding data from the off site south survey area; Attachment D contains a theoretical

background discussion of the geophysical techniques used in this investigation.
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B.2.0 Site Conditions

The following sections describe geologic information that was used to determine the appropriate
geophysical techniques and survey design parameters for the investigation, and surface conditions

encountered near the exhaust shaft.

B.2.1 Geologic Setting
The shallow (surface to 100 ft [30.5 m] bgs) geology in the area of the WIPP exhaust shaft consists

of Quaternary, Triassic, and Permian units, as summarized in ERDA-9 (Sandia National Labor-
atories [SNL], 1983) south of the exhaust shaft, and the air intake (Holt and Powers, 1990). Both
reports indicate a geologic section that consists primarily of calcareous quartz sands, silts, and
muds. The ERDA-9 report indicates Holocene deposits of eolian sands with some artificial fill
comprise the upper 22 ft (6.7 m) of the subsurface. This sequence is underlain by the 5-ft (1.5-m)
thick Pleistocene Mescalero Caliche which is a white chalky limestone with quartz grains. Under-
lying the Mescalero, from 27 to 54 ft (8.2 to 16.5 m) bgs, is th/e Pleistocene Gatuna Formation
which consists of very fine- to fine-grained calcareous sandstone. From 54 to 63 ft (16.5 to 19.2 m)
bgs is the medium- to coarse-grained Triassic Santa Rosa Sandstone. The Permian Dewey Lake
Red Beds occur from 63 to 550 ft (19.2 to 167.7 m) bgs and consist of dolomitic siltstone and

mudstone (SNL, 1983).

B.2.2 Surface Conditions
The approximately 5,100-square-meter (approximately 54,930-square-foot; 1.3-acre) exhaust shaft

(ES) site contains abundant subsurface utilities (from review of available utility and geophysical
utility clearance work) and surface cultural features (e.g., metallic structures and ventilation ducts,
railroad tracks, chain-link fences, and a TRU-PAC container). The surface of the ES site is
generally flat consisting of fine- to coarse-grained sand and silt with little vegetation. The geo-
physical survey location map for the ES site (Figure 2) shows the detailed survey grid where
FDEM surveys were conducted, and the locations of the ES area TDEM soundings.

A geophysical survey location map for the approximately 25,200-square-meter (approximately
271,466-square-foot; 6.2-acre) off site south (OSS) geophysical survey area is presented as Figure
3. This map also shows the locations where reconnaissance FDEM surveys and several TDEM
soundings were conducted. The surface of the OSS area ranges from generally flat terrain with

little or no vegetation from the east (Figure 3) to thick scrub with abundant mounds and holes in the
IT Corporation
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western portion of the site. With the exception of the WIPP boundary fence and several steel
culverts leading to the surface-water retention ponds, the OSS area was free from surface cultural 1

interference.

-
The approximately 10,800-square-meter (approximately 116,476-square-foot; 2.7-acre) off site eas‘htd
(OSE) geophysical survey area, which includes the location where a reconnaissance FDEM surveym
was conducted, is shown on the Figure 1. The surface of the OSE area ranged from generally flat U
terrain with thick scrub in the north and south portions of the site to steep topography with some gy
vegetation in the central portion of the site representative of a large stockpile of drill cuttings. Wltu
the exception of a north trending subsurface utility located just west of the OSE area, an east
trending subsurface utility thought to cross through the south portion of the site, and east trending bl
overhead electric lines that cross the northern portion of the site, the OSE area was free from

surface cultural interference.
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B.3.0 Field Procedures

This section describes the field procedures and instruments used to conduct the geophysical invest-
gaion. including survey control, data acquisition and field instrument quality assurance (QA) proc-

dures, and utility clearance procedures.

B.3.1 Survey Control
Survey control at the ES site was accomplished by using metric tapes and marking a detailed 5-

by 5-m geophysical survey grid with paint. The locations of the survey grid points are shown in
the ES site geophysical survey location map (Figure 2). Several large metallic boxcars were
temporarily moved to another location. A chain-link fence between the exhaust shaft and the
railroad tracks was removed for the survey. Obvious surface cultural features that could potent-
ially affect the geophysical data (e.g., surface metallic objects, fences, etc.) were identified in the
field and accurately plotted on a site map. Following the investigation, the X,Y coordinates
(easting, northing) of each grid point were surveyéd by the Garwin Group Ltd., and referenced to
permanent site features and the Modified State Plane NAD-27, New Mexico East Zone Coord-

inate System, using the CONUS Datum.

Survey control at the reconnaissance OSS and OSE areas was accomplished by marking 15-m
spaced survey lines and 60-m downline stations with wooden stakes. Following the investiga-
tion. corner stakes at the OSS area and all corner/downline station stakes at the OSE area were
surveyed by the Garwin Group Ltd. The surveyed points were referenced to permanent site -
features and the Modified State Plane NAD-27, New Mexico East Zone Coordinate System,
using the CONUS Datum. Interior geophysical survey grid points shown on site maps for the
OSS and OSE reconnaissance areas were interpolated from civil survey coordinate data.

B.3.2 Geophysical Survey
The following sections describe the field procedures and instruments used to conduct the

investigation.

B.3.2.1 Electromagnetic (EM) Investigations
FDEM surveys and TDEM soundings were conducted to map subsurface conductivity variations,

either directly, by attempting to distinguish conductive anomalies caused by an accumulation of
water at depth, or indirectly, by mapping variations in stratigraphy which may influence or
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determine migration pathways or cause perching or ponding of water. Additionally, the FDEM

surveys were conducted to provide site screening for buried cultural features (e.g., subsurface H
utilities, buried metallic debris) that would likely interfere with accurate interpretation of TDEM"i
data. The TDEM survey was designed to collect data representing the upper 30 m (98.4 ft) of HJ

subsurface.

B.3.2.1.1 Frequency-Domain Electromagnetic (FDEM) Surveys

EM equipment used to conduct the FDEM surveys consisted of Geonics EM-31 and EM-34-
3XL terrain conductivity meters, each coupled to an Omnidata DL-720 digital data logger. A
detailed description of the equipment and a theoretical discussion of the FDEM method,

including depth of exploration for the various system configurations, are presented in Section
D.1.0 of Attachment D in Appendix B.

Prior to conducting the FDEM surveys, field instrument base stations were established at fixed
locations free of cultural interference (e.g., surface or subsurface metallic debris, fences, powerﬂ
lines). The EM-31 and EM-34 were calibrated at the base station in accordance with the manu-
facturer’s specifications for each instrument. After calibration, 20 instrument readings of con- -
ductivity (and in-phase component for the EM-31) were recorded in the digital data logger at thu
base station prior to each data collection session and periodically throughout the day. These daj
were collected to provide a quantitative record of instrument drift during the survey period. hﬁ
Analysis of EM-31 and EM-34 base station data indicate the instruments were operating proper, F{

for the duration of the investigation. ol

Following base station calibration, EM-31 quadrature-phase (conductivity) and in-phase com- :
ponent EM-31 data were collected at 2-m (6.6-ft) intervals along N-S survey lines spaced 5 m

(16.4 ft) apart across at the ES site to obtain adequate data density for mapping lateral variation™
in near-surface conductivity and for providing site-screening information. The data were store(y

in the digital data logger programmed with appropriate line and station numbers. The ES site ™

EM-31 survey was repeated in the E-W direction north of the 50N local geophysical survey %
coordinate line to aid in interpreting subsurface utilities at the site. -~
o
%

EM-34 surveys were conducted across the ES, OSS, and OSE area grids. EM-34 data (conduch
ivity only) were collected in both the horizontal and vertical dipole configurations. The data
were collected using the 10- and 20-m (32.8- and 65.6-ft) transmitter to receiver coil separations

i
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at the ES and the OSS (20-m only at OSE) to determine how subsurface conductivity varied with
depth. The EM-34, 10-m (32.8-ft) coil separation data were collected at 5-m (16.4 ft) intervals
along N-S survey lines spaced 5 m (16.4 ft) apart at the ES site, and at 20-m (65.6-ft) intervals
along E-W survey lines spaced 15 m (49.2 ft) apart at the OSS area .

The EM-34, 20-m (65.6-ft) coil separation data were collected at 10-m (32.8 ft) intervals along
N-S survey lines spaced 10 m (32.8 ft) apart at the ES site, at 20-m (65.6-ft) intervals along E-W
survey lines spaced 15 m (49.2 ft) apart at the OSS area, and at 20-m (65.6-ft) intervals along N-
S survey lines spaced 15 m (49.2 ft) apart at the OSE area.

The EM-34 40-m (131.2-ft) coil configuration was not used at the ES site because the site was
small and evaluation of the 20-m (65.6-ft) data contained no valuable information on subsurface
conditions due to the abundant surface metal. The compressed schedule precluded conducting
EM-34 surveys at OSS using the 40-m (13 1.2-ft) intercoil separation or at OSE using the 10- or
40-m (32.8- or 131.2-ft) intercoil separation configurations. It should also be noted that the OSS
and OSE surveys were conducted to gather reconnaissance data to aid in interpretation of ES site

data. Due to time constraints, the OSS and OSE survey areas were designed to be much smaller

than usual reconnaissance survey grids.

Following each survey session, TDEM field data were downloaded to a personal computer and

backed up daily on 3.5-inch floppy disks. All field data are archived in project files.

B.3.2.1.2 Time-Domain Electromagnetic (TDEM) Soundings

TDEM souiudings were conducted using a Geonics EM-47 time-domain EM system. Data were
collected at 285, 75, and 30 hertz (Hz), each containing 20 time gates in which transient voltages
were measured and stored in the internal memory of the unit. A detailed description of the
equipment and a theretical discussion of the TDEM method, including depth of exploration for

the various system configurations, are presented in Section D.2.0 of Attachment D in Appendix

B.

Prior to collecting TDEM sounding data, the field instrument base station established for the ES
site (local geophysical survey coordinates SOE, 20N [Figure 2]) was occupied to calibrate the
system and establish data collection parameters. Since the field instrument base station used for
FDEM system checks at the OSS area (local geophysical survey coordinates 35E, ON [Figure 3])
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proved to difficult in consistently laying out the TDEM transmitter loop due to vegetation, an
OSS area TDEM base station was established at local geophysical survey coordinates 35E, 3ON“

EM-47 system checks and calibration testing was conducted at each base station in accordance J
with the manufacturer’s specifications for the instrument. System frequency tests, ambient noise
tests, and system stacking tests were conducted to determine optimum data collection parametexﬂ
for site conditions in each area. These tests were recorded and evaluated prior to choosing data "
acquisition parameters. An offset-receiver loop sounding geometry consisting of a 5- by 5-m
(16.4- by 16.4-ft) transmitter loop separated from the receiver loop by 10 m (32.8 ft), and an -
input current of 3.0 Amps was used for the investigation. Analysis of daily TDEM base station g,
data indicate the instrument was operating properly (i.e., base station data were repeatable) for u
the duration of the investigation.
™
As shown in Figure 2, TDEM sounding data were collected at 36 locations across the established

ES survey area and 7 locations off site and east of the ES survey area, just west of the OSE area’

Eighteen TDEM soundings were conducted within the OSS area (Figure 3). TDEM sounding
locations at the ES site were chosen in the field to provide the most information for evaluating gn

|
1

-

subsurface conductivity near the exhaust shaft. The sounding locations were chosen, where
possible, to avoid subsurface utilities and nearby surface metal. As shown on the ES site
location map, several TDEM soundings were acquired away from the exhaust shaft. These wern

acquired to gain an understanding of background conductivity response to aid in interpreting -
anomalies seen in site-wide and individual sounding data, and to provide a possible tie betweenis
the water leaks in the exhaust shaft and recharge areas east of a large surface-water diversion -
berm. Likewise, TDEM soundings were collected at the OSS area (Figure 3) to provide -
background conductivity data and to determine the possibility of a hydraulic link between the

water leaks in the exhaust shaft and two large surface-water retention ponds to the south and

southwest of the ES site.

Following each survey session, TDEM field data were downloaded to a personal computer and"

backed up daily on 3.5-inch floppy disks. All field data are archived in project files. -~
o
B.3.2.2 Utility Clearance Survey ' -

The geophysical utility clearance survey was conducted within an approximately 50-ft (approx-ill
imately 15.3-m) radius of the exhaust shaft in support of planned drilling activities. The SUIVE Yy
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was conducted using a Metrotech 9860 EM utility locator and a Geophysical Survey Systems
Inc. (GSSI) SIR-2P system coupled to 200- and 400-megahertz (MHz) antennas. The 400-Mhz
GPR antenna allows for a greater depth of penetration at the expense of resolution. The GSSI
antennas are shielded which allows for data collection near structures and metallic objects
without significant signal degradation. GPR survey data was collected with each antenna along
perpendicular lines spaced 5 m (16.4 ft) apart across the area shown in the utility clearance map
(Figure 4). GPR data were recorded semicontinuously at 24 scans per second as the antenna was
hand towed across the survey lines. Data were viewed in real-time on the GPR system color
monitor and printed in real time with a DPU-5400 high-resolution thermal gray-scale printer.
Utility lines shown on the utility clearance map (Figure 4) were derived from combining the
results of the EM utility locator and GPR surveys and/or from available WIPP utility maps

provided.
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B.4.0 Data Processing and Interpretation _
This section describes the data processing techniques used and the interpreted results of the
investigation. :

B.4.1 Frequency-Domain EM Data Processing
Contour maps of FDEM data (both EM-31 and EM-34) were generated using the GEOSOFT7®
geophysical mapping system. The maps were color-enhanced to aid in interpretation of subtle

anomalies. The color-contour maps are included as Figures A-1 through A-14 in Attachment Al

Prior to map generation, EM-31 and EM-34 data processing included screening the ASCII-

format data files so that line and station ranges and overall data quality could be assessed. The .

data file names, including corresponding base station data files, were recorded on the data file

tracking form. The base station data were reviewed and the quantitative instrument response for

each file was recorded on the base station summary form. Following data quality assessment,

geometry corrections to field data files were made, if necessary, using a text editor.

£

After final corrections were made to the FDEM data, files containing station coordinates (X,Y)
and the geophysical measurement (Z) were converted to GEOSOFT7 format. The data files wei®
then gridded, optionally filtered, or otherwise processed and color-contoured. The names of the

(& |

files generated and processing parameters used were recorded on data processing forms. All
completed forms and computer printouts of EM-31 and EM-34 data collected during the invest-

£

igation are retained in project files. -
»

B.4.2 Time-Domain EM Data Processing

TDEM sounding data were reviewed and screened immediately following data collection to :

verify field data quality. Data were edited and modeled using Interpex TEMIX-XL® forward and
inverse one dimensional (1-D) modeling software. The 1-D processing allowed for an estimate :1
of conductivity variations with depth based on measured voltages at the various time gates. The

voltages were then converted to apparent resistivity (inverse of apparent conductivity) values an,M
unconstrained-depth, smooth model ridge-regression inversions were conducted on each -
sounding data set to evaluate the mathematical solution to the data. Sounding data were then :
constrained by a reasonable depth and the smooth model inversion was run again to more |

accurately define the geoelectric section representing the data. The smooth model inversion

£
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results for all soundings were then evaluated and compared with reasonable values for known
geology in the area to obtain a depth versus resistivity model (forward model). The forward
model parameters were then used to calculate a synthetic 1-D response which was compared with
actual collected data. The error in fit of the forward model was evaluated and adjusted in an

iterative process until an acceptable model was obtained. The forward model was then inverted

to generate a layered model ridge-regression solution.

The results of the forward modeling were generated showing both the input resistivity model and
the resultant forward model synthetic response. The layered inversion models were evaluated for
uniqueness to determine the range of solutions that would generate the same inversion response
as that seen in the inverted 1-D soundings. The final processed TDEM data (layered model
inversion and/or smooth model inversion) were generated as individual soundings. The names
of the files generated and processing parameters used were recorded on data processing forms.
All completed forms and computer printouts of EM-47 data collected during the investigation are

retained in project files.

B.4.3 Interpretation
Color-enhanced contour maps of EM-31 and EM-34 survey data representing the ES site invest-

igation are presented in Attachment A as Figures A-1 through A-8; EM-34 survey data represent-
ing the OSS area investigation are presented as Figures A-9 through A-12; EM-34 survey data
representing the OSE area investigation are presented as Figures A-13 and A-14 in Attachment
A. TDEM sounding data representing the ES site are presented as Figures B-1 through B-32;
TDEM sounding data representing the OSS area are presented as Figures C-1 through C-12 in
Attachment C. The interpreted results of ES site TDEM sounding data combined with FDEM
data is shown on the ES site geophysical interpretation map (Figure 5).

In general, FDEM survey data representing the three sites was most useful in determining lateral
variations of subsurface conductivity (profiling), although limited interpretations of conductivity
variations with depth (sounding) were also made. The TDEM sounding data provided for an
interpretation of estimated depth to a conductive layer at the ES site (Figure 5) and at the OSS
area. The EM-31 survey conducted near the exhaust shaft to identify and map conductive zones in

pipeline trenches (potentially representing an/ accumulation of water) were unsuccessful due to

abundant noise introduced by surface metallic features and buried utilities in the area. The utility
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clearance portion of the investigation was successful (Figure 4).

£ 2

B.4.3.1 Exhaust Shaft (ES) Site
As shown in FDEM contour maps for the ES site (Figures A-1 through A-8 in Attachment A), ﬂ

significant degradation in FDEM data quality resulted from the presence of abundant surface
metallic objects and subsurface utilities in the immediate area of the surveys. Metallic structurem
included within or along the perimeter of this very small site included several exhaust shaft strud

tures, aboveground ventilation ducts, electrical substations, railroad tracks, and chain-link fence:

The results of geophysical utility clearance work (Figure 4) best indicate the abundant subsurfacy

utilities encountered in the ES survey area.

The FDEM data were most useful in determining the ambient noise level introduced by surface
culture which helped in choosing TDEM sounding locations. The FDEM data contained little

valuable information regarding interpretation of vertical variations of conductivity.

i
e

Anomaly A-1, located in the southeast portion of the site, occurs in the EM-31 conductivity data
collected along N-S lines (Figure A-1) and EM-34, 10-m (32.8-ft) horizontal and vertical dipoles
data (Figures A-5 and A-6) as a small area of increased conductivity. Anomaly A-1 correspond
with an elevated mound of sand and gravel at the surface and the anomaly is thought to be causqg
either by highly-conductive materials comprising the surface mound or by the northward exten-'
sion of anomaly A-3 (OSS area) discussed below. Other than anomaly A-1, no ES site conduct-

1vity anomalies due to subsurface features are evident in the ES site FDEM data.

TDEM data collected at the ES site (Figures B-1 though B-32 in Attachment B) were most usef, |
in determining the depth to conductive features in the 50 to 75 ft (15.3 to 22.9 m) bgs range,

which was the primary objective of this investigation. Of the 36 TDEM soundings collected at [}
the ES site, 16 are presented as both smooth model and layer model inversions. Emphasis was ‘
placed on the layer model inversion results in estimating the depth to a conductive layer at the %M

site (Figure 5) since the model results incorporate reasonable geologic information for the site.

Initially, each TDEM sounding was evaluated following a smooth model ridge-regression invexu
sion with no depth constraint. Most of the sounding data showed little useful information -
beyond 25 to 30 m (82.0 to 98.4 ft). Starting and ending depth constraints were then chosen,

based on the specific sounding. In general, 3 m (9.8 ft) was used as the near-surface depth
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constraint and 30 m (98.4 ft) was used for the ending depth. Due to the highly conductive nature
of the subsurface in the area of the exhaust shaft, 25 to 30 m (82.0 to 98.4 ft) was approximately
the maximum depth of exploration. TDEM soundings conducted at a distance greater than
approximately 50 m (164.0 ft) from the exhaust shaft generally had a greater depth of exploration
as indicated by the smooth model and layer model inversion results. Indeed, soundings
conducted at the OSS area showed exploration depths generally exceeding 50 m (164.0 ft). The
observed increase in exploration depth is thought to be due to more resistive near-surface
geology. Since this type of change in data character is unusual over a small distance
(approximately 150 m [492.0 ft] separates the ES and OSS sites), the near-surface (10 to 25 m)

conductivity in the ES site data appears quite anomalous relative to the OSS area data which

represents background conditions.

The TDEM data indicate a conductive layer occurs an approximate depth of 15 to 20 m (49.2 to
65.6 ft) in the area south and east of the exhaust shaft. The conductive feature may trend east-
southeast in the immediate vicinity of the shaft and off site toward the OSE area, though a more
detailed investig:dtion beyond the reconnaissance survey conducted at the OSE area would be
required to confirm this. In general, TDEM data collected within 10 m of the exhaust shaft (and
other large surface metallic features) were noisy and difficult to interpret. Most of the soundings
conducted in the immediate vicinity of the shaft showed significant noise in the early time gate
data similar to that seen in soundings 45E,80N through 55E,80N (Figures B-4 through B-9).
Near-surface resistivity (inverse of conductivity) values seen in the TDEM sounding data near
the shaft had an average of approximately 1.0 ohm-m as compared with average background
values of 10 ohm-m at distances greater than approximately 10 m (32.8 ft) or more away from

the shaft. This elevated conductivity response generally corresponds with noisy early gate data

caused by surface metal in the area.

Three of the seven TDEM soundings conducted east of the ES site along the N-S trending gravel
road west of the OSE area (Figure 2) also contained noisy data. Review of a site utility map
provided to IT following the investigation indicates a subsurface utility(s) is located under the
gravel road, which turns toward the east at approximate local geophysical survey coordinates
90E,90N. Two high-quality TDEM soundings collected south of the utility (Figures B-28
through B-32) were used in estimating depth to the conductive layer shown in the geophysical

interpretation map (Figure 5).
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B.4.3.2 Off Site South (OSS) Area ,
As shown in FDEM contour maps for the OSS area (Figures A-9 through A-12 in Attachment

A), steel culverts and associated reinforced concrete pads in the area of the surface-water reten-

tion ponds and a chain-link fence were the only surface features that degraded FDEM data
quality.

£33 £1 1

Anomaly A-2, located in the western portion of the site, occurs in the EM-34 (10- and 20-m
[32.8- and 65.6-ft]) horizontal and vertical dipole data (Figures A-9 through and A-12) as a broagy
area of increased conductivity. The anomaly is located south and west of the westernmost -
surface-water retention pond and may be caused by migration of fluids from the pond. However,

the anomaly may also be caused by natural variations in geology. To further define anomaly A-g
2, more FDEM surface coverage and TDEM soundings would be required. In the data collected,
anomaly A-2 does not appear to be hydraulically connected to the ES site.

Anomaly A-3, located in the northeast portion of the site, occurs in the EM-34 10- and 20-m @
(coil separation [32.8- and 65.6-ft]) horizontal and vertical dipole data (Figures A-9 through and
A-12) as a broad area of increased conductivity. The anomaly is located near ERDA-9 and is ™
characteristic of a drilling mud pit. Anomaly A-3 may extend north into the ES site and be
associated with anomaly A-1. It is unlikely anomaly A-3 is associated with the exhaust shaft
water leak, although a more comprehensive TDEM sounding investigation in this area would be

required to confirm this.

TDEM data collected at the OSS area (Figures C-1 though C-12 in Attachment C) were most
useful in determining background resistivity conditions to aid in interpreting ES site data. m
Smooth model inversion results from TDEM soundings conducted at the OSS area (and layered
model results for sounding 35E,75N only) indicate depths to the top of the shallowest conductiv;
layer range from approximately 20 to 30 m (65.6 to 131.2 ft) in the northem portion of the site to
over 50 m (164.0 ft) in the southern portion of the site. It should be noted that these depth valu
are rough estimates since the data were collected using a TDEM system configuration and setup‘

parameters to emphasize near-surface conditions and smooth model inversion results represent m

mathematical solution to the data.

b
B.4.3.3 Off-Site East (OSE) Area z
As shown in FDEM contour maps for the OSE area (Figures A-13 and A-14 in Attachment A),ﬂ
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possible surface metallic object(s) located northwest of the site and a possible E-W trending
subsurface pipeline located in the southern portion of the site were the only cultural features that

degraded FDEM data quality.

Anomaly A-4, located in the central portion of the site, occurs in the EM-34 horizontal dipole
data (Figure A-13) as a broad area of increased conductivity thought to be caused by a large

stockpile of geologic materials.

Anomaly A-5, located along the eastern boundary of the OSS area is a very strong conductivity
feature seen primarily in the horizontal dipole EM-34 data, though also present in the vertical
dipole data (Figure 14). Since A-5 is not completely delineated, its cause is unknown. Overhead
utility lines located approximately 50 m (164.9 ft) east of the site were considered a possible
cause, but are an unlikely the source of the anomaly due to the distance involved. The anomaly
may be caused by highly-conductive materials that were placed at the surface or may be assoc-
iated with a near-surface zone of moisture east of the site. Since the OSS survey was conducted
in a topographically low area between surface-water diversion berms, adjacent to and east of the
ES site, the area could be hydraulically connected to the ES site. To determine the cause of
anomaly A-5 and the potential connection with the conductive layer mapped at the ES site,
TDEM sounding data and a more comprehensive FDEM survey would be required east of the

OSS area.
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B.5.0 Conclusions and Recommendations

B.5.1 Conclusions

Surface geophysical surveys using frequency- and time-domain electromagnetic (EM), and
ground penetrating radar (GPR) methods were conducted as part of the hydrologic assessment of
the exhaust shaft. The objectives of the investigation were to (1) identify and map conductive ﬂ
zones related to water leaks in the exhaust shaft at 50 and 75 ft (15.3 and 22.9 m) bgs, (2) -
identify and map conductive zones around pipeline trenches possibly relating to a leaking pipe om
an accumulation of water, and (3) provide utility clearance in an approximate 50-ft (15.3-m) -

radius of the exhaust shaft.

t 1

The investigation included three survey areas totaling approximately 442,872 square feet (10.2
acres). A detailed survey was conducted at the exhaust shaft (ES) site and reconnaissance

surveys were conducted at two off site locations south and east (OSS and OSE, respectively) of

E3 E 3

the ES site to provide background geophysical data.

The frequency-domain EM (FDEM) data were most useful for mapping lateral variations in u
subsurface conductivity (profiling), although limited interpretations of conductivity with depth

(sounding) were also made. The time-domain EM (TDEM) sounding data provided for an 1nterm
pretation of estimated depth to a conductive layer at the ES site and at the reconnaissance OSS -
area located south of WIPP. The EM-31 terrain conductivity meter survey conducted near the

exhaust shaft to map conductive zones in pipeline trenches (potentially representing an accum- D
ulation of water) was unsuccessful due to abundant noise introduced by surface metallic featureﬁ

and buried utilities in the area. The utility clearance portion of the investigation was successful

(Figure 4).
™

The ES site FDEM data (Figures A-1, -5, and -6) indicated one anomaly not caused by surface
metallic features or subsurface utilities. Anomaly A-1 is thought to be caused either by highly- ﬁ
conductive materials at the surface or the northward extension of an OSS area anomaly. TDE
sounding data representing the ES site indicate a conductive layer occurs at an approximate depﬁ.
of 15 to 20 m (49.2 to 65.6 ft) in the area south and east of the exhaust shaft (Figure 5). The -

conductive feature may trend east-southeast in the immediate vicinity of the shaft and off site m

IT Corporation

KN\349213492-5. DOC\01-10-97(2:24PMM\DO/NE

BE

B-5-1



F31 ¥F1 3 EY 1 €1

1 E1 E?

Iy

E 3

3 1 1

£1 3

L

toward the OSE area, although a more detailed off site investigation would be required to

confirm this.

Two FDEM (EM-34 terrain conductivity meter) anomalies were identified in data collected at
the OSS area. Anomaly A-2 (Figures A-9 through A-12), located near the westernmost surface-
water retention pond, may be caused by migration of fluids away from the pond, although the
anomaly may also be caused by natural variations in geology. A more detailed off site investiga-
tion would be required to delineate and interpret this feature and determine its possible connec-
tion with the ES site. Anomaly A-3 (Figures A-9 through A-12) is characteristic of a drilling
mud pit. The anomaly is unlikely associated with the exhaust shaft water leak, although a more
comprehensive TDEM sounding investigation in this area would be required to confirm this.
TDEM sounding data representing the OSS area indicate a conductive layer occurs at an approx-
imate depth ranging from 20 to 30 m (65.6 to 131.2 ft) in the northern portion of the site to over

50 m (164.1t) in the southern portion of the site.

Two FDEM (EM-34 terrain conductivity meter) anomalies were identified in data collected at
the OSE area. Anomaly A-4 (Figure A-13) is thought to be caused by a large stockpile of
geologic materials occupying the central portion of the site. Anomaly A-5 (Figures A-13 and A-
14) occurs along the eastern boundary of the survey area and is unresolved. The anomaly may be
caused by highly-conductive materials placed at the surface or it may be associated with a near-
surface zone of moisture east of the site. Since the OSS survey was conducted in a topograph-
ically low area between surface-water diversion berms adjacent to and east of the ES site, the
area could be hydraulically connected to the ES site. To determine the cause of anomaly A-5 and

the potential connection with the conductive layer mapped at the ES site, a more detailed invest-

igation would be required.

B.5.2 Recommendations
IT recommends surface geophysical surveys using FDEM and TDEM methods be extended

south of the OSS area and east of anomaly A-5 at the OSE area to accurately map anomalies seen
in the reconnaissance data and determine whether these potential recharge areas represent a
connection with the exhaust shaft leak. Additional TDEM soundings are also recommended in
the area of anomaly A-3 at the OSS area to further investigate whether the anomaly is caused by

a drilling mud pit. No additional surface geophysical work is recommended at the ES site.
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Chlorice (as Cl)

Solids, Dissolved at 180C
Sulfate, Turbidimetric (as S04)
Nitrate/Nitrite as N

14000 mg/L
25000 mg/L
1200 mg/L
4.1 mg/L
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Mercury, Total (Rg)
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Silver, Total (Ag)
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< 0.05 mg/L
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APPENDIX C

WATER-QUALITY ANALYSIS
BOREHOLES C-2505, C-2506, C-2507, AND ES-001



Appendix C
WATER-QUALITY ANALYSIS

C.1 Introduction

Five groundwater samples and their associated duplicates (ten total samples) were collected from
sediments above the Dewey Lake Redbeds at the four locations, C-2505, C-2506, C-2507, ES-
001, shown on Figure 1-1. Two samples and two duplicates were collected from Exhaust Shaft
Boring (ESB) C-2505 at depths of 51.4 ft and 65 ft below ground surface. A single sample and
duplicate were collected from each of the remaining borings. The samples and duplicates were
analyzed for pH, specific gravity, total dissolved solids, and major, minor and trace ions. A list of
the analytes and the analyfical results can be found in Table C-1.
This geochemical analysis of the groundwater compositions will focus primarily on the major- and
minor-ion chemistry to evaluate the origin of the groundwater. Trace ions will be discussed in a
qualitative sense, as most trace-metal concentrations were near the analytical detection limit and
results are considered estimates rather than validated quantitative numbers.

C.2 pH, Specific Gravity, and Total Dissolved Solids

The pH values recorded by the analytical laboratory range from 7.29 to 7.66 (Table C-1); there
are no field pH measurements available. As discussed in Section C.3 (Major Ions), the laboratory
pH measurements probably overestimate the pH values by approximately one-half of a pH unit,
due to degassing of carbon dioxide (CO,) during Sample collection and shipping. The neutral to
slightly basic pH values reflect groundwater reactions with calcite and dolomite (Section C.3).

Reported specific gravity values are 1.00 g/ml for all samples, except the sample value of 1.01 for
ESB C-2506 (Table C-1). This range of values indicates most groundwaters are dilute solutions,
with brackish conditions being reached by the sample and duplicate from ESB C-2506.

Total dissolved solids (TDS) range from 4,000 (ESB C-2507) to 11,500 mg/L (ESB C-2506)
(Table C-1). TDS values are highest for samples obtained proximal to the exhaust shaft (ESB C-
2505 and C-2506), and decrease at the sample locations south of the exhaust shaft (ES-001, 100
ft south; C-2507, 215 ft south). Higher TDS values in groundwater samples recovered from near
the exhaust shaft are linked primarily to an increase in chloride and sodium concentrations,
suggesting dissolution of halite (NaCl) (Section C.3).



C.3 Major Ions

The major ions (i.e., >100 mg/L) in recovered groundwater samples are chloride (Cl), s
(SO,), bicarbonaté (HCO,), sodium (Na), calcium (Ca), and magnesium (Mg). Bicarbo
concentration is calculated from the reported value for total inorganic carbon (TIC) as i

HCO, (mg/L) = TIC (mg/L) * 5.08

Figure C-1 charts the increase of Cl, Na, Mg, and Ca concentrations as TDS increases £
mg/L at ESB C-2507 to 11,500 mg/L at ESB C-2505. Sulfate and TIC concentrations
slightly or remain unchanged as TDS increases. Chloride and Na ions account for abou
percent of the solute mass in EBS C-2505 and C-2506, suggesting the source for the so
halite and associated salts (e.g., anhydrite [CaSO4]). Although TDS levels generally inc
the direction of groundwater flow, preliminary hydrologic pump tests suggest groundvx;z
to the south, toward lower TDS values. TDS levels at all locations exceed the New Me
Water Quality Control Commission (NMWQCC) groundwater standard of 1,000 mg/L.

The variations of the Na/Cl molar ratio and Mg, Ca, and Na concentrations with CI con
are shown on Figure C-2. All parameters increase as the Cl concentration increases fro:
mg/L (32.7 mmol/L) to 5,400 mg/L (152 mmol/L), and all groundwater samples are
undersaturated with respect to halite, indicating halite will be dissolved where it is encot
the groundwater. Additionally, all groundwater samples have Cl concentrations that ex
established NMWQCC groundwater standard of 250 mg/L (7.05 mmol/L).

As noted above, if groundwater flow is to the south, than relatively higher solute concer
to the north indicate a potential point source for the dissolved ions near ESB C-2506. T
storage area north of ESB C-2506 and the exhaust shaft may serve as the source for the
Further evidence for the salt storage area serving as the source for solute in the grounds
the observed increase in the Na/Cl molar ratio as one moves from the south locations to
The Na/Cl ratio increases from an average of approximately 0.33 at locations ESB C-2
ES-001 south of the exhaust shaft to 0.48 at ESB C-2506. Rain water dissolving halite
source produces surface water with a molar Na/Cl ratio of one. Therefore, if the salt st
is a viable source for the Cl and Na observed in the groundwater sample, the Na/Cl ratic
approach one as sample locations move toward the salt storage area. Na/Cl ratios less t
indicate Na ion is attenuated along the flow path as groundwater migrates to the south ¢
storage area. Alternatively, a secondary source of Cl may be present to elevate Cl conc
However, halite is the most probable source for the Cl ion.
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Figure C-3 examines the origin of sulfate, calcium, and magnesium in the groundwater. Sulfate
concentrations range from 852 mg/L (8.87 mmol/L) to 994 mg/L (10.3 mmol/L) and are similar in
groundwater samples from ESB C-2505, C-2507 and ES-001, and about 10 percent lower in ESB
C-2505. The Ca/SO, molar ratio is between 2.2 and 2.5 for samples obtained near the exhaust
shaft and 1.1 to 1.2 for samples south of the exhaust shaft. Solubility calculations indicate all
groundwater samples are undersaturated with gypsum (CaSO,:2H,0), anhydrite (CaS0O,), and
hydrated MgSO, salts (e.g., kieserite, leonhardite, hexahydrite, epsomite), implying that additional
sulfate minerals will be dissolved if encountered by the groundwater. Additionally, all samples

have sulfate concentrations that exceed the NMWQCC groundwater standard of 600 mg/L (6.25
mmol/L).

A relative uniform distribution of SO, ion in the groundwaters suggests that sulfate sources are
disseminated in the sediments containing the groundwater, rather than the point source indicated
for Na and Cl concentrations. Gypsum and anhydrite are common minerals in the sediments of the
Dockum Group, which underlie the WIPP surface facilities to a variable depth of 40 to 70 ft (Holt
et al., 1990), but the very soluble MgSQ, salts are not. Therefore, sulfate and calcium ions are
likely to be derived from the dissolution of gypsum or anhydrite. In contrast, it is unlikely that
significant Mg concentrations could be derived from sulfate minerals. The source for most Mg
ions, and additional Ca ions, is probably dolomite (MgCa(COs),) grains in the calcareous
sediments of the Dockum Group. Enhanced dissolution of dolomite at lower pH may be
responsible for the relative increase in the Ca/SO, molar ratio of samples obtained from ESB

C-2505 and C-2606 (2.2 to 2.5 relative to 1.1 to 1.2, Figure C-3). This hypothesis is discussed
further below. ' '

The carbonate system for the collected groundwater samples is summarized on Figure C-4.
Values for TIC range from 39.9 mg/L (3.32 mmol/L) to 58.0 mg/L (4.83 mmol/L). Note that a
millimole of TIC is equal to a millimole of CO; or HCO;, and TIC has been plotted to coincide
with TIC values listed in Table C-1. It is evident upon examination of Figure C-4 that the sample
with the lowest TIC is isolated from its duplicate. TIC values for the sample and duplicate from
the 51.4 ft depth of ESB C-2505 differ by 14 percent, compared to differences of less than 4
percent for remaining samples and their duplicates. Based on the similarity of Mg and Ca
concentrations for the four samples from ESB C-2505, it appears that the low TIC value reflects a
potential laboratory problem with the analysis of this sample. \

In general, Figure C-4 shows that the concentrations of Ca and Mg ions decrease as TIC
increases, which suggests carbonate mineral equilibria (i.e., calcite and dolomite) controls the
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concentrations of TIC, Ca, and Mg, This statement is supportéd by solubility calculations g
out with the EQ3/6 geochemical code (Wolery, 1992; Wolery and Daveler, 1992), which IE
all groundwaters to be supersaturated with calcite and dolomite at the reported pH values.t

As noted in the pH discussion, laboratory pH measurements probably overestimate the pHE
samples by approximately one-half pH unit. This is a common observed phenomenon in sai
containing carbonate that undergo CO, degassing, and is suggested further by solubility "
calculations that indicate the calcite supersaturation state is reduced to saturation as the pﬁ
dropped to 7. Plotted calcite solubility curves at a pH of 7 for brackish and dilute waters

C-4) pass through or near all Ca concentrations except those from ESB C-2506. The bracﬁ
solubility curve fits samples obtained from ESB C-2505 (TDS= 8,600 mg/L), while the dilu
curve fits samples obtained from ESB C-2507 and ES-001 (TDS < 4,500). Dolomite gun@
not plotted because dolomite formation is a diagenetic process rather than precipitation, pre
due to kinetic inhibition of nucleation sites (Berner, 1971). However, dissolution of dolorﬂ'
hypothesized to play an important role in the observed Ca/Mg molar ratios. "

Dissolution of dolomite in deionized water produces a Ca/Mg molar ratio of one. The Ca
molar ratio of the samples on Figure C-4 varies between 0.72 and 0.82, which suggests Ca
being removed by calcite precipitation to lower the Ca/Mg molar ratio. This is supported ¥
position of the solubility curves on Figure C-4. The difference in reported pH is likely to at
for much of the difference in observed Mg and Ca concentrations, with lower pH values i 4
samples from near the exhaust shaft yielding higher Mg and Ca concentrations. ‘!

In summary, major ions in the groundwater samples suggest an increase in TDS and the N:
molar ratio to the north may reflect a point source for halite dissolution in the salt storage :
Relatively uniform sulfate concentrations in all groundwater samples suggest a disseminat®
source for sulfate in the Dockum Group sediments. Mg, Ca, and TIC values are tied to ¢Hh
dissolution of dolomite and precipitation of calcite, with highest observed Mg and Ca '
concentrations linked to lower pH and higher Na and Cl concentrations. Concentrations

Cl, and SO, exceed the NMWQCC groundwater standards. \

C.4 Minor Ions h
Minor ions (i.e., 1 - 100 mg/L) in the samples include bromide (Br), nitrate (NO,), total o
carbon (TOC), and potassium (K). Samples from ESB C-2507 and ES-001 contain mino!
amounts of iron (Fe). All results for K are flagged with the B qualifier, indicating the repy

result is an estimate that lies between the practical quantitation limit (PQL) and the instruw



detection limit (IDL). Results for Fe are flagged with E and N qualifiers, indicating problems with
analyte interference (most likely Cl) and spike recovery. Therefore, Fe results are also considered

estimates.

Bromide (Br) concentrations vary from 9.0 to 10.2 mg/L (Table C-1). The uniform distribution
of Br relative to a distinct decrease in Cl ion from north to south is enigmatic. If the source of Na
and Cl is halite dissolution, Br concentration should increase with Cl concentration, as some Br
substitutes for Cl in the halite structure. If additional groundwater samples are obtained from near
the salt storage area, further insight may be gained on this query. '

Nitrate (NO,) values are reported as NO,, and indicate a range of 9.5 to 18.2 mg/L. These values
may indicate some animal or human source for the nitrogen, but they are below the NMWQCC
groundwater standard of 44 mg/L (as NO,) and well below the NO, concentrations of 440 to 530
mg/L reported for groundwater from the Dewey Lake Redbeds at the Ranch Well (southern
border of DOE withdrawn land) (DOE, 1992).

Values for TOC range from 5.6 to 10.5 mg/L (Table C-1). These values exceed TOC values
reported for groundwater from the Dewey Lake Redbeds (<3 to 5 mg/L; DOQE, 1992), and the
slightly higher values may reflect infiltration of surface water runoff from the asphait parking lots
and roads at WIPP. :

Estimates of K concentration range from 11.9 to 36.7 mg/L, with all reported values falling
between the PQL and the IDL (Table C-1). Potassium exhibits limited substitution for Na in the
halite structure, implying K concentrations should increase with Na as halite is dissolved.
However, this is not observed in the data reported in Table C-1. Because of the qualitative nature
of the K data, additional analysis at this time is not warranted.

Iron concentrations at ESB ES-001 and C-2507 are estimated to range from 1.12 to 4.95 mg/L,
values which exceed the NMWQCC groundwater standard of 1 mg/L. Analytical problems with
matrix interference and spike recovery limit the conclusions one can draw on these data.
However, the large apparent increase of iron concentration at ESB ES-001 and C-2507, relative
to borings near the exhaust shaft, suggests a lower oxidation potential for the groundwater as it
moves south of the exhaust shaft.

C-5 Trace Metals ‘
Analytical results for the metals boron (B) and zinc (Zn) and the RCRA metals arsenic (As),



barium (Ba), cadmium (Cd), chromium (Cr), lead (Pb), mercury (Hg), selenium (Se), anc
(Ag) are given inTable C-1. All reported trace-metal concentrations are below the NMV
groundwater standards, except for several Se results and a single B result. Individual tra
are discussed below, with the exception of results for Hg and Cd. All Hg and Cd results
below their respective IDLs of 0.0002 mg/L and 0.00056 mg/L.

All B results are between the PQL and IDL and are below the NMWQCC limit of 0.75 n
with the exception of a reported concentration of 1.2 mg/L for the groundwater sample ¢
at 51.4 ft at ESB C-2505. The duplicate for this sample has a B concentration of 0.2 mg
other samples collected at the 65 ft depth at ESB C-2505 have B concentrations of 0.19

Therefore, there is indication of analytical problems or a reporting error for the listed
concentration of 1.2 mg/L. '

Reported Zn results are approximately three to four orders of magnitude lower than the

NMWQCC standard of 10 mg/L. Most results are near the IDL of 0.0033 mg/L, and are
considered estimated quantities. Results from ESB ES-001 are above the PQL and are ¢
with the highest observable TIC results. Zinc is a common trace metal in calcite and dolc
and the correlation of Zn and TIC concentrations is probably tied to dissolution of dolom:

Arsenic results (Table C-1) are approximately two orders of magnitude below the NMW
groundwater standard of 0.1 mg/L. All results for As lie between the PQL and IDL and
considered estimated values.

Results for Ba are approximately one order of magnitude below the NMWQCC groundw
standard of 1 mg/L. Most samples have Ba concentrations that lie between the PQL and
exceptions being the sample and duplicate from ESB C-2506. The similar Ba concentrat
locations agrees with observations of similar SO, concentrations across the sampling site
suggests that Ba concentrations are controlled by barite (BaSO,) solubility. This observz
agrees with solubility calculations that indicate all groundwater samples are saturated wit

Chromium concentrations are 5 to 10 times lower than the NMWACC standard of 0.05 1
Most Cr results lie between the PQL and IDL, indicating the results are considered estim
Cr concentration. Additionally, the E qualifier associated with most Cr results indicates
presence of element interference (probably Cl) during the analysis.

Analytical results for Pb (Table C-1) are approximately one order of magnitude below th



NMWQCC standard of 0.05 mg/L. All lead results lie between the PQL and IDL, which indicates
they are estimated quantities.

Selenium results on samples from ESB C-2505 and C-2506 range from 0.0605 to 0.08221 mg/L,
which exceed the NMWQCC groundwater standard of 0.05 mg/L. However, all Se results are
flagged with the N qualifier, which indicates spike recoveries were not within acceptable ranges.
Therefore, the accuracy of the results is questioned and reported concentrations are considered

estimates.

Most results for Ag are below the IDL of 0.00022 mg/L. Reported results that lie between the
PQL and IDL are approximately two orders of magnitude below the NMWQCC standard of 0.05
mg/L. Silver concentrations will remain very low in the presence of Cl ion due to precipitation of
the relatively insoluble silver chloride (AgCl) compound. )

C-6 Conclusions

Analytical results for 10 groundwater samples from 4 locations indicate laboratory pH
measurements may overestimate the pH by approximately one-half pH unit and that there is
significant variation in the concentrations of most major ions. Chloride, Na, Mg, and Ca
concentrations increase as sample locations move from the south to thenorth, while SO, and TIC
concentrations remain the same or decrease slightly. Na/Cl, Ca/SO,, and Ca/Mg molar ratios
suggest that the Na and Cl source is probably the salt storage area and Ca, Mg, SO, and TIC
sources are gypsum, calcite, and dolomite minerais disseminated in the sediments. Reported
concentrations for TDS, Cl, and SO, exceed the NMWQCC groundwater standards.

The principal minor ions in the groundwater samples are Br, NO,, K and TOC, with Fe playing a
role as a minor ion in samples from ESB ES-001 and C-2507. Bromide and K results do not
mimic the trends of Cl and Na, as expected if halite is being dissolve. Nitrate concentrations are
below the NMWQCC standard of 44 mg/L (as NO,), and the reported levels of 10 to 18 mg/L
may reflect past livestock grazing in the area. Local ranch wells within the Dewey Lake Redbeds
have NO; concentrations of 20 to 530 mg/L. Results for TOC are slightly above concentrations
reported for Dewey Lake Redbeds, which may indicate a component of surface runoff from
asphalt parking lots and roads. Iron concentrations at ESB ES-001 and C-2507 exceed the
NMWQCC standard of 1.0 mg/L. The increase in Fe values to the south suggests a lower
oxidation potential in the groundwater south of the exhaust shaft.

All trace metals are below NMWQCC standards except for several Se results and a single B



result. Six reported results for Se slightly exceed the NMWQCC standard, but the accuz
these results is questionable due to poor spike recovery of the analyzed QA/QC samples
single B result that exceeds the NMWOQCC standard of 0.75 mg/L also appears to be rel
analytical problems or reporting errors, as the duplicate and two other samples from the
location have B concentrations of 0.2 mg/L.
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Figure Captions

Figure C-1. Major-ion concentrations versus total dissolved solids. Chloride, sodium,
magnesium; and calcium concentrations increase with TDS, while sulfate and total inorganic
carbon decrease slightly or remain unchanged.

Figure C-2. Variation of Na/Cl molar ratio and magnesium, célcium, and sodium concentrations
with chloride concentration. Increase of all parameters from south (C2507) to north (C2506)
suggests a halite source at the salt storage area.

Figure C-3. Variation of Ca/SO4 molar ratio and magnesium and calcium concentrations with
sulfate concentration. Similar sulfate concentrations suggests a gypsum source disseminated in
the sediments, while differences in the Ca/SO, ratio and magnesium and calcium concentrations
indicates additional sources for calcium and magnesium.

Figure C-4. Variation of Ca/Mg molar ratio and magnesium and calciim concentrations with
total inorganic carbon (TIC). Similar TIC values indicates disseminated dolomite and calcite
source in sediments. A Ca/Mg ratio below one suggests calcium is being removed by
precipitation of calcite, which is supported by position of depicted solubility curves.
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TABLE C-1:

WATER-QUALITY ANALYTICAL LABORATORY RESULTS FOR BOREHOLES
C-2505, C-2506, C-2507, and ES-001
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71.05

Gicusu WUmLLLUL FLUJECLS ULL1Ce Analytical Laboratory

ANALYTICAL RESULTS

Customer ID: WST-96-380
Ticket ID:

Requestor: WIPP

Date: Octcber 17,

Lab ID:

240208

Case: 15099

1396

Sample Matrix: BRINE Date Received: Sep 25, 1896
Project Number: L30AS00CO0 Date Collected: Sep 24, 1996
LnSiatl Popghole c-2505 657
RESULT DATE METHCD OF

ANALYSIS REQUESTED RESULTS QUALI's UNITS ANALYZED ANALYSIS
Silver <0.22 UN UG/L 10/08/96 AS-5 RO6
Arsenic 1.2 BN UG/ L 10/09/96 AS-4 RO
Boron “0.192 B MG/L 10/08/96 AS-5 RO5
Barium “84.1 B UG/ L 10/09/96 AS-5 RO6
Bromide 5.1 MG/L 10/10/96 D-3 =13
Calcium 809 MG/L 10/08/96 AS-5 R0S
Cadmium <0.56 U UG/L 10/08/96 AS-5 RO6
Chloride 3830 MG/L 10/10/96 D-3 R13
Chromium “8.9 BE UG/L 10/08/96 AS-£ RO6
Iron “35.3 BEN UG/L 10/09/56 AS-2 05
Mercury <0.20 UN UG/L 10/07/96 AS-Z RO4
Potassium ~30.9 B MG/L 10/08/96 AS-1 R0OS
Magnesium 653 MG/L 10/08/96 AS-:= ROS
Sodium 8S6 MG/L 10/08/86 AS-3 R05
Lead “0.76 B UG/L 10/08/96 AS-& R06
pH 7.47 09/27/96 H-4 04
Selenium 63.5 N UG/L 10/10/96 AS-4 RO1
Specific Gravity 1.00 G/ML  09/30/96 K-4 R01
Sulfate 853 MG/L 10/10/96 D-3 R13
Total Dissolved Solids 8580 MG/L 10/01/96 K-3 RO6
Total Inorganic Carbon 45.7 MG/L 10/10/26 K-S R3S
Total Suspended Solids z22.0 MG/L 10/01/96 K-3 X35

<3.3 U UG/L 10/08/96 AS-5 R0S

Zinc
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'Vl.OS ANALYTICAL RESULTS

i Customer ID: WST-96-381 Date: October 17,
Ticket ID: Lab ID: 240213
Requestor: WIPP Case: 15095

| Sample Matrix: BRINE Date Received: Se
Project Number: L30A90000 Date Collected: S

/
g ExSpadt /3012540/& C-25053 ¢s’
RESULT DATE

! ANALYSIS REQUESTED RESULTS QUALI's UNITS ANALYZE:
Ammonium 0.26 MG/L 10/07/9

: Nitrite “0.13 B MG/L 10/08/9

! Nicrate 16.0 MG/L 10/08/9
Total Organic Carbon 7.3 MG/L 10/11/9:

[
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05

Grana Junction Projects Office Analytical Laboratary

ANALYTICAL RESULTS

Customer ID: WST-96-376 Date: Octobker 17, 19856
Ticket ID: Lab ID: 240207
Regquestor: WIPP Case: 15089
Sample Matrix: Z2ERINE Date Received: Sep 26, 1396
Procject Number: L30A20000 Date Collectzd: Sep 23, 1996
/
ExSwatt c-250525/ 4
RESULT DATE METEZCD OF
ANALYSIS REQUESTED RESULTS QUALI's UNITS ANALYZED ANALYSIS
Silver “0.36 BN UG/L 10/08/96 AS-5 R06
Arsenic “0.43 BN UG/L 10/09/96 AS-4 RO1
Boron 1.2 MG/L 10/08/96 RAS-3 RO0S5
Barium “98.2 B UG/L 10/09/96 2AS-& R06
Bromide 8.0 MG/L 10/10/96 D-3 R13
Calcium 78S MG/L 10/08/96 AS-£ R0O5
Cadmium <0.56 U UG/L 10/08/96 AS-5 R06
Chleoride 3810 MG/L 10/10/96 D-2 =13
Chromium 4.8 BE UG/L 10/08/96 AS-6 R06
Iron “14.6 BEN UG/L 10/058/96 AS-T ROS
Mercury <0.20 UN UG/L 10/07/96 AS-3 04
Potassium “36.7 B MG/L 10/08/%6 AS-: ROS
Magnesium 641 MG/L 10/08/96 AS-3 RO5
Sodium 1100 MG/L 10/08/96 AS-= RO5
Lead 1.6 B UG/L 10/08/96 AS-& 06
pH 7.54 05/27/96 H-4 k04
Selenium 63.6 N UG/L 10/10/%6 AS-4 RO1
Specific Gravity 1.00 G/ML  09/30/96 K-4 R01
Sulfate 853 MG/L 10/10/96 D-3 Ri3
Total Dissolved Solids 8550 MG/L 10/01/96 K-3 R06
Total Inorganic Carbon 45.8 MG/L 10/10/96 K-5 RO5
Total Suspended Solids ~16.0 B MG/L 10/01/%6 K-3 X086
Zinc <3.3 U UG/L 10/08/96 AS-5 R05
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ANALYTICAL RESULTS

Custcmer ID: WST-S6-377
Ticket ID:

Requestor:
Sample Matrix: BRINE

Project Number: L30A30000

Date: October 17,

Lab ID:

240211

Case: 150899
Date Received: Ser
Date Collected: Se

Total Organic Carbon

Ex Sttt Bapthole C-25055% 57. 47
RESULT DATE
ANALYSIS REQUESTED RESULTS QUALI's UNITS ANALYZEL
Ammonium MG/L 10/07/9¢€
Nitrite <0.10 U MG/L 10/08/3¢
Nitrate MG/L 10/08/9¢€
MG/L 10/11/9¢€

Aty -y e gy V) . p—
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e e~ mmas— cwwid DA TwLD ViLLllE A.rlalytlcai. haDOratory

ANALYTICAL RESULTS

Custcmer ID: WST-96-378 Date: October 17, 1965¢
Ticket ID: Labp ID: 240208
Reguestor: WIPP Case: 1509°
Sample Matrix: ERINE Date Receivead: Sep 26, 1596
Project Number: L30A90000 Date Collected: Sep 23, 199s¢

: Dup_% WSTG6-376

RESULT DATE METZOD OF

ANALYSIS REQUESTED RESULTS QUALI's UNITS ANALYZED ANALYSIS
Silver “0.59 BN UG/L 10/08/96 AS-% RO6
Arsenic ~0.42 BN UG/L 10/09/96 AaS-4 ROl
Boron “0.20 B MG/L 10/08/96 AS-: ROS
Barium “95.7 B UG/L 10/09/96 AS-5 R06
Bromide 5.0 MG/L 10/10/96 D-3 R13
Calcium 772 MG/L 10/08/96 AS-3 ROS
Cadmium <0.%56 U UG/L 10/08/96 AS-¢& RO6
Chloride 3800 MG/L 10/10/96 D-3 R1i3
Chromium 18.0 E UG/L 10/08/96 AS-5 RO6
Iron “93.7 BEN UG/L 10/09/96 AS-: KR0S
Mercury <0.20 UN Uc/L 10/07/56 AS-3 R04
Potassium “23.9 B MG/L 10/08/96 AS-i ROS
Magnesium 625 MG/L 10/08/96 AS-3 ROS
Sodium 1040 MG/L 16/08/96 AS-:T ROS
Lezd 1.0 B UG/L 10/08/96 AS-¢ R06
pH 7.47 09/27/96 H-4 R04
Selenium 60.5 N UG/L 10/10/96 AS-4 RO1
Specific Gravity 1.00 G/ML 09/30/96 KX-4 RO1
Sulfate 852 MG/L 10/10/96 D-3 R13
Total Dissolved Solids 8530 MG/L 10/01/96 K-3 R06
Total Inorganic Carbon 39.9 MG/L 10/10/96 K-5 R05
Totzl Suspended Sclids “i15.0 B MG/L 10/01/86 K-3 R06
Zinc 4.7 B UG/L 10/08/96 AS-: ROS
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v1.05

Grand Juncticn Projects 0Orfice Analytical Laboratory

ANALYTICAL RESULTS

Customer ID: WST-96-379
Ticket ID:

Requestor: WIPP
Sample Matrix: BRINE
Project Number: L30AS0000

Dp. o b ST-9¢- 377

Date: October 17,

Lab ID:

240212

Case: 15089
Date Received: Sep
Date Collected: Se

RESULT DATE
ANALYSIS REQUESTED RESULTS QUALI's UNITS ANALYZED
Ammonium 0.38 MG/L 10/07/96
Nitrite ~0.15 B MG/L 10/08/96
Nitrate 15.3 MG/L 10/08/96
Total Organic Carbon 6.4 MG/L 10/11/96
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ANALYTICAL RESULTS
Customexr ID: WST-96-420 Dat=: Octcker 17, 1995
Ticket ID: Lab ID: 240262
Requestor: WIPP Case: 150S¢
Sample Matrix: BRINE Date Receiwved: OQOct 4, 198%¢
Project Number: L30AS0000 Date Collected: Oct 2, 1885
Ex Spatt Boreho o <-2507
RESULT DATE MET=Z0D O:

ANALYSIS REQUEZSTED RESULTS QUALI's UNITS ANALYZED ANALYSIS
Silver <0.22 UN UG/ L 10/08/96 AS-5 R06
Arsenic “0.67 BN UG/ L 10/09/96 AS-+ RO1
Boron “0.22 B MG/L 10/08/96 AS-3 ROS
Barium “112 B UG/L 10/08/96 AS-¢ RO6
Bromide S.1 MG/L 10/09/96 D-3 R13
Calcium 492 MG/L 10/08/96 AS-Z ROS
Cadmium <0.56 U UG/L 10/08/96 AS-5 RO6
Chloride 1440 MG/L 10/08/96 D-3 R1i3
Chromium 12.8 E UG/L 10/08/96 AS-¢ R06
Iron 4950 EN UG/L 10/08/86 AS-3 RO05
Mercury <0.20 UN UG/L 10/07/36 AS-3 R04
Potassium “35.0 B MG/L 10/08/86 AS-1 ROS
Magnesium 411 MG/L 10/08/96 AS-Z ROS
Sodium 305 MG/L 10/08/96 AS-3 ROS
Lead 3.0 B UG/L 10/08/96 AS-3 R06
pH 7.60 10/04/86 H-& R04
Selenium 31.1 N UG/L 10/10/86 AS-: RO1
Specific Gravity 1.00 G/ML 10/07/96 K-4 R01
Sulfate 970 MG/L 10/09/96 D-3 R13
Total Dissolved Solids 4510 MG/L 10/08/96 K-2 RO06
Total Inorganic Carbon 54.6 MG/L 10/10/96 K-5 ROS
Total Suspended Solids 122 MG/L 10/08/96 K-2 0%

“16.2 B 10/08/96 AS-: RO5

Zinc

UG/L




j
wialll yUunccllz

|
|
]

ner ID: WST-S£--.
z ID:

étor: WIPP
=2 Matrix: BRINZ
ct Number: L3CAS
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SIS REQUESTED
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Gralld Jungcraioen

Customer D: WST-96-4:
Ticket ID:

Requestor: WIPP
Sample Matrix: Z2RINE
Project Number: L30AS(

Ex SHﬂi#ygoEEAo/

ANALYSIS RXEQUESTED

Ammonium

Nitrite

Nitrate

Total Organic Carbon




APPENDIX C

WATER-QUALITY ANALYSIS
BOREHOLES C-2505, C-2506, C-2507, AND ES-001
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ZiZ dunccion rrojeccs Orrice Analytical Laboratory

ANALYTICAL RESULTS

2. WST-96-421 Date: October 17,
Lab ID: 240297
: iIPP Case: 15099
-TIX: BRINE Date Received: C
~zer: L30A90000 Date Collected:
s+ Boethole ¢-2507
RESULT DATE
ZZUESTED RESULTS QUALI's UNITS ANALYZE
0.48 MG/L 10/07/¢
“0.30 B MG/L 10/08/¢
18.1 MG/L 10/08/¢

—=- 2 Carbon 7.8 MG/L 10/11/¢




1.05

Grana Junction FProjects Office Analytical

ANALYTICAL RESULTS

Labcratory

Customer ID: WST-96-423 Date: Octcker 17, 18¢6
Ticket ID: Lab ID: 240z%4
Regquestor: WIPP Case: 150398
Sample Matrix: ERINE Date Receivad: Oct 4, 1896
Project Number: L30AS0000 Date Collecred: Oct 3, 18%¢

Ex. SwallfByeehole C-2507

RESULT DATE MET=Z0D CT

ANALYSIS REQUESTED RESULTS QUALI's UNITS ANALYZED ANALYSIS
Silver <0.22 U UG/L 10/08/36 AS-5 RO6
Arsenic “0.40 B UG/L 16/05/96 -2 RO1
Boron “0.20 B MG/L 10/08/%6 AS-Z ROS
Barium “74.3 B UG/L 10/08/%6 AS-5 RO6
Bromide 8.1 MG/L 16/08/%6 D-32 R13
Calcium 465 MG/L 106/08/66 AS-3 ROS
Cadmium <0.56 U UG/L 10/08/96 BAS-5 RO6
Chloride 1450 MG/L 12/08/96 D-3 R13
Chromium “5.3 B UG/L 10/08/%6 AS-5 R0O6
Iron 1120 = UG/L 10/09/56 AS-: ROS
Mercury <0.20 U UG/L 12/07/96 AS-: R04
Potassium “2360 B MG/L 12/08/96 AS-: ROES
Magnesium 389 MG/L 15/08/96 AS-Z ROS
Sodium 289 MG/L 1£/08/96 AS-% RO5
Lead “1.3 B UG/L 12/08/96 AS-35 RO€
pH 7.66 13/04/96 H-4 R04
Selenium 80.8 N UG/L 10/10/96 AS-4 RO1
Specific Gravity 1.00 G/ML 10/07/96 K-4 R01
Sulfate 873 MG/L 10/09/96 D-3 Ri3
Total Dissclved Sclids 44890 MG/L 10/08/96 K-3 R0O6
Total Inorganic Carbon 52.5 MG/L 12/10/96 K-S ROS
Total Suspended Solids 2.0 MG/L i2/08/96 K-3 R06
Zinc 8.5 B UG/L 10/08/96 AS-:Z ROS
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ANALYTICAL RESULTS

Customer ID: WST-96-388 Date: QOctoker 17, 1996
Ticket ID: Lab ID: 240221
Requestor: WIPP Case: 15098
Sample Matrix: RBRINE Date Received: Sep 27, 18S6
Prcject Number: L30A90000 Date Collected: Sep 26, 1896

xSt Becthole ¢ -z50L © 43 57

RESULT DATZ METZCD OF

ANALYSIS REQUESTED RESULTS QUALI's UNITS ANALYZED ANALYSIS
Silver <0.22 UN UG/L 10/08/96 AS-6 RO6
Arsenic 1.5 BN UG/L 10/09/96 AS-4 R0O1
Boron “0.18 B MG/L 10/08/96 AS-% ROS
Barium 234 UG/L 10/09/96 AS-6 RO6
Bromide 10.2 MG/L 10/10/96 D-3 R13
Calcium 1010 MG/L 10/08/96 AS-5 R0O5
Cadmium <0.56 U UG/L 10/08/96 AS-g R06
Chloride 5390 MG/L 10/10/96 D-3 R13
Chromium 12.8 E UG/L 10/08/96 AS-6 R06
Iron 717 EN UG/L 10/09/96 AS-% RO5
Mercury <0.20 UN UG/L 10/07/96 AS-3 R04
Potassium “18.3 B MG/L 10/08/96 AS-1 RGS
Magnesium 744 MG/L 10/08/96 AS-5 ROS
Sodium 1660 MG/L 10/08/96 AS-5 =05
Lead 1.8 B UG/L 10/08/96 AS-6 RO6
pH 7.29 0¢/27/96 H-4 =R04
Selenium 8§2.1 N UG/L 10/:10/96 AS-4 R01
Specific Gravity 1.01 G/ML 09/30/96 K-4 =01
Sulfate 973 MG/L 10/10/96 D-3 Ri3
Total Dissolved Solids 11500 MG/L 10/01/96 K-3 RQ6
Total Inorganic Carbon 47.2 MG/L 10/10/96 K-5 ROS
Total Suspended Solids 32.0 MG/L 10/01/96 K-3 X056
Zinc “13.8 B UG/L 10/08/96 AS-Z R0S




Grand Junction Projects Office Analytical Laboratory

'/1,05 ANALYTICAL RESULTS
i’ Customer ID: WST-96-424 Date: October 17, 199¢
Ticket ID: ' Lab ID: 240298
H Regquestor: WIPP Case: 15099
Sample Matrix: BRINE Date Received: Oct 4,
Project Number: L30AS0000 Date Collected: Oct 3
Ex Shatd Porttterr € -2507 |
RESULT DATE ME
ANALYSIS REQUESTED RESULTS QUALI's TUNITS ANALYZED AN
Ammonium 0.50 MG/L 10/07/96 F-
Nitrite “0.30 B MG/L 10/08/96 D-
Nitrate 18.0 MG/L 10/08/96 D-
Total Organic Carbon 7.7 MG/L 10/11/96 K-
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ANALYTICAL RESULTS

Customer ID: WST-96-41§ Date: October 17, 1986
Ticket ID: Lab ID: 24029¢
Requestor: WIPP Case: 15088
Sample Matrix: BRINE Date Received: Oct 4, 1596
Project Number: L30A%0000 Date Collected: Oct 2, 199¢
Zx Skatd Boechole £SOl

RESULT DATE MET=0D O:
ANALYSIS REQUESTED RESULTS QUALI's UNITS ANALYZED ANALYSIS
Ammonium 0.11 MG/L 10/07/96 F-£ RQ7
Nitrite “0.46 B MG/L 10/08/96 D-2 R13
Nitrate 9.8 MG/L 10/08/96 D-3 R13
Total Organic Carbon 7.0 MG/L 10/11/96 X-3 ROS
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N S

GLalld Juncticn rIOJects UILIlce Analytical Laporatory

Customer ID: WST-96-417
Ticket ID:

Requestor: WIPPE
Sample Matrix: BRINE

Project Numbexr: L30AS0000

Ex. Sall Fovehole £S5 007

ANALYTICAL RESULTS

Date: Octcber 17
Lab ID: 240292

Case: 150¢%¢
Dats Received:
Date Collected:

RESULT DATE
ANALYSIS REQUESTED RESULTS QUALI's UNITS ANALYZ
Silver <0.22 UN UG/L 10/08/
Arsenic “2.1 BN UG/L 10/09/
Boron “0.22 B MG/L 10/08/
Barium ~159 B UG/L 10/08/
Bromide 10.0 MG/L 10/09/
Calcium 451 MG/L 10/08/
Cadmium <0.56 U UG/L 10/08/
Chloride 1160 MG/L  10/09/
Chromium “10.1 BE UG/ L 10/08/
Iron 4730 EN UG/L 10/08/
Mercury «<0.20 UN UG/L 10,07/
Potassium “12.4 B MG/L 10/08/
Magnesium 341 MG/L 10/08/
Sodium 270 MG/L 10/08/
Lead 2.4 B UG/L 10/08/
pH 7.59 10/04/
Selenium 33.8 N UG/L 10/10/
Specific Gravity 1.00 G/ML 10/07/
Sulfate 989 MG/L 10/08/
Total Dissolved Solids 4020 MG/L 10/08/
Total Inorganic Carbon 57.9 MG/L 1¢6/10/
Total Suspended Solids 144 MG/L 10/08/
zZinc 30.9 UG/L 10/08/
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GLAllQ JUIICLLUlL FLU jELLD ULrLllT Al LYTICAL Labvuiacway

ANALYTICAL RESULTS

Customer ID: WST-96-382 Date: Octcocber 17, 1996
Ticket ID: Lab ID: 240210
Requestor: WIPP Case: 15089
Sample Matrix: BRINE Date Received: Sep 26, 1&9¢6
Project Number: L30AS0000 Date Collected: Sep 24, 18%6

Dup. & WST-9¢.280

RESULT DATE METZCD OF

ANALYSIS REQUESTED RESULTS QUALI's UNITS ANALYZED ANALYSIS
Silver <0.22 UN UG/L 10/08/26 AS-6 R06
Arsenic “0.99 BN UG/L 10/09/96 AS-4 RO1
Boron “0.19 B MG/L 10/08/96 AS-: R0S5
Barium “54.5 B UG/L 10/09/96 AS-6 %06
Bromide 9.2 MG/L 10/10/96 D-3 Ri3
Calcium 812 MG/L 10/08/56 AS-5 ROS
Cadmium <0.56 U UG/L 10/08/96 AS-¢ R06
Chloride 3840 MG/L 10/10/96 D-3 313
Chromium 3.4 BE UG/L 10/08/96 AS-£ 06
Ircn “9.8 BEN UG/L 10/09/96 AS-5 05
Mercury <0.20 UN UG/L 10/07/66 AS-: 04
Potassium “31.4 B MG/L 10/08/26 AS-1 R05
Magnesium 653 MG/L 10/08/96 AS-t R05
Sodium 996 MG/L 10/08/96 AS-¢ X05
Lead “1.0 B UG/L 10/08/96 AS-¢ R06
pH 7.43 09/27/96 H-4 304
Selenium 67.2 N UG/L 10/10/96 AS-4 R01
Specific Gravity 1.00 G/ML 09/30/96 K-4 ROl
Sulfate 856 MG/L 10/10/96 D-3 Xi3
Total Dissolved Solids 8690 MG/L 10/01/96 K-3 X086
Total Inorganic Carbon 47.1 MG/L 10/10/96 K-5 05
Total Suspended Solids 24.0 MG/L 10/01/96 X-3 =35
Zinc 5.6 B UG/L 10/08/¢s AS-3 05




J1.05 ANALYTICAL RESULTS

Customer ID: WST-96-383 Date: October 17,

Ticket ID: Lab ID: 240214
Requestor: WIPP Case: 15099
Sample Matrix: BRINE Date Received: Sep
Project Number: L30AS0000 Date Collected: Se
D%o. c/i LoST-%¢ -38(

RESULT DATE
ANALYSIS REQUESTED RESULTS QUALI's UNITS ANALYZED
Ammonium 0.21 MG/L 10/07/96
Nitrite : “0.12 B MG/L 10/08/386
Nitrate 16.1 MG/L 10/08/96

Total Organic Carkon 10.5 MG/L 10/11/96
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Custcmer ID: WST-956-390
Ticketr ID:

Requestor: WIPP

ANALYTICAL RESULTS

Tory

[

Date: October 17,

Lab ID:

240222

Case: 15058&

1966

Sample Matrix: BRINE Date Received: Sep 27, 1996
Project Number: L30A90000 Date Collectzd: Sep 26, 1996
D%p % LuST-9 -388

RESULT DATE METHCD OF
ANATLYSIS REQUESTED RESULTS QUALI's UNIT ANALYZED ANALYSIS
Silver “0.24 BN UG/ L 10/08/96 AS-5 RO6
Arsenic “1.4 BN UG/L 10/09/9¢ AS-4 RO1L
Bcoren “0.18 B MG/L 10/08/96 AS-5 ROS
Barium 235 UG/L 10/08/96 AS-5 ROS
Bromide 10.2 MG/L  10/10/96 D-3 R13
Calcium 1010 MG/L 10/08/96 AS-3 RO5
Cadmium <0.56 U UG/L 10/08/96 AS-& RO6
Chloride 5400 MG/L 10/10/9€¢ D-3 R13
Chromium “6.1 BE UG/L 10/08/96 BAS-6 K06
Iron 860 EN UG/L 10/09/96 AS-3 ROS
Mercury <0.20 UN UG/ L 10/07/96 AS-3 R04
Potassium “19.1 B MG/L 10/08/96 AS-L ROS
Magnesium 742 MG/L 10/08/96 AS-3 R0S
Sodium 1660 MG/L 10/08/96 AS-5 ROS
Lezad 1.7 B UG/L 10/08/96 AS-£ RO6
pH 7.29 05/27/96 H-4 R0O4
Selenium 80.8 N UG/L 10/10/96 AS-+ RO1
Specific Gravity 1,00 G/ML 08/30/96 K-4 RO1
Sulfate 978 MG/L 10/10/96 D-3 Ri3
Total Dissoclved Solids 11500 MG/L 10/01/96 K-3 ROS6
Total Inorganic Carbon 46.4 MG/L 10/10/85 K-S R0S
Total Suspended Solids 113 MG/L 10/01/86 K-3 323
Zinc 7.3 B UG/L 10/08/96 AS-3 RQO5
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ANALYTICAL RESULTS

Customer ID: WST-96-351 Date: October 17
Ticket ID: Lab ID: 240226
Requestor: WIPP Case: 15099
Sample Matrix: BRINE Date Received: S
Project Number: L30AS0000 Date Collected:
DupP £ wWST-9¢ -387

B %L ? 5 RESULT DATE
ANALYSIS REQUESTED RESULTS QUALI's UNITS ANALYZ
Ammonium \ 0.08 MG/L 10/07/
Nitrite <0.10 U MG/ L 10/08/:
Nitrate 18.2 MG/L 10/08/:
Total Organic Carbon 8.5 MG/L 10/11/"
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ANALYTICAL RESULTS

Customer ID: WST-96-414 Date: October 17, 1996
Ticket ID: Lab ID: 240221
Reguestor: WIPP Case: 15099
Sample Matrix: BRINE Date Received: Oct 4, 18%6
Project Number: L30A%0000 Date Collected: Oct 2, 13296

Ex. Swatl Porthole £500/

RESULT DATE MET=CD OF

ANALYSIS REQUESTED RESULTS QUALI's UNITS ANALYZED ANALVYSIS
Silver <0.22 UN UG/L 10/08/96 AS-5 R06
Arsenic “1.8 BN UG/L 10/09/96 AS-4 RO1
Boron “0.23 B MG/L 10/08/9¢ AS-: R05
Barium “122 B UG/L 10/08/96 AS-5 R06
Bromide 10.1 MG/L 10/09/96 D-3 13
Calcium 446 MG/L 10/08/96 AS-3 05
Cadmium <0.56 U UG/L 10/08/96 BAS-5 R06
Chloride 1170 MG/L 10/09/96 D-3 X13
Chromium “7.6 BE UG/L 10/08/96 AS-¢ 06
Iron 4160 EN UG/L 10/09/96 AS-3 X05
Mercury <0.20 UN UG/L 10/07/96 AS-Z =04
Potassium “11.9 B MG/L 10/08/S6 AS-- X05
Magnesium 340 MG/L 10/08/96 AS-3 R05
Sodium 268 MG/L 10/08/96 AS-£ 05
Lead 1.9 B UG/L 10/08/96 AS-¢ R06
pH 7.55 10/04/96 H-4 304
Selenium 33.4 N UG/L 10/10/96 AS-: R01
Specific Gravity 1.00 G/ML 10/07/96 K-4 =01
Sulfate 994 MG/L  10/09/96 D-3 =13
Total Dissolved Solids 4000 MG/L 10/08/96 K-2 06
Total Inorganic Carbon 57.9 MG/L 10/10/96 K-5 =05
Total Suspended Solids 125 MG/L 10/08/96 K-32 =06
Zinc 27.2 UG/L 10/08/56 AS-: 205
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Grana Junction Projects : .Ce Analytical Laboratory

ANALYTICAL RESULTS

Customer ID: WST-96-415 Date: October 17,
Ticket ID: Lap ID: 240295
Requestor: WIPP Case: 15099
Sample Matrix: BRINE Date Received: C
Prcject Number: L30AS0000 Date Ccllected:
Ex Swadl Boeehole £ 500/

RESULT DATE
ANALYSIS REQUESTED RESULTS QUALI's UNITS ANALYZE
Ammonium 0.05 MG/L 10/07/9
Nitrite 7.7 MG/L 10/08/9
Nitrate 9.5 MG/L 10/08/3
Total Organic Carbon 5.6 MG/L 10/11/9




S mm e e ea—as saoujeels winile Analytical Laboratory
ANALYTICAL RESULTS
Custcmer ID: WST-96-390 Date: October 17, 15%¢
Ticket ID: Lab ID: 240222
Requestocr: WIPP Case: 1509¢
Sample Matrix: BRINE Date Received: Sep 27, 1986
Project Number: L30A90000 Date Colleczed: Ser 26, 13896
Dup 7./ L ST-7¢ -388

RESULT DATZ METHCD OF
ANALYSIS REQUESTED RESULTS QUALI's UNITS ANALYZED ANALYSIS
Silver “0.24 BN UG/L 10/08/96 AS-6 R0O6
Arsenic ~1.4 BN UG/L 10/05/96 AS-4 RO1
Boron “0.18 B MG/L 10/08/96 AS-5 R0OS
Barium 235 UG/L 10/09/96 2AS-5 RO6
Bromide 10.2 MG/L 10/10/96 D-3 R13
Calcium ' 1010 MG/L 10/08/96 AS-5 ROS
Cadmium <0.56 U UG/L 10/08/96 BAS-§ R0O6
Chloride 5400 MG/L 10/10/96 D-3 R13
Chromium “6.1 BE UG/L 10/08/96 AS-5 RO6
Iron 860 EN UG/L 10/09/36 AS-3 X0S
Mercury <0.20 UN UG/L 10/07/96 AS-: R04
Potassium ~15.1 B MG/L 10/08/96 AS-1 ROS
Magnesium 742 MG/L 10/08/96 AS-5 ROS
Sodium 1660 MG/L 10/08/%6 AS-S5 ROS
Lead 1.7 B UG/L 10/08/96 AS-£ RO6
pH 7.29 05/27/96 H-4 R04
Selenium 80.8 N UG/L 10/10/96 AS-4 RO1
Specific Gravity 1.00 G/ML 08/30/96 K-4 ROl
Sulfate 978 MG/L 10/10/96 D-3 Ri3
Total Dissclved Solids 11500 MG/L 10/01/96 K-3 RO6
Total Inorganic Carbon 46.4 MG/L 10/10/96 K-& RCS
Total Suspended Solids , 113 MG/L 10/01/86 X-2 X338
Zinc 7.3 B UG/L 10/08/96 AS-5 RO5
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Grand Junction Projects Cffice Analytical Laboratory

ANALYTICAL RESULTS

Customer ID: WST-96-415
Ticket ID:

Requestor: WIPP
Sample Matrix: BRINE
Project Number: L30AS0000

£ Statl Breehole £ 5007

Date: Qctober 17

Lab ID:

240295

Case: 150898
Date Received:
Date Collected:

‘ RESULT DATE
ANALYSIS REQUESTED RESULTS QUALI's UNITS ANALYZ
Ammonium 0.05 MG/L 10/07/
Nitrite 7.7 MG/L 10/08/
Nitrate 9.5 MG/L 10/08/
Total Organic Carbon 5.6 MG/L 10/11/




ANALYTICAL RESULTS

Customer ID: WST-96-388
Ticket ID:

Requestor: WIPP
Sample Matrix: BRINE
Prcject Number: L30A%0000

ExSwaftBozthole ¢ 2506 © 43. 5

Date: Octoker 17, 19¢%¢
Lab ID: 240221

Case: 15095
Date Received: Sep 27, 19§
19

6
Date Collectsd: Sep 26, 96

RESULT
ANALYSIS REQUESTED RESULTS QUALT’
Silver <0.22 UN
Arsenic ~1.5 BN
Boron : “0.18 B
Barium 234
Bromide 10.2
Calcium 1010
Cacdmium <0.56 U
Chloride 5390
Chromium 12.8 E
Iron 717 EN
Mercury <0.20 UN
Potassium "18.3 B
Magnesium 744
Sodium 1660
Lead “1.8 B
pH 7.29
Selenium 82.1 N
Specific Gravity 1.01
Sulfate 973
Total Dissolved Solids 11500
Total Inorganic Carbon 47,2
Total Suspended Solids 32.0

Zinc 713.8 B

DATE MET=CD OF
g UNITS ANALYZED ANALYSIS
UG/L 10/08/96 AS-6 RO6
UG/L 10/09/96 AS-4 RO1
MG/L 10/08/96 AS-Z ROS
UG/L 10/09/96 AS-6 R06
MG/L 10/10/96 D-3 R13
MG/L 10/08/96 AS-5 RO05
UG/L 10/08/96 AS-¢6 R06
MG/L 10/10/96 D-3 R13
UG/L 10/08/56 AS-¢ R0O6
UG/L 10/09/96 AS-% ROS
UG/L 10/07/96 AS-Z R04
MG/L 10/08/96 AS-1 RG0S5
MG/L 10/08/96 AS-5 R0S
MG/L 10/08/96 AS-5 R05
UG/ L 10/08/96 AS-6 R06
0s/27/96 H-4 R0¢
UG/L 10/10/96 AS-4 R01
G/ML 09/30/96 K-4 R01
MG/L 10/10/96 D-3 Ri3
MG/L 10/01/96 K-3 RO6
MG/ L 10/10/96 K-5 ROS
MG/L 10/01/96 K-3 RQ%§
UG/L 10/508/95 AS-S ROS
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ANALYTICAL RESULTS

WST-96-391

rix: BRINE
L30AS0Q00

Dy od wsT-9¢ - 287

'EQUESTED RESULTS QUALI's

A

L

Date: October 17, 19898
Lab ID: 240226

<0.10 U

tnic Carbon

o e

lytical Laporato

Date: October
Case: 15085 Lab ID: 240225
Date Received: Sep 27, 199¢
Date Collectzd: Sep 28, 159¢ Case: 15099
gate Received:
ate Ccllected:
RESULT DATE METHOD UF cted
UNITS ANALYZED ANALYSIS
T - DATE
ITS AN
MG/L  10/07/96 F-5 RO7 ALY
MG/ L 10/08/96 ©D-3 R1Z
MG/L 10/08/96 D-3 R12 MG/L  10/07
MG/L 10/11/96 K-35 ROS MG/L 10588
MG/L  10/08
MG/L 10/11
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ANALYTICAL RESULTS

H-ildJ.YClCa.L LAl idvvay

Customer ID: WST-96-382 Date: October 17, 1986
Ticket ID: Lab ID: 240210
Requestor: WIPP Case: 15099
Sample Matrix: ERINE Date Received: Sep 26, 1856
Project Number: L30A90000 Cate Collected: Sep 24, 1596
Dujp c/:’_ WS7T-74 -38580

‘ RESULT DATE METECD OF
ANALYSIS REQUESTED RESULTS QUALI's UNITS ANALYZED ANALYSIS
Silver <0.22 UN UG/L 10/08/96 AS-5 R06
Arsenic “0.99 BN UG/L 10/09/96 AS-4 RO1
Boron “0.19 B MG/L 10/08/96 AS-= 305
Barium “94.5 B UG/L 10/09/96 AS-6 RO6
Bromide 8.2 MG/L 10/10/96 D-3 Ri3
Calcium 812 MG/L 10/08/56 AS-5 05
Cadmium <0.56 U UG/L 10/08/96 AS-6 R06
Chloride 3840 MG/L 10/10/96 D-3 13
Chromium “3.4 BE UG/L 10/08/2%6 AS-£¢ =06
Iron “3.8 BEN UG/L 10/09/96 AS-% 05
Mercury <0.20 UN UG/L 10/07/¢%6 AS-: 04
Potassium “31.4 B MG/L 10/08/%6 AS-1 05
Magnesium 653 MG/ L 10/08/96 AS-t% 05
Sodium 996 MG/L 10/08/96 AS-% 0S5
Lead 1.0 B UG/L 10/08/96 AS-2 06
PH 7.43 09/27/96 H-4 04
Selenium 67.2 N UG/ L 10/10/96 AS-4 R01
Specific Gravity 1.00 G/ML 08/30/96 K-4 01
Sulfate 856 MG/L 10/10/%6 D-3 13
Total Dissolved Solids 8690 MG/L 10/01/96 K-3 X086
Total Inorganic Carbon 47.1 MG/L 10/10/96 K-5 =05
Total Suspended Solids 24.0 MG/L 10/01/%6 KX-3 =35
Zinc 5.6 B UG/L 10/08/96 AS-: 05
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J1.05 ANALYTICAL RESULTS
Customer ID: WST-96-383 Date: QOctobker 17,
Ticket ID: Lab ID: 240214
Requestor: WIPP Case: 15088
Sample Matrix: BRINE Date Received: Ser
Project Number: L30A20000 Date Collected: Se
Duﬂ 71 LOST-%6 -28/

RESULT DATE
ANALYSTIS REQUESTED RESULTS QUALI's UNITS ANALYZEL
Ammonium 0.21 MG/L 10/07/96
Nitrite “0.12 B MG/L 10/08/96
Nitrate 16.1 MG/L 10/08/96
Total Organic Carbon 10.5 MG/L 10/11/96

gs et ~am e a— ol ey ot
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Grand Junction Projects Office Analytical Laboratory

Customer ID: WST-96-376

Ticket ID:

Regquestor: WIPP

ANALYTICAL RESULTS

Date: October 17,
ILab ID: 240207
Case: 15099

1896

Sample Matrix: BRINE Date Received: Sep 26, 1996
Project Number: L30A%0000 Date Collecctsd: Sep 23, 1996
/
ExSpft c-2505@ 5/ 4

RESULT DATE METECD OF
ANALYSIS REQUESTED RESULTS QUALI's UNITS ANALYZED ANALYSIS
Siliver “0.36 BN UG/L 10/08/956 BAS-5 R0O6
Arsenic “0.43 BN UG/ L 10/08/86 AaS-4 RO1
Boron 1.2 MG/L 10/08/56 AS-3 RO0S
Barium “88.2 B UG/L 10/09/96 AS-& R06
Bromide S.0 MG/L 10/10/96 D-3 R13
Calcium 789 MG/L 10/08/96 AS-5 R0OS
Cadmium <0.56 U UG/L 10/08/96 AS-£ R06
Chloride 3810 MG/L 10/10/96 D-3 Ri3
Chromium “4.8 BE UG/L 10/08/¢6 AS-& R06
Iron “14.6 BEN UG/L 10/09/96 AS-Z ROS
Mercury <0.20 UN UG/ L 10/07/96 AS-3 04
Potassium “36.7 B MG/L 10/08/96 AS-1I R0S
Magnesium 641 MG/L 10/08/96 AS-3 R0S
Sodium 1100 MG/L 10/08/96 AS-Z R05
Lead 1.6 B UG/L 10/08/96 AS-& R0O6
pH 7.54 05/27/96 H-4 R04
Selenium 63.6 N UG/L 10/10/%86 AS-4 RO1
Specific Gravity 1.00 G/ML 09/30/96 K-4 RO1
Sulfate 853 MG/L 10/10/96 D-3 Ri3
Total Dissolved Solids 8550 MG/ L 10/01/96 K-3 R06
Total Inorganic Carbon 45.8 MG/L 10/10/%6 KX-5 R0S
Total Suspended Scolids Y16.0 B MG/L 10/01/%6 K-3 =38
Zinc <3.3 U UG/L 10/08/96 AS-& ROS
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ANALYTICAL RESULTS

Customer ID: WST-$6-377 Date: October 17,
Ticket ID: Lab ID: 240211
Requestor: WIPP Case: 1508S
Sample Matrix: BRINE Date Received: Se
Proiject Number: L30AS0000 Date Collected: S
t / /
ExSuath &adxocc-zsos»*@ S/ 4

RESULT DATE
ANALYSIS REQUESTED RESULTS QUALI's UNITS ANALYZE
Ammonium 0.30 MG/L 10/07/9
Nitrite <0.10 U MG/L 10/08/9
Nitrate 15.6 MG/L 10/08/9
Total Organic Carbon 9.2 MG/L 10/11/9
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ANALYTICAL RESULTS

Customer ID: WST-96-378 Date: QOctober 17, 196¢
Ticket ID: Lab ID: 240208
Reguestor: Case: 15099
Sample Matrix: Date Received: Sep 26, 1996
Project Number: L30AS0000 Cate Collected: Sep 23, 1996

"~ Dup. 7/, WSTHG6 - 37

RESULT DATE METEOD OF

ANALYSIS REQUESTED RESULTS QUALI's UNITS ANALYZED ANALYSIS
Silver “0.59 BN UG/L 10/08/96 -¢ RO6
Arsenic “0.42 BN UG/L 10/09/96 AS-4 RO1
Boron “0.20 B MG/L 10/08/96 -Z ROS
Barium “955.7 B UG/L 10/09/96 -¢ RO6
Bromide 9.0 MG/L 10/10/96 D-3 R13
Calcium 772 MG/L 10/08/96 AS-z ROS
Cadmium <0.56 U UG/L 10/08/96 AS-& RO6
Chloride 3800 MG/L 10/10/96 D-3 R13
Chromium 18.0 E UG/L 10/08/96 AS-5 R0O6
Iron ~“93.7 BEN UG/L 1¢/09/96 AS-: ROS
Mercury <0.20 UN Uc/L 10/07/56 AS-3 RO4
Potassium “23.9 B MG/L 10/08/96 AS-i ROS
Magnesium 625 MG/L 10/08/96 - ROS
Sodium 1040 MG/L 10/08/%6 AS-5 R0OS
Lead 1.0 B UG/L 10/08/96 AS-Z R0O6
pH 7.47 09/27/96 H-4 204
Selenium 60.5 N UG/L 10/10/96 AS-4 RO1
Specific Gravity 1.00 G/ML 06/30/96 K-4 R01
Sulfate 852 MG/L 10/10/96 D-3 R13
Total Dissclved Solids 8530 MG/L 10/01/96 K-3 RO6
Total Inorganic Carbon 39.9 MG/L 10/10/96 K-S 05
Totzl Suspended Solids “i8E.0 B MG/L 10/01/S6 XK-3 X086
Zinc 4,7 B UG/ L 10/08/96 AS-: ROS5
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Grand Junction Projects Orrice faalytical LaDoratory

¥1.05

Customery ID: WST-96-379
Ticket ID:

Requestor: WIPP
Sample Matrix: BRINE
Project Number: L20AS0000

buja % W ST-94-377

ANALYTICAL RESULTS

Date: October 17,

Lab ID:

240212

Case: 15089
Date Received: Sex
Date Collected: S¢

RESULT DATE
ANATLYSTS REQUESTED RESULTS QUALI's UNITS ANALYZEL
Ammonium 0.38 MG/L 10/07/9¢
Nitrite “0.15 B MG/L 10/08/9¢
Nitrate 15.3 MG/L 10/08/9¢
Total Organic Carbon 6.4 MG/L 10/11/9¢
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ANALYTICAL RESULTS

Custcmer ID: WST-96-38C Date: Octoker 17, 188¢
Ticket ID: Lab ID: 240209
Requestor: WIPF Case: 15095
Sample Matrix: BRINE Date Received: Sep 25, 18%¢
Project Number: L30A%0000 Date Collectsd: Sep 24, 1898
A /
Ex Shar+ Bozgjo/f, C-Z2505@ &5
RESULT DATE METHCD OF
ANALYSIS REQUESTED RESULTS QUALI's UNITS ANALYZED ANALYSIS
Silver <0.22 UN UG/L 16/08/96 AS-3 R0O6
Arsenic 1.2 BN UG/L 10/09/96 AS-4 ROl
Boron “0.19 B MG/L 10/08/96 AS-5 RQS
Barium “%94.1 B UG/L 10/09/96 AS-5 R0O6
Bromide 9.1 MG/L 10/10/96 D-3 R13
Calcium 308 MG/L 10/08/96 AS-5 ROS
Cadmium <0.56 U UG/L 10/08/96 AS-z RO6
Chloride 3830 MG/L 10/10/96 D-3 R13
Chromium ~8.9 BE UG/L  10/08/96 AS-5 RO6
Iron “35.3 BEN UG/L 10/08/96 AS-% R0OS
Mercury <0.20 UN UG/L 10/07/96 AS-3 R04
Potassium “30.9 B MG/L 10/08/96 AS-1 ROS
Magnesium 653 MG/L 10/08/96 AS-T RO5
Sodium 996 MG/L 10/08/96 AS-% ROS
Lead “0.76 B UG/L 10/08/96 AS-& RO6
pH 7.47 09/27/96 H-4 R04
Selenium 63.5 N UG/L 10/10/96 AS-4 RO1
Specific Gravity 1.00 G/ML  09/30/96 K-4 RO1
Sulfate 853 MG/L 10/10/96 D-3 R13
Total Dissolved Solids 8580 MG/L 10/01/96 K-3 RO6
Total Inorganic Carbon 45.7 MG/L 10/10/96 X-5 k35
Total Suspended Solids 22.0 MG/L 10/01/%6 K-3 XI5
zZinc <3.3 U UG/L 10/08/98 AS-5 ROS5
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'Vl.OS ANALYTICAL RESULTS

? Customer ID: WST-96-381 Date: October 17,
Ticket ID: Lab ID: 240213
Requestor: WIPP Case: 15059

| Sample Matrix: BRINE Date Received: Se
Project Number: L30ASC000 Date Collected: S

i ExSwatt Bozehole c.250v8 ¢57

RESULT DATE

! ANALYSIS REQUESTED RESULTS QUALI's UNITS ANALYZE
Ammonium 0.26 MG/L 10/07/9
Nitrite “0.13 B MG/L 10/08/9

! Nicrate 16.0 MG/L 10/08/9
Total Organic Carbon 7.3 MG/L 10/11/9

[ Y
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TABLE C-1:

WATER-QUALITY ANALYTICAL LABORATORY RESULTS FOR BOREHOLES
C-2505, C-2506, C-2507, and ES-001
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FIGURES



Figure Captions

Figure C-1. Major-ion concentrations versus total dissolved solids. Chloride, sodium,
magnesium, and calcium concentrations increase with TDS, while sulfate and total inorganic
carbon decrease slightly or remain unchanged. ’

Figure C-2. Varation of Na/Cl molar ratio and magnesium, czﬂcium, and sodium concentrations
with chloride concentration. Increase of all parameters from south (C2507) to north (C2506)
suggests a halite source at the salt storage area.

Figure C-3. Variation of Ca/SO4 molar ratio and magnesium and calcium concentrations with
sulfate concentration. Similar sulfate concentrations suggests a gypsum source disseminated in
the sediments, while differences in the Ca/SO, ratio and magnesium and calcium concentrations

indicates additional sources for calcium and magnestum.

Figure C-4. Variation of Ca/Mg molar ratio and magnesium and calcium concentrations with
total inorganic carbon (TIC). Similar TIC values indicates disseminated dolomite and calcite
source in sediments. A Ca/Mg ratio below one suggests calcium is being removed by
precipitation of calcite, which is supported by position of depicted solubility curves.



NMWQCC standard of 0.05 mg/L. All lead results lie between the PQL and IDL, which indicates
they are estimated quantities.

Selenium results on samples from ESB C-2505 and C-2506 range from 0.0605 to 0.08221 mg/L,
which exceed the NMWQCC groundwater standard of 0.05 mg/L.. However, all Se results are
flagged with the N qualifier, which indicates spike recoveries were not within acceptable ranges.
Therefore, the accuracy of the results is questioned and reported concentrations are considered
estimates.

Most results for Ag are below the IDL of 0.00022 mg/L. Reported results that lie between the
PQL and IDL are approximately two orders of magnitude below the NMWQCC standard of 0.05
mg/L. Silver concentrations will remain very low in the presence of Cl ion due to precipitation of
the relatively insoluble silver chloride (AgCl) compound. )

C-6 Conclusions

Analytical results for 10 groundwater samples from 4 locations indicaté laboratory pH
measurements may overestimate the pH by approximately one-half pH:unit and that there is
significant variation in the concentrations of most major ions. Chloridé,' Na, Mg, and Ca
concentrations increase as sample locations move from the south to the'north, while SO, and TIC
concentrations remain the same or decrease slightly. Na/Cl, Ca/SO,, and Ca/Mg molar ratios
suggest that the Na and Cl source is probably the salt storage area and Ca, Mg, SO, and TIC
sources ére gypsum, calcite, and dolomite minerals disseminated in the sediments. Reported
concentr"ations; for TDS, Cl, and SO, exceed the NMWQCC groundwater standards.

The principal minor ions in the groundwater samples are Br, NO,, K and TOC, with Fe playing a
role as a minor ion in samples from ESB ES-001 and C-2507. Bromide and K results do not
mimic the trends of Cl and Na, as expected if halite is being dissolve. Nitrate concentrations are
below the NMWQCC standard of 44 mg/L (as NO;), and the reported levels of 10 to 18 mg/L
may reflect past livestock grazing in the area. Local ranch wells within the Dewey Lake Redbeds
have NO, concentrations of 20 to 530 mg/L. Results for TOC are slightly above concentrations
reported for Dewey Lake Redbeds, which may indicate a component of surface runoff from
asphalt parking lots and roads. Iron concentrations at ESB ES-001 and C-2507 exceed the
NMWQCC standard of 1.0 mg/L. The increase in Fe values to the south suggests a lower
oxidation potential in the groundwater south of the exhaust shaft.

All trace metals are below NMWQCC standards except for several Se resuits and a single B



result. Six reported results for Se slightly exceed the NMWQCC standard, but the accur
these results is questionable due to poor spike recovery of the analyzed QA/QC samples.
single B result that exceeds the NMWQCC standard of 0.75 mg/L also appears to be rel:
analytical problems or reporting errors, as the duplicate and two other samples from the |
location have B concentrations of 0.2 mg/L. '
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detection limit (IDL). Results for Fe are flagged with E and N qualifiers, indicating problems with
analyte interference (most likely Cl) and spike recovery. Therefore, Fe results are also considered

estimates.

Bromide (Br) concentrations vary from 9.0 to 10.2 mg/L (Table C-1). The uniform distribution
of Br relative to a distinct decrease in Cl ion from north to south is enigmatic. Ifthe source of Na
and Cl is halite dissolution, Br concentration should increase with Cl concentration, as some Br
substitutes for Cl in the halite structure. If additional groundwater samples are obtained from near
the salt storage area, further insight may be gained on this query. '

Nitrate (NO;) values are reported as NO,, and indicate a range of 9.5 to 18.2 mg/L. These values
may indicate some animal or human source for the nitrogen, but they are below the NMWQCC
groundwater standard of 44 mg/L (as NO,) and well below the NO, concentrations of 440 to 530
mg/L reported for groundwater from the Dewey Lake Redbeds at the Ranch Well (southern
border of DOE withdrawn land) (DOE, 1992).

Values for TOC range from 5.6 to 10.5 mg/L (Table C-1). These values exceed TOC values
reported for groundwater from the Dewey Lake Redbeds (<3 to 5 mg/L; DOE, 1992), and the
slightly higher values may reflect infiltration of surface water runoff from the asphalt parking lots
and roads at WIPP. -

Estimates of K concentration range from 11.9 to 36.7 mg/L, with all reported values falling
between the PQL and the IDL (Table C-1). Potassium exhibits limited substitution for Na in the
halite structure, implying K concentrations should increase with Na as halite is dissolved.
However, this is not observed in the data reported in Table C-1. Because of the qualitative nature
of the K data, additional analysis at this time is not warranted.

Iron concentrations at ESB ES-001 and C-2507 are estimated to range from 1.12 to 4.95 mg/L,
values which exceed the NMWQCC groundwater standard of 1 mg/L. Analytical problems with
matrix interference and spike recovery limit the conclusions one can draw on these data.
However, the large apparent increase of iron concentration at ESB ES-001 and C-2507, relative
to borings near the exhaust shaft, suggests a lower oxidation potential for the groundwater as it
moves south of the exhaust shaft.

C-5 Trace Metals - .
Analytical results for the metals boron (B) and zinc (Zn) and the RCRA metals arsenic (As),



barium (Ba), cadmium (Cd), chromium (Cr), lead (Pb), mercury (Hg), selenium (Se), and
(Ag) are given inTable C-1. All reported trace-metal concentrations are below the NMW
groundwater standards, except for several Se results and a single B result. Individual trac
are discussed below, with the exception of results for Hg and Cd. All Hg and Cd results
below their respective IDLs of 0.0002 mg/L. and 0.00056 mg/L.

All B resuits are between the PQL and IDL and are below the ANMWQCC limit of 0.75 m
with the exception of a reported concentration of 1.2 mg/L for the groundwater sample o
at 51.4 ft at ESB C-2505. The duplicate for this sample has a B concentration of 0.2 mg/
other samples collected at the 65 ft depth at ESB C-2505 have B concentrations of 0.19 r
Therefore, there is indication of analytical problems or a reporting error for the listed
concentration of 1.2 mg/L.

Reported Zn results are approximately three to four orders of magnitude lower than the
NMWQCC standard of 10 mg/L. Most results are near the IDL of 0.0033 mg/L, and are
considered estimated quantities. Results from ESB ES-001 are above the PQL and are cc
with the highest observable TIC results. Zinc is a common trace metal in calcite and dolo
and the correlation of Zn and TIC concentrations is probably tied to dissolution of dolom

Arsenic results (Table C-1) are approximately two orders of magnitude below the NMW -
groundwater standard of 0.1 mg/L. All results for As lie between the PQL and IDL and ¢
considered estimated values.

Results for Ba are approximately one order of magnitude below the NMWQCC groundw
standard of 1 mg/L. Most samples have Ba concentrations that lie between the PQL and
exceptions being the sample and duplicate from ESB C-2506. The similar Ba concentrat
locations agrees with observations of similar SO, concentrations across the sampling site
suggests that Ba concentrations are controlled by barite (BaSO,) solubility. This observ
agrees with solubility calculations that indicate all groundwater samples are saturated wi

Chromium concentrations are < to 10 times lower than the NMWACC standard of 0.05

Most Cr results lie between the 7730 Ldiesiing the results are considered estil
Cr concentration. Additionally, the .er associated with most «_: results indicate:
presence of element interfer~ = *~ © ”1) during the analysis.

Analytical results for Pb (Table + - : approximately one order of magnitude below



Figure C-3 examines the origin of sulfate, calcium, and magneSium in the groundwater. Sulfate
concentrations range from 852 mg/L (8.87 mmol/L) to 994 mg/L (10.3 mmol/L) and are simular in
groundwater samples from ESB C-2505, C-2507 and ES-001, and about 10 percent lower in ESB
C-2505. The Ca/SO, molar ratio is between 2.2 and 2.5 for samples obtained near the exhaust
shaft and 1.1 to 1.2 for samples south of the exhaust shaft. Solubility calculations indicate all
groundwater samples are undersaturated with gypsum (CaSQ,:2H,0), anhydrite (CaSO,), and
hydrated MgSQO, salts (e.g., kieserite, leonhardite, hexahydrite, epsomite), implying that additional
sulfate minerals will be dissolved if encountered by the groundwater. Additionally, all samples
have sulfate concentrations that exceed the NMWQCC groundwater standard of 600 mg/L (6.25
mmol/L).

A relative uniform distribution of SO, ion in the groundwaters suggests that sulfate sources are
disseminated in the sediments containing the groundwater, rather than the point source indicated
for Na and ClI concentrations. Gypsum and anhydrite are common minerals in the sediments of the
Dockum Group, which underlie the WIPP surface facilities to a variable depth of 40 to 70 ft (Holt
et al., 1990), but the very soluble MgSO, salts are not. Therefore, suifate and calcium ions are
likely to be derived from the dissolution of gypsum or anhydrite. In contrast, it is unlikely that
significant Mg concentrations could be derived from sulfate minerals. The source for most Mg
ions, and additional Ca ions, is probably dolomite (MgCa(CQ,),) grains in the calcareous
sediments of the Dockum Group. Enhanced dissolution of dolomite at lower pH may be
responsible for the relative increase in the Ca/SO, molar ratio of samples obtained from ESB
C-2505 and C-2606 (2.2 to 2.5 relative to 1.1 to 1.2, Figure C-3). This hypothesis is discussed
further below. ' '

The carbonate system for the collected groundwater samples 1s summarized on Figure C-4.
Values for TIC range from 39.9 mg/L (3.32 mmol/L) to 58.0 mg/L (4.83 mmol/L). Note that a
millimole of TIC is equal to a millimole of CO, or HCO;, and TIC has been plotted to coincide
with TIC values listed in Table C-1. It is evident upon examination of Figure C-4 that the sample
with the lowest TIC is isolated from its duplicate. TIC values for the sample and duplicate from
the 51.4 ft depth of ESB C-2505 differ by 14 percent, compared to differences of less than 4
percent for remaining samples and their duplicates. Based on the similarity of Mg and Ca
concentrations for the four samples from ESB C-2505, it appears that the low TIC value reflects a
potential laboratory problem with the analysis of this sample. )

In general, Figure C-4 shows that the concentrations of Ca and Mg ions decrease as TIC
increases, which suggests carbonate mineral equilibria (i.e., calcite and dolomite) controls the



concentrations of TIC, Ca, and Mg. This statement is supported by solubility calculations
out with the EQ3/6 geochemical code (Wolery, 1992; Wolery and Daveler, 1992), which
all groundwaters to be supersaturated with calcite and dolomite at the reported pH values

As noted in the pH discussion, laboratory pH measurements probably overestimate the p}l
samples by approximately one-haif pH unit. This is a common observed phenomenon in s
containing carbonate that undergo CO, degassing, and is suggested further by solubility
caiculations that indicate the calcite supersaturation state is reduced to saturation as the p
dropped to 7. Plotted calcite solubility curves at a pH of 7 for brackish and dilute water:
C-4) pass through or near all Ca concentrations except those from ESB C-2506. The bra
solubility curve fits samples obtained from ESB C-2505 (TDS= 8,600 mg/L), while the di
curve fits samples obtained from ESB C-2507 and ES-001 (TDS < 4,500). Dolomite cur
not plotted because dolomite formation is a diagenetic process rather than precipitatioﬁ, [
due to kinetic inhibition of nucleation sites (Berner, 1971). However, dissolution of dolo
hypothesized to play an important role in the observed Ca/Mg molar ratios.

Dissolution of dolomite in deionized water produces a Ca/Mg molar ratio of one. The C:
molar ratio of the samples on Figure C-4 varies between 0.72 and 0.82, which suggests C
being removed by calcite precipitation to lower the Ca/Mg molar ratio. This is supported
position of the solubility curves on Figure C-4. The difference in reported pH is likely to
for much of the difference in observed Mg and Ca concentrations, with lower pH values i
samples from near the exhaust shaft yielding higher Mg and Ca concentrations.

In summary, major ions in the groundwater samples suggest an increase in TDS and the
molar ratio to the north may reflect a point source for halite dissolution in the salt storag
Relatively uniform sulfate concentrations in all groundwater samples suggest a disseminz
source for suifate in the Dockum Group sediments. Mg, Ca, and TIC values are tied to
dissolution of dolomite and precipitation of calcite, with highest observed Mg and Ca
concentrations linked to lower pH and higher Na and CI concentrations. Concentration:
Cl, and SO, exceed the NMWQCC groundwater standards.

C.4 Minor Ions

Minor ions (i.e., 1 - 100 mg/L) in the sampies include bromide (Br), nitrate (NO,), total
~~=on (TOC), and potassium (K). Samples from ESB C-2507 and ES-001 contain mi
amounts of iroii J<. A 2sults for K are flageed with the B qualifier. ‘~dicating the r

result is an estimate that lies vetweei tie praco. o} guaniizating imit (P L; 2nd the inst

Pt



Appendix C
WATER-QUALITY ANALYSIS

C.1 Introduction

Five groundwater samples and their associated duplicates (ten total samples) were collected from
sediments above the Dewey Lake Redbeds at the four locations, C-2505, C-2506, C-2507, ES-
001, shown on Figure 1-1. Two samples and two duplicates were collected from Exhaust Shaft
Boring (ESB) C-2505 at depths of 51.4 ft and 65 ft below ground surface. A single sample and
duplicate were collected from each of the remaining borings. The samples and duplicates were
analyzed for pH, specific gravity, total dissolved solids, and major, minor and trace ions. A list of
the analytes and the analyt'ical results can be found in Table C-1.
This geochemical analysis of the groundwater compositions will focus primarily on the major- and
minor-ion chemistry to evaluate the origin of the groundwater. Trace ions will be discussed in a
qualitative sense, as most trace-metal concentrations were near the analytical detection limit and
results are considered estimates rather than validated quantitative numbers..

C.2 pH, Specific Gravity, and Total Dissolved Solids .

The pH values recorded by the analytical laboratory range from 7.29 to 7.66 (Table C-1); there
are no field pH measurements available. As discussed in Section C.3 (Major Ions), the laboratory
pH measurements probably overestimate the pH values by approximately one-half of a pH unit,
due to degassing of carbon dioxide (CO,) during sample collection and shipping. The neutral to
slightly basic pH values reflect groundwater reactions with calcite and dolomite (Section C.3).

Reported specific gravity values are 1.00 g/ml for all samples, except the sample value of 1.01 for
ESB C-2506 (Table C-1). This range of values indicates most groundwaters are dilute solutions,
with brackish conditions being reached by the sample and duplicate from ESB C-2506.

Total dissolved solids (TDS) range from 4,000 (ESB C-2507) to 11,500 mg/L (ESB C-2506)
(Table C-1). TDS values are highest for samples obtained proximal to the exhaust shaft (ESB C-
2505 and C-2506), and decrease at the sample locations south of the exhaust shaft (ES-001, 100
ft south; C-2507, 215 ft south). Higher TDS values in groundwater samples recovered from near
the exhaust shaft are linked primarily to an increase in chloride and sodium concentrations,
suggesting dissolution of halite (NaCl) (Section C.3).



C.3 Major Ions

The major ions (i.e., >100 mg/L) in recovered groundwater samples are chloride (Cl), su
(80,), bicarbonate (HCO,), sodium (Na), calcium (Ca), and magnesium (Mg). Bicarbon
concentration is calculated from the reported value for total inorganic carbon (TIC) as fo

HCO, (mg/L) = TIC (mg/L) * 5.08

Figure C-1 charts the increase of Cl, Na, Mg, and Ca concentrations as TDS increases fr
mg/L at ESB C-2507 to 11,500 mg/L at ESB C-2505. Sulfate and TIC concentrations d
slightly or remain unchanged as TDS increases. Chloride and Na ions account for about
percent of the solute mass in EBS C-2505 and C-2506, suggesting the source for the solr
halite and associated salts (e.g., anhydrite [CaSO4]). Although TDS levels generally inc:
the direction of groundwater flow, preliminary hydrologic pump tests suggest groundwat
to the south, toward lower TDS values. TDS levels at all locations exceed the New Mex
Water Quality Control Commission NMWQCC) groundwater standard of 1,000 mg/L.

The variations of the Na/Cl molar ratio and Mg, Ca, and Na concentrations with Cl conc
are shown on Figure C-2. All parameters increase as the Cl concentration increases from
mg/L (32.7 mmol/L) to 5,400 mg/L (152 mmol/L), and all groundwater samples are
undersaturated with respect to halite, indicating halite will be dissolved where it is encou:
the groundwater. Additionally, all groundwater samples have Cl concentrations that exc
established NMWQCC groundwater standard of 250 mg/L (7.05 mmol/L).

As noted above, if groundwater flow is to the south, than relatively higher solute concer
to the north indicate a potential point source for the dissolved 10ns near ESB C-2506. T
storage area north of ESB C-2506 and the exhaust shaft may serve as the source for the
Further evidence for the salt storage'area serving as the source for solute in the grounds
the observed increase in the Na/Cl molar ratio as one moves from the south locations tc
The Na/Cl ratio increases from an average of approximately 0.33 at locations ESB C-2
ES-001 south of the exhaust shaft to 0.48 at ESB C-2506. Rain water dissolving halite
source produces surface water with a molar Na/Cl ratio of one. Therefore, if the salt sf
is a viable source for the Cl and Na observed in the groundwater sample, the Na/Cl rati
approach one as sample locations move toward the salt storage area. Na/Cl ratios less
indicate Na ion is attenuated along the flow path as groundwater migrates to the south
storage area. Alternatively, a secondary source of Cl may be present to elevate Cl cor
However, halite is the most probable source for the Cl ion.
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Preliminary Report on Geology of
Drillholes C2505, C2506, and C2507

Merrie L. Martin

IT Corporation

5301 Central Ave NE
Albuquerque, NM 87108

Dennis W. Powers, Ph.D
Consulting Geologist
HC 12 Box 87

Anthony, TX 79821

ABSTRACT

Three drillholes to identify possible sources of small amounts of water flowing into the
exhaust shaft were partially cored to recover rock samples representative of the near-surface
geology. Through the cored intervals, recovery was good, averaging better than 0% overall.

The Pleistocene Mescalero caliche was encountered below several feet of surface fill and
dune sand. It is not strongly indurated as in some other areas around the WIPP site,
representing about stage 1 in development, and it is relatively thin (up to about 3 ft). The
Mescalero did not appear to be laminar near the exhaust shaft, though it is hard and well-formed
where exposed in constructed drainage ponds just outside the south WIPP fence.

The Miocene-Pleistocene Gatuia Formation immediately underlies the Mescalero, and
the upper part has partly been calcified by pedogenic processes. It is about 36 ft thick where
completely cored. The Gatunria lithology is typical in these drillholes. The interpreted thickness is
about 20 ft more than in the exhaust shaft. The difference is due to local variations and a much
more comprehensive knowledge of the Gatufia since the exhaust shaft was mapped.

The Triassic Santa Rosa Formation ranges from about 5 to 8 ft thick as assigned in these
drillholes. In the exhaust shaft, the assigned thickness was about 20 ft. The difference is due to
changed interpretation of the Gaturia-Santa Rosa contact in this study as well as some local
variation. The Santa Rosa lithology is typical.

Each of the drillholes encountered the Dewey Lake Formation between 48 and 54 ft
below the surface and reached total depth in the upper part of the unit. Dewey Lake lithology is
typical for the formation. At about 65 ft depth, each drillhole encountered hard drilling, and

samples from C2505 suggest this is a cementation change in the formation.
Wet samples were returned from each drillhole from about the same depth (about 50 ft),

which ranged from Santa Rosa to upper Dewey Lake. Water depths measured after varying
periods of observation correspond to the lower Gatufia in C2505 and C2506 and upper Santa

Rosa in C2507.

‘A greenish-gray sandstone at the top of the Santa Rosa was wet when cored in C2505
and C2506. The core showed a short, near-vertical fracture in C2506. It is likely that the same
greenish-gray sandstone, also with a short, near-vertical fracture, overlies the Dewey Lake in
C2507 at the point where core became moist.

Local conditions of poorly developed Mescalero may locally improve percolation and the
Dewey Lake cementation change may inhibit further infiltration. While these conditions may be
important in localizing infiltration, they do not explain the original source of the water in the

exhaust shaft.

exshft1.wpd 1
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(Drillhole report; 10/23/96) (,;%
INTRODUCTION "

n

Project Background o

For several years, water has persistently flowed into the exhaust shaft in s
volumes at shallow depths. The source was clearly not ground water from deepel:g
sources, but the nature and extent of the source was undetermined. A drilling pro

was designed to try to determine the nature and extent of the source of the water. &

Locations were chosen partly on the basis of geophysical data collected to show
b
-

possible shallow conductive zones.

Initial drillholes (C2505, C2506) were located close to the exhaust shaft to m

provide the best opportunity to find any saturated zone and determine its
characteristics. A third drillhole (C2507) was located further away to try to determm
the extent of the saturated zone. Two additional drillholes (ES-001, ES-002) provi

more limited information and were filled in on completion. ES-001 showed limited M

caliche development and was deepened for water samples. ES-002 was shallow ar

also demonstrated limited caliche development. -

Drilling and completion methods are covered in the main report on the projec

The core descriptions were the responsibility of Dennis Powers and Merrie |
Martin (IT Corporation). Liane Terrill (Westinghouse) provided an initial descriptior
C2507, and Dennis Powers prepared a supplemental description. ES-001 and E%
were examined in less detail. Copies of the original logs are attached to this repor‘cﬁ

"
Geology Background -

The general geology ior these drillholes could be forecast on the basis of thg
mapping of the exhaust shaft (Holt and Powers, 1986). From the surface, these
drittholes wére expected to encounter construction fill, dune sand, Pleistocene u
Mescalero caliche, Miocene-Pleistocene Gatufia Formation, Triassic Santa Rosa j

Formation, and Permian Dewey Lake Formation. All formations were encountere

exshft1.wpd 2 g



(Drillhole report; 10/23/96) (Powers)

during the drilling generally as expected.
The Mescalero caliche in the area of WIPP is best known from the work of

George Bachman (e.g., Bachman, 1974, 1976). Further away, Powers (1993) studied
the Mescalero in pipeline trenches, finding a range of development from about stage 2
through stage 5 (Bachman and Machette, 1977) across topographic changes. In
general, the Mescalero is continuous across the general site area and provides broad
evidence of geomorphic stability.

‘The Gatufa Formation is relatively thin across the WIPP site (Bachman, 1985)
and thickens considerably to the west, especially along Nash Draw and nearer the
present day Pecos River (Powers and Holt, 1993, 1995a). It was deposited
predominantly in a fluvial environment. The base of the formation is regionally
unconformable, and it can be locally erosional, forming some channeling. This can
cause considerable local variations in thickness. The formation has formed in
response to dissolution in some areas along the general Pecos River trend (Powers
and Holt, 1995a).

- The Triassic Santa Rosa Formation is thin near the center of the WIPP site (e.g.,
Powers and Holt, 1995b). It thickens rapidly to the east. The formation was deposited
in dominantly fluvial environments (e.g., McGowen et al., 1979). It lies unconformably

on the Dewey Lake.
The Permian Dewey Lake Formation thickens from west to east across the site

to a regional maximum of about 600 ft (Schiel, 1988). It was deposited as fluvial
deposits auring ephemeral flooding. The unit is characteristically fine-grained, ranging
from interbedded fine sandstone to mudstone. It has a distinctive reddish-brown color

with small zones and spots that are greenish-gray.

Drillhole C2505
Stratigraphic Summary

exshft!.wpd 3
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=ncountered in C2505 from surface:
“epth (ft)  Unit
-~9.4 no core; fill and dune sand (hand augered)
14-12.4 Mescalero caliche
2.4-48.8  Gatuna Formation
-8.8-540  Santa Rosa Formation
:4.0-97.0 Dewey Lake Formation (TD @ 97 ft)

—~ loisture/Saturated Zones

“3tindication of moisture was in the rocks retrieved from the core run
— zriilhole depth of 51.4 ft (Santa Rosa). Cores from 48.8 to 50.0 consist
== Tray fine to medium grained sandstone that appeared wet. Below 50.0l
— ~1erbedded siltstone and mudstone appeared to have little moisture.
== 10 return mud to the surface while drilling between 64 and 65 ft. Wa'
==zsured at 44.8 ft (at the level of the lower Gatufia Fm), and water sam
==a,

zst indication of moisture was damp core recovered from a minor vug¢
—zione interval from about 92 to about 93 ft, but there appeared to be |

-

——ne.
=r22505

—=s were available to 9.4 ft. Previous hand augering debris indicates
—= 3 composed mainly of sand and caliche gravel that has been used a

waterial. The sand source is the local dune sands present before

== and the upper part was disturbed during construction of the exhaus

- mam———

~270.8 ft., the eolian sand in core appears to be undisturbed by constr
==tero caliche is present from 10.8 to 12.4 ft. The caliche generally

===:age 1 development, with disseminated carbonate coating the grain
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ABSTRACT

Three drillholes to identify possibie sources of small amounts of water flowing into the
exhaust shaft were partially cored to recover rock samples representative of the near-surface
geology. Through the cored intervals, recovery was good, averaging better than 90% overall.

The Pleistocene Mescalero caliche was encountered below several feet of surface fill and
dune sand. It is not strongly indurated as in some other areas around the WIPP site,
representing about stage 1 in development, and it is relatively thin (up to about 3 ft). The
Mescalero did not appear to be iaminar near the exhaust shaft, though it is hard and well-formed
where exposed in constructed drainage ponds just outside the south WIPP fence.

The Miocene-Pleistocene Gatufia Formation immediately underlies the Mescalero, and
the upper part has partly been calicified by pedogenic processes. It is about 36 ft thick where
completely cored. The Gatuna lithology is typical in these drillholes. The interpreted thickness is
about 20 ft more than in the exhaust shaft. The difference is due to local variations and a much
more comprehensive knowledge of the Gaturia since the exhaust shaft was mapped.

The Triassic Santa Rosa Formation ranges from about 5 to 8 ft thick as assigned in these
drillholes. In the exhaust shaft, the assigned thickness was about 20 ft. The difference is due to
changed interpretation of the Gatufia-Santa Rosa contact in this study as well as some local
variation. The Santa Rosa lithology is typical.

Each of the drillholes encountered the Dewey Lake Formation between 48 and 54 ft
below the surface and reached total depth in the upper part of the unit. Dewey Lake lithology is
typical for the formation. At about 65 ft depth, each drillhole encountered hard drilling, and
samples from C2505 suggest this is a cementation change in the formation.

Wet samples were returned from each drillhole from about the same depth (about 50 ft)
which ranged from Santa Rosa to upper Dewey Lake. Water depths measured after varying
periods of observation correspond to the lower Gatuiia in C2505 and C2506 and upper Santa
Rosa in C2507.

A greenish-gray sandstone at the top of the Santa Rosa was wet when cored in C2505
and C2506. The core showed a short, near-vertical fracture in C2506. 1t is likely that the same
greenish-gray sandstone, also with a short, near-vertical fracture, overlies the Dewey Lake in
C2507 at the point where core became moist.

Local conditions of poorly developed Mescalero may locally improve percolation and the
Dewey Lake cementation change may inhibit further infiltration. While these conditions may be
important in localizing infiltration, they do not explain the originat source of the water in the
exhaust shaft.

exshit!.wpd 1



(Drilthole report; 10/23/96) (Powers)

during the drilling generally as expected.

The Mescalero caliche in the area of WIPP is best known from the work of
George Bachman (e.g., Bachman, 1974, 1976). Further away, Powers (1993) studied
the Mescalero in pipeline trenches, finding a range of development from about stage 2
through stage 5 (Bachman and Machette, 1977) across topographic changes. In
general, the Mescaleroe is continuous across the general site area and provides broad
evidence of geomorphic stability.

The Gatufia Formation is relatively thin across the WIPP site (Bachman, 1985)
and thickens considerably to the west, especially along Nash Draw and nearer the
present day Pecos River (Powers and Holt, 1993, 1995a). It was deposited
predominantly in a fluvial environment. The base of the formation is regionally
unconformable, and it can be locally erosional, forming some channeling. This can
cause considerable local variations in thickness. The formation has formed in
response to dissolution in some areas along the general Pecos River trend (Powers
and Holt, 1995a).

The Triassic Santa Rosa Formation is thin near the center of the WIPP site (e.g.,
Powers and Holt, 1995b). It thickens rapidly to the east. The formation was deposited
in dominantly fluvial environments (e.g., McGowen et al., 1979). It lies unconformably
on the Dewey Lake.

The Permian Dewey Lake Formation thickens from west to east across the site
to a regional maximum of about 600 ft (Schiel, 1988). [t was deposited as fluvial
deposits ‘during ephemeral flooding. The unit is characteristically fine-grained, ranging
from interbedded fine sandstone to mudstone. It has a distinctive reddish-brown color

with smail zones and spots that are greenish-gray.

Drillhole C2505
Stratigraphic Summary
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providing a whitish color to the rock; it is poorly lithified. A few soil pisolites are
present, indicating that the Mescalero is either in early stages of development or is a
remnant of an earlier higher stage of develpment. For the moment, given the general
knowledge of the Mescalero in the vicinity of the WIPP, we favor the latter
interpretation. The Mescalero caliche most likely had been developed to stages 4 or 5
before devolving through infiltration. At this time, we do not believe the Mescalero has
been disturbed or removed by construction.

We assigned rocks to the Gatuia Formation based on lithology, color,
bioturbation, MnO, staining, and carbonate cementation. It is similar to the formation
as found during field studies of the unit.

We assigned rocks to the Santa Rosa Formation based on lithology (including
larger clasts, coarser grain sizes, and biotite as a principal accessory mineral), color
(more intense hues than in either Gatuia or Dewey Lake), and induration.

We assigned rocks to the Permian Dewey Lake Formation based on lithology
(fine sandstones interbedded with siltstones and mudstones), primary sedimentary
structures (abundant thin laminae and slight cross-cutting relationships), and color
(relatively uniform medium to dark reddish brown mottled with greenish gray reduction
spots or zones). A hard zone was encohntered at a depth of about 65 ft that required a
switch from augers to rotary drilling. There appears to be a cementation change, with
possible silica cements more important below this interval.

Comparison to Exhaust Shaft Lithology

The drillhole lithology is very comparable to the exhaust shaft. Principal
differenbes are lesser caliche formation in the drilihole and thicker section assigned to
the Gatufia. As a consequence, the Santa Rosa is thinner in the drillhole. The position

of the Santa Rosa/Dewey Lake contact appears to be the same depth in borehole and

shaft.
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Drillhole C2506

Stratigraphic Summary
Units encountered in C2506 from surface:
Depth (ft)  Unit
0-41.0 no core; fill and dune sand; Mescalero caliche; Gatuna |
41.0-48.2  Gatuna Formation
48.2-53.5  Santa Rosa Formation
53.5-69.0 Dewey Lake Formation (TD @ 69 ft) 1

Summary of Moisture/Saturated Zones

The first indication of moisture in the rocks occurred when the core barrel
surface was moaist from the run between 48.2 to 50.0 ft (Santa Rosa). Cores were r‘
to 56.0 ft (upper Dewey Lake) and were dry below that. Rocks through the moist z
consisted of greenish gray to reddish brown fine to medium grained sandstone of tt
basal Santa Rosa to dark reddish brown silty claystone of the uppermost Dewey L:

that appeared wet.

Geology of C2506

No cores were available to 41.0 ft. Augering debris showed intervals of sar
and caliche gravel that has been used as construction material, Mescalero caliche
upper Gatuna.

We assigned rocks to the Gatuia Formation based on lithology, color,
bioturbation, MnO, staining, and carbonate cementation. It is similar to the forme
as found during field studies of the unit.

We assigned rocks to the Santa Rosa Formation based on lithology (inclu:

larger clasts, coarser grain sizes, and biotite as a principal accessory mineral), ¢
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(more intense hues than in either Gaturia or Dewey Lake), and induration. The basal
sandstones of the Santa Rosa included short, near-vertical fractures from about 49.0-
49.8 and 51.7 to 52.0 ft depth, in the zone containing moisture. The fractures did not
appear to be induced by drilling; there was no fracture filling.

We assigned rocks to the Permian Dewey Lake Formation based on lithology
(fine sandstones interbedded with siltstones and mudstones), primary sedimentary
structures (abundant thin laminae and slight cross-cutting relationships), and color
(relatively uniform medium to dark reddish brown mottled with greenish gray reduction
spots or zones). A hard zone was encountered at about 64 ft depth, and no cores were

obtained between 64.2 and TD at 69 ft. This may be a cementation change similar to

C2506.

Comparison to Exhaust Shaft Lithology

The drilthole lithology is very comparable to the exhaust shaft. Principal
differences are probable lesser caliche formation in the drillhole and thicker section
assigned to the Gatufia. As a consequence, the Santa Rosa is thinner in the drillhole.
The position of the Santa Rosa/Dewey Lake contact appears to be the same depth in

borehole and shaft.

Drillhole C2507

Stratigraphic Summary
Units encountered in C2507 from surface:
Depth (ft)  Unit
0-39.0 no core; fill and dune sand; Mescalero caliche; Gatufia Fm
39.0-39.5  Gatufia Formation
39.5-48.0  Santa Rosa Formation
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48.0-72.0 Dewey Lake Formation (TD @ 72 ft after reaming)

Summary of Moisture/Saturated Zones

Cores were moist from 49.0 to 50.5 ft (upper Dewey Lake). Mudstones froi
62.5-63.0 ft were also moist and formable. Rocks through the upper moist zone
consisted mainly of interbedded reddish brown fine grained séndstone, siitstone,
mudstone of the uppermost Dewey Lake. Greenish-gray sandstones of the basal

Santa Rosa immediately overlie this zone.

Geology of C2507

No cores were available to 39.0 ft. Augering debris showed intervals of sa
and caliche gravel that has been used as construction material, Mescalero caliche
upper Gatufia.

We assigned only the first half foot of cored rocks to the Gatufia Formatioﬁ
based on lithology, color, bioturbation, MnO, staining, and carbonate cementatior
similar to the formation as found during field studies of the unit.

We assigned rocks to the Santa Rosa Formation based on lithology (inclur
larger clasts, coarser grain sizes, and biotite as a principal accessory mineral), ¢
(more intense hues than in either Gaturia or Dewey Lake), and induration. The t
greenish-gray sandstones include a vertical fracture, about 0.3 ft long, at 47.6 ft

This is similar to C2506.
We assigned rocks to the Permian Dewey Lake Formation based on litho

(fine sandstones interbedded with siltstones and mudstones), primary sediment:
structures (abundant thin laminae and slight cross-cutting relationships), and cc
(relatively uniform medium to dark reddish brown mottled with greenish gray rec
spots or zones). A hard zone was encountered during drilling from about 63 ft 1

69 ft. During reaming the hole was deepened to about 72 ft. No cores were tal
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This hard zone corresponds to hard zones in the other drillholes, and probably refiects
a general cementation change in the Dewey Lake.
Comparison to Exhaust Shaft Lithology

The drillhole lithology is very comparable to the exhaust shaft. Principal
differences are probable lesser caliche formation in the drillhole and thicker section
assigned to the Gatunia. As a consequence, the Santa Rosa is thinner in the drillhole.
We assigned more rocks to the Santa Rosa in C2507, however, than in the other two
drillholes. The position of the Santa Rosa/Dewey Lake contact appears to be nearly

the same depth as at the shaft.

ES-001 and ES-002

The Mescalero caliche encountered in these driliholes is similar to that
encountered in the other 3 drillholes. It is minimally developed, most likely as a
consequence of destruction of a better developed pedogenic carbonate that is being or

has been partially destroyed by local infiltration.

SIGNIFICANCE OF CEMENTATION

The hard drilling zone in the Dewey Lake at depths of about 65 ft in each
drillhole likely signifies a cementation change. Within the exhaust shaft, the apparent
cementation change is at about 121 ft, but the observations in the exhaust shaft were
not keyed to cementation changes in this interval and may not be as precise.

It is suggested that a cementation change, as indicated by drilling and core
samples, at a depth of about 65 ft below the surface in the driiling area may be an
impediment to infiltration of surface water and causes perching.

In addition, the Mescalero caliche does not appear to be cemented as strongly in
the drilling area as it is in other areas of the WIPP. There is a local topographic low in

this area. Other local topographic lows show less developed caliche, probably as a
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result of some concentration of surface runoff and locat removal of some of the

carbonate as runoff percolates through this zone. This also permits increased loc

infiitration.

The combination of low-grade caliche and Dewey Lake cementation probat
assists in concentrating water locally in the area near the exhaust shaft. This doe
provide an explanation of the actual sources of water, only of some conditions tha

assist in concentrating the water.
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