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Executive Summary

This assessment of dissolved lead detected in water quality samples from monitor well PZ-13
examines the potential sources of elevated lead concentrations and the geochemical conditions
that influence lead mobility. PZ-13 was installed in 2007 to investigate shallow subsurface
water (SSW) conditions in the vicinity of the Site and Preliminary Design Validation (SPDV) pile
at the Waste Isolation Pilot Plant (WIPP). The PZ-13 lead assessment was conducted on
behalf of the U.S. Department of Energy (DOE) by Daniel B. Stephens & Associates, Inc.
(DBS&A), under contract to Washington TRU Solutions LLC (WTS).

Monitor wells PZ-13, -14, and -15 were installed adjacent to the SPDV pile to determine whether
SSW exists around the SPDV pile and to monitor water quality. The SPDV pile received
excavated rock and minor construction debris from the construction of shafts and the repository
excavation during the WIPP design validation phase. The three monitor wells found that SSW
exists in thin perched zones at depths ranging from 40 to 65 feet below ground surface (bgs).
At PZ-13, the SSW saturated interval observed during drilling is 2.5 feet thick. Monitoring
shows that PZ-13 has a total dissolved solids concentration of 230,000 to 255,000 milligrams
per liter (mg/L) and dissolved lead concentration of 0.13 to 0.40 mg/L. Based on the different
levels at which saturation occurs in the Gatuna and Santa Rosa Formations and water quality
differences in PZ-13, -14, and -15, the thin perched zones at these wells do not appear to be

continuous.

This assessment considers whether the lead source is naturally occurring (due to soil or
formation materials), a result of waste in the SPDV pile, or due to monitoring methods or
materials. Formation materials were tested for lead concentrations using an x-ray fluorescence
(XRF) field instrument to screen the archived core samples representative of the formations
contained in the SPDV pile, the Dewey Lake at its outcrop at Nash Draw, and the Salado at the
repository level. XRF testing identified detectable lead concentrations ranging from 17 to
31 milligrams per kilogram (mg/kg) in the upper Dewey Lake from cores collected from PZ-13
and -14, and ERDA-9. ERDA-9 was drilled in 1976; therefore, the archived core has not been
affected by SSW. Samples from this upper Dewey Lake horizon were tested for leachable lead

by laboratory methods.

ES-1
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Conclusions regarding the potential lead sources considered in the assessment include:

¢ Monitoring methods and laboratory procedures do not appear to be a likely source of

lead. Water quality results appear to accurately characterize the lead concentration.

e Monitor well materials are standard and do not appear to be a source of lead.

e Drilling tools used at PZ-13 used a custom-made bit that needed welding to repair lost
auger teeth. Samples of drill bit teeth were collected from the driller for laboratory
analysis, which showed no leachable lead and only one sample containing a lead
concentration less than the lead concentration in water at PZ-13. These results show

that the drilling tools are not the source of lead.

e Historical and surrounding activities at WIPP, including ranching, hunting and trapping,

and oil and gas and potash production, do not appear to be a source of lead.

¢ Geologic materials in the SPDV pile and underlying formations do not contain primary
lead minerals, but contain minerals that can contain lead impurities. High salinity
increases lead solubility to levels exceeding the observed PZ-13 concentration.
Geochemical analysis and leaching tests of the Dewey Lake using brine show that lead

dissolution from minerals is the source of lead.

o The possibility that construction debris in the SPDV pile may have included unreported
lead-bearing materials such as galvanized chain link mesh and lead wool linked to
dissolved lead in seepage through the Exhaust Shaft liner was considered. However, no
records exist of any lead-bearing materials in the SPDV pile, and evidence generated to

date gives no support for such a source.

The evidence from testing completed for this assessment shows that dissolution of naturally
occurring lead in the upper Dewey Lake Formation by saline SSW is the cause of the lead
concentrations measured in PZ-13. Laboratory testing of Dewey Lake core samples measured
lead concentrations of 12 to 16 mg/kg in the red, oxidized portion of the rock. Leaching tests

were performed using brine matching PZ-13 water quality and deionized water. Brine leach

ES-2
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tests produced lead concentrations from 0.204 to 0.32 mg/L after one day, whereas no lead was
detected for deionized water leach tests. The leaching tests show that the interaction of highly
saline water with the upper Dewey Lake horizon where PZ-13 is screened produces

experimental lead concentrations close to the lead concentrations observed at PZ-13.

The assessment also provides information on the potential fate and transport of lead detected at
PZ-13. Little potential appears to exist for hydrologic transport of SSW at PZ-13 over significant
distance to a groundwater aquifer because the thin saturated zones occur within low-
transmissivity unsaturated formation materials. Geochemical modeling also shows that lead
adsorption to iron oxides characteristic of sandstone and siltstone materials substantially
reduces lead mobility.

ES-3
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1. Introduction

This report provides an assessment of dissolved lead that has been detected in water quality
samples from monitor well PZ-13 at the Waste Isolation Pilot Plant (WIPP) site near Carlsbad,
New Mexico. PZ-13 was installed to investigate shallow subsurface water (SSW) conditions in
the vicinity of the Site and Preliminary Design Validation (SPDV) pile. The PZ-13 lead
assessment examines the potential sources of elevated lead concentrations and the
geochemical conditions that influence lead mobility. It was conducted on behalf of the
U.S. Department of Energy (DOE) by Daniel B. Stephens & Associates, Inc. (DBS&A), under
contract to Washington TRU Solutions LLC (WTS).

This lead assessment was prompted by the detection of a dissolved lead concentration of
0.25 milligrams per liter (mg/L) in an SSW sample collected from PZ-13 when sampling began
in October 2007. The lead concentration was verified during confirmation sampling completed
during 2008. The objective of this assessment is to examine potential sources of the lead and
to determine how lead is likely to behave in the subsurface over time. The assessment
considers whether the lead source is naturally occurring (due to soil or formation materials), a

result of waste in the SPDV pile, or due to monitoring methods or materials.

The assessment of lead in PZ-13 involved examination of the potential sources of lead

including:

e Records indicating characteristics of geologic materials and construction debris disposed
of in the SPDV pile

e Monitor well installation methods and materials
e Water quality monitoring methods and equipment

e Geologic materials in the SSW-bearing zone and vadose zone

Because the water in PZ-13 is highly saline brine, the assessment examined the potential for

lead dissolution and mobility for this water quality.
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The assessment was conducted in two phases. During the first half of 2009, potential lead
sources were examined using information available from records indicating the materials in the
SPDV pile, geologic literature, well installation and monitoring reports, and geochemical
analysis. The results of this phase of the assessment were presented in a draft report dated
June 12, 2009 (DBS&A, 2009). At this stage, conclusions were presented regarding the
potential plausible or unlikely sources of the lead; however, the assessment was inconclusive
and unable to definitively determine the source of lead. A second phase was initiated in order to
more conclusively identify the source of lead. This phase of the assessment involved testing
geologic materials and the drill bits used for installation of PZ-13 in order to determine whether
these materials are likely lead sources. The testing shows that naturally occurring lead in the
upper Dewey Lake Formation is the source of lead in PZ-13. This report discusses both phases
of the assessment, with a focus on testing yielding a conclusive determination of the lead

source.

The overall purpose of the PZ-13 lead assessment is to support DOE and WTS efforts to ensure
regulatory compliance at WIPP. The assessment provides information to assist DOE decision

makers in determining the source and potential mobility of lead detected at PZ-13.
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2. Background

The primary source of data related to the lead detections in PZ-13 is the basic data report from
the installation of PZ-13 and other nearby piezometers (U.S. DOE, 2008). In 1995 DBS&A
conducted an investigation to determine the chemical nature of wastes within the SPDV pile and
to support selection of reclamation alternatives; this investigation resulted in a recommendation
to recontour and cap the pile (DBS&A, 1996). DBS&A also performed hydrologic assessments
of the SSW in 2002 (DBS&A, 2003) and 2008 (DBS&A, 2008). The only other investigation in
the immediate vicinity was drilling completed for geotechnical analysis prior to the pile

construction (Sergent, Hauskins & Beckwith, 1979).

As shown in Figures 1 and 2, the SPDV pile is located east of the WIPP facilities area and the
other SSW monitor wells. The SPDV pile covers a roughly square area of approximately
10 acres and ranges in height from approximately 7 to 20 feet above ground surface. An
engineered final cover was constructed over the SPDV pile in 2000 (U.S. DOE, 2008). The final
cover consists of a low-permeability geosynthetic clay liner (GCL) covered by a 3-foot-thick soil
layer to support vegetation. Vegetation is now well established on the final cover. Monitor well
PZ-13 is located just south of the SPDV pile.

2.1 SPDV Pile Contents

The SPDV pile contains excavated salt, other rock and soil, and construction debris that was
generated during the first several years of the WIPP facility construction during the WIPP design
validation phase (U.S. DOE, 2008). Waste rock and tailings were generated during construction
of shafts to the waste repository level at a depth of 2,150 feet below ground surface (bgs) and
from excavation of drifts and rooms in a halite bed in the Salado Formation. Four shafts
connect the repository level to the surface: (1) the Salt Handling Shaft, (2) the Waste Handling
Shaft, (3) the Exhaust Shaft, and (4) the Air Intake Shaft. Shaft construction was accomplished
using a combination of drilling, blasting, and upreaming techniques, whereas drifts and
horizontal facilities were excavated mostly by using continuous mining machines (Bechtel,
1986). The period during which materials were disposed of in the SPDV pile reportedly included
the period of construction of the Salt Handling Shaft, Waste Handling Shaft, and Exhaust Shaft,
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which occurred between 1981 and 1984 (Bechtel, 1986). The SPDV pile was replaced by the
Salt Storage Area and the Salt Storage Extension, which is the storage location for most salt

excavated from the repository.

Based on visual inspection while trenching and drilling during DBS&A’s 1995 investigation
(DBS&A, 1996), the pile is composed of about 95 percent mined salt, other rock, and soil,
interspersed with about 5 percent construction debris of various types. Appendix A provides
photographs of the SPDV pile taken in 1995, prior to capping the pile, showing that the pile
contains predominantly salt. Construction debris may include pieces of concrete, steel
reinforcement bars (rebar), plastic, electrical cable, miscellaneous pieces of worn or broken
equipment, rock bolts, rock bolt plates, limited quantities of petroleum hydrocarbons, and
undetonated explosive material. DBS&A estimated the pile to contain approximately
168,000 cubic yards of material (DBS&A, 1996). Field characterization of the pile used a
phased approach in which non-intrusive methods identified areas of interest for additional
characterization by intrusive methods. The field activities included a magnetometer survey, a
passive soil gas survey (PETREX), trenching, drilling, and collecting solid samples for chemical

analysis.

2.2 SSW Occurrence and Water Quality

SSW at WIPP is a saturated perched lens of limited extent that occurs mainly in the Santa Rosa
Sandstone Formation above the Dewey Lake Redbeds Formation contact. The SSW formed as
a result of stormwater infiltration from recharge sources including stormwater retention ponds
and the Salt Storage Area (DBS&A, 2003). Variable, elevated loads of total dissolved solids
(TDS) occur in the SSW due to dissolution of the mined salt, which is primarily halite. The high
TDS concentrations and the chemical composition of the seepage indicated that the SSW was
caused in part by infiltration of precipitation in contact with the salt piles. In order to prevent
further recharge, infiltration control systems were constructed at the SPDV pile in 2000 and at
the stormwater retention ponds and the Salt Storage Area in 2004 and 2005 (DBS&A, 2008).
Prior to the construction of WIPP, there had been no observed continuous zones of saturation in
the shallow subsurface (e.g., Sergent, Hauskins & Beckwith, 1979). However, seeps and

weeps were observed below approximately 60 feet bgs in the shafts in the 1980s (WIPP Lead
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Working Group, 1996-1997), and a large lens of SSW was discovered after 1995 when water
was found seeping at a sustained rate into the Exhaust Shaft (U.S. DOE, 2008). Lead has been
detected in seepage into the Exhaust Shaft and the Waste Handling Shaft, most likely due to
corrosion of galvanized mesh used to line sections of the shafts (WIPP Lead Working Group,
1996-1997; IT, 1996).

Investigation of the SSW began in 1996. A total of 18 shallow SSW monitor wells have been
installed. Monitoring is performed under a New Mexico Environment Department (NMED)
Ground Water Quality Bureau Discharge Permit (DP-831) in accordance with the requirements
of the Water Quality Control Commission Regulations (20.6.2 NMAC). A modification to the
permit in late 2006 resulted in the installation of wells PZ-13, -14, and -15 around the SPDV pile
(U.S. DOE, 2008). The SSW investigation findings have been summarized in U.S. DOE (2008)
and DBS&A (2008).

In 2007, monitor wells PZ-13, -14, and -15 were installed adjacent to the SPDV pile to
determine whether SSW exists around the SPDV pile and to provide a means to monitor water
quality (U.S. DOE, 2008). The three monitor wells installed adjacent to the SPDV pile found
that SSW exists in multiple thin, possibly unconnected, perched zones below the SPDV pile at
depths ranging from approximately 40 to 65 feet bgs. At PZ-13, the SSW saturated interval as
observed during drilling is 2.5 feet thick.

Analytical data generated for PZ-13 to date are presented in Tables 1a, 1b, and 2. An initial
water sample from PZ-13 collected on October 10, 2007 detected a dissolved lead
concentration of 0.25 mg/L. A full chemical analysis of this sample is presented in Tables 1a
and 1b. Lead is not currently routinely monitored in the other SSW wells, but historical samples
detected lead at significantly lower concentrations than observed in PZ-13. Follow-up sampling
of PZ-13 was conducted in September and October 2008 to confirm the lead detection, and
measurement of lead has been added as a routine monitoring parameter for this well. During
confirmation testing in 2008, lead was detected in three samples and one duplicate sample at
concentrations ranging from 0.351to 0.40 mg/L. Lead was not detected in the quality
assurance field blank or in the laboratory method blanks at a concentration above the practical

quantitation limit (PQL) of 0.005 mg/L. Table 2 shows that lead concentrations from the time of
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Table 1a. Analyses of PZ-13 Samples Collected October 10, 2007

Dissolved Calcium Potassium | Magnesium Sodium Bicarbonate®| Chloride Fluoride Sulfate Nitrate
Value Units Lead (Ca®™) (K (Mg®") (Na") (HCO3) (cn (F) (s0>? (NO3)
Field parameters pH = 6.09 Temperature = 22.8C Specific Conductance = >200,000 pmhos/cm (366,000 in laboratory)

Concentration (c) mg/L 0.25 2220 618 1250 86100 89.2 150000 22.2 2670 54.9

mg/kg 0.22 1910 532 1076 74094 76.8 129084 19.1 2298 47.2
Molecular mass g/mol 207.19 40.08 39.098 24.305 22.989 61.0173 35.453 18.9984 96.0636 62.0049
Molarity mol/lL | 1.2x10° | 554x107 | 1.58 x 107 | 5.14 x 107 3.75 1.46 x 1072 4.2 1.17x10° | 2.78x 1072 | 8.85x 10™*
Molality mol/kg | 1.4x10° | 6.32x107° | 1.80x 107 | 5.87 x 107 4.27 1.67x107 4.8 1.33x107° | 3.17x1072 | 1.01x10°°

H,O

Charge (z) = 2 2 1 2 1 -1 -1 -1 -2 -1
Equivalent eq/L | 24x10° | 1.11x10" | 1.58x 1072 | 1.03x 10" 3.75 1.46 x 107 4.2 1.17x10° | 556x1072 | 8.85x 107"
concentration
(c*|z])
z? = 4 4 1 4 1 1 1 1 4 1
c*z?2 mol/L | 48x10° | 222x10" | 1.58x 107 | 2.06 x 10" 3.75 1.46 x 10°° 4.2 117x10° | 1.11x10" | 8.85x 107

a Reported as 144 mg/L bicarbonate alkalinity as CaCO3
b Reported as 12.4 mg/L nitrate as N

°C = Degrees Celsius

uS/cm @ 25°C = Microsiemens at 25 degrees Celsius

mg/L = Milligrams per liter mol/kg H,O = Moles per kilogram of water
mg/kg = Milligrams per kilogram ] = Unitless

g/mol = Grams per mole eqg/L = Equivalents per liter

mol/L = Moles per liter

Table 1b. Calculations for PZ-13 Samples Collected October 10, 2007

Statistic Value Comments
Charge balance error -3.82% Charge balance error calculation uses Equation 3.21 of Freeze and Cherry (1979), thus may not be comparable to calculated
values in other site documents.
lonic strength (M) 4.27
Sum of ions (mg/L) 243,024
TDS (mg/L) 245,500
Sum of lons — TDS -1.0%
Estimated density (kg/L) 1.16 Density estimated from site-specific approximation by DBS&A (2008): 1 + [TDS (mg/L) * 6.6 = 107].
kg H,O / kg solution 0.7545
Note: Geochemical modeling software used in this assessment may M = Molar (moles per liter) TDS = Total dissolved solids kg = Kilograms

recalculate some values using slightly different methods. mg/L = Milligrams per liter kg/L = Kilograms per liter
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Table 2. Analyses of PZ-13 Samples

Specific Total
Conductance Dissolved

Lead? pH Temperature (uS/cm @ Solids Chloride

Sample Date | Sampling Method (mg/L) (S.U) (°C) 25°C) (mgl/L) (mg/L)
Laboratory " HEAL (field instrument) HEAL HEAL
Analysis Method EPA 6010B (field instrument) SM 2540C | EPA 300.0
10/10/2007 | Low-flow 0.25 6.09 22.8 >200,000 245,500 150,000
6/06/2008 Bailer NA NA NA NA 240,000 170,000
9/17/2008 Low-flow 0.36 6.03 24.9 >200,000 NA NA
10/13/2008 | Low-flow 0.351 6.09 24.1 >200,000 230,000 160,000
10/22/2008 Low-flow 0.40 6.13 22.6 >200,000 NA NA
10/22/2008 | Low-flow (duplicate) 0.34
5/18/2009 Low-flow NA 6.11 26.2 >200,000 242,000 183,000
9/14/2009 Bailer 0.13J NA NA NA NA NA
9/15/2009 Bailer 0.28 NA NA NA NA NA
9/16/2009 Bailer 0.31 NA NA NA NA NA
9/17/2009 Bailer 0.25 NA NA NA NA NA
9/17/2009 Bailer (duplicate) 0.39 NA NA NA NA NA
10/20/2009 | Bailer NA NA NA NA 255,000 170,000
& Dissolved mg/L = Milligrams per liter

S.U. = Standard units

°C = Degrees Celsius
uS/cm @ 25°C = Microsiemens at 25 degrees Celsius
NA = Not analyzed

® HEAL = Hall Environmental Analysis Laboratory
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installation to the present have ranged from 0.13 to 0.40 mg/L. Concentrations of lead and
other analytes in PZ-13 appear to be reasonably constant. Details of the well installation and
sampling and analysis methods for PZ-13 that may affect the analytical data are discussed in
Sections 5.4 and 7 and Appendix D (Section D.3).
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3. Records Review

DBS&A reviewed records regarding material disposition into the SPDV pile, which are available
at the WIPP records repository in Carlsbad, New Mexico. DBS&A examined records on
April 30, 2009 along with staff from WTS. Little documentation was discovered that directly
described placement of materials in the pile. Most records available describe drilling activities
from the time of SPDV pile disposal operations. The documentation reviewed did not add
information on the types of material disposed of in the pile beyond the information reported from
the 1995 site investigation (DBS&A, 1996). At that time, direct observations of the material
could be made in the uncovered pile and excavation of exploratory trenches. DBS&A'’s archives
contain photographs and videotape from the 1995 site investigation. Some characteristic

photographs are presented in Appendix A.

DBS&A reviewed reports and published literature that describe the geologic materials that
would have been encountered by drilling and mining activities while the SPDV pile was open.
Reports regarding the hydrogeology and water quality of the SSW were also reviewed. Several
reports were reviewed on studies of SSW seepage into the Exhaust Shaft, which is collected
and managed as hazardous waste due to the high lead content that the water acquires from
contact with galvanized mesh in the shaft lining. Relevant findings from the review of the
geology are presented in Section 4. The materials disposed of in the SPDV pile and shaft lining

materials are discussed in Section 5.3.

DBS&A also reviewed field notes and documentation of drilling, well completion, field sampling,
and laboratory analytical procedures used at PZ-13 and other SSW monitor wells. Individuals
involved in drilling and sampling activities responded to questions through e-mail messages
sent or forwarded to DBS&A by WTS. A review of original laboratory documentation for the lead
detections in PZ-13 and related data was conducted to objectively test for laboratory influences
on the lead results. The results of this review of monitor well drilling, sampling, and analysis

practices are described in Sections 5.4 and 7 and Appendix D (Section D.3).

Subsequent to DBS&A’s initial records review, WTS located and provided to DBS&A summaries

of WIPP personnel interviews conducted at the time the 1995 site investigation was being
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planned. Personnel who had observed the generation or disposal of materials to the SPDV pile
were queried regarding what materials they remembered being disposed of, whether they knew
of any hazardous conditions that could potentially occur during the investigation work activities,
and which other personnel might have knowledge of the pile contents. The interviews did not
provide any specific evidence to support disposal of lead-bearing materials in the SPDV pile;
rather, they indicated that the materials disposed of were primarily salt and shaft muck with
small amounts of concrete and other construction debris, as was observed to be the case during
the 1995 site investigation (DBS&A, 1996; Appendix A). Although galvanized mesh is a lead-
bearing material used in shaft construction and possibly disposed of in the SPDV pile, Mr. Fred
Ashford stated in his interview that no ground control material was disposed of in the pile, and
no other interviewees identified ground control as a material disposed of there even though it

was suggested as an example in the questionnaire.

12
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4. Overview of Site Geology, Mineralogy, and Hydrogeology

The geologic materials in the SPDV pile and the geology and hydrology of the formations
underlying the pile are relevant to the occurrence of lead in the SSW at PZ-13 and its potential
fate and transport. This section describes each formation and lists the minerals present based
on previous studies. Additional mineralogy details are provided in Appendix B, including
chemical formulas for all minerals discussed. Existing reports show an absence of lead-bearing
minerals, but identify minerals that may contain lead impurities that influence the aqueous
concentration of lead. Discussion of hydrogeology is presented only for those formations in
which SSW occurs and not the deeper formations, although some of the deeper strata are water

bearing.
4.1 Hydrogeology

The SPDV monitor wells, PZ-13, -14, and -15, encounter water in thin saturated zones. In
PZ-13 and -15, these thin saturated zones occur in formation horizons that differ from the other
SSW monitor wells in the previously studied SSW saturated lens (U.S. DOE, 2008). Copies of
well logs from U.S. DOE (2008) are provided in Appendix C for reference. Hydrographs for
these wells are provided in Figures 3 through 6, along with precipitation, chemical analyses, and
geologic information. At PZ-13, a saturated interval 2.5 feet thick was encountered in a sandy
siltstone layer in the lower Santa Rosa perched above a hard sandstone layer. Only PZ-14
encountered saturation in the lower Santa Rosa perched on the Dewey Lake contact, consistent
with other SSW monitor wells. A thin saturated layer 0.8 foot thick was identified in PZ-14,
overlying dry Dewey Lake claystone/siltstone. At PZ-15, a saturated interval 10 feet thick was
encountered in the lower Gatufia, above the Santa Rosa, where dry and very hard sandstone
was encountered. PZ-15 is the only SSW well that encountered saturation in the Gatuna. The
hydrographs indicate that water levels are consistent to slightly declining, suggesting that

precipitation-induced recharge is not affecting the wells.

13
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PZ-13 encounters a saturated interval in the Santa Rosa, but the well extends into the upper
Dewey Lake. The saturated interval is at a depth of 65 to 67.5 feet bgs. This saturated interval
is perched above a hard sandstone layer in the lower Santa Rosa, 7.5 feet higher than the
Dewey Lake contact. PZ-13 is screened across the Santa Rosa/Dewey Lake contact and
extends 2 feet into the upper Dewey Lake to a total depth of 77 feet bgs. During drilling, the
Santa Rosa and Dewey Lake below 67.5 feet bgs were dry to moist, but unsaturated. Thus, the
lower well casing behaves like a sump, holding water that enters from the saturated interval.
Because the hard Santa Rosa encountered at PZ-13 and Dewey Lake form low-permeability
aquitards capable of creating perched water conditions above, the water in PZ-13 is likely to fill
the casing and saturate the sand pack, remaining relatively stagnant in the well between

sampling events.

Table 3 summarizes the formation horizons and elevations where SSW is encountered in the
three SPDV pile monitor wells. The differences suggest that the thin saturated zones are

isolated, rather than being connected in a continuous saturated lens.

Table 3. SSW Perched Zone Thickness, Formation, and Depth

Saturated Interval
Depth to Water Level
Thickness Water Elevation
Well (feet) Horizon (feet btoc) (feet amsl)
PZ-13 25 Lower Santa Rosa perched on 65 3,357
hard sandstone 7.5 feet above
Dewey Lake contact
PZ-14 0.8 Lower Santa Rosa perched on 67 3,354
Dewey Lake contact
PZ-15 10 Lower Gatuia perched on 47 3,384
Santa Rosa contact

btoc = Below top of casing
amsl = Above mean sea level

Water quality in the SPDV pile monitor wells is highly variable, also suggesting that the
saturated interval is not continuous between the three wells. TDS concentrations on
October 10, 2007 were 2,060 mg/L in PZ-15, 106,000 mg/L in PZ-14, and 245,500 mg/L in

Pz-13 (U.S. DOE, 2008). Figures 4 through 6 show that TDS concentrations have remained
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consistent over time in each of the three wells. Based on the variability in water quality and the
formation intervals where saturation occurs, the water encountered in the SPDV pile wells is not
clearly linked to the main SSW saturated lens and may be a result of infiltration through the

SPDV pile prior to final cover construction or recharge from other sources.

Pumping and slug tests have shown relatively low saturated hydraulic conductivity (Ksz) values
for the Santa Rosa Sandstone of 2.64 x 1078 to 5.48 x 107 meters per second (m/s) (Intera,
1996 and 1997). The lowest K., values were measured at PZ-01, -02, and -05 and define a
reduced conductivity zone on the east side of the WIPP facilities area that may impede or
prevent hydraulic communication between the main SSW lens and the SSW below the SPDV
pile (DBS&A, 2003; DBS&A, 2008). These low values may also account at least in part for the
absence of saturation at PZ-08 until SSW spreading reached the well in March 2007. Kgy has
not been measured directly for any of the formations at PZ-13, -14, or -15, but substantial
drawdown and slow water level recovery observed while sampling these wells indicates that the
local transmissivity values are small (Section 5.5.3). Recovery measured following bailing
PZ-13 for the repeat sampling event described in this assessment (Section 7) was consistent
with this interpretation; however, the construction of the well precludes an accurate quantitative

baildown test analysis for transmissivity.

The upper layer of the Dewey Lake Formation behaves as an aquitard, with drilling logs
showing decreasing moisture with depth in this layer locally (U.S. DOE, 2008). The upper
surface of the Dewey Lake exhibits hummocky relief across the site and regionally, such that
SSW migration is constrained by the uneven Dewey Lake surface that forms the perching
horizon (DBS&A, 2003; U.S. DOE, 2008). The SPDV pile appears to be located over a local
low area of the upper Dewey Lake surface with a sharp rise to the west (U.S. DOE, 2008). A
large regional high occurs south of the SPDV pile, and a large regional low occurs to the
northeast (DBS&A, 2003).

When the SPDV pile was surveyed in 1995, it sloped generally toward the southwest (DBS&A,
1996), which may have been conducive to focusing infiltration toward the southwest quadrant of
the pile near PZ-13. The final cover over the SPDV pile is constructed with surface soils from a

borrow pit on the east side of the pile (U.S. DOE, 2008). This borrow pit is currently a shallow
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depression visually estimated to be approximately 5 feet deep at the center and devoid of

vegetation.

As the SSW studies have shown, land areas that receive precipitation or runoff without
vegetation to remove moisture through transpiration will exhibit increased infiltration. Therefore,
the borrow pit may provide an existing source for focused infiltration of stormwater just east of
the SPDV pile. An effort to establish vegetation across the borrow pit could reduce the
possibility of infiltration that may contribute to recharge to the SSW. Infiltration of stormwater in
the borrow pit, which does not contact with the mined salt in the pile, would help to explain the
much lower TDS concentration in well PZ-15 east of the pile (1,600 mg/L in June 2008)
compared to TDS concentrations in well PZ-13 (240,000 mg/L in June 2008). On the other
hand, no recharge is discernable from the hydrograph for PZ-15; therefore, if any recharge has

recently occurred, it has not been as rapid as drainage from the perched zone.

4.2 Geology and Mineralogy

This section provides brief descriptions of the most significant formations for this assessment:
the Gatuna, Santa Rosa, Dewey Lake, and Salado Formations. Details of the formation
geology and mineralogy are provided in Appendix B. WIPP reports and published literature
were examined to identify any lead-bearing minerals occurring in the formations. A thorough
literature search did not identify any primary lead-bearing minerals, but did identify minerals that

may contain lead impurities that influence the aqueous concentration of lead.

All formations from ground surface to the Salado Formation were mined from the four shafts;
materials from these formations were placed in the SPDV pile, where they may have been
leached by precipitation prior to the capping of the pile in 2000. Table 4 lists the approximate
average thicknesses of the major formations from geologic logging and mapping of the shafts
(Bechtel, 1986; Holt and Powers, 1990).
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Table 4. Formation Thickness and Depth

Thickness Depth
Formation (feet) (feet below ground surface)

Quaternary dune sand 10 0to 10
Mescalero caliche 8 10 to18

Gatufia Formation 17 18 to 35

Santa Rosa Sandstone Formation 18 35 to 53

Dewey Lake Redbeds Formation 475 53 to 528

Rustler Formation 308 528 to 836

Salado Formation >1,370 836 to >2,206

4.2.1 Gatuia Formation

The Gatufia Formation (the Gatufia) consists of silt, sand, and clay, and is discontinuous, with
deposits in localized depressions (Hendrickson and Jones, 1952). Boring logs from on-site
drilling by Sergent, Hauskins & Beckwith (1979) describe the Gatufia as predominantly

sandstone with interbedded siltstone that is highly weathered, fractured, and moderately hard.

At PZ-13, -14, and -15, the Gatufia was described as argillaceous and calcareous, containing
chert pebbles and carbonate clasts as well as carbonate and silica cementation (U.S. DOE,
2008).

4.2.2 Santa Rosa Sandstone Formation

The Santa Rosa Sandstone Formation (the Santa Rosa) consists of gray and red sandstone
with lenses of shale and conglomerate (Hendrickson and Jones, 1952). Saturation in PZ-13 as
encountered during drilling occurred in a sandy argillaceous siltstone interval from 65 to
67.5 feet bgs and decreased with depth as the siltstone became harder and as clay content
increased (U.S. DOE, 2008). Thus, the base of the perching layer depicted at an elevation
corresponding to 67.5 feet bgs in Figures 3 and 4 is interpreted from the drilling observations
but is not a distinct boundary. Secondary iron oxide mineral coatings are abundant in the Santa

Rosa.
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4.2.3 Dewey Lake Redbeds Formation

The Dewey Lake Redbeds Formation (the Dewey Lake) consists of interbedded reddish brown
fine sandstone, siltstone, mudstone, and claystone (Holt and Powers, 1990). The red color is
due to a thin hematite coating deposited uniformly on the surface of the sand and silt grains as a
chemical precipitate (Miller, 1966). The Dewey Lake is characterized by abundant greenish-
gray reduction spots (Holt and Powers, 1990). The upper Dewey Lake at the Santa Rosa
contact at PZ-13 is a dark reddish brown, micaceous, silty mudstone with greenish gray
reduction spots (U.S. DOE, 2008).

4.2.4 Salado Formation

The Salado Formation consists of halite occurring in thick beds of rock salt that alternate with
thinner beds of anhydrite, polyhalite, and glauberite (Jones et al., 1973). Rock salt constitutes
85 to 90 percent of the formation, with anhydrite the second most abundant rock (Jones et al.,
1973). The formation comprises an unnamed upper member, a middle member locally known
as the McNutt potash zone, and an unnamed lower member in which the WIPP repository
horizon is located. According to Jones et al. (1973), enrichment in sylvite, carnallite, and other
potassium- and magnesium-bearing minerals is distinct to the McNutt potash zone. Potash ore
produced in the area typically contains about 60 percent halite, 30 percent sylvite, 5 percent
langbeinite, 2 percent polyhalite, and 3 percent insolubles (NMBGMR, 2008). The insoluble

fraction may include occluded iron minerals.
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5. Possible Sources of Lead Detections at PZ-13

The dissolved lead observed in SSW at PZ-13 may be derived from lead-bearing construction
debris disposed of in the SPDV pile or the natural occurrence of lead in geologic materials.
Geologic materials include the formation materials placed in the SPDV pile and soil and rock
formations in the vadose zone below the pile, including the SSW interval. The introduction of
lead during drilling or sampling PZ-13 is another possibility for the source. Other possible
sources of lead were considered in this assessment, but appear unlikely. Thus, the possible
sources of the lead in PZ-13 samples are related to the SPDV pile contents, undisturbed strata
between the ground surface and the SSW saturated interval, or the monitoring activities
themselves. Potential sources of the lead detections in PZ-13 are summarized in Table 5 and
discussed in the following subsections. Discussion of the potential lead sources considered to
be unlikely are provided in Appendix D. This section focuses on the potential sources that were

considered plausible after initial evaluation.

5.1 Natural Occurrence of Lead in Native Geologic Materials

Lead may occur in a variety of geochemical settings and be associated with many different
minerals. The following discussion provides information on lead occurrence in geologic
materials placed in the SPDV pile that have been encountered during drilling of shafts and

mining of salt.

Records were sought that could indicate the concentrations of lead in native geologic materials
between the ground surface and the mined depths of the Salado Formation, including the
geologic strata present above the screen of PZ-13 as well as the mined materials that were
placed in the SPDV pile. Few direct measurements of lead in soil or rock samples were
available from historical investigations, but information regarding the mineralogy of the native
materials was reviewed to evaluate primary and secondary minerals likely to contain relatively
high lead concentrations. Based on review of the available geologic literature, there are no
observations of primary lead minerals reported in any of the site formations; however, several
minerals in sediment and bedrock at the site may contain traces of naturally occurring lead.

Mined materials and their mineralogy are described in Section 4 and Appendix B.
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Table 5. Summary of Potential Sources of Lead Detections at PZ-13

Page 1 of 3
Item Conclusion Main Supporting Factors For Conclusion Notes/Caveats
Monitoring Materials or Procedures
Laboratory contamination or false Not the source Multiple samples, methods, and laboratories,
positives documented QA/QC
Acidification of sediment in samples Not the source Filtering and other precautions, uniqueness to
Pz-13, lack of other elevated trace metals
Contamination from well materials or Not the source Materials intended for environmental monitoring, | PZ-13 brine could corrode some
sampling equipment same equipment used at other SSW wells; materials more aggressively than
repeat sampling event data suggest that the other SSW, but presence of lead
source is not located in the well. in equipment unlikely.
Contamination from drilling apparatus Not the source Drill bit teeth lost downhole at PZ-13. Tests Drilling method at PZ-13 used
show lead does not leach from the different drill custom fabricated equipment.

144

bit teeth used at PZ-13 and no parts of drilling
apparatus contain high lead concentrations.

Historical Activities at or Near the WIPP Facility

Oil and gas exploration and production | Not the source No evidence activity occurred in immediate
vicinity of PZ-13, and activity not specifically
associated with lead contamination.

Potash mining Not the source No evidence activity occurred in immediate Potash brine may have been
vicinity of PZ-13, activity not specifically used for drilling shafts; traces of
associated with lead contamination, and lead conceivably present in
calculation shows maximum lead concentration potash but concentrations
in potash is too low. negligible.

Ranching (cattle grazing) Not the source Activity not associated with lead contamination.

Hunting and trapping Not the source No evidence activity occurred in immediate Lead used in ammunition.

vicinity of PZ-13, measures taken to secure site
from trespassing

WIPP activities other than SPDV Not the source Physical distance between PZ-13 and main
disposal campus, natural and engineered transport
barriers
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Table 5. Summary of Potential Sources of Lead Detections at PZ-13

Page 2 of 3

Item

Conclusion

Main Supporting Factors For Conclusion

Notes/Caveats

Geologic Materials in situ or in SPDV Pile

Halite

Not the source

Lead not detected by XRF screening of halite
horizons or by laboratory analysis of Salt Storage
Extension Evaporation Basin water with higher salt
concentration than PZ-13.

Most abundant material in SPDV
pile

Sand, sandstone, siltstone, and similar

clastic sediments

Most likely source

Lead adsorption to iron oxides and association
with other Dewey Lake minerals shown by
guantitative laboratory analysis and electron
microprobe imagery, feasibility of enhanced
dissolution by brine in PZ-13 proven by leaching
tests.

Upper Dewey Lake is the only
geologic material with lead levels
detectable by XRF.

Sulfate minerals

No evidence of
contribution

Elevated lead not generally expected in sulfates,
but little relevant site data exists.

Carbonate minerals

No evidence of
contribution

Lead not detected in Mescalero caliche by XRF
or 1995 TCLP, but other horizons not tested,
and lead concentrations in carbonates
conceivably similar to those in sandy sediments.

Potash minerals

Not the source

Calculation shows maximum lead concentration
in potash is too low.

Other geologic materials

Not the source

No primary lead minerals identified by electron
microprobes or in any previous investigations or
expected to occur in likely depositional
environments, other minerals with potential lead
association not likely to exist in significant
guantity.

Construction Wastes in SPDV Pile

Concrete

No evidence of
contribution

Lead not expected in either concrete or rebar

Steel plate, scrap, and debris

No evidence of
contribution

Lead not expected in ordinary steel
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Table 5. Summary of Potential Sources of Lead Detections at PZ-13

Page 3 of 3

Item

Conclusion

Main Supporting Factors For Conclusion

Notes/Caveats

Construction Wastes in SPDV Pile (cont.)

Petroleum hydrocarbons

Not the source

No evidence of leaded gasoline, other petroleum
products would not have contained enough lead
to cause concentrations observed in PZ-13.

Explosives

No evidence of
contribution

Possible presence in pile indicated in personnel
interviews, but not directly encountered.

May contain lead

Blasting caps

No evidence of
contribution

Possible presence in pile indicated in personnel
interviews, but not directly encountered.

May contain lead

Galvanized chain link mesh

No evidence of
contribution

No evidence of disposal in pile. Lead to zinc
ratios in PZ-13 similar to those in Dewey Lake
leaching test. Chain link mesh corrosion testing
found much higher zinc concentration not
evident at PZ-13.

Lead wool

No evidence of
contribution

No evidence of disposal in pile

Used small amounts during shaft
construction, consists of pure
lead
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In general, naturally occurring lead could exist as or be associated with a variety of minerals

including:

e Primary lead minerals such as galena, anglesite, or cerussite

e Rock-forming minerals as secondary trace constituents in plagioclase and potassium
feldspars, amphiboles, and biotite micas, or decay products of uranium and thorium

occurring as trace constituents in other minerals

e Potash minerals as a secondary trace constituent, particularly sylvite due to cation

substitution

o Materials adsorbed onto clay minerals or mineral coatings on aquifer grains and soil

particles such as those formed by iron and manganese oxides

o Weathering and erosion of any of these types of geologic materials forming sedimentary

rocks or soils

5.1.1 Lead Minerals

Primary lead minerals include galena (PbS) or weathering products derived from galena such as
anglesite (PbSO,), cerussite (PbCOs), chloropyromorphite (Pbs(PO,4)sCl), or plumbojarosite
(PbFey(S0O4)4(0OH)42). Significant concentrations of these minerals would be found associated
with mineral deposits and probably not in the sedimentary rocks of southeastern New Mexico.
Researchers at the WIPP site have not identified lead minerals occurring in the on-site geologic

materials (Section 4).

5.1.2 Rock-Forming Minerals

In common rock-forming minerals, lead would be a minor secondary constituent if present and
could occur due to substitution in the crystal structure. Cation substitution is a common
phenomenon during mineral formation. Cations with a similar ionic radius may replace other
similarly sized cations within a crystal lattice. Lead is known to substitute in plagioclase and

potassic feldspars, biotite, and amphiboles, and lead would only be a trace constituent in these
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minerals (Smith and Huyck, 1999). Plagioclase and orthoclase feldspars and biotite were

identified in the Santa Rosa and Dewey Lake.

Some igneous minerals may naturally contain trace constituents of uranium and thorium that are
capable of decaying to lead. Weathering and erosion of these igneous rocks may contribute to
small quantities of these minerals and constituents in sedimentary rocks. Monazite (Ce, La, Nd,
Th, YPO,4) and xenotime (YPQO4) may contain uranium and thorium and was identified in this

study within samples of the Dewey Lake (Section 6.2).
5.1.3 Weathering and Soil Minerals

Lead is a trace element found in sedimentary rocks and soils. Lead occurs as lead oxides
(e.g., litharge-PbO), lead phosphates (e.g., chloropyromorphite), or adsorbed as Pb?* on iron
and manganese coatings (Traina and Laperche, 1999). In the acidic to neutral pH range, the
sulfates, carbonates, and oxides that may contain lead will be soluble, whereas lead
phosphates are essentially insoluble. Therefore, phosphate concentrations in water may control

lead solubility.

During weathering of minerals in the subsurface, the lead and other cations that have
substituted in these minerals can be released into the environment along with major cations
typically associated with these minerals (e.g., calcium and sodium from plagioclase).
Weathering products such as clays derived from these minerals are more stable than the parent
minerals in a surficial environment. Although the lead would be exposed to weathering, the
mobility may be limited because it would become incorporated in or adsorbed to the surface of

the newly formed minerals.

As a basis for considering concentrations of lead in on-site geologic materials, comparisons can
be made with average concentrations elsewhere. The average crustal abundance of lead is
approximately 15 milligrams per kilogram (mg/kg) (Callahan et al., 1979). Sposito (1989)
reported a soil enrichment factor (soil concentration/crustal abundance) for lead of 1.4.
Background lead concentrations in soils in the continental U.S. are generally well below

100 mg/kg, with a geometric mean of 17 mg/kg (Shacklette and Boerngen, 1984). The range of
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naturally occurring lead concentrations in the crust and/or soils may serve as a basis for crude

estimates of concentrations in clastic sedimentary rocks at the site.
5.1.4 Potash Minerals

The types of primary minerals (halite, gypsum, anhydrite, polyhalite, and potash minerals) found
in the evaporites of the Rustler and Salado Formations typically contain very little lead. Potash
salts, particularly sylvite, may be an exception because researchers have reported that lead will
substitute for the potassium cation by solid solution or diffusion mechanisms. Potash salts are
also generally the last evaporites to precipitate from formation brines, acquiring the greatest
evapoconcentration of trace constituents. The lead content of potash in the Salado Formation
at the WIPP site has not been measured. Reported lead concentrations in sylvite vary from
0.8 to 1.3 micromoles per kilogram (umol/kg) (Kihn, 1966; Amdouni, 2009). This type of cation
substitution is plausible given that the ionic radii of Pb?* and K" are fairly similar. For example,
for a coordination number of 6, the ionic radii of Pb®" and K* are 1.26 and 1.46 angstroms,
respectively (Faure, 1991). Due to the slight difference in ionic radius and the charge
difference, sylvite crystals with lead substituted would likely have crystal defects that would

probably weather faster than a pure crystal.

The concentration of lead that could be released from potash minerals in the SPDV pile during
weathering and dissolution can be estimated using a rough mass-balance calculation based on
certain assumptions. One assumption is that the potash initially contained lead concentrations
ranging from 0.8 to 1.3 umol/kg as reported for sylvite in other parts of the world (Kiihn, 1966).
These values correspond to concentrations of 0.17 to 0.27 mg/kg, which may be too low to be

easily detected by x-ray fluorescence (XRF) screening or other rapid methods.

Using the reported lead concentration in sylvite, the potential concentration that would result in
PZ-13 water from sylvite dissolution can be considered. It is convenient to assume that lead
dissolves from sylvite in direct proportion to its mass concentration in the salt and that the
dissolved potassium concentration of 618 mg/L measured in PZ-13 is derived entirely from
dissolution of sylvite. This assumption yields higher estimates of potential lead concentrations

than a calculation that includes contributions from potash salts with higher stoichiometric ratios
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of magnesium to potassium (lead does not substitute as easily for magnesium) or non-potash
sources to the measured potassium concentration. The concentration of dissolved lead from
the corresponding mass of dissolved sylvite would then be on the order of 10 mg/L. Even if
the concentration of lead in potash from the site were higher than the values from the literature
or the potassium concentration measured for PZ-13 were somewhat lower than the actual
quantity dissolved from potash in the pile, it is unlikely that the resulting concentration of
dissolved lead would exceed 10 mg/L. Therefore, dissolution of potash salts alone could not

account for the observed lead concentrations in PZ-13.

As discussed in Section 5.4, drilling fluids derived from potash brines may have been used at

the WIPP site and may have contained levels of lead similar to those estimated here.
5.1.5 Secondary Minerals

Secondary minerals such as coatings of iron and manganese oxides on soil or aquifer grains
and also clay minerals have a relatively large surface area for surface complexation to adsorb
cations such as lead. This is generally referred to as the cation exchange capacity (CEC). The
ability of these minerals to adsorb cations is often pH dependent; for example, lead adsorption
at neutral to alkaline pH is higher than at acidic pH. Organic material found in soils or aquifers

also has an affinity for metal adsorption.

Iron and manganese oxides often form coatings on soil and aquifer particles and are in direct
contact with pore solutions. These variably charged minerals have the capability to adsorb ions
from solution without releasing ions in equivalent proportions as surface charge varies between

positive and negative (Appelo and Postma, 2005).

Clay minerals and iron and manganese oxides have been detected in the Gatufia, Santa Rosa,

Dewey Lake, and Salado, as discussed in this section and in Appendix D.
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5.2 Geologic Materials in the SPDV Pile

Prior to capping, the SPDV pile was visually estimated to contain approximately 95 percent
geologic material, including mined salt, rock, and soil from the construction of the shafts
(DBS&A, 1996). As reported by DOE, “All formations to the depth of the shafts were mined;
therefore, minerals such as gypsum (CaSQO, * 2H,0), anhydrite (CaSQ,), halite (NaCl), sylvite
(KCI), carnallite (KMgCl; * 6H.0), and soda niter (NaNQOj3) associated with gypsum and halite
were included in the SPDV pile cuttings” (U.S. DOE, 2008). The information compiled in
Section 4 indicates that the excavated formations would also have included noteworthy

quantities of silicate, carbonate, potassium, iron, and clay minerals.

The relative abundance of minerals from each formation in the SPDV pile can be estimated from
the thicknesses of the formations encountered in the shafts (e.g., Table 4). Salado Formation
materials (mostly halite) account for more than 60 percent of the excavated stratigraphic column
from drilling the shafts to the repository level and 100 percent of the excavated drifts and rooms.
Therefore, the most abundant material in the pile is expected to be halite, followed by sandstone
and siltstone materials, sulfates (anhydrite and gypsum), carbonates (dolomite and calcite), and
finally potash salts (sylvite and langbeinite). Impurities in the halite may also account for
significant quantities of materials. The repository horizon was selected to avoid fractures, clay
seams, anhydrite beds, and “horizons containing substantial amounts of polyhalite”, whereas
“‘minor impurities, such as argillaceous halite and polyhalite” were considered acceptable
(Bechtel, 1986).

During the 1995 SPDV pile investigation, DBS&A collected samples from 10 borings into the
pile for laboratory analyses that included toxicity characteristic leaching procedure (TCLP)
analyses for the Resource Conservation and Recovery Act (RCRA) 8 metals (arsenic, barium,
cadmium, chromium, lead, mercury, selenium, and silver). Lead concentrations were below the
reporting limit of 0.1 mg/kg in the TCLP leachate of all samples. Other metals were also below
reporting limits, except for low concentrations of barium and a single detection of chromium
exactly at the reporting limit. The borings were targeted toward areas of the pile where soil gas
surveys indicated elevated hydrocarbons, and the boring logs described the sampled intervals

as pinkish white to light red salt, silty sand, caliche, or combinations thereof. Some samples
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contained traces of material identified alternately as limestone gravel or caliche gravel, and
some intervals in the borings reacted moderately to strongly with hydrochloric acid, confirming

the presence of carbonate minerals (probably calcite because dolomite has a weaker reaction).

Although the formation materials sampled from the pile are limited, the lack of lead detections in
the TCLP samples is noteworthy because it demonstrates the absence of leachable lead under
more aggressive, acidic leaching conditions than would likely occur with the moisture in the pile
prior to its capping. The lack of detectable concentrations of lead measured in the 10 samples
tested in 1995 is important to the current assessment, as it suggests that substantial amounts of

material in the heterogeneous salt pile do not contain elevated lead concentrations.

The Salt Storage Area is a source of dissolved salt that has impacted the SSW salinity (DBS&A,
2003). If Salado Formation materials in the SPDV pile were the source of the lead detections in
PZ-13, similar lead concentrations would be expected elsewhere in the SSW. However, lead
concentrations measured in SSW monitor wells away from the SPDV pile are generally less
than 0.07 mg/L, with one detection of 0.12 mg/L (which was qualified by the laboratory, making
this result less reliable). The ranges of lead concentrations detected in the SSW wells are
shown on the map in Figure 7. Solutions saturated with salt mined from the Salado have been
tested to show lead concentrations of 0.0311 mg/L (IT, 1996) to 0.1 mg/L (IT, 1997) in brine
samples considered indigenous to the Salado by previous investigators. However, the lead
detections in PZ-13 are roughly 3 times higher than the maximum detection in any other SSW
well. These data suggest that Salado halite or other impurities in halite are probably not the
source of elevated lead at PZ-13; however, potash salts, clays, and other minerals only found in

significant concentration above the repository horizon cannot be ruled out on this basis.

Materials likely representing all formations removed during shaft drilling were temporarily stored
in a lined pit at the present location of the Engineering Building (Figure 7). These materials
were described as being in contact with fluid before the liner was perforated to dewater the pit
prior to backfilling and closing the pit (U.S. DOE, 1997b). If geologic materials from above the
repository horizon were the source of lead, an association with relatively high lead
concentrations could potentially be identified in samples from the SSW wells nearest to the

location of this pit, along with a decreasing trend for samples taken at increasing distances from
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the pit and a decrease over time after the materials were removed. As shown in Figure 7, some
of the nearest wells did in fact detect relatively high lead concentrations; however, it is difficult to
discern a clear spatial or temporal pattern to the concentrations. The wells surrounding the
location of the lined pit at the current Engineering Building location (PZ-01, -03, -04, -05,
and -06) all contained lead concentrations below the laboratory reporting limit in 2002 testing.
Lead has generally not been analyzed in SSW samples since 2002 except for the initial

sampling of wells near the SPDV pile and follow-up testing of PZ-13.

5.3 Construction Debris in the SPDV Pile

The SPDV pile contains approximately 5 percent construction debris and other possible waste
material. Items reported as potentially present in the construction debris include pieces of
concrete, steel reinforcement bars (rebar), plastic, electrical cable, miscellaneous pieces of
worn or broken equipment, rock bolts, rock bolt plates, limited quantities of petroleum
hydrocarbons, and undetonated explosive material. Construction waste types that were
considered in the assessment but were found to be unlikely sources of lead in PZ-13 are

addressed in Appendix D. Feasible lead sources are addressed in this section.

Site investigation activities have included visual inspection of the pile surface and trenches and
a magnetometer survey confirming the presence of sheet iron sections, a steel T-post (fence
post), a thick, flat steel plate, a thin steel plate resembling a traffic sign, a pipe, a culvert, a
concrete slab, and small pieces of scrap iron, rebar, and small metallic objects that could have
been large nuts and bolts (DBS&A, 1996; Sunbelt, 1995). The magnetometer detected four
“significant magnetic features . . . which had no observed surface source,” two of which were
likely accounted for by the fence post, rebar, and steel plates discovered in test trenches
(Sunbelt, 1995). No drums or containers were encountered (DBS&A, 1996). Lead is unlikely to
originate from concrete or ordinary steel, but could feasibly be present in other types of

construction debris.
Although not specifically reported to be potentially present in the SPDV pile, the galvanized

chain link mesh used to line portions of the shafts and drifts for ground control was determined

to be the source of elevated lead in brine water seeping into the Exhaust Shaft and the Waste
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Handling Shaft (IT, 1996 and 1997). The process of galvanizing steel involves electroplating
zinc onto the steel, and lead is present as an impurity in the zinc (IT, 1996). Lead
concentrations ranging from about 0.1 to 48 mg/L (with some concentrations possibly affected
by evaporation) were detected in brine collected in the Exhaust Shaft Basin and were attributed
to corrosion of this galvanized mesh (IT, 1996 and 1997; U.S. DOE, 1997a). Laboratory tests
using a solution saturated with salt mined from the Salado at the site to leach samples of
galvanized mesh taken from the shafts produced lead concentrations up to 2.47 mg/L in the
leachate (IT, 1996).

Another construction material used in the shafts and identified as a potential source of lead was
the lead wool used to seal joints and borings in the cement liners (IT, 1996). Lead wool was
considered a less probable source of lead in the brine in the shafts because the volume of lead
wool used was reportedly less than that of the galvanized mesh, the lead wool was less

exposed, and other observations were consistent with corrosion of the mesh (IT, 1996).

Galvanized mesh and lead wool could both potentially be present in the SPDV pile based on
their use as construction materials in the shafts, though no such disposal has been reported.
Based on the previous laboratory tests, water in contact with both the salt in the SPDV pile and
one of these lead-bearing construction materials could reasonably account for lead
concentrations observed in samples from PZ-13. However, no specific information is available

indicating that these materials are present in the SPDV pile.

Brine was used as a drilling fluid for the construction of the shafts (Bechtel, 1986; Holt and
Powers, 1990) and could feasibly be present in the SPDV pile as fluid or residual with rock
cuttings. The 1995 borings and trenches did not encounter any liquids (DBS&A, 1996), and
personnel interviewed at the time stated that none were disposed of in the SPDV pile. Fluid
reportedly had to be pumped from the pit used to settle drill cuttings from the pilot shaft for the
Salt Handling Shaft (U.S. DOE, 1997b), which illustrates that cuttings would have been wet with
drilling brine. SSW samples near the pit had elevated sodium, chloride, and potassium
concentrations (similar to samples from PZ-13), prompting an early assessment of the SSW to
note that not only were potassium salts from the McNutt present in the cuttings, but “drilling

practice in the 1980’s often included the use of saturated brine from potash operations as
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drilling fluid in order to mitigate Salado dissolution” (U.S. DOE, 1997b). Concentrations of lead

that might occur in a solution of natural potash are discussed in Section 5.1.4.

5.4 Materials Used in Monitoring Activities

Opportunities exist during monitoring to potentially introduce lead to water samples such that
the monitoring results would not be representative of environmental conditions. Drilling fluids or
sampling equipment can contaminate water samples directly or by interacting with geologic
solids. The high TDS and chloride concentrations in PZ-13 have thermodynamic consequences

that may favor and magnify such interactions, as explained in more detail in Section 6.

5.4.1 Sampling Equipment

Equipment used for gauging, well development, and sampling included standard equipment
designed for routine environmental monitoring; therefore, it should all, by design, be free of lead
and other contaminants. Most of the equipment used at PZ-13 was also used in other SSW
wells containing high TDS concentrations (after appropriate decontamination) without detecting

similar lead concentrations. It is therefore highly unlikely to be the source of the lead in PZ-13.

5.4.2 Drilling Materials

PZ-13 was completed using a hybrid drilling technique involving air-rotary drilling and a hollow-
stem auger with a custom-made bit and core barrel used to log the lithology as continuously as
possible. Drilling at nearby monitor wells PZ-14 and -15 switched to air-rotary drilling only in the
more consolidated zones, and thus avoided grinding with the augers (Stewart Brothers, 2009).
No drilling fluids other than air were used. Because of hard drilling in consolidated rock in the
Santa Rosa at PZ-13, it was necessary to change out drill heads and replace lost auger teeth by
arc welding and brazing new teeth on the bit (Stewart Brothers, 2009), and a first attempt to drill
the well was abandoned before reaching the target depth (Salness, 2007-2009). The teeth
were high-strength tungsten carbide. The tungsten carbide crystals are set in a cobalt matrix
and welded to the steel components of the bits. The drilling apparatus would not likely have

included any lead parts or coatings, based on experience and as asserted by the driller (Stewart
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Brothers, 2009). However, it is not impossible that the welding materials contained lead or that
the saline geochemical conditions in the water-bearing zone could have caused dissolution from
the welded drilling apparatus that would not occur under typical environmental conditions. The
driller also reported that the rod manufacturer suggested that zinc, nickel, or brass constituents
(copper and zinc) would likely be detected before lead if the welding materials were the source
(Stewart Brothers, 2009).

Testing of drill bit samples is described in Sections 6.1.3 and 9. Water in PZ-13 was analyzed
for several inorganic constituents, including chromium, cobalt, copper, iron, nickel, and zinc,
during the PZ-13 repeat sampling event described in Section 7. The high ratios of lead to
metals that are major constituents in steel, welding materials, and drill bit teeth suggest that
dissolution from the drilling equipment or similar materials is not significant and not the source of

lead.

5.4.3 Well Construction Materials

The well installed in PZ-13 consists of 2-inch polyvinyl chloride (PVC) casing surrounded by a
sand filter with a bentonite seal and cement grout (U.S. DOE, 2008; Salness, 2007-2009). All of

these components are selected for the purpose of environmental monitoring and should not

contain lead contamination.
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6. Mineralogy and Lead Distribution Analyses

In order to distinguish the source of lead, DBS&A performed tests to evaluate the mineralogy
and distribution of lead within geologic materials from previous drilling operations, local
outcrops, and in the repository at the WIPP site. Testing for lead was also performed on the drill
bits used to install PZ-13, -14, and -15. Each geologic unit penetrated by the PZ-wells was
tested, as were Salado samples that comprise the majority of the SPDV pile material. The
analyses were performed with an XRF instrument and with electron probe microanalysis
(EPMA). The presence of lead in geologic materials was confirmed and the mineralogy

associated with lead occurrence was identified.
6.1 X-Ray Fluorescence Testing for Lead

DBS&A performed non-intrusive analyses of geologic materials at and near the WIPP site on
July 7 and 8, 2009. Chemical analyses were performed with a portable XRF instrument
(ThermoScientific Niton XLT). The XRF provides whole-rock elemental composition directly on
samples that were retained in core boxes. This method allows collection of a large amount of
data in a short time period. The XRF reported units as parts per million (ppm), which is
approximately equal to milligrams per kilogram (mg/kg). Complete XRF results are provided in

Appendix E.

DBS&A analyzed cuttings and core samples from PZ-13, -14, and -15. Data were also collected
from ERDA-9 cuttings. ERDA-9 was installed in 1976 and represents conditions before
development of the site. In situ measurements were performed on the Salado samples within
Rooms 2 and 4 in the repository and on outcrops of Dewey Lake in the Nash Draw area. Drill
bits used at the WIPP site for installing PZ-13 were analyzed by XRF on July 9, 2009 at Stewart
Brothers Drilling in Milan, New Mexico. Confirmation laboratory samples were collected to
represent the range of lead concentrations reported by the XRF from various geologic materials,
and the analyses were performed by Hall Environmental Analysis Laboratory (HEAL) in
Albuquerque, New Mexico. Complete XRF results, including analyses of elements other than
lead, are provided in Appendix E. Key findings with respect to lead are discussed in the

following subsections.
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6.1.1 XRF Results

The Dewey Lake is the only geologic unit with detectable levels of lead documented in core and
cutting samples by XRF screening during this study. (Some samples of the Santa Rosa sent for
laboratory analysis had lead present at levels below the XRF detection limits). Only the upper
horizon of the Dewey Lake contained detectable lead concentrations; other portions of the
formation did not. The Dewey Lake typically has green reduction spots in otherwise oxidized
red mudstone and sandstone. The sandstone units were below detection limits for lead. Based
on observations during this study, lead has a heterogeneous distribution in the mudstone
samples and was only detected in oxidized (red portion of sample that has iron oxide coatings)
portions of the sample. Lead was detected with the XRF in the upper Dewey Lake at the

following locations:

e PZ-13 (lead 19 to 27 mg/kg)
o PZ-14 (lead 17 to 21 mg/kg)
e ERDA-9 (lead 17 to 31 mg/kg)

Samples from 90 other intervals tested were non-detect for lead.

Outcrops of the Dewey Lake near Nash Draw were also tested with the XRF, but lead was not
detected. PZ-15 did not penetrate the Dewey Lake. The Salado was also tested in the

repository and lead was not detected.

The majority of the geologic units tested for lead did not have detections (detection limit range is
approximately 10 to 15 mg/kg). The following locations and geologic formations tested did not

detect lead above the XRF instrument detection limit.

o PZ-13:
— Berino soil
— Mescalero caliche
— Gatufia Formation

— Santa Rosa Formation
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— Dewey Lake Formation (portions non-detect in reduced (green) areas of mudstones)

o PZ-14: Dewey Lake Formation (portions non-detect in reduced (green) areas of

mudstones)
e PZ-15: Gatuna Formation

o ERDA-9:
— Dewey Lake Formation (portions non-detect with variable lead distribution)

— Salado Formation

e Repository (Salado Formation): Map units (MU) 0 through 6 tested in Rooms 2 and 4

Lead measured by XRF from rock at PZ-13 could be affected by contact with the SSW;
therefore, the results were contrasted with those for samples from other locations. At PZ-14,
the SSW quality is significantly different; in particular, no lead has been detected in SSW at
PZ-14. Cores from ERDA-9 were especially useful because they were collected reasonably
close to PZ-13 in 1976, before the SPDV pile and other WIPP features were constructed and
before the SSW had developed. DBS&A was not allowed to use ERDA-9 core samples for
destructive laboratory testing; however, it was possible to approximate the concentration of lead
in them by XRF analysis, for which the accuracy could be tested using correlation of XRF
measurements of other cores to their respective laboratory analyses. Although no available
core was an ideal control for use in all the testing conducted in this assessment, each of the

analyses strengthened the ability to understand the dataset as a whole.

6.1.2 Laboratory Analyses of Lead

Samples with lead detections and non-detect samples were collected and submitted for
laboratory testing from PZ-13, -14, and -15 core archives. Samples could not be removed for
laboratory analyses from the archived ERDA-9 cuttings. Laboratory analysis for lead confirmed
the XRF lead detections (Table 6).

Detection limits were about 10 to 15 mg/kg with the XRF and 0.25 to 1.3 mg/kg in the

laboratory. Because the laboratory method had a lower detection limit compared to the XRF,

several samples, which were non-detect with the XRF, did have lead that was detected by the
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laboratory below the detection limit of the XRF (Table 6).

confirmed that lead is only detected in the oxidized portion (red) of the Dewey Lake.

The laboratory analyses also

Table 6. Summary of Lead Detections, XRF and Laboratory

Lead Concentration (mg/kg)
Depth
Well (feet bgs) Formation Comment Laboratory XRF
PZ-13 46-47 Santa Rosa Whole rock 4 <12
65-67.5 Santa Rosa Whole rock 1.4 <9.9
74-75 Santa Rosa/Dewey Lake | Whole rock 12 27
76-77 Dewey Lake Red 16 19
Dewey Lake Green <1.3 <12
PZ-14 71-72 Dewey Lake Whole rock 12 17
72.5-73 Dewey Lake Whole rock 8.8 <13
73-73.5 Dewey Lake Red 12 21
Dewey Lake Green <0.25 <11
PZ-15 45-45.3 Gatufa Whole rock 24 <11
50.5-52 Santa Rosa Red 3.3 <12
Santa Rosa Green <0.25 <11
ERDA-9° | 60-65 Dewey Lake Whole rock - 31
75-80 Dewey Lake Whole rock 17
@ ERDA-9 installed in 1976 before SSW development
bgs = Below ground surface

mg/kg = Milligrams per kilogram
- = Not applicable

Based on the comparison of XRF and laboratory data for rock samples the following

conclusions may be reached:

e There were no false positive results from XRF in rock samples.
¢ XRF results are reasonable within the precision and accuracy of the field method.
o Several laboratory samples with lead detects are lower than XRF detection limit.

o XRF is a reliable method for field analysis of lead in geologic materials.
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6.1.3 Lead Analysis of Tungsten Carbide Drill Bits

The XRF was used to analyze the steel and tungsten carbide components of two drill bits that
were used to install PZ-13, -14, and -15 at the WIPP site (Salness, 2007-2009). The XRF was
placed directly on the tungsten carbide and steel components for analyses. One replicate was
performed to confirm the precision of the analyses. XRF results indicated a possible lead
concentration of approximately 4,000 mg/kg in the tungsten carbide tips and steel body of the
drill bits, but the detection of such significant concentrations was not confirmed with a laboratory
digestion of the drill bits (Section 9).

Due to the detection of lead in the drill bits by XRF, three types of drill bit teeth were collected
from the bits for further analyses, which are reported in Sections 6.2 and 9. Two teeth were
collected from the hollow-stem auger bit (one flat and one with a round shape), and a third tooth

was cut from the tri-cone bit (see photographs in Appendix E).

The XRF detections for lead in the drill bits are interpreted as false positive results. These
results are probably due to overlapping peaks in the energy dispersive spectra (EDS) that could
not be resolved by the deconvolution software (Suzuki and Rohde, 2008; Schueler, 2008). The
XRF instrument was set up for analyses of geologic materials and not steel or ceramic
materials. X-ray lines for lead and tungsten have similar wavelengths (5.286 kiloelectronvolts
[keV] and 5.357 keV, respectively) and K-lines (2.346 keV and 2.31 keV, respectively).
Because the bits are composed of tungsten carbide in a cobalt matrix, the large tungsten peak
overlapped the neighboring lead peak, and the software could not distinguish the elements.
This interference was confirmed when analyzing the bit with EDS analyses on an electron
microprobe. Finally, acid digestion of the drill bits followed by metals analyses indicated that
only a low concentration of lead was present in one bit; lead concentrations in the others were

below analytical detection limits.

6.2 Mineralogical Examination

Dewey Lake samples were analyzed by EPMA to determine mineralogy and lead distribution.

The instruments used for this study were a JEOL JSM-5800 LV scanning microscope and a
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JEOL JXA-8200 WD/ED combined microanalyzer at the Institute of Meteoritics at the University
of New Mexico. The distribution of lead is important for understanding lead behavior in PZ-13
and its potential mobility. Within core samples the lead may be distributed in (1) primary lead
minerals, (2) igneous minerals as a trace constituent, or (3) secondary or authigenic minerals

derived from either of these mineral types.

Data gathered included back-scattered electron (BSE) images (Figures 8 through 12), chemical
composition by wavelength dispersive spectra (WDS) (Figure 12b), and quantitative EPMA of
individual particles (Table 7). Quantitative EPMA provided elemental composition of individual
grains (beam diameter of 1 micron) as mass percent in oxide form. The analyses may not sum
to 100 percent due to water loss, elements not selected for the analyses, and calculations that
assume the sample’s surface is perfectly flat. The spectrometer array was calibrated using a

hematite standard.

Thin sections were cut and polished for EPMA from Dewey Lake samples collected from PZ-13
at depths of 76 to 77 feet bgs and 74 to 75 feet bgs. The thin sections were coated with a thin
film of gold and palladium. Because most geological materials are non-conducting, a thin film of
a conducting metal (e.g., gold-palladium) is used to prevent charging of the sample during

irradiation by the electron beam during analysis.

Within Dewey Lake samples tested, the mineralogy is dominated by illite/smectite clay and
grains derived from an alkalic granite source including quartz, potassium feldspar, albite

(plagioclase feldspar), muscovite, monazite, xenotime, magnetite, rutile, and illmenite.

The micromorphology of the samples shows some bedding orientation of clays with little
porosity; however, muscovite mica grains tended to have more orientation than clays. The
material appears to have compacted during lithification and experienced pressure solution
resulting in grain to grain contacts that are concavo-convex between sand grains (Figure 8a).
The grains are typically subangular to subrounded. Clay and iron oxide rims on grains were
common. Iron oxide coatings on grains give the redbeds their characteristic red color, and the
iron is probably derived from the breakdown of igneous minerals such as magnetite and
illmenite (Van Houten, 1973)
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Table 7. Quantitative EPMA on Mineral Grains

PbO
Location No. Sample Name (mass %)
Standard 2 Hematite std <0.013
PZ-13, 7677 feet bgs | 3 DB76-77 Fe-oxide 0.156
4 DB76-77 Fe-oxide Image 2 0.056
5 DB76-77 Image 2 Clay ball <0.013
6 DB76-77 Image 2 2nd Fe-oxide 0.006
7 DB76-77 Image 2 monazite 0.049
8 DB76-77 Image 1 Fe-oxide 0.036
9 DB76-77 Fe-oxide 0.049
10 DB76-77 Image 4 Fe-oxide 2 <0.013
11 DB76-77 Image 4 Zn 3 <0.013
PZ-13, 74-75 feet bgs | 12 DB74-75 Image 1 round Fe-ox 0.087
13 DB74-75 Image 1 round Fe-ox 0.057
14 DB74-75 Image 1 round Fe-ox 0.142
15 DB74-75 Image 1 round Fe-ox <0.013
16 DB74-75 Image 1 round apatite <0.013
17 DB74-75 Image 2 magnetite 0.025
18 DB74-75 Image 2 blade Fe-ox <0.013
19 DB74-75 Image 2 Fe-ox 0.026
20 DB74-75 Image 2 Fe-ox core 0.038
21 DB74-75 Image 2 Fe-ox rim 0.032
22 DB74-75 Image 3 grunge Fe-ox 0.072
23 DB74-75 Image 3 grunge Fe-ox 0.078
24 DB74-75 Image 3 Fe-ox <0.013
25 DB74-75 Image 3 Fe-ox 0.032
26 DB74-75 Image 3 Fe-ox 0.086

Chemical spectra collected by EDS and WDS spectral methods (Figure 12b) and x-ray mapping
(Figures 9 and 10) were not capable of detecting the low concentrations of lead suspected in
the samples; therefore, quantitative analyses were performed using WDS with a lower detection
limit by targeting a smaller area of the sample and lengthening the duration of analysis. For the

quantitative analyses, the method detection limit for lead oxide (PbQO) was 0.013 mass percent.
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Lead was detected using quantitative EPMA in both igneous and authigenic minerals in the
Dewey Lake. Magnetite and monazite tested had PbO concentrations of 0.025 and 0.049 mass
percent, respectively (Table 7). Iron oxide samples analyzed by quantitative analyses had a
PbO concentration ranging from <0.013 to 0.156 mass percent (Table 7). If the pervasive iron
oxide coatings that were observed on mineral grains are derived predominantly from magnetite
and illmenite, the lead associated with the iron oxides probably originated in these same

igneous minerals.

6.3 Discussion of Mineralogy and Lead Distribution

Based on these recent investigations, lead occurs naturally in the Dewey Lake and to a lesser
extent the Santa Rosa, with measured concentrations in whole rock samples ranging from
<0.25 to 26 mg/kg. Lead concentrations are highest in the upper Dewey Lake (8.8 to 16 mg/kg
by laboratory analysis and up to 26 mg/kg by XRF). Santa Rosa concentrations are lower
(1.4 to 4 mg/kg by laboratory analysis and non-detect by XRF). These lead concentrations were
first detected with the XRF and then confirmed by laboratory analyses. The XRF and laboratory
results indicate that the detectable lead in the Dewey Lake is associated with red, oxidized
portions of the formation, while lead concentrations are below detection in the green, reduced

“spots” common in the Dewey Lake. This observation was confirmed with EPMA.

Lead is associated with several minerals in the Dewey Lake. Lead was detected in some
igneous minerals including monazite and magnetite and authigenic iron oxides. Most of the
lead detections correlated with authigenic iron oxide minerals. The weathering of magnetite is
probably the source for both iron and lead found in authigenic minerals. llimenite also
contributes iron, and perhaps lead, to authigenic minerals; however, lead was not analyzed for

in these minerals.

Lead associated with authigenic iron oxides is distributed throughout the Dewey Lake samples.
These iron oxides are fine silt and clay-sized particles. Dewey Lake samples from ERDA-9
indicate that the lead was present in 1976 before the WIPP site was developed as a repository

site; therefore, the lead is most likely distributed regionally in the Dewey Lake.
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7. PZ-13 Repeat Sampling Event

From September 14 through 17, 2009, WTS completed a four-day repeat sampling event to
better characterize the effects of well purging and sampling methods on PZ-13 monitoring
results. The testing followed the XRF measurements of lead concentrations of approximately
4,000 mg/kg in drill bit teeth of the type lost when driling PZ-13. The approach examined
whether stagnant water in the well with more time to contact possible drill bits would have a
higher lead concentration than water collected after purging the well repeatedly to draw new

water from outside the well casing and sand pack.

This section describes the PZ-13 repeat sampling event methods and results, which were
provided to DBS&A by WTS.

7.1 Previous Well Development and Sampling Procedures

PZ-13 has not undergone traditional well development following well installation to remove
sediment and increase the well’s yield. Substantial well development is impracticable given the
thin 2.5-foot saturated zone and low yield. The well was pumped dry with a submersible pump
as the initial sample was obtained (U.S. DOE, 2008). It was bailed dry about 8 months later and
allowed to recover for 9 days prior to obtaining a second sample with a Teflon™ bailer (Salness,
2007-2009). Subsequent samples were obtained by the low-flow sampling technique as
attempted with the initial sample (Salness, 2007-2009).

Low-flow sampling typically seeks to eliminate the need to purge a well completely by
establishing a hydraulic regime in which water is produced from the geologic formation with
minimal drawdown in the well. All of the samples obtained from PZ-13 using a submersible
pump produced at least 3 feet of drawdown at very low pumping rates between 350 and
1,500 milliliters per minute (mL/min) (U.S. DOE, 2008; Salness, 2007-2009), indicating that the
well is slowly recharged by the low-yielding formation. Water does not appear to be able to leak
rapidly into or to significantly saturate the hard portion of the Santa Rosa on which saturation
was perched when the well was drilled or the Dewey Lake in the lower 2 feet of the well, despite

the well screen extending 8 feet below the perched zone. The observed drawdown below the
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perched zone indicates that the well is behaving like a sump where water is stored in the casing

and sand pack in the hard lower Santa Rosa and Dewey Lake.

The water level in PZ-13 has gradually declined by about 1.4 feet during the 2.5 years since the
well was installed and does not appear to respond to precipitation (Figure 3). Despite the
decline, the water level has been higher than the top of the perched zone observed during
drilling since the well was completed. Seepage out of the well into the unsaturated lower Santa
Rosa and Dewey Lake could cause the thin perched zone to be dewatered in the vicinity of the
well resulting in declining water levels; however, this must be proceeding quite slowly if at all.
Alternatively, the local perched zone of SSW near PZ-13 may be more broadly draining away
from the perching layer toward the Santa Rosa/Dewey Lake contact in the absence of

continuing recharge.

7.2 Repeat Sampling Event Methods and Results

7.2.1 Repeat Sampling Methods

Repeat sampling began with collecting an initial sample of stagnant water prior to any purging of
the well. The well was then purged by bailing and allowed to recharge for 24 hours prior to
sample collection. Sampling followed by well purging was repeated on three consecutive days.
For quality assurance/quality control (QA/QC) purposes, field blank, equipment blank, and

duplicate samples were collected on the final day.

Initial water levels were gauged each day before sampling. Field staff estimated that about
5 gallons were purged from the well each day. Water levels were generally not gauged
immediately after purging; rather, bailing was stopped when it became difficult to recover any
more water. As seen in Figure 3, water levels were able to recover essentially completely

overnight.

Samples were packaged each day in a cooler with ice and shipped by overnight delivery to

HEAL for analysis. All samples were submitted with chain-of-custody forms. At the laboratory,

52



Daniel B. Stephens & Associates, Inc.

water samples were filtered with a 0.45-micron filter prior to analysis; therefore, the laboratory

results represent the concentrations of dissolved constituents.

At the time the repeat sampling event was conducted, plans were being made to conduct
laboratory tests of the drill bit teeth. In order to make comparisons between the PZ-13
monitoring data and the drill bit data, water samples from PZ-13 were tested for numerous
inorganic analytes by U.S. Environmental Protection Agency (EPA) method 6010B (ICP-AES)
or, in a few cases, by EPA method 6020A (ICP-MS). HEAL analyzed the majority of the
analytes by EPA method 6010B and forwarded samples to Anatek Labs, Inc. for analyses of tin,
titanium, and uranium by EPA method 6020A. Laboratory analysis was completed for the

following parameters:

o  Aluminum (Al) ¢ Molybdenum (Mo)
e Antimony (Sb) o Nickel (Ni)

e Arsenic (As) e Potassium (K)
e Barium (Ba) e Selenium (Se)
e Beryllium (Be) e Silica (Si)

e Boron (B) o Silver (Ag)

o Cadmium (Cd) e Sodium (Na)
¢ Calcium (Ca) e Strontium (Sr)
e  Chromium (Cr) e Thallium (TI)
e Cobalt (Co) e Tin (Sn)

e Copper (Cu) e Titanium (Ti)
e lron (Fe) e Uranium (U)

e Lead (Pb) e Vanadium (V)
e Magnesium (Mg) e Zinc (Zn)

e Manganese (Mn)

7.2.2 Repeat Sampling Results

The results of the repeat sampling event do not suggest that leaching of lead from lost drill bit

teeth or any other material located at the well is resulting in the lead detection in PZ-13. This
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source would have been indicated if the initial sampling of stagnant water contained the highest
lead concentration, with subsequent samples containing lower concentrations due to dilution
from water being drawn into the well each time purging occurred. Instead, the initial sample had
the lowest lead concentration, with samples collected on subsequent days containing higher

concentrations (Table 2 and Figure 3).

The complete laboratory report for the repeat sampling event is included in Appendix F. The
lead concentration was 0.13J mg/L for the initial sampling of stagnant water prior to well
purging. This result is below the laboratory’s PQL. The lead concentrations measured on the
three subsequent days ranged from 0.25 to 0.39 mg/L, with the highest concentration measured
in one of the duplicate samples on the final day of the repeat sampling events. The analytical
uncertainty of the lead measurements in the PZ-13 brine at a 50X dilution was large, given that
the other duplicate sample had the second lowest concentration next to the sample from the first
day. Even so, the concentration on the first day was significantly lower than all the others. The
results do not provide evidence of drill bits leaching lead in close proximity to the well screen.

Instead, the results suggest that the lead in the perched zone is from another source.

Water in PZ-13 was analyzed for several inorganic constituents that could be related to possible
leaching of drill bits and equipment, including chromium, cobalt, copper, iron, nickel, and zinc.
Testing of drill bit samples is described in Sections 6.1.3 and 9. The laboratory results for the
PZ-13 water (Appendix F) show that zinc was detected below the laboratory PQL of 2.5 mg/L,
and none of the other metals related to drilling equipment were detected above the laboratory
PQLs, which were 1.0 mg/L for iron, 0.5 mg/L for nickel, and 0.3 mg/L for the other three
analytes. Zinc was detected at concentrations in the range of 0.094 to 0.42 mg/L. All laboratory
results for zinc are denoted with a J qualifier, indicating that the detections are below the PQL.
Lead concentrations in the same samples ranged from 0.13J to 0.39 mg/L. The high ratios of
lead to metals that are major constituents in steel, welding materials, and drill bit teeth suggest
that dissolution from the drilling equipment or similar materials is not significant and not the

source of lead.
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8. Geochemical Modeling and Analysis

Geochemical modeling was used to evaluate the water quality in PZ-13 in relation to the
mineralogy of the geologic formations that may influence the SSW. Because of the high
chloride concentration of the saline SSW in PZ-13, the solubility of lead is elevated and the
mobility, fate, and transport depart from behavior reported in the literature for typical low-ionic
strength aqueous systems. Water in PZ-13 has the highest TDS concentration detected in any
of the SSW wells and is almost saturated with respect to halite and other evaporite minerals.
The geochemical model helps to determine the behavior of lead for the uncommon conditions of

highly saline brine at PZ-13.

This section presents an overview of the general principles framing the analysis of lead
geochemistry and discusses the results of geochemical modeling analyses. Details of the

geochemical modeling methods and results are provided in Appendix G.
8.1 Lead Geochemistry

Mobilization and transport of lead are controlled by both hydrologic and geochemical processes.
Lead is considered to be relatively immobile to highly mobile depending on ambient
physicochemical conditions (Smith and Huyck, 1999). The geochemical processes involved in
lead mobilization and transport include mineral dissolution, metal solubility, sorption, and
diffusion. The following discussion will briefly outline the more significant geochemical

processes with respect to lead occurrence in PZ-13.

Metal dissolution and solubility are governed by the chemical composition and atomic structure
of the host mineral and the physicochemical conditions to which it is exposed. For a given
mineral in an aqueous media, the primary differences in aqueous mobility at near-surface, low-
temperature conditions arise as a result of pH, ionic strength, and oxidation/reduction (redox)
conditions. pH and redox are considered “master variables” with respect to solid-phase stability
and aqueous-phase composition. pH is governed by mineral reactions and is usually buffered
at circumneutral conditions by reactions with soil and rock minerals in most natural waters

unless oxidation of sulfides, organics, and transition metals is occurring or there is some source
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of acid. Redox conditions are primarily governed by the organic, sulfide, gas, and water content
of the media, whether it is a waste pile, soil, sediment, or other geologic media. Unsaturated
conditions are usually oxidizing relative to saturated conditions. For saturated conditions,
oxygen is usually limited (unless the rate of flow is very rapid) and reducing conditions may

Ooccur.

Metal solubility is dependent on the aqueous chemical composition, temperature, and pressure.
Chloride generally does not complex with metals under surficial conditions in fresh water, but
higher concentrations can increase solubility due to complexation. This is true for lead and
other cations. Other common anions such as sulfate, carbonate, phosphate, nitrate, and

organic compounds form metal complexes and may increase or decrease solubility.

Solubility controls some metal concentrations in soils and rock; however, trace metal mobility in
soils and rocks is highly influenced by presence of iron hydroxides, clays, and organic matter,
which have high surface areas that promote binding with metals through adsorption and ion
exchange reactions. Adsorption and ion exchange depend on many factors, including solution
pH, temperature, the composition and structure of the solid surface, and the composition of the

solution (which may precipitate surface functional groups that promote adsorption).

Metal mobility in soils and rock is very difficult to predict due to the highly variable chemical and
physical properties. Concentrations of metals in soil pore water and in groundwater depend
upon infiltration rates, permeability, and moisture content, as well as the physical and chemical
properties of soil media and aquifers. A qualitative prediction of metal and other constituent
mobility in surficial environments is provided by Railsback (2008) and Smith and Huyck (1999).
Concentrations of most metals in soil water and groundwater located in undisturbed areas are
usually low because of initially low concentrations in the geologic media, acid-base buffering
reactions, chemical precipitation, and sorption by soil particles. Lead is most mobile under
reducing conditions in the absence of hydrogen sulfide. Lead is moderately concentrated in

soils due to its tendency to adsorb to silicates and oxides.
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8.2 Model Methodology and Results

The numerical geochemical model PHREEQC (Parkhurst and Appelo, 1999) was used to
calculate saturation indices for minerals of lead and major ions. Pitzer interaction parameters
from literature had to be provided to the model to account for the ionic strength of PZ-13 water.
Details of the geochemical model are provided in Appendix G. The geochemical model
calculated aqueous speciation, saturation indices, and other geochemical equilibrium reactions
for high ionic strength brine in PZ-13 (molarity greater than 4) and for water with progressively
lower ionic strength that is characteristic of the SSW. Based on the water quality input, the
model selects the important minerals that are potentially associated with the ionic species in
solution. Positive values of the saturation index indicate that the solution is supersaturated with
respect to the mineral (i.e., at equilibrium the mineral should precipitate). Negative values
indicate that the solution is undersaturated (i.e., more of the mineral can dissolve before
reaching equilibrium). Values that are close to or equal to zero reflect saturation with respect to
the mineral, such that no net dissolution or precipitation is predicted to occur. Non-equilibrium

conditions may persist if the relevant reactions are kinetically slow.

Results of the geochemical model indicate that PZ-13 water is undersaturated with respect to
lead-bearing minerals. Figure 13 shows the saturation indices calculated for lead-bearing
minerals and other primary minerals associated with the PZ-13 water quality. The PZ-13 water
quality is represented by the zero-dilution line on Figure 13; more dilute solutions are
represented by the dilution ratios up to 25:1, which represents a TDS concentration of
approximately 10,000 mg/L. PZ-13 water is saturated (Sl = 0) with respect to lead carbonate
(cerussite), but undersaturated with respect to lead sulfates and other lead minerals that may be
in this system. Therefore, lead will tend to dissolve from solid forms into solution. Precipitation
and co-precipitation as solids are not expected to be significant sinks for lead. In addition to
cerussite, the following minerals are near saturation at the observed composition of PZ-13
water: halite, anhydrite, gypsum, calcite, magnesite, and dolomite. Fluorite is supersaturated
before dilution and is the only mineral that remains saturated in the PZ-13 solution during
dilution. The predominant form of dissolved lead complexes in solution at the high chloride
activity of PZ-13 is PbCl,%", while the uncharged, aqueous PbCOj; species is predominant in

fresher water.

57



€1 ainbi4

S:\PROJECTS\ES08.0072 WIPP_SSW'\VR DRAWINGS'\ES08 0072 12W_GRAPHS.CDR (PG 5)

Saturation Index

6-12-08

2 . = 2
0- -0
Fluorite
Gypsum L 2
A""\‘]ﬁdrifn
Cerrusite
——
~—_———__@g.gm e Calcite
Mirabilite - -4
—\
Pentahydrite
Nesquehonite
-6
20:1 25:1

— Daniel B. Stephens & Associates, Inc.

JN ES08.0072

Dilution

WIPP LEAD ASSESSMENT

Saturation State of Minerals in PZ-13 Water

Over Dilution to 10,000 mg/L TDS




Daniel B. Stephens & Associates, Inc.

Dilution of the observed PZ-13 water composition was simulated to determine if the reduction in
chloride levels and ionic strength would result in saturation with respect to lead phases (e.g., if
the dominant lead species shifted from PbCl,>” to PbCOs). The simulated dilution represents
the hypothetical migration of the brine into distant groundwater (without considering the
hydrogeologic limits to such scenarios). With dilution, cerussite quickly becomes
undersaturated as dilution proceeds. No saturation limit for any lead mineral is reached during
progressive dilution to a final TDS concentration below 10,000 mg/L. The degree of mixing
required to dilute the TDS concentration of PZ-13 water to less than 10,000 mg/L would
simultaneously dilute the lead concentration to below the groundwater protection standard of
0.05 mg/L (Water Quality Control Commission Regulations 20.6.2 NMAC Part 3102.A).

8.3 Assessment of Lead Adsorption

Lead is susceptible to adsorption onto solids in the aquifer matrix, as indicated by the
compilations of partition coefficients provided in Appendix H. The sorption edge, when lead will
remain in solution, is between pH 3 and pH 5 (Smith, 1999); therefore, lead is readily sorbed at
circumneutral pH conditions found in most groundwater and in SSW at the WIPP site. Briny
solutions like PZ-13 water can suppress adsorption because the major ions compete with lead

for surface sorption sites.

Sorption simulations were run using a conservative adsorption model for hydrous ferric oxides
(HFO) (Dzombak and Morel, 1990). Considering adsorption by HFO on the solid matrix material
in the SSW saturated interval, Figure 14 shows that HFO adsorption is expected to decrease
dissolved lead concentrations by about two orders of magnitude. Adsorption of lead by HFO
reduces the aqueous concentration by over two orders of magnitude at the observed
composition of PZ-13 water. The mass of lead adsorbed declines with dilution as total lead
concentration in solution decreases; the amount of decline depends on changing activity

coefficients and effects of competing ions such as Ca?*.
Because most sorption experiments are conducted at low ionic strength and theoretical

isotherms are based on these experiments, a determination of the sorption capacity of the

subsurface formations with respect to lead is difficult. Partition coefficients are also highly
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dependent upon the nature of the substrate (see compilations in Appendix H), which is highly

heterogeneous.

The theoretical calculations of lead adsorption to HFO presented are estimates due to various
significant uncertainties described in more detail in Appendix G. However, it is reasonable to
expect the abundant iron mineral surfaces in the Santa Rosa and Dewey Lake to provide
substantial sorption capacity. Section 6.3 describes the HFO coatings on Dewey Lake samples
examined by electron microscopy. Notwithstanding the limitations of modeling adsorption
processes for SSW, adsorption by HFO is expected to provide a significant barrier to migration
of lead away from its source and a mechanism of attenuation near the source. Hydrologic

factors are likely even more important in limiting the migration of lead-bearing SSW near PZ-13.
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9. Leaching Tests of Dewey Lake and Drill Bits

Leaching experiments were conducted using multiple fluids to try to examine dissolution of lead
from samples of rock cores and drill bit teeth that had elevated lead concentrations based on
XRF testing. The leaching experiments were intended to confirm or rule out these materials as
possible sources of the lead at PZ-13 as well as to explore the range of conditions under which
lead could dissolve from each potential source and remain in solution. A plausible lead source
would have to not only contain lead but also be able to leach lead into solution at a
concentration near the concentration observed at PZ-13 under similar conditions. Other
chemical constituents of the material would also have to behave in accordance with

observations at the SSW monitor wells for the material to be a plausible source of the lead.

Over the course of this assessment, various lines of evidence pointed to lead adsorbed on iron
oxide surfaces in the Dewey Lake and Santa Rosa as a plausible source of the dissolved lead in
PZ-13. The XRF results, in particular, provided a basis to pursue this hypothesis in more detail
by conducting leaching tests and EPMA of selected rock samples. Both types of testing were
also conducted with samples of the drill bit teeth used at PZ-13 based on XRF results that
indicated high concentrations of lead in the teeth. The leaching tests of drill bit teeth helped to
establish that the XRF detections of lead in the teeth were false positives due to interference
from the tungsten fluorescence spectra. The EPMA, discussed in Section 6, was conducted in
the same time frame as the leaching tests. Therefore, the XRF results had the greatest role in

guiding the leaching tests.

HEAL staff performed the leaching tests and related analyses with instruction and supervision
from DBS&A. HEAL analyzed samples for metals by EPA method 6010B and forwarded some
samples to Anatek Labs, Inc. for analysis of additional metals by EPA method 6020A. Due to
concerns about detection limits and interferences, lead was generally analyzed by both
methods. The leaching tests used high salinity water to replicate PZ-13 conditions, resulting in
laboratory detection limits near the concentrations of interest for lead. Because the instruments
used in the two methods (ICP-AES and ICP-MS) employ different physical principles to detect
analytes, the use of both methods to independently quantify lead concentrations also provides

cross-validation of results. Appropriate EPA methods and standard methods were used to
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analyze major ions and other parameters for selected samples. A summary of the lead results
is presented in Table 8; complete laboratory reports for all the laboratory analyses described in

this section are provided in Appendix I.

9.1 Leaching Fluid Selection

Leaching tests were performed using brine representative of PZ-13 water quality and deionized
water to leach the same materials to test whether the solubility of lead depends on the particular
geochemical conditions created by ion concentrations in the brine near PZ-13. Water in PZ-13
has the highest TDS concentration detected in any of the SSW wells and is almost saturated
with respect to halite and other evaporite minerals. The extremely high chloride concentration
at PZ-13 could promote complexation of lead and thereby increase the solubility of lead to
uniquely high levels. This elevated lead dissolution was hypothesized based on the
geochemical modeling discussed in Appendix G, and could explain why similar lead
concentrations to those at PZ-13 have not been observed in the SSW at other locations
(Figure 7). Although geochemical modeling was useful for exploring the relative importance of
several parameters and processes controlling the potential mobility of lead near PZ-13, the
geochemical modeling carried large uncertainties due to unmeasured water quality parameters.
The opportunity to conduct leaching experiments allowed measurement of aqueous
concentrations of lead and other chemical species under fresh water conditions and saline

conditions encountered at PZ-13.

Various leach solutions were considered for use in simulating the brine at PZ-13. The goal was
to match the major ion composition of the PZ-13 brine as closely as possible, while
guaranteeing that the leach solution itself did not contain lead at a concentration that could

affect the results. The PZ-13 brine composition was defined using the data in Table 1a.

Two alternatives were analyzed in the laboratory: (1) brine collected from the Salt Storage
Extension Basin (SSEB), and brine prepared by mixing Salado salt with deionized water. The
SSEB brine did not contain detectable lead, nor did a solid sample of the Salado material. The
first attempt to match the PZ-13 brine composition with the Salado solution did not use enough

salt to approach the necessary TDS concentration, but it was determined that the proportions of
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Table 8. Summary of Lead Concentrations in Leaching Tests

Daniel B. Stephens & Associates, Inc.

Sample Lead Concentration (mg/L)

(Lab Sample ID) Formation Fraction Leaching Fluid Analysis Method A: Day 1 B:Day5 | C:Day 28
Rock Samples
PZz-13 (74-75) Santa Rosa/ Whole rock | Deionized water 6010B (ICP-AES) <0.050 <0.050 <0.0050
(0912387-01 A,B,.C) | Dewey Lake 6020A (ICP-MS) <01 <01 <01
Pz-13 (76-77) Dewey Lake Red portion | Brine from Salado salt | 6010B (ICP-AES) 0.32 0.25J <0.25
(0912387-02 A,B,C) 6020A (ICP-MS) 0.206 0.122 <0.1
Pz-14 (71-72) Dewey Lake Whole rock | Brine from Salado salt | 6010B (ICP-AES) 0.22J <0.25 <0.25
(0912387-03 A,B,C) 6020A (ICP-MS) 0.204 0.111 <0.1
Drill Bit Tooth Samples
HSA Flat #3 NA NA Brine from Salado salt | 6010B (ICP-AES) <0.25 <0.25 <0.25
(0912387-04 A,B,C) 6020A (ICP-MS) <0.1 <0.1 <0.1
HSA Round #1 NA NA Brine from Salado salt | 6010B (ICP-AES) <0.25 <0.25 <0.25
(0912387-05 A,B,C) 6020A (ICP-MS) <0.1 <0.1 <0.1
Tri-Cone #4 NA NA Brine from Salado salt | 6010B (ICP-AES) <0.25 <0.25 <0.25
(0912387-06 A,B,C) 6020A (ICP-MS) <0.1 <0.1 <0.1
HSA Flat #2 NA NA Deionized water 6010B (ICP-AES) <0.0050 <0.0050 <0.0050
(0912387-07 A,B,C) 6020A (ICP-MS) <0.1 <0.1 <0.1

Bold indicates detection of lead.

mg/L = Milligrams per liter
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major ions in the Salado solution better matched the PZ-13 brine than those in the SSEB brine.
A more concentrated mixture was prepared from the Salado salt and determined by laboratory
analysis to sufficiently approximate the PZ-13 brine for purposes of the leaching tests. The final
leach solution had <0.1 mg/L lead and a 1 percent lower TDS concentration (243,000 mg/L)
than the sample in Table 1a, but a 7 percent higher chloride concentration (160,000 mg/L). A
small excess of chloride was not undesirable based on a conceptual model in which chloride
dominates the geochemistry of SSW at PZ-13. The absence of lead in the initial and final
Salado solutions and the SSEB brine provides additional evidence that Salado salt in the SPDV

pile does not account for high concentrations of lead in SSW at PZ-13.

9.2 Rock Sample Selection

The XRF testing indicated elevated lead concentrations in the upper Dewey Lake horizon where
PZ-13 is screened relative to other horizons. The XRF and confirmatory laboratory analyses
detected lower concentrations of lead elsewhere in the Dewey Lake, Santa Rosa, and Gatuia.
No other horizons contained lead at concentrations detectable by XRF. The horizon with the
highest lead concentrations also had the highest iron concentrations (approximately 3 to
5 percent) measured by the XRF, and the occurrence of lead appeared to be limited to the

visibly oxidized (red) portions of the rocks in each horizon.

Samples selected for leaching tests included each of the three types of drill bit teeth and rock
samples with the most elevated lead concentrations from PZ-13 and -14. Because a limited
number of leaching tests were performed, leaching tests were not performed on rock samples
with less total lead; such results would be inconclusive if no lead was detected in solution.

Thus, the samples selected were as follows:

¢ Red portion of the Dewey Lake rock from PZ-13 from 76 to 77 feet bgs leached with

brine

e Whole rock from PZ-13 from 74 to 75 feet bgs (across the Santa Rosa/Dewey Lake

contact) leached with deionized water

o Whole Dewey Lake rock from PZ-14 from 71 to 72 feet bgs leached with brine
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Tests using rock from the Santa Rosa with lead concentrations lower than the Dewey Lake
samples were not pursued because the hypothesized desorption of lead from iron oxide
surfaces should proceed similarly in the Dewey Lake and the Santa Rosa given the similarity of
the iron oxide distributions in the two formations (a summary of the mineralogy observed in

previous studies is presented in Appendix B).

9.3 Preparation and Preliminary Tests of Drill Bit Samples

Following XRF screening of the drill bits used at PZ-13, teeth were collected for leaching tests
and EPMA. Teeth from the hollow-stem auger could be mechanically removed. Teeth from the
tri-cone bit were cut out of the bits using a welding torch. The teeth were sent to Continental
Machining Company, Inc. to be cut into usable subsamples and thin sections using electron
discharge machining (EDM). DBS&A then delivered the samples to HEAL. Prior to leaching,
the drill bit subsamples were sonicated in deionized water for 10 minutes to remove possible
surface contamination and to minimize any effects of the cutting process on the exposed
surfaces. The sonication water from each of these subsamples was also analyzed to test
whether cross-contamination of the bit surfaces could be responsible for the lead detections.

Lead was not detected in the sonication water above the PQL of 0.0050 mg/L.

Initial tests for lead concentration in the bits were conducted to verify that an aggressive leach
solution was capable of extracting lead from the bits before proceeding with leaching tests in
brine. One subsample from each type of drill bit tooth was leached overnight in a 5 percent
nitric acid solution, which was then analyzed for lead and other metals to try to validate the XRF
detections of lead. The nitric acid solution digested a significant portion of each subsample.
However, because the samples were not totally digested, the results are not a reliable measure
of the solid concentration of lead in the bits. The bit testing results found no detection of lead in
two of the nitric acid leach samples, but EPA method 6020A detected a concentration of
0.0940 mg/L in one bit sample. As expected, cobalt, iron, and tungsten concentrations were

orders of magnitude higher.

The low lead concentrations in the nitric acid solution are interpreted as contradicting the high

detections from the XRF, yet not completely ruling out the possibility of drill bits containing lead
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impurities that could be leached by brine and contribute to the concentrations at PZ-13. An
early analysis of a drill bit subsample using EPMA similarly produced a small peak in the
spectrum that was automatically matched to lead, although it appears the spectra of lead and
tungsten overlap (Section 6). Thus, the lead peak could have been a misidentified tungsten
peak; conversely, the taller tungsten peaks in other sample spectra could have been masking
lead. The decision was made to proceed with leaching tests for the other drill bit subsamples to

avoid any doubts that might remain if this possibility were left untested.

9.4 Leaching Procedures

Leaching tests used a modified synthetic precipitation leaching procedure (SPLP; EPA
method 1312) with either Salado brine or deionized water as the leaching fluid. Rock samples
were crushed and leached using a 20:1 mass ratio of leaching fluid to solid approximated by
adding 25 grams of rock to 500 milliliters of leaching fluid. Drill bit subsamples also used a 20:1
mass ratio of leaching fluid to solid. The samples were tumbled for 18 hours, then allowed to
sit. Samples of fluid sufficient for laboratory analysis were decanted after 1 day (specifically
18 hours), 5 days, and 28 days. Leachate from rock samples was filtered and digested in acid
according to EPA method 3010. Drill bit leachate was acidified without filtering. All the leaching
tests were conducted in closed bottles with headspace. No attempt was made to directly control

the pH or temperature of the experiments.

Analytes were selected that were expected to be present in the rocks or the bits based on the
XRF results, with some emphasis on metals that could distinguish the two potential sources.
Due to limited sample volume and the desire to avoid altering the system by decanting too much
fluid early in the experiment, a more comprehensive analyte list was used for the 28-day

samples and shorter analyte lists were used for the 1-day and 5-day samples.

For the 1-day and 5-day samples for the rock leaching tests, the analyte list included lead,
arsenic, barium, cadmium, cobalt, chromium, iron, manganese, nickel, uranium, vanadium,
tungsten, and zinc. For the 28-day samples for the rock leaching tests, the analyte list
additionally included TDS, electrical conductivity, pH, alkalinity, bromide, calcium, chloride,

fluoride, potassium, magnesium, sodium, nitrite, nitrate, phosphate, and sulfate.
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Based on the nitric acid and sonication results for the bits, the 1-day and 5-day sample analyte
list was limited to lead, cobalt, chromium, iron, nickel, tungsten, and zinc. For the 28-day
samples for the bit leaching tests, the analyte list additionally included arsenic, barium, calcium,
cadmium, chloride, potassium, magnesium, manganese, sodium, strontium, uranium, and

vanadium.

This latter list was intended to include TDS, electrical conductivity, pH, and anions as with the
rock leaching tests; however, insufficient sample volume was left for all the analyses intended,
so one fraction of the sample was analyzed for metals, including major cations, and the
remaining fraction was used to determine the chloride concentration as a coarse check of the

ion balance.

9.5 Results

Results are summarized in Table 8. None of the bit subsamples leached any detectable lead
into the Salado brine or the deionized water. The PQL for the EPA method 6020A analyses of
these samples was 0.1 mg/L, which was lower than all of the lead detections in PZ-13. 1t is

concluded from these results that the drill bits are not the source of the lead in PZ-13.

Leaching the Dewey Lake rock samples with the Salado brine produced lead concentrations
from 0.204 to 0.32 mg/L after one day of leaching. These concentrations are similar to those
observed in PZ-13, indicating that the mechanism simulated by the leaching tests is a plausible

explanation for the occurrence of lead in PZ-13.

These results were produced by both EPA method 6010B and EPA method 6020A. The latter
method tended to produce lower concentrations. The two methods involve different corrections
for interferences, but there is no clear reason for a systematic difference in laboratory results,

and both sets of results are valid based on their respective QA/QC criteria.
Lead concentrations had declined by almost one-half after 5 days and were below PQLs after

28 days. This effect is attributed to rapid dissolution of lead when first contacted by the brine

and gradual re-equilibration of the small test system over several days. PQLs for most analytes

68



Daniel B. Stephens & Associates, Inc.

were elevated due to the salinity of the brine; for example, iron concentrations in the samples
were reported as <1.0 mg/L. Dissolved manganese concentrations were estimated at or slightly
above the instrument detection limit of 0.014 mg/L through day 5 and were not detectable by
day 28. Although it cannot be stated for certain, it is possible that such elements that form
sorption sites initially leached into solution and then reprecipitated over the course of the
experiment. The crushing of the rock samples could provide fresh surfaces for such a process

and might exaggerate the effect relative to the real-world system near PZ-13.

The pH recorded in the Salado brine solution was 7.84, and the pH in the Salado brine leach
solution used for the Dewey Lake samples was 8.03 after 28 days. Note that the high ionic
strength of the brine may pose difficulties for analysis of pH as well as other analytes. Even so,
the measurements indicate little change over the duration of the experiments. The pH
measured in PZ-13 water is generally close to 6.1. Had the pH of the experiments been
controlled to match this lower value, it is expected that lead solubility might have been even
higher than observed. Thus, the difference in pH between the experiments and site conditions,
although important to the geochemistry, does not change the conclusion that enhanced
solubility of lead due to the salinity of the brine is a plausible mechanism for the occurrence of
lead at PZ-13.

Zinc concentrations for day 1 and day 5 reported by the laboratory as estimated values near the
PQL ranged from 0.039 mg/L to 0.23 mg/L. The resulting lead:zinc ratios are similar to those
obtained from PZ-13 during the repeat sampling event, which are orders of magnitude higher
than those obtained from previous corrosion testing of galvanized mesh in which the mesh was
similarly leached with a solution of Salado salt (IT, 1996). This fact is consistent with in situ rock
being a plausible source of the lead in PZ-13 in contrast to galvanized mesh, which, had it
somehow gone undiscovered in the SPDV pile, would be expected to leach much more zinc
than lead into the SSW.

Deionized water did not leach any detectable lead from the rock sample from the Santa
Rosa/Dewey Lake contact at PZ-13 over the 28 days. The total lead concentration in this rock
was measured in the laboratory to be 12 mg/kg, the same concentration as in the sample from

PZ-14 that leached lead into the Salado brine. The lack of detectable lead in the deionized
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water supports the conclusion that the composition of the brine increases the solubility of lead.
This implies the enhanced lead solubility would not persist in the event that SSW containing

lead mixes with water of much lower salinity.
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10. Lead Fate and Transport

Besides examining the potential sources of lead in SSW at PZ-13, an important element of this
assessment is evaluating the potential fate and transport of lead to understand the potential for
any adverse impacts to groundwater quality. The geochemical modeling results indicate that
lead migration is not inhibited by solubility limits. The assessment also considered the
hydrogeologic conditions near the SPDV pile and lead adsorption mechanisms that influence

lead mobility.
10.1 Potential for Hydrologic Transport

The three monitor wells installed adjacent to the SPDV pile encountered SSW at depths ranging
from approximately 40 to 65 feet bgs, in thin perched zones that do not appear to be continuous
based on the different levels at which saturation occurs in the Gatuna and Santa Rosa
Formations. At PZ-13, the SSW saturated interval as observed during drilling is 2.5 feet thick.
The highly saline water in PZ-13 has a TDS concentration of 230,000 to 255,000 mg/L,

apparently as a result of infiltration through the SPDV pile prior to construction of a final cover.

Based on the limited thickness of the SSW beneath the SPDV pile, the potential for migration of
this water appears limited. Any migration of the saturated lens would be into unsaturated
formation materials that will absorb and hold water within the formation’s open pore space.
Although hydraulic conductivity has not been measured at PZ-13, -14, or -15, the drawdown and
slow recovery of these wells during sampling suggest that the local transmissivity values are
small. Little potential appears to exist for hydrologic transport of SSW at PZ-13 to a

groundwater aquifer over significant distance.
10.2 Lead Adsorption

Lead in solution is susceptible to adsorption onto formation surfaces. Lead adsorption was
analyzed using the Dzombak and Morel (1990) model for sorption simulations of HFO coatings
on the formation material surfaces. Iron oxide coatings are characteristic of sandstone and

siltstone materials in the site formations, causing their red color. It is reasonable to expect that
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abundant iron mineral surfaces in the Santa Rosa and Dewey Lake provide substantial sorption
capacity. Lead transported through the Santa Rosa and Dewey Lake Formations will be

strongly affected by adsorption on iron oxide surfaces.

The model results indicate that adsorption of lead by iron oxides reduces the aqueous
concentration of lead by over two orders of magnitude at the observed composition of PZ-13
water. In saline solutions like PZ-13 water, adsorption is suppressed because the major ions
compete with lead for surface sites. Adsorption of lead decreases somewhat in the event that
PZ-13 type water is diluted by water of lower salinity. However, when PZ-13 water is diluted to
a TDS concentration of 10,000 mg/L, the combined effects of dilution and net adsorption reduce

the dissolved lead concentration by another two orders of magnitude.

Because theoretical sorption isotherms are based on experiments conducted at low ionic
strength and because the iron content of the formations near PZ-13 is uncertain, a
determination of the sorption capacity of the subsurface formations with respect to lead is
difficult. Notwithstanding these limitations, adsorption can be expected to provide a significant

barrier to migration of lead.
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11. Summary and Conclusions

This assessment of dissolved lead in monitor well PZ-13 considers potential sources of elevated
lead concentrations that could be identified and reaches conclusions as to the likelihood of
impacts from the various sources. The assessment also considers the geochemical conditions
of SSW at PZ-13 with factors controlling solubility and potential mobility of lead. The evidence
from testing completed for this assessment shows that dissolution of naturally occurring lead in
the upper Dewey Lake Formation by saline SSW is the cause of the lead concentrations

measured in PZ-13.

Water quality monitoring performed for PZ-13 has confirmed the detection of dissolved lead at
concentrations from 0.13 to 0.40 mg/L during repeat monitoring events completed in 2008 and
2009. The groundwater sampling, laboratory test methods, and QA/QC procedures were
evaluated to determine whether lead could possibly be introduced by sampling procedures or
incorrectly reported by the laboratories. This review of monitoring methods indicates that the
lead concentrations are accurately reported, repeatable, and should be considered reliable
results.

11.1 Evaluation of Potential Lead Sources

Table 5 presents a summary of the potential sources of lead that were considered in this
assessment and conclusions regarding whether the potential sources are considered plausible
or unlikely sources of the lead detected in PZ-13. This assessment has been able to rule out
many potential sources that are considered unlikely to be contributors. The evidence points to
leaching of naturally occurring lead in the upper Dewey Lake as the source based on testing of
core samples under geochemical conditions simulating lead dissolution in the SSW. Thus, the
lead detected in PZ-13 is not the result of a release from the SPDV pile; rather, the lead exists
in the formation material, where the high ionic strength brine in PZ-13 causes lead dissolution

that does not occur in less saline water.

73



Daniel B. Stephens & Associates, Inc.

11.1.1 Monitoring Materials and Procedures

Monitoring methods and laboratory procedures used to test the SSW at PZ-13 do not appear to
be a likely source of lead. The initial sampling on October 10, 2007 and confirmation sampling
in 2008 and 2009 detected relatively consistent concentrations of lead and other water quality
parameters. Appropriate sampling and QA/QC procedures have been followed to yield reliable
results. Lead has not been detected in a field blank or in the laboratory method blanks at a
concentration above the PQL of 0.005 mg/L. Samples have been tested by two independent

laboratories, each of which appears to be diligently following QA/QC protocols.

Materials used to construct monitor well PZ-13 are standard materials used for construction of
monitor wells used for environmental monitoring purposes, which should not contain a source of
lead contamination. However, a hybrid drilling technique was used at PZ-13 involving air-rotary
drilling and a hollow-stem auger with a custom-made bit and core barrel. Drilling in well-
consolidated rock in the Santa Rosa at PZ-13 caused lost auger teeth, which were replaced by
arc welding and brazing new teeth on the bit (Stewart Brothers, 2009). The lost drill bit teeth
were thought to be a potential lead source if lead impurities could react in the saline
geochemical conditions at PZ-13 in a way that that would not occur under typical environmental

conditions.

Testing has shown that the drill bit teeth are not a source of lead. Initial testing of the drill bits
by XRF measured lead concentrations of approximately 4,000 mg/kg, with elevated
concentrations on the cutting teeth of both bits used. However, subsequent testing by
elemental mapping using EPMA and laboratory analytical testing did not detect elevated lead.
Instead, high concentrations of tungsten were measured. The tungsten is believed to have
caused interference with the XRF, giving a false positive result for lead rather than tungsten.
The EPMA and laboratory test results did not identify lead at concentrations above the detection
limits of the instruments except for a single detection of 0.094 mg/L obtained by digesting a few
grams of one bit in nitric acid. Leaching tests on drill bit tooth samples using brine to simulate
SSW water quality did not produce any detectable lead. The laboratory results indicating no

lead source in the drill bits are considered much more reliable than the XRF field instrument.
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11.1.2 Historical Activities at or Near the WIPP Facility

Historical activities that have occurred in the area near the WIPP facility include ranching,
hunting, and trapping, which are no longer permitted within the WIPP exclusion zone. Oil and
gas exploration and production activities and potash mining occur outside the WIPP land
withdrawal boundary, and leases were active within the WIPP land withdrawal area prior to
1988. These historical activities do not appear likely to have released significant lead to the

environment in the vicinity of PZ-13.

11.1.3 SPDV Pile Materials

Materials in the SPDV pile could include plausible sources of lead; however, records do not
show actual disposal of lead-bearing materials in the pile. The pile primarily consists of native
geologic materials excavated from three 2,150-foot shafts and the first drifts and rooms mined
during the WIPP design validation phase (U.S. DOE, 2008). The pile also includes
approximately 5 percent construction debris based on visual estimates and investigation
trenches (DBS&A, 1996). The SPDV pile is estimated to contain approximately 168,000 cubic
yards of material (DBS&A, 1996).

The predominant rock type accounting for at least 60 percent of the SPDV pile is halite from the
Salado Formation. The Salado Formation consists of 85 to 90 percent rock salt and smaller
amounts of anhydrite, polyhalite, and fine-grained clastic rocks. Based on the relative thickness
of the geologic formations penetrated by the shafts, materials that are relatively prominent
include Rustler Formation (interbedded sulfates, carbonates, clastics, and halite) and Dewey
Lake Redbeds Formation (interbedded reddish-brown fine sandstone, siltstone, mudstone, and
claystone). Relatively small amounts of material were removed from the Gatufa Formation
(predominantly sandstone with interbedded siltstone), and the Santa Rosa Sandstone
Formation (gray and red sandstone with lenses of shale and conglomerate). An unknown

amount of surficial soil and caliche may be incorporated with the other geologic material.

Debris in the SPDV pile may contain any of the materials used for construction during the WIPP

design validation phase, including concrete, rebar, plastic, electrical cable, miscellaneous
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pieces of worn or broken equipment, rock bolts, rock bolt plates, petroleum hydrocarbons, and
undetonated explosive material (DBS&A, 1996). During this assessment, DBS&A reviewed
records regarding material disposition into the SPDV pile; however, little documentation was
discovered regarding material disposed in the pile. Materials identified during this assessment
that could also feasibly be present include drilling brine obtained from off-site potash mining
operations, which was used during shaft construction. Also, galvanized chain link mesh used to
line portions of the shafts and drifts for ground control, and lead wool used to seal joints and
borings in the cement shaft liners have been identified as sources that impact the quality of
SSW that seeps into the Exhaust Shaft (U.S. DOE, 1997a; IT, 1996 and 1997). Monitoring
results from PZ-13 do not suggest that the chain link mesh is a source because the lead:zinc
ratio is much higher than would be expected. Because lead-bearing materials could have been
disposed of in the SPDV pile, which was in use at the time of shaft liner construction, these
materials cannot be entirely ruled out as possible sources. However, there is no known
evidence that these materials were actually disposed of in the SPDV pile, and the evidence of
naturally occurring lead in the upper Dewey Lake and absence of evidence for lead-bearing
waste in the SPDV pile greatly diminish the likelihood of construction debris as the lead source
at PZ-13.

11.1.4 Mineral Solubility

Review of the available geologic literature on the geologic formation materials placed in the
SPDV pile finds no observations of primary lead minerals in any of the site formations, although
several minerals occurring in the sediment and bedrock at the site may still contain traces of
naturally occurring lead that could plausibly contribute to lead detections at PZ-13. The
formation materials that must be considered include (1) all of the geologic materials in the SPDV
pile, (2) the vadose zone beneath the SPDV pile, which affects the quality of infiltrating water,
and (3) the Santa Rosa and Dewey Lake where the SSW occurs at PZ-13.

Using the PZ-13 water quality data and Pitzer interaction parameters from literature as input, the
numerical geochemical model PHREEQC (Parkhurst and Appelo, 1999) was used to calculate
saturation indices for primary lead minerals, minerals that may contain trace levels of lead due

to cation substitution, and minerals associated with major ions in the water. Because the SSW

76



Daniel B. Stephens & Associates, Inc.

in PZ-13 is extremely saline, the solubility of lead is elevated, departing from lead behavior
reported in most literature for typical low-ionic strength aqueous systems. The PHREEQC
aqueous speciation calculations show that PZ-13 water is saturated with respect to lead
carbonate (cerussite), but undersaturated with respect to lead sulfates and other lead minerals
in this system. Halite, anhydrite, gypsum, calcite, magnesite, and dolomite are also near
saturation at the observed composition of PZ-13 water. Fluorite is supersaturated due to
chloride-fluoride interactions that increase the activity of fluoride. The geochemical modeling
results indicate that dissolution of native geologic materials containing lead-bearing mineral
species is a plausible mechanism that may result in lead concentrations in solution at the

concentrations observed in PZ-13.

Dilution of the observed PZ-13 water composition was also simulated to consider the behavior
of lead if the water were to migrate and mix with less saline water. Progressive dilution was
modeled to a final TDS concentration of 10,000 mg/L. The simulated dilution represents the
hypothetical migration of the brine into distant groundwater (without considering hydrogeologic
limits on migration). The hydrogeologic conditions that limit any potential migration are
discussed in Section 7.2. The calculations show that no saturation limit is reached for any lead
minerals in the mixed, lower ionic strength water. Therefore, lead would remain in solution and
not precipitate as a mineral species if it were mixed with water that is more dilute than observed
at PZ-13. However, a mixing ratio of 25:1 is necessary to dilute the TDS concentration of PZ-13
water to 10,000 mg/L, which would simultaneously dilute the lead concentration to the
groundwater protection standard of 0.05 mg/L (20.6.2 NMAC Part 3102.A).

11.2 Mineralogy and Lead Distribution

Based on these recent investigations, lead occurs naturally in the Dewey Lake and to a lesser
extent the Santa Rosa, with measured lead concentrations of up to 31 mg/kg in whole rock
samples. XRF testing of samples from the Dewey Lake, Santa Rosa, Gatufia, and Salado only
found detectable lead concentrations in the upper Dewey Lake. Laboratory tests of the upper
Dewey Lake horizon measured lead ranging from 8.8 to 16 mg/kg. The XRF, laboratory, and

EPMA results indicate that the detectable lead in the Dewey Lake is associated with red,
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oxidized portions of the formation, while lead concentrations are below detection in the green,

reduced “spots” common in the Dewey Lake.

Lead is associated with several minerals in the Dewey Lake. Using EPMA, lead was detected
in some igneous minerals including monazite and magnetite, as well as authigenic iron oxides.
The majority of the lead detections correlated with authigenic iron oxide minerals. The
decomposition of magnetite is probably the source for both iron and lead found in authigenic
minerals. The EPMA showed lead associated with authigenic iron oxides distributed throughout

the Dewey Lake samples. These iron oxides are fine silt and clay-sized particles.

XRF testing of Dewey Lake samples from ERDA-9 indicates that the lead was present in 1976
before the WIPP site was developed as a repository site. These samples are not impacted by

the SSW; therefore, the lead is most likely distributed regionally in the upper Dewey Lake.

11.3 Leaching Tests of Dewey Lake and Drill Bits

To simulate leaching by PZ-13 water, Dewey Lake rock samples from PZ-13 and -14 were
leached with brine prepared using Salado salt; this process produced lead concentrations from
0.204 to 0.32 mg/L after one day. These concentrations are similar to those observed in PZ-13,
indicating that the mechanism simulated by the leaching tests is a plausible explanation for the

occurrence of lead in PZ-13.

Lead concentrations had declined by almost one-half after 5 days and were below PQLs after
28 days. This effect is attributed to rapid dissolution of lead when first contacted by the brine

and gradual re-equilibration of the small test system over several days.

Deionized water did not leach any detectable lead from a rock sample from the Santa
Rosa/Dewey Lake contact at PZ-13 over the 28 days of the test period. The total lead
concentration in this rock was measured in the laboratory to be 12 mg/kg, the same
concentration as in the sample from PZ-14 that leached lead into the Salado brine. The lack of

detectable lead in the deionized water supports the conclusion that the composition of the brine
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increases the solubility of lead. This implies that the enhanced lead solubility would not persist

in the event that SSW containing lead mixes with water of much lower salinity.

None of the drill bit tooth subsamples leached any detectable lead into the Salado brine or the

deionized water. Therefore the drill bits are not the source of the lead in PZ-13.

11.4 Lead Fate and Transport

Besides examining the potential sources of lead in SSW at PZ-13, an important element of this
assessment is evaluating the potential fate and transport of lead to understand the potential for
any adverse impacts to groundwater quality. The geochemical modeling results indicate that
lead migration is not inhibited by mineral solubility limits, but strongly inhibited by lead
adsorption by iron oxide coatings on formation materials. The assessment also considered the

hydrogeologic conditions of the SSW perched zones near the SPDV pile.

11.4.1 Potential for Hydrologic Transport

The three monitor wells installed adjacent to the SPDV pile encountered SSW in thin perched
zones in the Gatuha and Santa Rosa Formations. The perched zones do not appear to be
continuous, as each of the monitor wells encountered water at a different horizon in the
formations. At PZ-13, the SSW saturated interval observed during drilling is 2.5 feet thick. The
water in PZ-13 is highly saline, with a TDS concentration of 230,000 to 255,000 mgi/L,

apparently as a result of infiltration through the SPDV pile prior to construction of a final cover.

Based on the limited thickness of the SSW beneath the SPDV pile, the potential for migration of
this saline water appears to be minimal. Any migration from the thin saturated zones would be
into unsaturated formation materials that will absorb and hold water within the formation’s open
pore space. Although saturated hydraulic conductivity has not been measured at PZ-13, -14,
or -15, the drawdown and slow recovery of these wells during sampling suggest that the local
transmissivity values are small. The unsaturated hydraulic conductivity is always orders of

magnitude lower than the saturated hydraulic conductivity. Therefore, little potential appears to
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exist for hydrologic transport of SSW at PZ-13 over significant distance to a groundwater

aquifer.

11.4.2 Lead Adsorption

Lead in solution is susceptible to adsorption onto formation surfaces. A geochemical sorption
model was used to analyze lead adsorption by HFO coatings on the formation material
surfaces. These iron oxide coatings cause the characteristic red color of sandstone and
siltstone materials. It is reasonable to expect that abundant iron mineral surfaces in the Santa
Rosa and Dewey Lake provide substantial sorption capacity that limits the potential for lead

transport.

The model results indicate that adsorption reduces the aqueous concentration of lead by over
two orders of magnitude at the observed composition of PZ-13 water. Using the geochemical
model, lead behavior was examined for progressively less saline water quality conditions.
When PZ-13 water is diluted to a TDS concentration of 10,000 mg/L, the combined effects of
dilution and adsorption reduce the dissolved lead concentration by another two orders of

maghnitude.

Because theoretical sorption isotherms are based on experiments conducted at low ionic
strength and because the iron content of the formations near PZ-13 is uncertain, a
determination of the formation sorption capacity with respect to lead is difficult. Notwithstanding

these limitations, adsorption can be expected to provide a significant barrier to migration of lead.
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3. View of the western edge of the SPDV pile

4. View of the southeast corner surface of the SPDV pile
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Appendix B. Details of Site Geology and Mineralogy

Aspects of the site geology relevant to the occurrence of lead in the SSW at PZ-13 and its fate
and transport are the geologic materials present in and below the SPDV pile. This appendix
describes each formation and lists the minerals present based on previous WIPP studies and
geologic literature. EXxisting reports show an absence of lead-bearing minerals, but identify
minerals that may contain lead impurities that influence the aqueous concentration of lead.

Chemical formulas for minerals discussed in this assessment are provided in Table B-1.

Table B-2 lists the approximate average thicknesses of the major formations from geologic
logging and mapping of the shafts (Bechtel, 1986; Holt and Powers, 1990). The total Salado
Formation thickness may be close to 2,000 feet (Jones et al.,, 1973), but the shafts only
penetrate the formation to the repository horizon around 2,150 feet below ground surface (bgs).
All formations between and including the Salado Formation and the ground surface were mined

from the four shafts; materials from these formations were placed in the SPDV pile.

The mined formations, in descending order, are described in more detail in the following

subsections.
B.1 Quaternary Dune Sands

Berino series soils make up the sandy surficial soils at the WIPP site (Bachman, 1980). These
soils are developed in reddish, noncalcareous, wind-worked deposits, generally about 3 feet in
thickness. The Berino soils are classified as loamy fine sands with a sandy clay loam subsaoil
and are very susceptible to wind and water erosion, often forming hummocks or dunes. Logs of
borings near the SPDV pile differentiate between unlithified dune sand and basal argillaceous
sand, referring to only the latter as Berino soil (U.S. DOE, 2008), but older references do not

make such a distinction.

B-1
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Table B-1. Mineral Chemical Formulas

Page 1 of 2

Vocabulary Potentially

Mineral Chemical Formula Referencing Mineral

Albite NaAlSi;Og Plagioclase feldspar

Anglesite PbSO., Lead sulfate

Anhydrite CaSO, Sulfate

Anorthite CaAl,Si,Og Plagioclase feldspar

Apatite Cas(PO4)3(OH,F,Cl)

Biotite K(Mg,Fe)sAlSizO10(0OH), Mica, micaceous

Bloedite Na,Mg(S0,).* 4H,0

Calcite CaCoOs Caliche, limestone, calcareous,
carbonate

Carnallite KMgCls ¢ 6H,0 Potash

Cerrusite PbCO; Lead carbonate

Chlorite (Mg,Fe,Al)3(Al,Si)4010(0OH), « (Mg,Al)3(OH)g Mica

Chloropyromorphite Pbs(PO,):ClI Lead phosphate

Corrensite (Ca,Na,K)(Mg,Fe,Al)o(Si,Al)gO50(OH)1o * N(H,O)

Dolomite CaMg(COs3), Dolomicrite, carbonate

Epsomite MgSOQO,e 7H,0O

Fluorite CaF,

Galena PbS Lead sulfide

Garnet X3Y2(SiOy)s; X = Ca,Mg,Fe”**,Mn; Y = Al,Fe**,Cr

Glauberite Na,Ca(S0,)»

Glauconite (K,Na)(Fe* ,Al,Mg),(Si,Al)4010(OH),

Gypsum CaS0, * 2H,0 Sulfate, gypsiferous

Halite NaCl Rock salt, sylvinite

Hematite Fe,0; Iron oxide

Hexahydrite MgSO, ¢ 6H,0

Hydrocerrusite Pb3(CO3),(0OH), Lead carbonate

Hydrous ferric oxide FeO(OH) Iron oxide

(HFO)

lllite Ko-2Al4(Al,Si)gO40(OH), Mica

IImen