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EXECUTIVE SUMMARY

This interim measures investigation report describes work performed to address chromium contamination
in groundwater beneath Los Alamos National Laboratory (the Laboratory). The investigation was
conducted in accordance with requirements in the March 1, 2005, Compliance Order on Consent (the
Consent Order) between the U.S. Department of Energy (DOE), the Regents of the University of
California, and the New Mexico Environment Department (NMED). This investigation implemented an
interim measures work plan that was prepared in response to a requirement in a letter from NMED dated
December 29, 2005. The interim measures investigation was implemented to ensure the protection of
drinking water while longer-term corrective action remedies are evaluated and implemented.

The investigations were conducted in the late summer and fall of 2006 to characterize the nature and
extent of chromium in surface water, alluvial groundwater, and perched-intermediate groundwater in and
beneath the Los Alamos, Sandia, and Mortandad Canyons watersheds. Wells extending into the regional
aquifer are also considered. These data are used to evaluate spatial and temporal trends in chromium
contamination at a multiple-watershed scale, including variations in contaminant concentration at
increasing distances from the source areas and as a function of time since chromium releases were
halted.

A review of archival records and interviews identify the cooling towers associated with the Technical Area
(TA) 03 power plant (TA-03-22) at the head of Sandia Canyon as the main source of chromium
contamination at the Laboratory. An estimated 26,000 to 105,000 kg (58,000 to 230,000 Ib) of
chromium(VI) was released into the south fork of upper Sandia Canyon from these operations circa 1956
to 1972. Other sources of chromium(VI) include the cooling tower at the Omega West Reactor (TA-02) in
Los Alamos Canyon and sites at TA-35 and TA-48 in the Mortandad watershed. The total chromium mass
released and effluent volumes in Sandia Canyon were more than an order of magnitude greater than
those released in Los Alamos and Mortandad Canyons.

Sampling data from regional groundwater monitoring wells and surrounding production wells shows that
only R-11 and R-28 contain clear evidence for Laboratory-derived chromium contamination. A few other
regional groundwater monitoring wells (e.g., R-15) may contain slightly elevated chromium but additional
monitoring data are needed to further assess whether these results indicate contamination. Installation of
R-35a and R-35b will provide further information for the assessment of potential impact to water-supply
well PM-3.

The results of this interim measures investigation indicate that the predominant zone of infiltration into the
suballuvium vadose zone occurs in the middle reaches of Sandia Canyon as suggested in the initial
conceptual model. However, preliminary indication from the water-balance investigation is that the zone
of infiltration extends farther upcanyon than initially thought.

Data from core obtained during this investigation from within the predominant zone of infiltration show that
the chromium has largely been flushed through this zone and that the geochemical conditions beneath
the alluvium are not ideal for reducing and immobilizing chromium(VI). Analytical results for alluvium
collected in the characterization core holes and previous sediment data collected from young deposits
throughout the canyon, especially in the wetland, indicate that a significant portion of the mass of
chromium might remain in those media. That portion of the chromium inventory is expected to be
predominantly in the relatively stable trivalent phase due to the abundance of organic matter and other
adsorbing phases such as iron oxides. But, present-day detections of low concentrations of chromium(VI)
in surface water and alluvial groundwater suggest that geochemical conditions are allowing for some
transformation to the mobile form.
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It is recommended that the interim measure phase of this investigation be concluded with this report and
subsequent work be conducted under the Sandia Canyon and Cafiada del Buey pursuant to

Section IV.B.5.b of the Consent Order. Modifications to the scope of the work plan would be necessary to
account for new information and data gaps identified since preparation of the work plan and in the interim
measures phase. Data collection under the modified work plan would focus on characterization of the
nature and extent of all contaminants (not just limited to chromium and related contaminants) sufficient to
support risk assessments and corrective-action remedy selection.
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1.0 INTRODUCTION

This interim measures investigation report (investigation report) describes the work done to date to
address chromium contamination detected in groundwater beneath Los Alamos National Laboratory
(LANL or the Laboratory). The investigation was conducted in accordance with requirements of the
March 1, 2005, Compliance Order on Consent (hereafter, Consent Order) between the U.S. Department
of Energy (DOE), the Regents of the University of California, and the New Mexico Environment
Department (NMED). The work was initiated in response to a letter from NMED dated December 29, 2005
(NMED 2005, 091683), that required the Laboratory to submit an interim measures work plan pursuant to
Section VII.B.2 of the Consent Order. The Laboratory submitted the “Interim Measures Work Plan for
Chromium Contamination in Groundwater” (LANL 2006, 091987) on March 31, 2006, and NMED
approved the work plan with modifications on May 5, 2006 (NMED 2006, 092543). The Laboratory
addressed NMED'’s approval with modifications in a letter dated August 25, 2006 (LANL 2006, 094129).
NMED’s approval with modifications required the installation of a regional groundwater well (R-35).

A work plan for R-35 was submitted to NMED on July 3, 2006 (LANL 2006, 093388), and it was approved
by NMED on July 24, 2006 (NMED 2006, 093530).

The specific goals of the investigation are to support any necessary interim measures decision by

e determining the primary source(s) of chromium contamination and the nature of operations
associated with releases,

e characterizing the present-day spatial distribution of chromium and related constituents such as
phosphate and zinc,

e collecting data to evaluate the geochemical and physical/hydrologic processes that govern
chromium transport, and

e collecting and evaluating data to help guide subsequent investigations and remedy selection.

This report presents the results of the interim measures investigation. Information on radioactive materials
and radionuclides, including the results of sampling and analysis of radioactive constituents, is voluntarily
provided to NMED in accordance with DOE policy.

Section 2.0 of this report presents an updated review of the chromium sources in and adjacent to Sandia
Canyon. Section 3.0 describes the scope of activities performed as part of this investigation. Section 4.0
describes the regulatory framework for addressing the chromium contamination. Section 5.0 discusses
results of the characterization of the distribution of chromium and related constituents. Section 6.0
presents the physical system conceptual model that addresses sources and processes related to the
chromium contamination, present-day distribution, and hydrologic and geochemical processes that are
consistent with the observations of chromium contamination. Three appendixes are also included:
abbreviations and acronyms (Appendix A), information on field investigations and results (Appendix B),
and analytical results (presented on a DVD in Appendix C). Regional well R-35 has not been completed
as of the writing of this report, but the well completion information and results will be issued in a
subsequent report.

A primary goal of the interim measures investigation was to collect sufficient data to determine if an
interim measure is needed to ensure protection of drinking water while corrective measures are evaluated
and implemented, as appropriate. This goal is addressed by defining the nature and extent of mobile

(i.e., hexavalent) chromium contamination in surface water, the vadose zone, and groundwater.
Installation and monitoring of groundwater at R-35a and R-35b will provide an additional important means
of ensuring protection of drinking water because the well will be located along the flow path between the

EP2006-1039 1 November 2006



Interim Measures Investigation Report for Chromium Contamination in Groundwater

currently known chromium contamination and water-supply well PM-3. If necessary, well-head treatment
can be conducted at a water-supply well if it were to become unacceptably impacted by chromium.
Groundwater monitoring will continue to be conducted at an appropriate frequency as described in the
Laboratory’s “Interim Facility Groundwater Monitoring Plan” (IFGMP) (LANL 2006, 094043), and the
analytical results will be reported in periodic monitoring reports.

2.0 BACKGROUND
Sources of Chromium

Several types of historic anthropogenic chromium sources are present in the Sandia, Los Alamos, and
Mortandad Canyons watersheds. These include facilities for electroplating and photoprocessing and the
use of chromate as a corrosion inhibitor in cooling-tower systems. Based on the review of solid waste
management units (SWMUSs) in these watersheds performed for the “Interim Measures Work Plan for
Chromium Contamination in Groundwater” (LANL 2006, 091987, Appendix 1), the highest chromium
usage was as a corrosion inhibitor. Documented usage of chromium in cooling-water systems occurred at
the Technical Area (TA) 03 power plant and at the TA-02 Omega West Reactor (OWR) (see Figure 2.0-1)
(DOE, 1987 052975), as described below. Chromium may have been used in other smaller-scale cooling
systems at the Laboratory. However, its use is undocumented and expected to be of lesser extent
because its use was reportedly labor intensive and most practical for larger systems (Birdsell 2006,
091685). A 1971 memorandum (Miller 1971, 003853) reports that other Laboratory cooling towers used a
combination of biodegradable and nontoxic chemicals for scale and corrosion control, including amino
acids, aminocarboxylic acids, polyacrylates, and organic inhibitors.

Sandia Canyon Sources

The cooling towers for the TA-03 power plant at the head of Sandia Canyon (Consolidated Unit
03-012(b)-00, currently National Pollutant Discharge Elimination System [NPDES] outfall 01A-00,
Figure 2.0-1) probably used the largest amounts of potassium dichromate at the Laboratory. The power
plant has been operated by the Laboratory’s utilities subcontractor (e.g., the Zia Company, Johnson
Controls Inc., or KSL) since it opened in 1951. Table 2.0-1 summarizes the history of water treatment
chemicals used in cooling water at the power plant from 1951 to 2006 based on records obtained from
the power plant water chemist (LANL 2006, 094153). This information indicates that chromate was used
from June 1956 to April 1972 as part of a zinc dianodic (blended chromate-phosphate-zinc (Zia 1972,
003855) anticorrosion treatment for the cooling-tower system. The process involved adding sulfuric acid
to lower the pH of cooling-tower water to prevent precipitation of silica, calcium carbonate, and other
solids. A mixture of potassium dichromate, phosphate, and zinc was then added to coat metal
components with a corrosion-inhibiting film (Birdsell 2006, 091685). These chemicals were contained in
cooling-tower blowdown released as effluent and in drift emitted with water vapor from the towers.

The Comprehensive Environmental Assessment and Response Program (CEARP) report (DOE 1987,
052975, p. TA3-13) summarizes chromium usage at the power plant as averaging 16.3 kg per day

(35.9 Ib per day) during that period. This was discharged into upper Sandia Canyon with blowdown water
volumes ranging from 485 to 1090 m3/day (128,000 to 288,000 gal./day). During this period, hexavalent
chromium levels of up to 34 ppm (as chromate, CrO4'2) were reported for discharge concentrations

(DOE 1987, 052975, p. TA-3-13). Stream concentrations of 2.4 to 7.3 ppm (as chromate) were also
reported below the wetlands from 1969 to 1971 (Purtymun 1975, 011787, p. 115). The total mass of
chromium used at and released from the TA-03 power plant is not known. However, Table 2.0-2 provides
four estimates of the potential chromate mass released. Estimates 1 and 2 use information obtained from
CEARP (DOE 1987, 052975) and its reference documents (Zia 1972, 003855; Reinig 1972, 003848).
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Estimate 3 is based on information from a vendor (Phoenix Chemicals) proposing a chemical
replacement for chromate at the power plant in 1969 (Birdsell 2006, 091685). Estimate 4 is based on
surface water discharge concentrations in power plant effluent from 1968 and 1969 (Kennedy 1971,
033896). Based on these estimates, the likely mass of chromium(VI) released into Sandia Canyon ranged
from 26,000 to 105,000 kg (58,000 to 230,000 Ib) between June 1956 and April 1972.

Releases of water (as effluent) to upper Sandia Canyon have been significant since the early 1950s and
continue today. These discharges along with stormwater runoff have supplied a sufficient water volume to
facilitate potential chromium transport in the watershed. Cooling water for the power plant has been one
water source. Treated sanitary wastewater is another source. The former TA-03 Wastewater Treatment
Plant [legacy waste site 03-014(a)-99] operated from 1951 to 1992 (LANL 2006, 094161). From 1951 to
1985, the power plant recycled the wastewater for use as cooling water. The wastewater met
approximately 75% of the power plant’s cooling water requirement, with fresh water making up the
difference (LANL 2006, 094153; Purtymun 1975, 011787). Presumably, effluent discharges were
dominated by power plant effluent during that time period, at roughly 500 to 1000 m®day (130,000 to
260,000 gal./day) (see Table 2.0-2,) and discharged to the south fork of upper Sandia Canyon

(currently NPDES outfall 01A001). From 1986 to 1992, we presume that reuse of the treatment plant
water stopped and discharges likely increased by approximately 75%.

Since 1992, the TA-46 Sanitary Wastewater System (SWW) has treated the Laboratory’s sanitary
wastewater. Water quality and effluent volumes from this facility are reported for NPDES outfall 13S.
However, the sanitary wastewater has been routed to TA-03 since 1992 for potential reuse as cooling
water. Despite being routed to TA-03, the effluent has never been used for that purpose, and it is
discharged directly into Sandia Canyon through NPDES outfall 01A001 (Figure 2.0-1) along with cooling
water from the power plant. Table 2.0-3 provides effluent volumes for the years 2003 through 2005 for the
five outfalls that are currently permitted to discharge to Sandia Canyon. The SWS represents the greatest
discharge volume ranging from an average of 960 to 1113 m3/day (and is currently the dominant water
source to Sandia Canyon. Power plant discharges have dropped significantly from an average of 403
m®/day (106,000 gal./day) in 2003 to 49.6 and 34.3 m*/day (13,000 and 9060 gal./day) in 2004 and 2005,
respectively, because much of the Laboratory’s power needs are now supplied from the commercial
power grid. This information shows that a significant volume of effluent has been available to drive
chromium transport in the subsurface. A more complete summary of effluent volumes will be compiled as
part of the upcoming Sandia Canyon investigation.

Phosphates were used as cooling water additives at the TA-03 power plant before, during, and after
chromate usage, as indicated in Table 2.0-1, likely from 1951 to 2001. Sodium molybdate was used from
1993 to 2001 (Table 2.0-1). These chemicals were likely released at other outfalls in Sandia Canyon as
well. For example, Garratt-Callahan Formula 2010 (see Table 2.0-1) is listed as an additive in the 1998
NPDES permit application for the following outfalls that have released to Sandia Canyon: 03A024 and
03A027 at TA-03, outfall 03A113 at TA-53, and outfall 03A181 at TA-55.

Los Alamos Canyon Sources

The cooling system for the OWR (Figure 2.0-1) at TA-02 was operated by the Laboratory and used
potassium dichromate as a corrosion inhibitor from 1957 to 1973. Chromate use was stopped after the
replacement of an aluminum heat exchanger with a stainless steel unit. The cooling tower [SWMU
02-005] is believed to be the second largest source of potassium dichromate to the environment at the
Laboratory. An estimated 3000 kg (7000 Ib) of chromium(VI) may have been released into Los Alamos
Canyon as combined drift and cooling-tower blowdown from the TA-02 cooling tower from 1957 to 1973.
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This estimate used normal operating conditions over the 16-yr life of the reactor and chromium usage
rates from a 1971 study, for which the cooling tower was operated continuously for 117.9 h and used
67.6 Ib of potassium dichromate (K,Cr,O;) (Warner 1971, 004251). During the study, an average of
0.023 kg/h (0.05 Ib/h) of chromium(VI) was lost through entrainment in drift. Presumably, the remaining
0.07 kg/h (0.15 Ib/h) chromium(VI) was discharged with blowdown. Under normal operating conditions,
the cooling tower is believed to have operated 8 h/day, Monday through Friday, with a blowdown
discharge rate of roughly 46 to 57 m3/day (12,000 to 15,000 gal./day) (Birdsell 2006, 091685). This
chromium mass estimate differs from an earlier estimate of 2300 kg (5000 Ib) (LANL 1993, 015314,

p. 7.6-1), which used the same 1971 study results but accounted only for drift losses and assumed a
120-h operating week over 17 yr.

Mortandad Canyon Sources

The SWMU summary presented in Appendix 1 of the “Interim Measures Work Plan for Chromium
Contamination in Groundwater” (LANL 2006, 091987), indicates several possible Mortandad Canyon
sources including cooling-tower systems (e.g., Consolidated Unit 48-007(a)-00) and plating processes
(e.g., 03-045(h)-00). The CEARP report (DOE 1987, 052975) also notes that “According to several
employees, cooling tower water for the tower serving TA-3-66 had chromium added during the early
years of operation. Blowdown was discharged to Mortandad Canyon.” Chromium is released at low
concentrations with treated wastewater from the TA-50 Radioactive Liquid Waste Treatment Facility
(RLWTF) into Effluent Canyon, a small tributary of Mortandad Canyon. The estimated mass of chromium
released from the RLWTF since 1976 is 26 kg (57 Ib) (LANL 2006, 094161). A retired Laboratory
employee, John Balagna, who had worked at TA-48, noted that the TA-48 cooling tower constructed circa
1958 had a wooden exterior and turned green when the wood was treated. Copper, chromate, and
arsenate preservatives were effective for wooden cooling towers in the 1960s (Betz 1962, 094158,

p. 307) and may have been used. These combined sources are assumed to be smaller than the power
plant in Sandia Canyon, both in terms of discharge volumes and total chromium mass released, because
operations were more limited.

Although the sources are not well defined, field investigations show evidence of near-surface chromium
contamination in Mortandad Canyon. Results from the sediment investigation in the Mortandad watershed
indicate that the highest chromium concentrations are in reach E-1FW at the head of Effluent Canyon
(Figure 2.0-1) at maximum concentrations greater than residential soil screening levels, indicating a
TA-48 source (LANL 2005, 89308; LANL 2006, 094161). Arsenic and copper are also elevated in this
reach, indicating the plausibility of a wood preservative as a potential chromium source. Elevated levels of
chromium in nonfiltered surface and alluvial waters also indicate the presence of chromium(lll),
presumably from historic Laboratory-derived sources of chromium at TA-03, TA-48, and TA-35

(LANL 2006, 094161).

3.0 SCOPE OF ACTIVITIES

The water investigations presented in this report focus on characterizing the nature and extent of
chromium in surface water, alluvial groundwater, the vadose zone, and perched-intermediate
groundwater in and beneath the Los Alamos, Sandia, and Mortandad Canyons watersheds. Regional
groundwater data are also evaluated for these areas. Data from these components of the hydrogeologic
system are used to evaluate spatial and temporal trends in chromium contamination at a multiple-
watershed scale, including variations in contaminant concentration at increasing distances from the
source areas and as a function of time since chromium releases were halted. The scope of the
investigation is described in the “Interim Measures Work Plan for Chromium Contamination in
Groundwater” (Interim Measures Work Plan) (LANL 2006, 091987). The investigation methods are
discussed Appendix B of this report.
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This section describes the investigation activities performed to address chromium contamination in
groundwater. These activities were designed to accomplish the goals described in Section 1.0 and to
address key uncertainties in the conceptual model in support of optimizing subsequent investigation
and/or remediation activities. These activities were to

1. perform quarterly sampling of surface water and groundwater in Sandia and Mortandad Canyons,

2. investigate surface water and alluvial groundwater infiltration in Sandia Canyon using gaging
station data and by installing two piezometer sets,

3. determine chromium distributions in the upper vadose zone in lower Sandia Canyon by drilling six
new core holes,

4. determine chromium distributions in the upper vadose zone from archival cores from Los Alamos,
Sandia, Mortandad, and Ten Site Canyons,

5. determine water quality and extent of alluvial saturation in lower Sandia Canyon by installing five
alluvial wells,

6. rehabilitate screens in well R-12 in lower Sandia Canyon,

7. refine the understanding of background concentrations and speciation of chromium in
groundwater, and

8. evaluate seasonal water-level variations in monitoring wells due to supply well production.

3.1 Quarterly Sampling of Surface Water and Groundwater in Sandia and Mortandad Canyons

In response to a requirement by NMED (NMED 2005, 091683), a group of intermediate and regional
groundwater wells (including water-supply wells) surrounding R-28 was sampled in late January—early
February 2006 for an analyte suite intended to help characterize the chromium contamination and define
potential sources. Results of that initial investigation were incorporated into the design of the Interim
Measures Work Plan (LANL 2006, 091987), and the analytical data are presented in Appendix 6 of that
work plan.

This investigation included sampling of surface water, alluvial groundwater, perched-intermediate
groundwater, and regional groundwater to provide snapshots of water quality throughout the hydrological
system. Water-quality data from this sampling provides information about constituents that can be used to
fingerprint potential sources and pathways, leading to improved conceptual models of processes
controlling chromium mobility and transport and to subsequent remedy selection. Table 3.1-1 lists the
sites that were sampled, and Figure 2.0-1 shows the sampling locations. Both filtered and nonfiltered
water samples were collected, and the suite of analytes included general inorganic constituents, metals
(including total and hexavalent chromium), stable isotopes of hydrogen, nitrogen, and oxygen,
perchlorate, volatile organic compounds (VOCs), high explosive (HE) compounds, total organic carbon
(TOC), and tritium as described in the Interim Measures Work Plan (LANL 2006, 091987). The field
parameters for groundwater samples include temperature, conductivity, pH, alkalinity, dissolved oxygen,
and turbidity. Analytical results for the metals and general chemistry are presented on a DVD in
Appendix C. The remaining data will be presented in pending periodic monitoring reports and as
appropriate in subsequent documents related to the Sandia Canyon investigation.
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3.2 Investigation of Surface Water and Alluvial Groundwater Infiltration

This investigation contained two activities designed to assess the infiltration of surface water and alluvial
groundwater to deeper bedrock units. These activities include investigations of

e surface water infiltration in upper Sandia Canyon, and
e alluvial groundwater infiltration in lower Sandia Canyon.

Areas of surface water and alluvial groundwater loss probably coincide within those parts of the canyon
floor that have been local zones of recharge to deeper perched zones and to the regional aquifer during
and after the period of chromium release from the TA-03 power plant cooling tower. Results from these
water-loss investigations are used in conjunction with results from the core-hole and alluvial well
investigations described below to identify potential deep infiltration pathways.

3.2.1 Water Infiltration in Upper Sandia Canyon

This activity examined surface water and alluvial groundwater loss in two reaches of upper Sandia
Canyon by evaluating the water balance using outfall and stream gage data. These reaches are the

e canyon floor wetland bracketed by the TA-03 power plant outfall on the west and surface water
gaging station E123 on the east, and

e narrow bedrock-dominated portion of Sandia Canyon located between surface water gaging
stations E123 and E123.5.

Figure 2.0-1 shows the locations of these outfalls and stream gages.

Discharge records from the TA-03 power plant outfall (presently 01A-001), the SCC outfall (03A-027)
were used to constrain the input water volume entering the wetland. Streamflow-gage data from E123
were used to estimate the water volume exiting the wetland. Different periods of record (e.g., summer vs.
autumn) were used to estimate evapotranspiration (ET) associated with cattails and other vegetation in
the wetland.

Downstream from the wetland, the stream channel runs for a distance of approximately 2200 m (7218 ft)
through a steep-walled canyon incised into unit Qbt 2 of the Tshirege Member of the Bandelier Tuff until
the canyon widens and surface water infilirates into the thickening alluvium. A temporary streamflow-
monitoring station (gaging station E123.5 in Figure 2.0-1) was installed in the narrow portion of the
canyon near the eastern extent of perennial flow to determine if significant streamflow-infiltration losses
occur between E123 and E123.5. Streamflow measured at gages E123 and E-123.5 were compared to
determine streambed infiltration losses that occur within this reach.

3.2.2 Alluvial Groundwater Infiltration in Lower Sandia Canyon

Two sets of nested piezometers, SCP-1 and SCP-2, were installed to evaluate potential spatial variations
in the rate of infiltration of alluvial groundwater in lower Sandia Canyon. Table 3.2-1 provides information
about the location, purpose, and depth of the piezometers. Construction diagrams and lithologic logs for
the piezometers are provided in Appendix B-1.6.

Piezometer set SCP-1 was installed in a single borehole next to alluvial well SCA-4 (Figure 2.0-1). Three
2.54-cm (1-in.) PVC piezometers were nested in the borehole with prepacked screens located at depths
of 11.52 to 11.67 m (37.8 to 38.3 ft), 12.0 to 12.15 m (39.4 to 39.9 ft), and 12.36 to 12.71 m (41.2 to
41.7 ft), respectively. Piezometer set SCP-2 was installed in two separate boreholes next to alluvial well
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SCA-3 (Figure 2.0-1). Two 2.54-cm (1-in.) PVC piezometers with prepacked screens were set at depths
of 15.09 to 15.26 m (49.5 to 50 ft) and 13.41 to 13.56 m (44 to 45.5 ft), respectively. The screens in both
sets of piezometers are 15 cm (6 in.) long. Continuous-record water-level transducers were installed in
the piezometers to investigate vertical gradients in the alluvial aquifer. Water-level data are summarized
in Appendix C-7.

3.3 Installation of Characterization Core Holes in Lower Sandia Canyon

Six deep characterization core holes, SCC-1 through SCC-6, were drilled in lower Sandia Canyon to
determine the nature and extent of chromium contamination in the upper vadose zone, to identify
infiltration pathways, and to provide information for eventual estimates of contaminant inventories.

Table 3.2-1 provides information about the location, purpose, and depth of the core holes. The locations
of the core holes are shown in Figure 2.0-1. Core samples were collected at a nominal sample interval of
6 m (20 ft) for anions, metals, and cations and at an interval of 12 m (40 ft) for tritium. Both leachable pore
water and weak nitric-acid leachates were extracted from the core and analyzed to define contaminant
distributions in the upper vadose zone and to assess the geochemical processes controlling chromium
mobility. Analytical results for core samples are presented in Appendix C-3. Together with the alluvial
wells described in the next section, these core holes also help define the extent of saturation in alluvium.

Results from a direct-current (DC) resistivity survey conducted in the central portion of Sandia Canyon in
2005 (see Figure 2.0-1) and the Advanced Hydrotest Facility (AHF) core holes SC1 through SC5
(Kleinfelder 2002, 091687) were used to site the core holes. A discussion comparing the DC resistivity
survey data with resistivity and moisture data from the core holes is provided in Appendix B-1.5.

The six core holes were drilled by using dry air-rotary coring methods. Surface casing was installed in the
alluvium to prevent alluvial groundwater from entering the deeper parts of the core hole and impacting
moisture-sensitive samples collected during coring operations. Five of the core holes were backfilled with
bentonite and/or native material and abandoned after collection of core samples was completed. A
perched-intermediate well, SCI-1, was installed in the SCC-1 core hole after perched water was found in
the Puye Formation. The SC1-1 well was constructed using 9.5-cm (3.75-in.) inside diameter
(1.D.)/10.2-cm (4-in.) outside diameter (O.D.) schedule 80 polyvinyl chloride (PVC), and it includes a
6.1-m (20-ft) well screen with 0.05-cm (0.02-in.) slots. The well targets gravels overlying a possible
perching horizon of siltstone in the Puye Formation. The well screen extends from 109.3- to 115.4-m
(358.5- to 378.5-ft) depth.

When borehole conditions permitted, borehole camera, gamma, and induction logs were run after the
core hole reached the total depth to help define geologic contacts and to assess moisture conditions in
the core hole. Samples taken tables and lithologic logs prepared from core and cuttings for each borehole
are presented in on a CD in Appendix B-1.6. Screening water samples were collected when perched
groundwater was encountered, when possible. Screening samples, listed in Appendix B-1.6, were
analyzed for anions, metals, and tritium to provide an indication of whether contaminants are present in
perched-intermediate groundwater. Screening water data are presented in Appendix C-3 on a DVD.

3.4 Analysis of Archival Core

Selected archival core samples from Los Alamos, Sandia, Mortandad, and Ten Site Canyons were
analyzed to determine the nature and extent of chromium contamination in the upper vadose zone, to
identify infiltration pathways, and to provide information for eventual estimates of contaminant inventories.
Locations of the core holes sampled are shown on the location map on Plate 1. These data supplement
new core data described in Section 3.3 of this report and provide information to evaluate chromium
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distributions beneath Los Alamos and Mortandad Canyons. Core samples were selected for analysis at
nominal 20-ft intervals in each core hole. Results of archival core analyses are presented in
Appendix C-4.

3.5 Installation of Alluvial Wells in Lower Sandia Canyon

Five alluvial wells, SCA-1 through SCA-5, were drilled in lower Sandia Canyon to delineate the extent of
alluvial saturation, to determine the nature and extent of chromium contamination within alluvial
groundwater, and to provide information for eventual estimates of contaminant inventories. Water-quality
data from these wells represent the first significant sampling of persistent alluvial groundwater in Sandia
Canyon. These data will be used to determine if alluvial groundwater represents a continuing source of
chromium to deeper groundwater. Table 3.2-1 provides information about the location, purpose, and
depth of the alluvial wells. Table B-1.0-1 (Appendix B) summarizes the depth intervals over which the
wells are screened. Lithologic logs prepared from drill cuttings and cores are presented for the alluvial
wells in Appendix B-1.6. The locations of the wells are shown in Figure 2.0-1.

After the alluvial wells were completed and developed, a round of groundwater samples was collected
and analyzed for metals (including hexavalent chromium, uranium, boron, and molybdenum), anions,
stable isotopes of hydrogen, oxygen, and nitrogen, tritium, HE compounds, VOCs, and TOC. Filtered
water samples were collected for analyses of metals, anions, and nitrogen isotopes. Nonfiltered water
samples were collected for metals, VOCs, HE compounds, stable isotopes of hydrogen and oxygen, and
tritium. The field parameters for groundwater samples include temperature, conductivity, pH, alkalinity,
dissolved oxygen, and turbidity. Analytical data for the first round of sampling is presented in Appendix
C-2. These wells will continue to be sampled under the Laboratory’s IFGMP (LANL 2006 094043), and
the analytical results will be reported in periodic monitoring reports.

3.6 Rehabilitate Well R-12

Groundwater data from all three screens at R-12 are presently considered nonrepresentative because of
geochemical effects caused by the use of organic additives during drilling (LANL 2005, 091121). This well
is equipped with a Westbay multilevel sampling system and has two well screens in perched-intermediate
groundwater and one screen in the regional aquifer. R-12 is considered an important monitoring site
because of its location along the eastern Laboratory boundary, its proximity to supply well PM-1, and its
position potentially downgradient of chromium contamination within the regional aquifer (e.g., R-11 and
R-28). In the recently published “Well Screen Analysis Report,” the well was rated as fair in its ability to
produce reliable and representative water-quality samples for the regional aquifer screen, and the well
was rated as poor for the upper perched-zone screen (LANL 2005, 091121, Figure 6-2b). The lower
perched-zone screen was not evaluated because of a lack of water-quality data.

Well rehabilitation at well R-12 is currently underway in accordance with the requirement in the “Interim
Measures Work Plan” (LANL 2006, 091987) and the Laboratory’s “Work Plan for R-Well Rehabilitation
and Replacement” (LANL 2006, 092535). Rehabilitation activities consisted of removing the Westbay
sampling system, video logging the well interior, conducting specific capacity tests on all three screened
intervals, monitoring water-quality parameters during the tests, and collecting groundwater samples for
geochemical analyses. Water-quality parameters were within acceptable limits after pumping of isolated
screens associated with the specific capacity tests, and further development was not considered
necessary. Hydrologic and water-quality data for the R-12 rehabilitation will be presented in a separate
report “Well Rehabilitation Report for Characterization Well R-12, Los Alamos National Laboratory,

Los Alamos, New Mexico Project No. 73885,” which is in preparation.
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3.7 Background Chromium Concentrations in Groundwater

An investigation of background concentrations for total dissolved chromium and chromium(VI) was
proposed in the “Interim Measures Work Plan” (LANL 2006, 091987). However, it was mutually decided
by both NMED and the Laboratory that such an investigation was not necessary, based on recent
analytical results for total dissolved chromium and chromium(VI) at numerous wells. These results
showed that detectable concentrations of total dissolved chromium consisted mostly of chromium(VI)
(LANL 2006, 091987). Sampling stations included Laboratory noncontaminated and contaminated
monitor wells, supply wells, and regional off-site wells.

3.8 Effects of Seasonal Pumping at Production Wells on Water Table

The regional aquifer beneath Los Alamos National Laboratory is a major source of water supply for

Los Alamos County and the Laboratory. The top of the aquifer is predominantly under water-table
conditions, but there are zones of local confinement as well. Municipal wells are generally screened
across long intervals deep within the regional aquifer which is predominantly under confined conditions.
This activity used a statistical and analytical approach to compare water-level data from regional
monitoring wells and municipal supply wells with pumping-rate data from the municipal supply wells. The
analysis results in an evaluation of the effects of seasonal variability in the pumping at water-supply wells
on the directions and magnitudes on the groundwater flow gradients in the shallow portion of the regional
aquifer. In particular, this activity examined whether seasonal pumping affects the equipotential contours
of regional water-table map. Information about the elevation of the top of the regional water table was
compiled using existing data from nonpumping boreholes and some springs. Data representative of flow
conditions in 2005-2006 were analyzed to create water-table maps. The results of this activity are
discussed in Appendix B-2.0.

4.0 REGULATORY CRITERIA

The interim measures work plan presented in this report was driven by a letter from NMED dated
December 29, 2005, that required preparation and implementation of an interim measures work plan
(NMED 2005, 091683). This requirement was made pursuant to Section VII.B.2 of the Consent Order in
response to the Laboratory’s notification on December 23, 2005 (sent by email), of chromium above state
and U.S. Environmental Protection Agency (EPA) groundwater standards in regional aquifer well R-28.

Groundwater cleanup levels are specified in Section VIII.A of the Consent Order. In general, the Consent
Order requires groundwater cleanup levels to be based on existing standards when they are available
and when their use is protective of current and reasonably expected exposures. These standards include
the New Mexico Water Quality Control Commission (WQCC) groundwater standards and federal
maximum contaminant levels (MCLs) adopted by EPA. If both a WQCC standard and MCL exist for a
contaminant, the Consent Order requires the lower of the two to be used as the groundwater cleanup
level.

The concentrations of chromium in groundwater that are presented in this report are compared with both
the WQCC groundwater standard and the MCL. The WQCC human-health standard for chromium in
groundwater is set at 50 pg/L as described in New Mexico Administrative Code 20.6.2.3103, and it is
applied to the dissolved portion of the contaminant. In the case of the chromium contamination, the data
indicate that the entire measured concentrations are in the dissolved hexavalent phase.
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The MCL, which applies to drinking water, is 100 pg/L and is considered protective of potential health
effects. According to information on EPA websites, the MCL has also been set at 100 pg/L because EPA
believes, given present technology and resources, this is the lowest level to which water systems can
reasonably be required to remove this contaminant if it occurs in drinking water.

5.0 INVESTIGATION RESULTS

This section summarizes the results of the interim measures investigation of chromium contamination in
groundwater. The discussion focuses on the sources, nature and extent, and fate and transport of
chromium contamination in the Sandia, Los Alamos, and Mortandad watersheds. Particular emphasis is
placed on chromium distributions and transport in Sandia Canyon because it is identified as the largest
source of chromium released by the Laboratory, and it is the likely source of contamination observed in
regional groundwater monitoring wells R-11 and R-28. The results presented in this section form the
basis of the physical system conceptual model discussed in Section 6.0.

The following discussion is divided into five sections. Section 5.1 presents the results of a water-balance
study that evaluated spatial and temporal trends of surface water loss in Sandia Canyon. Section 5.2
describes the extent of alluvial groundwater in Sandia Canyon. Section 5.3 provides preliminary
information on gradients and flux rates in the alluvial groundwater system determined from nested
piezometers. Section 5.4 describes the distribution of moisture including perched-intermediate
groundwater in Sandia Canyon based on new drilling. Section 5.5 discusses the spatial and temporal
trends for contaminants in surface and alluvial water in Sandia Canyon; in pore water and solid core
samples from Sandia, Los Alamos, Mortandad, and Ten Site Canyons; and in perched-intermediate and
regional groundwater beneath Sandia, Los Alamos, and Mortandad Canyons. Together, the data
presented in Sections 5.0 are used to identify contaminant sources and to understand contaminant
transport away from the source areas.

The discussion in this section is supported by presentation of more detailed information about
investigation methods and topical discussions about components of the hydrogeologic and geochemical
system in Appendix B. Appendix B-1 describes the results of drilling investigations in Sandia Canyon
including installation of alluvial wells and piezometers, collection of contaminant profiles from core holes,
and installation of a perched-intermediate well. Appendix B-1 also contains a discussion of the
relationship between core moisture and borehole conductivity and surface-based resistivity
measurements. Appendix B-2 provides an analysis of regional water-level data and discusses potential
impacts of pumping at supply wells on flow and transport.

Data used to support interpretations about trends in hydrologic conditions and contaminant distributions
are presented in Appendix C-1 (surface water chemistry data), C-2 (groundwater chemistry data for
Sandia Canyon), C-3 (pore water and acid-soluble analyses for new core), C-4 (acid-soluble analyses for
archival core), C-5 (perched-intermediate and regional groundwater chemistry data), C-6 (regional aquifer
water-level data), C-7 (nested piezometer water-level data), and C-8 (analytical data packages).

In the following discussion, metric units are generally used, followed by English units. However, some
data such as transducer data for piezometers and streamflow-gage data were collected and reported in
English units (feet and acre-feet, respectively). Because of the voluminous nature of these data, the
original units are maintained in some graphs and tables.
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5.1 Surface Water Loss in Sandia Canyon

This section summarizes results from investigations of potential surface water loss in Sandia Canyon that
were conducted as part of implementation of the “Interim Measures Work Plan for Chromium
Contamination in Groundwater” (LANL 2006, 091987). Investigations focused on potential water loss in
two areas with perennial surface water supplied from effluent discharges: the Sandia wetland

(reach S-2 of Katzman 2000, 064349) and an approximately 3.5-km (2.2-mi) section of canyon east of
the wetland. The Sandia wetland is in a broad, relatively low gradient area that occurs upcanyon of
exposures of resistant unit Qbt-2 of the Bandelier Tuff (Gardner et al. 1999, 063492). Down to the west,
splays of the Rendija Canyon fault also cross Sandia Canyon in this area. The downcanyon investigation
area is steeper and has a narrower canyon bottom where the stream first incises through unit Qbt-2 and
then through the less resistant, underlying units Qbt-1v and Qbt-1g (Gardner et al. 1999, 063492; Lavine
et al. 2003, 092527). Drainage areas are 234 acres (0.95 km2) and 825 acres (3.34 kmz) above the lower
ends of the two investigation areas.

Potential water loss through the Sandia wetland was evaluated by comparing discharge records from
outfalls at TA-03 with flow measured at the E123 surface water gaging station (e.g., Shaull et al. 2006,
093735), located immediately east of the wetland. The locations of outfalls and gages are shown in
Figure 2.0-1. This comparison was made for water year 2006 (WY06) October 2005 through

September 2006 to allow examination of potential seasonal variations in water loss. Outfall discharge
data for each month in WY06, obtained from the Laboratory’s Environmental Stewardship—Resource and
Conservation and Recovery Act group, are presented in Table 5.1-1. A continuous record of gage data for
E123 was used in the assessment. Outfall and gaging station data were compared during 12 time periods
of 5 to 14 days with no significant precipitation during and 2 days before to avoid uncertainties in
discharge that might be associated with stormwater runoff. Data for these 12 time periods are shown in
Table 5.1-2 and indicate estimated average daily losses of up to 0.45 acre-ft between the outfalls and
E123 caused by ET and/or infiltration from alluvium into bedrock. Table 5.1-3 extrapolates the losses from
these 12 time periods to the rest of WY06, providing an estimate of approximately 68 acre-ft of annual
loss, which is 16% of the total WY06 outfall discharge of 426 acre-ft. This may be an underestimate of
combined losses from ET and infiltration into underlying bedrock because some of the discharge
measured at E123 may represent slow drainage of stormwater that had previously infiltrated into alluvium
in the wetland.

Constraints on potential ET in this area can be made using evaporation pan data from the region and
relations between pan data and ET as provided in the literature. For March through November,

average pan loss is 62.3 in. over a 21-yr period at a station in Santa Fe at a similar elevation as

the Sandia wetland (station 8072; 7205-ft elevation; data from 1951 to 1971, downloaded from
http://weather.nmsu.edu/Pan_Evaporation/), which is equivalent to 28.5 acre-ft over an area of 5.5 acres
(22,215 m?, the area of reach S-2). The relation of ET to pan evaporation rates varies with vegetation, but
ET is generally lower (e.g., Dunne and Leopold 1978, 084459, pp. 128—-129), indicating that potential ET
should be less than 28.5 acre-ft. Experimental studies using cattails also indicate rates of ET less than
pan evaporation (e.g., Kirkpatrick 2005, 094133, p. 41, ET ~75% of pan evaporation). Net ET is further
reduced by plant utilization of precipitation. Potential ET is therefore significantly less than the calculated
loss between the outfalls and E123, indicating infiltration from the alluvium into bedrock. Assuming total
ET of 14-20 acre-ft/yr (50%—70% of pan evaporation rates) for reach S-2, including both cattail and
noncattail areas, and assuming 68 acre-ft of total loss, yields an estimated 48—54 acre-ft of water loss into
bedrock in WY06, or 11%—13% of the total outfall discharge volume.

The accuracy of the rating curve for the E123 gaging station during periods with no stormwater runoff was
confirmed using measurements at a portable 6-in. Parshall flume that was collocated with E123 for a
7-day period in October 2006. Water level (stage) in the Parshall flume was recorded with a Milltronics
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ultrasonic level monitor. A photograph of the Parshall flume adjacent to E123 is shown in Figure 5.1-1.
The accuracy of Parshall flumes is +3% (Dodge 1990, 094146, p. 3), and total flow measured at the flume
from October 22 to October 27 (3.42 acre-ft) was within 1% of flow estimated using the E123 rating curve
(3.38 acre-ft). Figure 5.1-2 shows a comparison of hydrographs obtained using the Parshall flume and the
E123 rating curve.

Potential water loss along the ~3.5 km (2.2 mi) of canyon below the Sandia wetland was evaluated by
comparing discharge records from the E123 surface water gaging station with discharge estimated at a
temporary gaging station, E123.5, installed as part of this investigation. Station E123.5 is located between
two boulders where flow drops into a small pool, in an area with perennial effluent-derived flow upcanyon
of where the canyon bottom widens and alluvium thickens. The canyon bottom here is narrow, incised
into Bandelier Tuff unit Qbt-1g and bounded by bouldery colluvium, with little opportunity for underflow
within the alluvium. A photograph of gaging station E123.5 is shown in Figure 5.1-3. Stage height was
measured with a transducer and calibrated between September 27 and October 4, 2006, with a
6-in.-Parshall flume installed immediately above the transducer location. Transducer readings were also
calibrated with field measurements of water depth. The resultant rating curve is shown in Figure 5.1-4.

A comparison of estimated discharge at E123 and E123.5 for 23 days within the period between
October 6 and November 8, 2006, is shown in Table 5.1-4 and indicates a reduction in flow between
these stations due to infiltration into the subsurface. A comparison of hydrographs obtained at E123 and
E123.5 for the period October 17 to October 23 is shown in Figure 5.1-5. Total flow during the 23-day
period is estimated as 23.19 acre-ft at E123 and 14.96 acre-ft at E123.5 for a 35% loss along the
intervening portion of Sandia Canyon. An uncertainty of £10% is estimated for the discharge at E123.5,
which is much less than the calculated water loss and indicates some infiltration into bedrock between
E123 and E123.5.

Flow is ephemeral at the next downcanyon gaging station, E124 (Shaull et al. 2006, 093735), located
approximately 0.9 km (0.6 mi) downcanyon from E123.5, and indicates complete infiltration of the
remaining effluent into alluvium in this reach. Only stormwater, estimated as about 19% of the total flow in
WYO06 (based on data from E123), extends downcanyon past E124 in some events.

5.2 Extent of Alluvial Groundwater as Determined from Drilling

Alluvial saturation, or saturation in shallow bedrock beneath alluvium, was encountered during drilling at
several of the AHF holes (SC series) drilled in Sandia Canyon during July—August 2002 (Kleinfelder 2002,
91687) and in several of the SCC-series holes and all of the SCA-series and SCP-series holes drilled for
this investigation report. Details of water encountered during drilling of the SCC and SCA holes are
provided in Appendix B-1.1; notes on occurrences of water in the SC drill holes, with revised stratigraphy,
are provided in Appendix Table B-1.1-1. Tables 5.2-1a—c summarize the depths below ground surface
and elevations of first occurrence of water, or absence of shallow groundwater, as observed in the SC,
SCC, and SCA drill holes.

It was known at the start of this project that alluvial storage and saturation would be significant along
Sandia Canyon where it broadens by lateral incision into the weaker, nonwelded base of the Tshirege
Member of the Bandelier Tuff (i.e., to the east of SCA-2). As a result of this project, it is evident that the
alluvium in this broader portion of the canyon is typically ~15-21 m (~50-70 ft) thick near the present
canyon axis; however, lateral variations in alluvium thickness and transitions in the nature of the
underlying bedrock from Tshirege unit Qbt 1g, to the Cerro Toledo Interval, and finally to Otowi ash flows,
indicate potentially complex and localized recharge through the alluvium into the deeper vadose zone.

A notable result of the drilling investigations conducted for this project is the determination that saturation
in the alluvium, under present conditions, extends eastward to a point between SCA-5 and SCC-6
(Figure 5.2-1).
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Observations from closely spaced holes indicate that saturation may extend laterally from the alluvium
along specific suballuvial stratigraphic boundaries, such as the Qbt 1g/Qct contact (see Appendix B.1-6).
Thus, some of the holes listed in Tables 5.2-1a and 5.2-1b indicate encounters with shallow perched
water not in the alluvium but in immediately underlying units such as nonwelded vitric Tshirege (Qbt 1g)
and the Cerro Toledo Interval (Qct). These very shallow occurrences of saturation in bedrock are
considered to be connected with and part of the alluvial groundwater system.

Figure 5.2-1 compares the extent of alluvial saturation as observed in Mortandad Canyon with the extent
of alluvial or shallow suballuvial saturation observed in Sandia Canyon. The extent of shallow saturation
in Sandia Canyon is based on the data from Tables 5.2-1a—c; the extent of alluvial saturation in
Mortandad Canyon is as described in the “Mortandad Canyon Investigation Report” (LANL 2006,
094161). As in Mortandad Canyon, the canyon bottom widens, and alluvial volume and depth increase
where canyon incision passes through the vitric, nonwelded lower section of the Tshirege Member; in
Sandia Canyon this widening and deepening occur east of SCA-2. The measured extent of alluvial
saturation in Sandia Canyon extends ~1 km (0.6 mi) farther east than the alluvial saturation in Mortandad
Canyon. Alluvial saturation in Sandia Canyon is shown as narrowing beyond SCA-4 to honor the lack of
evidence for shallow saturation at SC-4, SCC-5, R-11, and SC-5; alternatively, shallow saturation may be
wider but discontinuous in this region.

Observations of water during drilling of alluvial boreholes were used to determine screen depths in alluvial
well design and to design the piezometer sets located near SCA-3 (piezometers SCP-2a and SCP-2b)
and SCA-4 (nested piezometers SCP-1a, b, c). Details of relative screen depths and of well and
piezometer design are shown in Appendix B-1.6. Full stratigraphic summaries for all of the SCA, SCP,
and SCC holes with drilling information are in Appendix B-1.6 (on CD).

Transducers have been used to monitor water levels in all of the alluvial wells and piezometers. Initial
transducer data were collected hourly, with some interruptions, over a period of 25 days from mid-October
to mid-November 2006. Manual measurements of depth to water were collected to verify transducer
function. Further data will be obtained to monitor flow events and seasonal variability; the October—
November 2006 data collected before the preparation of this report are in Appendix C-7 (on DVD).
Preliminary temporal trends discussed briefly here. The following section (Section 5.3) provides a more
detailed analysis of head values, vertical gradients, and seepage velocities derived from the transducer
data in the SCP holes (piezometers).

Transducer data for SCA-1 are not yet analyzed, pending acquisition of data from a vented system.
Transducer data at SCA-2 are plotted in Figure 5.2-2. The alluvial well at SCA-2 was designed with a
screen across the top of saturation (2053.3-m [6736.7-ft] elevation) observed when the drill hole was
hand augered. Cycles of water level at SCA-2 fluctuate with streamflow events along the adjacent stretch
of Sandia Canyon; the approximately diurnal cycle seen at SCA-2 reflects daily (generally weekday)
discharges into upper Sandia Canyon from facility operations (see Section 5.1).

Figure 5.2-3 summarizes transducer data collected from the alluvial wells and piezometers farther
downcanyon in reaches beyond gaging station E-124, where the canyon widens and alluvial
accumulation is thicker. No data are shown for alluvial well SCA-3 because water levels fell significantly
below the 2039.8-m (~6692.4-ft) elevation observed during drilling to an elevation of ~2038.8 m (~6689 ft)
(base of the screen at SCA-3 is at 2039.3-m [6690.7-ft] elevation; see Appendix B-1.6). However,
piezometers SCP-2a and SCP-2b just east of SCA-3 provided continuous transducer data for the
October—November 2006 period considered here. Water levels peaked between October 20th and 21st
but declined steadily thereafter. The transducer curves for these piezometers and for all of the alluvial
wells and piezometers farther east differ significantly from those in the narrower canyon to the west in that

EP2006-1039 13 November 2006



Interim Measures Investigation Report for Chromium Contamination in Groundwater

no diurnal cycle is observed. Apparently, the increased storage volume of alluvium in the wider canyon
damps out these fluctuations. Also notable in the comparison of SCP-2a and SCP-2b is the 0.7-m
(~2.3-ft) head difference between the higher piezometer (red curve) and the lower piezometer (blue
curve), suggesting significant downward flow into suballuvial horizons (see Section 5.3).

The middle panel of Figure 5.2-3 summarizes the October—November 2006 transducer data for SCA-4
and the three nearby nested piezometers, SCP-1a, b, and c. An early peak water level followed by
continuous decline is also observed at this site. The peak water-level measurement before decline is
observed in the SCA-4 data on about October 15th, 5 days before the decline began at SCP-2a, b. A
similar trend is observed in the alluvial well farthest east, SCA-5, although here the transducer record
appears to have begun after peak water level was reached, and peak saturation predates October 12th.
When considered together, the three localities summarized in Figure 5.2-3 suggest an alluvial system
where recent recharge by late summer rainstorms has increased the late-October saturated thickness at
SCP-2a, b, whereas the damping effect of alluvial dispersion pushes the decline from summer peak
saturation to earlier dates in the eastern part of the system.

5.3 Results from Nested Piezometers

Nested piezometers were installed at two locations for the purpose of investigating vertical gradients and
seepage velocities in the alluvium. Piezometer nest SCP-1 consists of three piezometers installed in a
single borehole with bentonite seals placed between their screens to isolate them hydraulically from each
other. Piezometer nest SCP-2 consists of two piezometers installed in separate boreholes located 1.7 m
(5.5 ft) apart (see Appendix B-1.6). Each piezometer consists of a 1-in. (2.5-cm) I.D. PVC tube with a
prepacked 15.2-cm (0.5-ft) long 0.25-mm (0.01-in.) slotted screen. Within each nest, each piezometer’s
screen was set at a specific depth within the saturated alluvium. At SCP-1, the screen-bottom depths
were 11.7 m (38.3 ft), 12.2 m (39.9 ft), and 12.7 m (41.7 ft) for the SCP-1a, SCP-1b, and SCP-1c
piezometers, respectively. At SCP-2, the screen-bottom depths were 13.7 m (45.0 ft) and 15.2 m (50.0 ft)
for the SCP-2a and SCP-2b piezometers, respectively.

Pressure transducers were installed in each piezometer to record water levels in the alluvial aquifer.
Water-level readings were recorded at hourly intervals. Hydrographs showing preliminary water-level data
collected during October—November 2006 along with screen-bottom elevations are provided in Figures
5.3-1 and 5.3-2. At SCP-1, water levels declined by approximately 36.6 cm (1.2 ft) during the initial
observation period, which occurred during a generally dry period following a wet summer rainy season.
Relative pressure-head relationships between each piezometer at SCP-1 were consistent during this
time, aside from the fact that the alluvial saturation level dropped below the screen at SCP-1a on October
21. The highest water levels were recorded in SCP-1c, the deepest piezometer, indicating a consistent
upward gradient at this location. However, the water levels in SCP-1a were higher than those recorded in
SCP-1b, indicating a downward gradient within the SCP-1a to SCP-1b interval. A consistent pressure
head differential of about 76.2 cm (2.5 ft) between the SCP-2a and SCP-2b piezometers shows a strong
downward gradient at this location.
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Vertical seepage velocities were computed from the piezometer data using the following equation
applying Darcy’s law:

_K dn
n, dz

z

Where

v, is the vertical seepage velocity,

K is the saturated hydraulic conductivity,
N is the effective porosity, and

dh/dz is the vertical gradient.

Hydraulic conductivity values were determined from slug tests performed in each piezometer. The results
of the slug test analyses are shown in Table 5.3-1. Detailed descriptions of the slug tests are provided in
Appendix B-1.6.

The aquifer material in SCP-1 was described as well-sorted coarse sand with 95% to 100% sand and 0%
to 5% silt. The same lithology was described for all three screened intervals in this piezometer nest. The
reported hydraulic conductivity values are generally similar and consistent with literature reported values
for coarse sand. The aquifer material in SCP-2 was described as silty, clayey sand with 70% fine to
coarse sand and 30% silt/clay. The same lithology was described for both screened intervals in this
piezometer nest, even though reported hydraulic conductivity values vary by 2 orders of magnitude.
Representative literature reported values for silty sand range from 10°to 10”° cm/s (Fetter 1994, 070942).
Hydraulic conductivity values applied in the seepage velocity computations for SCP-1 were the averages
of the bounding screens for each interval. The hydraulic conductivity value applied for the SCP-2
computations was the lower value, determined from SCP-2b, since this value falls within the reported
range of literature values, and attempting to use the average of the reported slug test results from
SCP-2a resulted in unreasonably high computed seepage velocities. A representative porosity value of
0.41 for coarse sand alluvium was assumed for the SCP-1 computations, while a representative porosity
of 0.34 for clayey silt was assumed for SCP-2 (Spitz and Moreno 1996, 085503, p. 343).

Time-varying vertical gradients and computed seepage velocities are shown in Figures 5.3-3 and 5.3-4
for piezometer sets SCP-1 and SCP-2, respectively. In these graphs, a positive gradient and seepage
velocity represents a downward component of groundwater flow while a negative value represents an
upward component of flow. At SCP-1, the SCP-1a to SCP-1b interval exhibited downward vertical
gradients ranging from about 0.02 to 0.09 with associated vertical seepage velocities ranging from about
12 to 61 cm/day (0.4 to 2 ft/day). However, the SCP-1b to SCP-1c interval exhibited upward vertical
gradients ranging from about 0.13 to 0.18 with associated upward seepage velocities ranging from about
116 to 155 cm/day (3.8 to 5.1 ft/day). At SCP-2, the SCP-2a to SCP-2b interval exhibited consistently
strong downward vertical gradients ranging from about 0.51 to 0.53 with associated vertical seepage
velocities ranging from about 46 to 49 cm/day (1.5 to 1.6 ft/day). This represents an annual average rate
of infiltration loss from the base of the alluvium of about 172.5 m/yr (566 vertical ft/yr) at this location.

These results reflect a preliminary analysis of a relatively short period (less than 4 weeks) of data
collection following a wet rainy season. Thus, the observed conditions may not be representative of
longer-term trends. The piezometer nests will continue to be monitored, and future reporting will provide
assessments of the longer period of record.
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5.4 Suballuvial Moisture Occurrences

The only perched-intermediate groundwater observed as part of this investigation occurs as water stored
in Puye sedimentary deposits above relatively impermeable weathering and soil zones at the top of the
Cerros del Rio lavas. The saturated zones in the SCC-series holes are summarized in Figure 5.4-1, which
places these holes in west-to-east relation by relative elevation. Similar to the alluvial system, water
storage above the Puye/Cerros del Rio contact extends only as far downcanyon as the vicinity of SCC-4.
The perched-intermediate groundwater is generally thicker between holes SCC-4 and SCC-1. The
gradient within the perched system includes a westward component that parallels the contact between
the Puye Formation and the Cerros del Rio lavas.

Figure 5.4-1 also shows core-derived moisture contents plotted against stratigraphy for all of the
SCC-series holes. Included with the six SCC-series holes in Figure 5.4-1 is the moisture profile

obtained from comparable core samples taken at the R-11 phase 1 core hole, superimposed on the
combined magnetic resonance (CMR)-calculated saturation obtained at the adjacent phase 2 drill hole by
Schlumberger (Kleinfelder 2005, 094154). Figure 5.4-1 illustrates relatively consistent increased moisture
content near the Qbt 1g/Qct contact in all three SCC-series holes where this contact was present (SCC-2,
SCC-3, and SCC-4). This rise in moisture at the Qbt 1g/Qct contact is not necessarily associated with
actual saturation, but it may indicate that this horizon is susceptible to vadose-zone water movement in
periodic wetting cycles. A second, deeper horizon of high core moisture content is observed in the Guaje
Pumice Bed (Qbog) in SCC-1 through SCC-5, but comparable Guaje saturation is not present at R-11
and is only poorly developed at SCC-6. This observation is in accord with the occurrence of sub-Guaje
perched water in the western set of SCC holes.

The data from R-11 (Figure 5.4-1) are informative because they provide a core-derived moisture profile
that can be compared with the CMR-calculated saturation profile in an adjacent hole. The CMR-
calculated saturation in the colluvial section (Qc) is higher than in the underlying Otowi ash flows, yet the
core moisture in the middle of the colluvium is low. This discrepancy is likely the result of intact core
obtained from a block of tuff within the colluvium rather than from the matrix seen by the CMR tool. Note
that the core sample from the top of the colluvium does have a high moisture content (unfortunately, this
horizon was behind casing when the CMR tool was run, so comparable CMR saturation could not be
calculated). A more direct comparison can be made at the bottom of the R-11 moisture profile in the
Guaje Pumice Bed (Qbog). Even though the moisture content here does not rise as sharply as in the
Guaje Pumice Bed at holes SCC-2 to SCC-5, the calculated saturation in the pumice bed is significantly
higher than in the overlying Otowi ash flows. Although there are inherent uncertainties in the calculation of
saturation from CMR logs (e.g., porosity allocation to magnetic resonance properties in particular units),
the R-11 data illustrate the large saturation effects that even small amounts of moisture increase can
have. Such a situation may be poised at a moisture content where even small water influxes could lead to
transient saturation and enhanced vadose-zone flow.

Moisture profiles through the Otowi ash flows in the section of Sandia Canyon from SCC-1 to SCC-6 are
not always smooth. Recently obtained moisture profiles from Mortandad Canyon also indicate that
moisture distribution in the Otowi can be highly variable, and it is likely affected by small variations in the
ash-flow matrix properties of this otherwise massive and homogeneous, poorly fractured unit (LANL 2006,
094161). On average, however, the moisture contents in the Otowi ash flows beneath Sandia Canyon are
highest (>20%) in the canyon section from SCC-2 to SCC-4 and lower (<20%) to the west (SCC-1) and
east (SCC-5 to SCC-6). These relationships are summarized in Figure 5.4-2. Given the observation from
R-11 cited above that small amounts of moisture increase may lead to greatly increased saturation, this
distribution of moisture in the Otowi may indicate that the likeliest pathways from the alluvial system
through the Otowi are centered in the stretch of canyon from SCC-2 to SCC-4.

As discussed in Section 5.3, the piezometer set at SCP-2a, b, with strong evidence of downward flow, is
adjacent to deeper borehole