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Response to the “Notice of Disapproval, Corrective Measures Implementation Plan for
Consolidated Unit 16-021(c)-99, Los Alamos National Laboratory,
EPA ID #NM0890010515 HWB-LANL-07-011,”
Dated June 27, 2007

INTRODUCTION

This submittal is the response by Los Alamos National Laboratory (LANL or the Laboratory) to the notice
of disapproval (NOD) regarding the “Corrective Measures Implementation Plan for Consolidated

Unit 16-021(c)-99,” issued by the New Mexico Environment Department (NMED) Hazardous Waste
Bureau on June 27, 2007. The Laboratory submitted the corrective measures implementation (CMI) plan
to NMED in May 2007.

This response is organized similarly to NMED’s NOD. NMED’s comments are included below verbatim,
and the Laboratory’s responses follow each NMED comment. A revised report is also provided along with
this response. Changes made in the revised report are highlighted in the responses below.

COMMENTS

NMED Comment

1. As stated in the approved Corrective Measures Report for SWMU 16-021(c)-99, the Permittees
calculated site-specific screening action levels (SSALs) based on a 10° acceptable cancer risk
threshold for RDX and TNT for the outfall source area as part of the Phase Il RFI. The SSALs for
RDX and TNT are 36.9 mg/kg and 135.0 mg/kg, respectively. The Permittees proposed to use the
SSALs as media cleanup standards (MCS) for the outfall source area during this remedy. More
specifically, the Permittees proposed to use the minimum of the two respective values for the site
MCS because both constituents are involved in both noncancer and cancer risks at the site. The MCS
was proposed in NMED'’s statement of basis and is part of the approved remedy for the site. The
Permittees must use the site cleanup goals that were originally proposed and approved.

LANL Response

1. The Laboratory will use the following site cleanup goals originally proposed and approved by NMED
to guide cleanup: 36.9 mg/kg for RDX (hexahydro-1,3,5-trinitro-1,3,5-triazine) and 135.0 mg/kg for
TNT (2,4,6-trinitrotoluene). This change results in a slightly larger soil removal volume than originally
proposed. As a result of this change, text in the Executive Summary, sections 3.1, 3.3, and 3.4 have
been modified. In addition, Figure 3.2-1 and drawing C-1003 have been changed.

NMED Comment

2. The Permittees plan to sample underlying tuff beneath the concrete trough if contamination is found
in the soil beneath the concrete trough and the extent of that contamination has not been determined.
The Permittees must also remove any tuff containing contamination above the site MCS as well.
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LANL Response

2. The Laboratory will remove any tuff containing contamination above site media cleanup standards
(MCSs). The text in section 3.3 has been clarified to emphasize that both soil and tuff will be removed
if data show they are above site MCSs.

NMED Comment

3. The approved remedy as described in the 16-021(c) Remedy Selection Fact Sheet includes
“extending the existing cap (once the extent of contaminated surge bed is determined) and regrading
the surface of the banks to divert storm water away from the drainage.” Because the results of the
surge bed investigations (as presented in Appendix C to this Plan) suggest that the contaminated
surge bed does not extend beyond the settling pond area, the Permittees do not need to extend the
cap any further than the boundaries of the existing cap. However, the Permittees must regrade the
surface of the banks to prevent storm water from entering the upper drainage. The regrading will act
in conjunction with the cap and the grouting to prevent surface water from coming into contact with
any contaminated surge bed that may not have been successfully grouted.

LANL Response

3. The Laboratory will regrade the surface of the banks to prevent stormwater from entering the upper
drainage. The text in section 3.5 and drawing C-1003 have been modified.

NMED Comment

4. Given the expected hydraulic conductivity of the surge bed (based on tests performed on other surge
beds at TA-16), grouting of the surge bed may not be successful unless a low viscosity grout is used
(Feasibility of Permeation Grouting for Constructing Subsurface Barriers, Sandia Report, April 1994).
The Permittees must ensure that the grouting plan includes the appropriate viscosity grout to address
the low hydraulic conductivity of the surge bed. The Permittees must provide a copy of the grouting
plan to NMED no less than 30 days prior to the start of grouting activities.

LANL Response

4. The Laboratory will ensure the grouting plan recommends the appropriate viscosity grout. Text in
sections 5.2 and 5.3 has been modified to indicate a low-viscosity grout may be needed to meet the
grouting performance standard. The Laboratory will provide the grouting plan to NMED no less than
30 days before grouting activities begin. Text in sections 5.3 and 8.3 has been modified to indicate
this course of action.

NMED Comment

5. The Permittees reserved the installation of a storm water filter on SWSC Spring as a contingency,
should it begin to flow again. NMED recommends the Permittees sample the spring, if it begins to
flow again, to determine if the water would require treatment prior to installing the filter based on
comparison to the site-specific MCS.

In addition to the above requirements, the Permittees must provide the results of operations and
maintenance activities performed at the surge bed, springs, and permeable reactive barrier as part of
the monthly progress reports. A long-term monitoring and maintenance plan must be submitted within
60 days of completion of field activities. The long-term monitoring and maintenance plan must be
updated within 60 days after installation of the three other permeable reactive barriers.
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LANL Response

5. The Laboratory has sampled the spring because it resumed flowing in May 2007. The data are
currently pending and will be used to determine if a filter unit will be required for SWSC Spring. The
text in sections 6.1 and 6.6 has been modified to indicate this change.

The Laboratory will provide the results of operations and maintenance activities performed at the
surge bed, springs, and permeable reactive barrier as part of the monthly progress reports. A long-
term operations and maintenance plan will be submitted within 60 days of completion of field
activities. The text in sections 8.2 and 8.3 has been modified to reflect these changes.
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Consolidated Unit 16-021(c)-99 CMI Plan, Revision 1

EXECUTIVE SUMMARY

This corrective measure implementation plan presents the designs and plans for remediating high
explosives and other contaminants present in a former outfall drainage channel and in the alluvial
systems of Cafion de Valle and Martin Spring Canyon. These actions, which were identified by the
corrective measures study (CMS) in 2003 and approved by the New Mexico Environment Department in
2006, consist of removing the outfall concrete trough and excavation of soils in three locations within the
260 Outfall channel, grouting of a contaminated surge bed in tuff under a former channel settling pond,
maintaining the existing cap on the former settling pond, installing a carbon filter to remove contaminants
in Burning Ground Spring, modifying the existing Martin Spring carbon filter, and installing a pilot
permeable reactive barrier in Cafion de Valle for the remediation of barium and high explosives in
groundwater. In addition, alluvial sediment samples will be collected from a location in Cafion de Valle to
investigate possible silver contamination that may represent an ecological risk.

Target cleanup levels for these actions were established in the CMS. Target levels for 260 Outfall channel
soils are risk-based and are driven by the potential hazards to on-site workers. For groundwater, the barium
target level is the New Mexico Water Quality Control Commission standard for barium of 1000 ug/L; for
research department explosive (RDX or hexahydro-1,3,5-trinitro-1,3,5-triazine), the target level is the
groundwater concentration associated with a 10° carcinogenic risk level of 6.1 pyg/L. For spring water, the
target level is the RDX groundwater level.

The concrete trough for the former 260 Outfall will be demolished and removed; the underlying soils will
be sampled and analyzed; and soils above screening levels will be removed. For the outfall channel soll
remediation, soil will be excavated in several locations where soil cleanup levels are exceeded. Less than
70 yd3 of soil may be removed from these locations. An upper surge bed under the former settling pond
within the outfall channel that is contaminated with high explosives will be grouted to prevent groundwater
infilirating this horizon. Because of the natural variability of surge beds, the area for grouting is uncertain;
however, boreholes installed in this area in March 2007 indicated that the surge bed does not extend
beyond the limits of the former settling pond, an area of approximately 1250 i

Alluvial sediments from an area adjacent to the Sanitary Wastewater Systems Consolidation (SWSC)
sewer pipeline right of way in Cafon de Valle will be sampled to investigate further an area of potential
silver contamination of soil that may represent an ecological risk. The results of the investigation will be
submitted to the New Mexico Environment Department and the need for remediation determined.

A subgrade carbon filter will be installed to remove RDX from spring water from Burning Ground Spring.
The existing carbon filter system at Martin Spring will be modified by adding a second spring water
collection box to collect water from a new seep. At SWSC Spring, which has been dry since 2002, a
carbon filter will be installed if the spring flows again.

A pilot permeable reactive barrier will be installed in Cafon de Valle to remove RDX and barium from
groundwater. The barrier will be installed near existing alluvial monitoring well 16-02658 and will consist
of a set of diversion walls to divert groundwater into a reactive cell. The reactive cell will consist of two
chambers for the reactive media. The final choice of these media awaits the results of laboratory column
tests currently underway; however, preliminary results indicate that zero-valent iron and zeolite will be
used. In the event that changeouts of the reactive media are required, the media can be accessed
through the lid on the top of the cell. The permeable reactive barrier is a pilot project; operational data will
be collected to determine the effectiveness of such barriers for the remediation of the alluvial system.
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Specifications, drawings, and plans for construction quality-control and waste management were
developed covering all excavation and construction activities. Implementation of these corrective
measures is planned for calendar year 2008.
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1.0 INTRODUCTION

This corrective measures implementation plan (CMI) details the designs and plans for implementation of
remediation actions for cleanup of high explosives (HE) and other contaminants in the former Technical
Area 16 (TA-16) 260 Outfall channel and alluvial groundwater, spring water, and alluvial sediments of
Carion de Valle and Martin Spring Canyon at Los Alamos National Laboratory (LANL or the Laboratory).

The Laboratory is a multidisciplinary research facility owned by the U.S. Department of Energy (DOE) and
managed by Los Alamos National Security, LLC. The Laboratory is located in north-central New Mexico,
approximately 60 mi northeast of Albuquerque and 20 mi northwest of Santa Fe. The Laboratory site
covers approximately 40 mi? of the Pajarito Plateau, which consists of a series of fingerlike mesas
separated by deep canyons that contain ephemeral and intermittent streams running from west to east.
Mesa tops range in elevation from approximately 6200 to 7800 ft. The eastern portion of the plateau
stands 300 to 900 ft above the Rio Grande.

Under a national effort by the DOE to investigate and remediate sites formerly involved in weapons
research and development, the Laboratory’s Environmental Programs Directorate (EP) is responsible for
investigating sites potentially contaminated by past Laboratory operations. The goal is to ensure that
these sites do not threaten human or environmental health and safety in and around Los Alamos County,
New Mexico.

Investigation and remediation actions at the Laboratory are subject to the Compliance Order on Consent
(hereafter, the Consent Order), signed on March 1, 2005. The Consent Order was issued pursuant to the
New Mexico Hazardous Waste Act, New Mexico Statutes Annotated (NMSA) 1978, §74-4-10, and the
New Mexico Solid Waste Act, NMSA 1978, §74-9-36(D). Information on radioactive materials and
radionuclides, including the results of sampling and analysis of radioactive constituents, is voluntarily
provided to the New Mexico Environment Department (NMED) in accordance with DOE policy.

1.1 General Site Information

Technical Area 16 is located in the southwestern corner of the Laboratory (Figure 1.1-1). It covers

2410 acres or 3.8 mi°. The land was acquired by the Department of the Army for the Manhattan Project in
1943. TA-16 is bordered by Bandelier National Monument along State Highway 4 to the south and by the
Santa Fe National Forest along State Highway 501 to the west. To the north and east, it is bordered by
TA-08, -09, -11, -14, -15, -37, and -49. TA-16 is fenced and posted along State Highway 4. Water
Canyon, a 200-ft-deep ravine with steep walls, separates State Highway 4 from active sites at TA-16
(Figure 1.1-2). Cafion de Valle forms the northern border of TA-16. Security fences surround the
production facilities. A complete discussion of the TA-16 environmental setting is presented in the TA-16
Phase Ill Resource Conservation and Recovery Act (RCRA) facility investigation (RFI) report (LANL
2003, 077965, section 6.0).

TA-16 was established to develop explosive formulations, cast and machine explosive charges, and
assemble and test explosive components for the nuclear weapons program. Almost all the work has been
conducted in support of developing, testing, and producing explosive charges for atomic weapons.
Present-day use of this site is essentially unchanged, although the facilities have been upgraded and
expanded as explosives and manufacturing technologies have advanced.

The administrative boundary for the study area is shown in Figure 1.1-2. The boundary runs along State
Highway 501 to the west, follows a drainage divide (between Cafion de Valle and Water Canyon) across
the TA-16 mesa to the south, and follows Cafion de Valle to its confluence with Water Canyon to the
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north and east. This area is referred to as the Cafion de Valle basin. The administrative boundary is
intended to incorporate contaminant sources and fate and transport mechanisms within part of the Cafon
de Valle drainage. The 260 Outfall is believed to be the major source of contaminants in the basin.
Monitoring and data analysis performed at the basin scale will support decisions about remedial activities
at other potential contaminant source locations as well. Other potential contaminant sources within this
area are being addressed by other EP activities such as the Water Canyon/Cafon de Valle watershed
investigations.

1.2 Corrective Measure Implementation Plan Overview

The remediation systems detailed in this plan were identified in the corrective measures study (CMS)
report (LANL 2003, 085531) and were approved by NMED in 2006 (NMED 2006, 095631). The required
remediation activities consist of (1) installing a pilot permeable reactive barrier (PRB) for treatment of HE
and barium; (2) removing residual soil exceeding risk-based media cleanup standards (MCSs) in the
260 Outfall drainage channel and removing the concrete outfall trough; (3) maintaining an existing
low-permeability cap on the former settling pond within the 260 Outfall drainage channel; (4) grouting a
contaminated surge bed within tuff beneath a former settling pond along the drainage channel;

(5) installing a carbon filter for the treatment of spring water at Burning Ground Spring in Carnon de Valle
and modifying the existing carbon filter at Martin Spring in Martin Spring Canyon; and (6) sampling soil for
silver in the Sanitation Wastewater Systems Consolidation (SWSC) cut of Cafion de Valle. Installing a
carbon filter at SWSC Spring was proposed as part of the CMS, but this spring has been dry since 2001.

The following sections provide additional background information on these sites and present the plans
and designs for implementation and operation of the approved remedial measures.

2.0 BACKGROUND
21 Site Description and Operational History

Building 260, located on the north side of TA-16 (Figure 2.1-1), has been used for processing

and machining HE since 1951. Water is used to machine HE, which is slightly water-soluble, so
wastewater from machining operations contains dissolved HE and may contain entrained HE cuttings. At
building 260, wastewater treatment consists of routing the water to 13 settling sumps to recover any
entrained HE cuttings. From 1951 to 1996, the water from these sumps was discharged to the 260 Outfall
that drained into Cafion de Valle. In 1994, outfall discharge volumes were measured at several million
gallons per year. The discharge volumes were probably higher during the 1950s when HE production
output from building 260 was substantially greater than it was in the 1990s (LANL 1994, 076858). In the
past, barium had been a constituent of certain HE formulations, and so barium was also present in the
outfall wastewater from building 260.

During the late 1970s, the 260 Outfall was permitted by the U.S. Environmental Protection Agency (EPA)
to operate as EPA Outfall No. 05A056 under the Laboratory’s National Pollutant Discharge Elimination
System (NPDES) permit (EPA 1990, 012454). The last NPDES permitting effort for the 260 Outfall
occurred in 1994. The NPDES-permitted 260 Outfall was deactivated in November 1996; EPA officially
removed it from the Laboratory’s NPDES permit in January 1998. This waste stream is currently managed
by pumping the sumps and treating the water at the TA-16 HE wastewater treatment plant.

As a result of the discharge, soils in the 260 Outfall drainage channel are contaminated, primarily with HE
and barium. The sumps and drainlines of this facility are designated as Solid Waste Management Unit
(SWMU) 16-003(k), and the 260 Outfall and drainage are designated as SWMU 16-021(c), according to
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Module VIII of the Laboratory’s Hazardous Waste Facility Permit (EPA 1990, 001585). Because of the
Laboratory’s consolidation of SWMUs, the two SWMUs are now collectively referred to as Consolidated
Unit 16-021(c)-99.

The CMI addresses contaminants associated with Consolidated Unit 16-021(c)-99 present in shallow
soils, springs, and shallow groundwater at several locations at TA-16. These contaminants include
barium, research department explosive (RDX or hexahydro-1,3,5-trinitro-1,3,5-triazine),

2,4 ,6-trinitrotoluene (TNT), and high-melting explosive (HMX or 1,3,5,7-tetranitro-1,3,5,7-tetrazocine).

SWMU 16-021(c) consists of three portions: an upper drainage channel fed directly by the 260 Outfall, a
former settling pond, and a lower drainage channel leading to Cafon de Valle. The former settling pond,
which was removed during a 2000-2001 interim measure (IM) cleanup (LANL 2002, 073706), was
approximately 50 ft long, 20 ft wide, and located within the upper drainage channel, approximately 45 ft
below the 260 Outfall. The drainage channel runs approximately 600 ft northeast from the 260 Outfall to
the bottom of Cafion de Valle. A 15-ft near-vertical cliff is located approximately 400 ft from the

260 Outfall and marks the break between the upper and lower drainage channels.

The IM cleanup removed more than 1300 yd3 of contaminated soil from the settling pond and channel.
Approximately 90% of the HE in the Consolidated Unit 16-021(c)-99 source area was removed (LANL
2002, 073706).

Other SWMUSs located in the vicinity of the 260 Outfall are shown in Figure 2.1-2. Several of these
SWMUs are described as follows.

e  Material Disposal Area (MDA) R (SWMU 16-019). MDA R is located northwest of the 260 Outfall
area (Figure 2.1-2). This MDA was constructed in the mid-1940s and was used as a burning
ground and disposal area for waste explosives and other debris. Potential contaminants at this
MDA include HE, HE byproducts, and metals (particularly barium). Use of the site was
discontinued in the early 1950s. Soil removal and related site investigations were conducted at
MDA R after the Cerro Grande fire (LANL 2001, 069971).

e  Burning Ground SWMUs [16-010(b), 16-010(c), 16-010(d), 16-010(e), 16-010(f), 16-010(j), and
16-028(a)] and Consolidated Units [16-010(h)-99 and 16-016(c)-99]. These sites are located on a
level portion of the mesa in the northeast corner of TA-16. The burning ground was constructed in
1951 for HE waste treatment and disposal. Over the years, hundreds of thousands of pounds of
HE and HE-contaminated waste material were destroyed by burning. After burning, the remaining
noncombustible material was either placed in MDA P, north of the burning ground (through 1984),
or taken to TA-54 for storage and treatment before it was disposed of off-site (1984 to present).
Site investigations were conducted at several of these SWMUs during 1995 and later (LANL
2003, 076876). Information was also obtained from investigations conducted between 1997 and
2002 at Flash Pad 387 and the Consolidated Unit 16-016(c)-99. Flash Pad 387 underwent clean
closure, and the sites representing Consolidated Unit 16-016(c)-99 underwent a voluntary
corrective action (VCA) (LANL 2003, 085530) concurrently with the MDA P clean closure (LANL
2003, 076876). NMED approved these SWMUs for no further action (NMED 2006, 093249).
Other closures include the HE Burn Tray 394 [SWMU 16-010(j)] (NMED 2002, 095630) and Filter
Vessels 401 [SWMU 16-010(e)] and 406 [SWMU 16-010(f)] (NMED 2005, 092226).

e MDA P (SWMU 16-018). This MDA contained wastes from the synthesis, processing, and testing
of HE; residues from the burning of HE-contaminated equipment; and construction debris.
Disposal of HE waste at this site started in the early 1950s and ceased in 1984. The site is
located on the south slope of Cafion de Valle. Under RCRA, MDA P underwent clean closure in
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which approximately 55,000 yd® of soil and debris were removed (LANL 2003, 076876). NMED
approved the MDA P closure certification report in 2005 (NMED 2005, 093247).

e The 90s Line Pond portion of Consolidated Unit 16-008(a)-99. The 90s Line Pond is an inactive,
unlined, settling pond located a few hundred feet west of building 260. The pond may have
received HE, barium, uranium, and other inorganic and organic chemicals from machining
operations discharges from TA-16, -89, -90, and -91. As recently as 2002, HE solids were
observed at the pond area. Further investigation into this area is continuing in 2007 in accordance
with the Consent Order.

2.2 Current and Future Land Use

Current and future land use at TA-16 is designated as HE research, development, and testing, according
to the Laboratory’s comprehensive site plan of 2000 and the 2001 update (LANL 2000, 076100; LANL
2001, 070210). Most areas within TA-16 are active sites for the former Engineering Science and
Application Division of the Laboratory, and construction of new buildings and other facilities in the area is
possible. As shown in Figure 2.1-1, numerous roads and utilities are present at the site in the vicinity of
SWMU 16-021(c).

2.3 Historical Investigations

Five investigations into Consolidated Unit 16-021(c)-99 have been conducted, including a
postremediation investigation of the outfall drainage channel conducted after the removal of drainage
channel soils during IM activities. These investigations are summarized below chronologically.

A RCRA facility assessment (RFA) (LANL 1990, 007512) summarized soil and water sampling results
dating from the 1970s for the outfall area.

The Phase | RFI site characterization (April 1995—-November 1995) and Phase | RFI report (LANL 1996,
055077) concentrated on the drainage channel and its intersection with Cafion de Valle, including alluvial
sediment, surface water, and groundwater. NMED approved the report in 1998 (NMED 1998, 093664).

The Phase Il RFI site characterization (November 1996—November 1997) and the Phase Il RFI report
(LANL 1998, 059891) further delineated contamination in tuff surge beds beneath the drainage channel
and in Cafion de Valle sediment and waters. The Phase Il RFI included the sampling of surface and
near-surface material within the drainage and the sampling of 13 boreholes (BHs) drilled to depths
between 17 and 115 ft in and near the drainage. The Phase Il RFI also included extensive field screening
for RDX and TNT using immunoassay methods, as well as sampling for other chemicals. A risk
characterization was also performed. NMED approved the report in September 1999 (NMED 1999,
093666).

An IM remedial excavation was conducted in the outfall drainage channel and settling basin in 2000 and
2001. More than 1300 yd3 of contaminated material containing approximately 8500 kg of HE was
removed from these areas. The investigation results are presented in the IM report (LANL 2002, 073706).

The Phase Il RFI site characterization (October 1998—March 2002) and Phase Il RFI report (LANL 2003,
077965) included analyses of water and sediment data collected since the Phase Il RFI report (post-
1998), a study of spring dynamics, a geomorphic alluvial sediment study, geophysical studies, and
baseline risk assessments for the outfall source area and for selected reaches of Cafion de Valle and
Martin Spring Canyon. In addition, a baseline ecological risk assessment was performed for Cafion de
Valle. NMED approved the Phase Il RFI report in June 2004 (NMED 2004, 093248).
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A more detailed chronology of Laboratory activities at Consolidated Unit 16-021-(c)-99 is presented in
Table 2.3-1.

Results of Historical Investigations

The results from previous investigations contributed to the development of the conceptual site model
(CSM), which presents a unified description of the local hydrogeological and contaminant transport
systems. Important features of the model, roughly corresponding to depth, are the outfall source area, the
canyon alluvial system, the intermediate zone (also called the mesa vadose zone), and regional aquifer.
These components of the CSM are shown in Figure 2.3-1. The results of previous investigations are
summarized by area as follows.

2.311 Outfall Source Area

The RFA documented data collected for the 260 Outfall [SWMU 16-021(c)] since the early 1970s showed
substantially elevated HE contamination in the sediment, outfall, and sump water. Levels up to 27 wt%
(270,000 mg/kg) of HMX and RDX had been documented in the area of the former settling pond. The
data showed HE contamination extending from the discharge point to Cafion de Valle (Baytos 1971,
005913; Baytos 1976, 005920). The historical data have also been summarized in the Phase | and 1l RFI
reports for SWMUs 16-003(k) and 16-021(c) (LANL 1996, 055077; LANL 1998, 059891).

Phase | and Phase Il results showed elevated concentrations of HE and barium within the outfall drainage
from the surface down to the soil/tuff interface. Phase | and Il surface sampling showed that surface
contamination did not extend laterally beyond the reasonably well-defined drainage. Barium, HMX, RDX,
and TNT were detected downgradient within the drainage and decreased rapidly beyond the settling
pond, although substantial levels of HMX and barium were present at the base of the colluvial slope in
Cafion de Valle.

Subsurface sampling indicated that HE concentrations also decreased rapidly below the soil/tuff interface.
However, up to 1000 mg/kg of HE was found within the uppermost tuff unit (Unit 4 of the Tshirege
Member of the Bandelier Tuff, Qbt 4), beneath the upper part of the drainage, and in the former settling
pond area. Almost 1 wt% (10,000 mg/kg) HE was reported in a saturated sample from a BH at a depth of
about 17 ft beneath the former settling pond (LANL 1998, 059891, p. 2-79). The sample was collected
from a surge bed within Unit 4 of the Tshirege Member of the Bandelier Tuff. Below the level of this surge
bed, HE was detected sporadically and at much lower concentrations (less than 5 mg/kg). However, thin
surge bed deposits were reported in BH 16-06370, drilled into the center of the former settling pond
during the IM, at depths of 40 and 46 ft below ground surface (bgs), indicating multiple potential
transmissive zones at depth (LANL 2002, 073706, p. 35).

HE and barium were the principal contaminants found at the 260 Ouitfall, although several other metals,
including cadmium, chromium, copper, lead, nickel, vanadium, and zinc, were consistently detected
above background levels in the drainage. Other organic compounds (semivolatile organic compounds
[SVOCs] and volatile organic compounds [VOCs]) were also detected in multiple samples. Details and
results from the Phase | and Il RFls are presented in the two RFI reports (LANL 1996, 055077; LANL
1998, 059891).

The IM cleanup removed more than 1300 yd3 of contaminated soil from the settling pond and channel. An
IM report for SWMU 16-021(c) (LANL 2002, 073706, p. 72) detailing the postremoval sampling results
indicated that approximately 90% of the HE at the source area had been removed by the IM.
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The Phase Ill baseline risk assessment (LANL 2003, 077965, section 6.0) for the outfall source area
identified chemicals of potential concern (COPCs) and assessed potential exposures to an on-site
environmental worker, a trail user, and a construction worker. The cumulative excess cancer risk to the
environmental worker from potential exposures to COPCs in soil and tuff is slightly above the NMED
target level of 10”°; the cumulative excess cancer risk for the other receptors is below the NMED target
level. A noncancer hazard index (HI) greater than 1.0 is associated with exposure to the outfall source
area COPCs for the construction worker scenario but not for the other receptors (HI below 1.0). These
elevated risks were primarily from the presence of HE and barium.

2.3.1.2 Alluvial System

Phase Il sampling in the Cafion de Valle alluvial system included collecting surface and subsurface
sediment samples, three pairs of overbank sediment samples, filtered and unfiltered surface water
samples, and one quarterly round of filtered and unfiltered alluvial groundwater samples. These samples
were collected during three different investigations that took place in 1994, 1996, and 1997-1998.

The Phase Il RFI report (LANL 1998, 059891) included the following results:

e Barium was the most abundant inorganic chemical contaminant in sediment. For the surface
samples, barium ranged from 6.3 to 40,300 mg/kg. Other inorganic chemicals consistently above
background levels included cadmium, chromium, copper, lead, nickel, vanadium, and zinc.
Several types of HE were detected: A-DNTs (amino-dinitrotoluenes), HMX, nitrobenzene,
3-nitrotoluene, RDX, TNB (1,3,5-trinitrobenzene), and TNT. The two HE compounds highest in
abundance and concentration were HMX (maximum of 170 mg/kg) and RDX (maximum of
42 mg/kg).

e Surface water samples and alluvial groundwater samples from five alluvial wells and Peter Seep
were collected in Cafion de Valle. Filtered/unfiltered sample pairs were collected during 1994 and
1997-1998; primarily unfiltered samples were collected in 1996. The inorganic chemicals
identified as COPCs in water were antimony, barium, chromium, lead, manganese, mercury,
nickel, vanadium, and zinc. Barium is the most abundant, with concentrations ranging from 99 to
16,000 pg/L. As with the sediment, HE appears to be the other major COPC in Cafion de Valle
surface water and alluvial groundwater. The HE COPCs identified were A-DNTs, HMX,
nitrobenzene, 2-nitrotoluene, RDX, TNB, and TNT. RDX is the HE with the highest concentration,
with a maximum of 818 ug/L in surface water. COPC concentrations generally decrease
downgradient from Peter Seep to the confluence with Water Canyon (LANL 1998, 059891).

e The springs investigation included quarterly sampling of SWSC, Burning Ground, and Martin
Springs. The results showed detectable RDX and other HE in all three springs. Several major
cations and anions, including calcium, magnesium, sodium, and boron, were detected. Boron is
particularly elevated (1800 pg/L) in Martin Spring. Aluminum, iron, barium, phosphate, and nitrate
concentrations were also elevated. Although VOCs were detected in all three springs, the
detections were sporadic and occurred primarily during the quarterly sampling round of
June 1997.

e Time-series analysis of the springs data indicates extreme variability in the concentration of
constituents (up to a factor of 20 in RDX concentration at Martin Spring). Similarities in element
variability and flow-rate changes over time indicated that SWSC Spring and Burning Ground
Spring are hydrogeologically related but that Martin Spring probably represents a different
hydrogeological system.
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A potassium bromide tracer was deployed at SWMU 16-021(c) in April 1997. A breakthrough of
bromide ions was observed in SWSC Spring in August 1997. The breakthrough may also have
occurred at Burning Ground Spring in August 1997, but the effects were more subtle because the
bromide was partially masked by variability in all of the anions (LANL 1998, 059891, p. 4-91).
This finding indicates that the springs are hydrologically connected to the SWMU 16-021(c)
source area.

The Phase Il RFI (LANL 2003, 077965) resulted in the following conclusions about the alluvial system:

2313

Sediments in Cafion de Valle and Martin Spring Canyon represent a secondary source for HE
and barium that is potentially mobilized by surface water and alluvial groundwater. Moreover, the
perennial reach of Cafon de Valle alluvial groundwater provides a high potential for subsequent
infiltration of mobile contaminants.

For the Cafion de Valle alluvial area, a trail-user exposure scenario was assessed. The
cumulative excess cancer risk to the trail user from potential exposure to all COPCs in sediment
and surface water was below the 10° target risk specified by NMED. The noncancer hazard was
below an HI of 1.0.

The ecological risk assessment followed EPA guidance (EPA 1997, 059370). For the terrestrial
system in Carfion de Valle, elevated metals concentrations were found in small mammals but not
at levels that are likely to cause adverse effects to the Mexican spotted owl. The numbers of
species, population densities, and reproductive classes for those species indicated that the
Carion de Valle small-mammal community is not being adversely affected by contaminants. In
Canon de Valle, a viable benthic macroinvertebrate community is present, which is a meaningful
indicator that site contaminants have caused minimal negative ecological effects.

For Martin Spring Canyon, a trail user scenario was assessed. The cumulative excess cancer risk
to the trail user from potential exposures to all COPCs in sediment and surface water is below the
10° target risk specified by NMED. The noncancer hazard was below an HI of 1.0.

Mesa Vadose Zone

The Phase Il RFI (LANL 2003, 077965, section 4) supports the following conclusions about the mesa
vadose zone:

Borehole sampling in the mesa vadose zone indicated no contamination in the unsaturated depth
intervals in any BHs, except in the immediate vicinity of the former settling pond. These results
indicate that mesa vadose zone contamination is concentrated beneath source area SWMUs,
such as the former and current ponds and drainages (90s Line Pond, V-Site Pond, 30s Line
Pond) on the mesa top. However, the ephemeral groundwater from mesa vadose zone wells not
located in the vicinity of the former settling pond also showed contamination, indicating lateral
movement (possibly through surge beds) of water and contaminants within the mesa subsurface.
Based on the oxygen and deuterium stable isotope results, mesa vadose zone groundwater from
wells near Martin Spring Canyon and the 90s Line Pond, as well as surface water from the 90s
Line Pond, show evaporative signatures, but the spring water does not. These results support the
CSM of a mesa vadose zone groundwater flow regime dominated by fractures and surge beds
and, in general, the importance of hydrologic heterogeneity at TA-16.

The intermediate-depth perched aquifer investigation included drilling five wells (91 to 207 ft bgs)
at locations likely to intersect the saturated zones at TA-16. The local trend of subunit/subunit
contacts is to the north and east. When installed, two of these wells intersected ephemeral
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perched water, which disappeared in less than 1 month. Analysis of this perched water indicated
the presence of HE.

e Contaminant transport in the mesa vadose zone is dominated by a fracture or surge bed flow
regime, of which contaminated springs are a known manifestation. Since the IM source removal,
a substantial source for this contamination is no longer present, although reductions in spring
contaminant concentrations are not yet evident.

2.3.1.4 Intermediate and Regional Groundwater

The investigation of intermediate and regional groundwater (LANL 2006, 093798) reached the following
conclusions.

o The analytical results for intermediate groundwater samples showed concentrations (less than
80 pg/L) of HE within the area defined by wells R-25, CdV-16-1(i), and CdV-16-2(i)r. In
CdV-16-1(i) and R-25, RDX exceeded the EPA Region 6 tap water screening level of 0.61 pg/L.
The NMED risk-based level (based on a 107 risk level) for RDX is 6.1 pg/L.

o For regional groundwater samples, analytical results from R-25 showed RDX and TNT above
EPA Region 6 tap water screening levels. Results from other wells located east of (downgradient
of) R-25 showed that RDX was detected once in R-19 in 2000 but at a concentration less than the
tap water screening level. RDX has recently been detected in well R-18 at very low levels

(<1 uglL).

e The COPCs for regional and intermediate groundwater are RDX and TNT; these compounds will
be the focus of an upcoming corrective measures evaluation, due to NMED in August 2007.

3.0 260 OUTFALL DRAINAGE CHANNEL
31 Remedial Objectives

The remedial objectives for the 260 Outfall drainage channel are threefold: (1) to demolish and remove
the concrete trough leading from the building 260 trough at the roadway to the 260 Oultfall, (2) to remove
isolated pockets of soil exceeding risk-based MCSs that had not been removed during the IM, and (3) to
maintain the existing low-permeability cap on the former settling pond. Figure 3.1-1 provides a
topographical map of the drainage channel area, including the concrete trough. The specifications and
drawings for these tasks are presented in Appendix D.

The concrete outfall trough is approximately 1 ft wide and 3 ft tall, and is covered with steel plating, which,
in turn, is covered by approximately 6 in. of loose soil. Approximately 150 ft of the trough will be removed
from the outfall to the road, and the underlying soils will be sampled and analyzed. The section of the
trough to be removed is shown in Figure 3.1-1.

The outfall drainage channel consists of the former settling pond and the drainage channel running from
the former settling pond into Canon de Valle. Soils were excavated along the entire reach of the drainage
channel; the greatest mass of HE-contaminated soil was concentrated in the former settling pond, which
was excavated during the IM (LANL 2002, 073706). The soils in the former settling pond were removed
down to tuff, and approximately 6 in. of tuff was removed. Several isolated pockets of soil exceeding the
risk-based MCSs were identified during the IM. They are located within the former settling pond and
within the drainage channel. These isolated pockets of residual soil contamination will be removed.
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Concentrations of contaminants in these soils exceeded both carcinogenic and noncarcinogenic risk
standards (LANL 2003, 085531, section 6). The primary contaminants for carcinogenic risk were RDX
and TNT. TNT, barium, and other metals contributed to noncarcinogenic risk. The remedial objective is to
reduce the carcinogenic and noncarcinogenic risks to levels below their respective action-level thresholds
of 10”° and an HI of 1. For RDX and TNT, the site-specific screening action levels (SSALs) are 36.9 mg/kg
and 135.0 mg/kg, respectively (LANL 2003, 085531, p. 61).The minimum of the two respective values will
be used to guide cleanup because both constituents are both noncancer- and cancer-risk drivers at the
site. To determine compliance, a risk calculation will be performed using confirmatory sampling and
analysis results to ensure that action levels for carcinogenic and noncarcinogenic risks are met
throughout the drainage channel.

3.2 Design Basis

This section presents important information and site data that support the development of excavation
plans for the 260 Outfall channel. Excavation of soils within the drainage channel is based on the results
of a risk assessment conducted as part of the Phase Il RFI (LANL 2003, 077965, section 6), which
showed unacceptable levels of risk associated with several risk scenarios. The risk assessment used soil
data collected and analyzed as part of the IM. Figure 3.2-1 shows the drainage-channel soil
concentrations of RDX and TNT as determined during postexcavation sampling as part of the IM (LANL
2002, 073706). Barium concentrations generally track with RDX and TNT, and therefore only RDX and
TNT concentrations are shown. Complete results are presented in the IM report. Though both laboratory
and field sampling concentrations are presented in Figure 3.2-1, only laboratory results were used in the
risk assessment conducted during the Phase Il RFI (LANL 2003, 077965, section 6), in accordance with
standard risk-assessment practice.

Soil removal will focus on three areas that were delineated by IM postexcavation sampling and analyses
(LANL 2002, 073706): the former settling pond (sampling locations 16-06378 and 16-06379), an area
within the drainage approximately 250 ft east of the settling pond (sample 16-06390), and the area
beneath the cliff (sample 16-06404). These sampling locations and other IM postexcavation sampling
results are shown in Figure 3.2-1. The area of contamination around these locations is assumed to lie
within a 5-ft radius of each point.

3.3 Removal Plan
3.31 Concrete Trough

This section presents the plan for removal of the concrete trough. Specifications and drawings for the
removal are presented in Appendix D. A construction quality control plan covering removal of the trough
is presented in Appendix E. The removal will be conducted in accordance with the Laboratory’s health,
safety, and security policies.

Approximately 150 ft of the concrete trough from the outfall to the northern edge of the access road will
be removed. Approximately 6 in. of loose soil overlies the steel plates covering the drainage channel. This
soil will be removed to expose the steel plates covering the concrete channel, the plates will be removed,
and an excavator will be used to break up the drainage channel. A photograph of the trough is shown in
Figure 3.3-1.

During the IM, a trench was excavated along the trough to investigate the extent of soil contamination.
The trench extended 20 ft along the side of the trough to a depth of approximately 1.5 ft below the trough
bottom. As the excavation progressed, screening samples were collected at five locations along the
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excavation surface at a depth of 2.5 to 3.0 ft belowgrade. All screening samples tested negative for the
presence of HE based on the HE field test (LANL 2002, 073706). Based on these results, high levels of
HE soil or tuff contamination are not anticipated beneath the trough.

Sampling and analysis of the soil and/or tuff underlying the concrete drainage channel will be conducted
through a process of visual inspection, field screening, and confirmatory laboratory analyses. Field
screening of the soils and/or tuff directly beneath the concrete will be conducted for HE and barium at
intervals of 1 m or as indicated by visual inspection and identification of potential leak areas. Additional
confirmatory sampling and laboratory analyses will be conducted at locations where field analytical results
show RDX and TNT levels above SSALs: 36.9 and 135.0 mg/kg respectively (NMED 2006, 092513). If
field screening does not indicate the presence of elevated levels, three confirmatory soil samples will be
collected along the trough at locations shown schematically in Figure 3.1-1. Laboratory sampling
locations will be biased to the highest RDX screening locations; if no screening samples show elevated
RDX, then the confirmatory samples will be selected randomly. Confirmatory laboratory analyses will
consist of HE, metals, VOCs, SVOCs, and uranium. Soils and/or tuff above the SSALs for RDX and TNT
will be removed in 6-in. lifts. Resampling will be conducted after soil removal, and, if necessary, additional
soil will be removed. If necessary, samples of the underlying tuff will be collected. Sampling and analyses
will be conducted in accordance with the Laboratory’s standard operating procedures (SOPs), which are
described in Appendix G.

Concrete debris and soil/tuff will be segregated and stored on plastic sheeting pending receipt of
sampling results for the concrete and analytical results for the soil. Final disposition of these waste
streams will be contingent on contaminant status. A more detailed demolition plan will be prepared by the
removal contractor before removal activities begin. A waste-management plan for excavated soils and
concrete is presented in Appendix F.

Site restoration will consist of backfilling the excavation with clean fill and reseeding with a Laboratory-
approved seed mix.

3.3.2 Former Settling Pond Soil Removal and Sampling

This section describes the plan for removing soils from the former settling pond area. Specifications and
drawings for the soil removal are presented in Appendix D. A construction quality-control plan covering
the removal of soils in the settling pond is presented in Appendix E. The removal will be conducted in
accordance with the Laboratory’s health and safety and security policies.

Soil removal at the former settling pond will focus on locations 16-06378, and 16-06379, shown in

Figure 3.3-2. These sites will be located in the field by use of their existing survey coordinates. A 5-ft
radius around these sample points will be marked. The low-permeability cap will be removed to expose
the underlying soil. The cap consists of a crushed tuff/bentonite mixture and is approximately 20 in. thick.
Approximately 5 yd3 of cap materials will be removed and stockpiled for reuse from each location if the
cap covers these areas.

Location 16-06403 (Figure 3.3-2) is above the RDX SSAL based on field analytical data (RDX = 143
mg/kg) but not on the associated laboratory analytical data (RDX = 6.34 mg/kg). Hence, a new field-
screening sample will be taken at this location, and if the detection of RDX is greater than the SSAL, a
cleanup will be initiated at the location that is similar to cleanup at the other settling pond sites identified in
the previous paragraph.

Settling pond soils within a 5-ft radius of the sampling points will be removed by excavation to a depth of
1 ft. Excavated soils will be stockpiled on plastic. Three samples will be collected from the bottom of each
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excavation and analyzed using field screening methods for HE. If the results fall below the SSLs for TNT
and RDX, one laboratory sample will be collected from the bottom of each excavation and submitted for
laboratory analyses of HE, VOCs, SVOCS, uranium, and metals. The laboratory sample will be biased to
the highest RDX screening result; if all the RDX screening results are negative the laboratory sample will
be selected randomly. All sampling and analyses will be conducted in accordance with the Laboratory’s
SOPs, which are described in Appendix G.

Laboratory analytical results will be incorporated into a risk-assessment calculation to determine the total
carcinogenic and noncarcinogenic risks. For carcinogens (HE), the analytical results will be incorporated
into a risk assessment to ensure that the residual carcinogenic risk is at an acceptable level. For
noncarcinogens, the analytical results for TNT and metals will be incorporated into a risk-assessment
calculation to determine whether the site HI is below 1.0. This risk-assessment methodology is described
in the Phase Il RFI (LANL 2003, 077965, section 6). If the results indicate that the soil does not meet the
risk-based standards, additional excavation of these locations will be conducted until the standards are
met.

After the soil standards are attained, the excavations will be backfilled up to the original grade. If the cap
in these locations was removed, it will be replaced using the stockpiled cap material. The existing low-
permeability cap consists of multiple, compacted 4-in. lifts of crushed tuff amended with 2.5 wt% dry
bentonite (approximately twenty 50-b bags of 3/8 bentonite per lift). Four lifts were installed. The fourth
layer was amended with 1.5% bentonite and was hydrated after placement. A finish cap of compacted
crushed tuff was placed over the hydrated layer, bringing the average total thickness of the barrier to

20 in. The replacement cap will follow these specifications.

The total volume of soil from these excavations will probably be less than 15 yd3. The excavated soil will
be sampled at a frequency necessary to meet the waste disposal facility waste-acceptance criteria,
generally one sample per 20 yd3. One possible waste disposal facility is the Clean Harbors Deer Trail
landfill in Colorado. Generally, the full suite of analyses (HE, metals, VOCs, SVOCs, and uranium) will be
required. A waste-management plan for excavated soils is presented in Appendix F.

3.33 Other Outfall Channel Areas

Other sampling locations to be excavated are 16-06387, 16-06390, 16-06402, and 16-06404

(Figure 3.3-2). This section describes the excavation of these areas. Complete drawings and
specifications are presented in Appendix D. A construction quality-control plan covering removal of the
channel soils is presented in Appendix E. The removal will be conducted in accordance with the
Laboratory’s health, safety, and security policies.

Sampling locations 16-06387, 16-06390, and 16-06402 will be pinpointed by using their survey
coordinates. A 5-ft radius will be marked around each location, and the soil will be removed to a depth of
1 ft belowgrade in each area. Excavated soils will be stockpiled on plastic. Approximately 3 yd3 of soil
may be removed from each location.

Sampling location 16-06404 is located at the base of the cliff within the drainage channel. A photograph
of this area is shown in Figure 3.3-3. Because of the steep terrain and the presence of rocks and
boulders, hand excavation will be required to remove soil to a depth of 1 ft belowgrade within 5 ft of the
original sampling location. Approximately 3 yd3 of soil may be removed from this location.

Three samples will be collected from each of these excavations and analyzed using field screening
methods for HE. If the results fall below the SSALs for TNT and RDX, one laboratory sample will be
collected from the bottom of each excavation and submitted for laboratory analyses of HE, VOCs,
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SVOCS, uranium, and metals. The laboratory sample will be biased to the highest RDX screening result;
if all the RDX screening results are negative, the laboratory sample will be selected randomly. All
sampling and analyses will be conducted in accordance with the Laboratory’s SOPs, as described in
Appendix G.

Laboratory analytical results will be incorporated into a risk-assessment calculation to determine the total
carcinogenic and noncarcinogenic risks. For carcinogens (HE), the concentrations at a 10°° risk level are
the SSLs. For noncarcinogens, the analytical results for TNT and metals will be incorporated into a
risk-assessment calculation to determine whether the site HI is below 1.0. This risk-assessment
methodology is described in the Phase Il RFI (LANL 2003, 077965, section 6). If the results indicate that
the soil does not meet the risk-based standards, additional excavation of these locations will be
conducted in 1-ft lifts until the standards are met.

Site restoration at both of these locations will consist of backfilling to grade with clean fill, reseeding with a
Laboratory-approved seed mixture, and replacement of erosion control matting.

3.4  Waste Handling

It is possible that hazardous wastes will be found during the soil-removal operations; thus, the Laboratory
will request that NMED designate the 260 Outfall channel area as an area of contamination to allow the
efficient handling and disposal of the excavated soil. An area of contamination was previously granted for
this area by the NMED for the IM (NMED 2000, 070649).

Removal of the concrete drainage channel will generate approximately 20 yd3 of concrete debris that will
be stored on and covered with plastic and stored on site until a final disposal is determined. Depending
on the contaminant concentrations, options for disposal include a local construction debris landfill or an
out-of-state landfill (e.g., the Clean Harbors Deer Trail facility). The disposal sites will require specific
analyses for their waste-acceptance criteria. In general, debris will be sampled for HE, metals, VOCs,
SVOCs, and uranium.

Less than 70 yd3 of soil will be generated by removing residual soil from the former settling pond area and
the other soil-removal locations. This soil will be stored on plastic and covered with plastic until receipt of
waste-profile laboratory analytical data. The final disposal site for these wastes will be dependent on
these results and the available disposal sites. Personal protective equipment (PPE) waste will also be
generated. A waste-management plan for these wastes (with anticipated volumes) is presented in
Appendix F.

3.5 Former Settling Pond Cap Inspection and Maintenance

The low-permeability cap in the former settling pond will be replaced in the excavated areas after
attaining the appropriate soil standards in those locations. The purpose of this cap is to prevent surface
water from infiltrating. The cap, which will have a nominal conductivity of 107 cm/s or less, will, in
conjunction with the grouting of the upper surge bed (section 5), prevent surface and groundwater from
coming into contact with potentially contaminated tuff.

The banks of the upper drainage/settling pond area will be graded and reinforced to ensure stormwater
run-on/run-off does not enter the settling pond or upper drainage areas.

As part of the CMI, the cap and run-on/run-off controls will be inspected every March and August, and the
cap and run-on/run-off controls will be repaired if necessary in a timely manner.
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3.6 Health and Safety

Both the outfall drainage channel removal and soil-removal projects will be conducted in compliance with
applicable Occupational Safety and Health Administration and Laboratory safety processes, including
TA-16 requirements. Remediation work in this area must be coordinated with building 260 operations,
which may restrict working hours, restrict the type of equipment used, and limit access. Currently, safety
processes are embodied in the integrated work process (IWP) used at the Laboratory; however, safety
procedures at Laboratory are frequently updated, and it will be the responsibility of the remediation
contractor to ensure compliance with applicable Laboratory safety standards. A detailed health and safety
plan will be prepared by the remediation contractor.

3.7 Outfall Drainage Channel Contingency Plan

Additional soil removal may be required within the outfall drainage channel if results from the first round of
postexcavation sampling and analyses indicate noncompliance with the risk-based MCSs. As described
above, soil will be removed as necessary to attain the risk-based MCSs.

40 SWSC CUT SOIL INVESTIGATION
41 Investigation Objectives

A limited soil investigation will be conducted in the vicinity of the SWSC sewer pipeline near SWSC
Spring (shown in Figure 2.1-1). The remedial plan for this area consists of a phased approach. The first
phase will be a focused investigation. It will be followed by a second phase, if necessary, consisting of
limited excavation. The reason for the investigation in this area is a failed ecotox sample associated with
the RFI Phase Il (sample 16-06709, LANL 2003, 077965). The suspected contaminant in the soils is
silver. Five sediment samples will be analyzed for metals. This analysis will be followed by one sediment
ecotox (chironomus) test in the location with the highest detected silver concentrations. If elevated
concentrations of silver above background (1 mg/kg) are found and the chironomus test fails, the
Laboratory will consult with NMED regarding the need for soil excavation and a schedule for
implementation.

4.2  Soil Investigation

Five sediment samples will be collected in the locations shown in Figure 4.2-1 and analyzed for metals by
an off-site laboratory. The five samples provide for reasonable coverage of this area. After the results are
received, a sample for ecotox (chironomus) testing will be collected from the location with the highest
silver soil concentration. If elevated concentrations of silver above the background value for silver

(1 mg/kg) are found and the chironomus test fails, NMED will be consulted to determine the need for soil
excavation. Sampling and analyses will be conducted in accordance with the Laboratory’s SOPs. The
relevant SOPs are summarized in Appendix G.

5.0 FORMER SETTLING POND SURGE BED

5.1 Remedial Objectives

Soils from the former settling pond located at the upper end of the outfall drainage channel were removed
during the 2000 IM (LANL 2002, 073706). To determine the vertical extent of HE, several BHs next to the
former settling pond were installed into tuff as part of the Phase Il RFI (LANL 1998, 059891). Several but
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not all of these BHs indicated the presence of surge beds. Surge beds are typically highly discontinuous
features on the Pajarito Plateau, and, if they are present, they can vary in thickness and permeability over
short distances (WoldeGabriel et al. 2001, 092523).

Samples from the upper surge bed at approximately 17 ft bgs from BH 16-2700 contained RDX

(4500 mg/kg), HMX (1700 mg/kg), and TNT (3500 mg/kg). In several other BHs in this area, the presence
of the upper surge bed can possibly be inferred by the lack of recovery from coring. The extent of the
surge bed and related contamination is therefore uncertain. In BH 16-02705, located 50 ft east of
BH-16-02700, a tuff sample collected in tuff above the surge bed horizon contained RDX (477 mg/kg) and
TNT (143 mg/kg); however, because of a lack of core recovery, no sample was collected from the surge
bed. These results and others (see Appendix C) indicate that the upper surge bed is discontinuous and
variably contaminated with the highest contamination observed at BH 16-2700. Figure 5.3-1 shows the
settling pond area and these borings. All borings except 16-27665 and 16-27666 have been abandoned.

The remedial objective is to prevent groundwater from making contact with the contaminated upper surge
bed within the settling pond area by isolating the surge bed using pressure grouting.

5.2 Design Basis

This section presents information and site data that support the design of the grouting system, including
the area to be grouted and the permeability of the surge bed.

To help determine the lateral extent of the upper surge bed and associated HE contamination, NMED
requested that the Laboratory install three additional BHs near the former settling pond. These BHs were
completed in March 2007, and a report was prepared (Appendix C). The location of these borings is
shown on Figure 5.3-1. The BHs were geologically, geophysically, and videographically logged with
special emphasis on identifying surge beds. RDX field screening was conducted on 10 screening
samples for each 30-ft BH. Based on field-screening and geological results, two samples were collected
from each BH and submitted for off-site fixed lab analysis. No evidence of surge beds was observed in
core samples, downhole video logs, or downhole gamma logs. HE-screening results and fixed analytical
results both reported RDX concentrations of less than 3 mg/kg. The surge bed deposits and associated
HE contamination do not extend continuously more than 80 ft to the northwest, southeast, or east from
BH 16-02700.

Based on these results, the area for grouting appears to be limited to the area of the former settling pond,
which covers approximately 1250 ft>. Because of the probable variability in surge bed thickness and
permeability (WoldeGabriel et al. 2001, 092523), it is not known whether this entire area will be
transmissive to grout; this question must be answered in the field once the grouting operation begins.

Permeability tests on the upper surge bed have not been conducted; however, results from two such tests
conducted on surge beds in two nearby borings (Newman et al. 2007, 095632) showed hydraulic
conductivities of 3.8 x 10° and 5.0 x 10™* cm/s.

Because of the general capabilities of grouting and the anticipated surge bed permeability, a performance
goal of 5.0 x 10”° cm/s, representing 1 to 2 orders of magnitude reduction in permeability, is set as the
performance standard for grouting. It is anticipated that a low-viscosity grout (Dwyer 1994, 097397) will
be needed to meet this performance standard.

Groundwater will probably not be encountered during grouting operations. Groundwater was encountered
during installation of borings during the Phase Il RFI (LANL 1998, 059891) but was probably related to
operation of the former settling pond.
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The surface cover of the former settling pond currently consists of an approximately 20-in.-thick clay cap.
At the location of former BH 16-02700, the upper surge bed is expected to lie approximately 17 ft bgs.

Other important design basis information involves restrictions on working hours and formulation of the
grout. Because of its location adjacent to building 260, all field work at the former settling pond location is
restricted to weekends and selected Fridays. Grout formulations should not include chemicals that can
cause groundwater contamination.

5.3 Design and Installation of the Upper Surge Bed Grout System

This section describes the design of the grouting system. The drawings and specifications are provided in
Appendix D. A construction quality-control plan is provided in Appendix E. To incorporate potentially
proprietary grout formulations or grouting techniques, this grouting design may be modified by the
grouting contractor as part of the proposal to perform the work. Consequently, a grouting plan will be
requested of potential grouting contractors; this plan will be provided to NMED no less than 30 days
before grouting activities begin.

The existing cap will remain in place during grouting, and any damage to the cap will be repaired as part
of site restoration. Grouting of the upper surge bed is expected to take approximately 2 weeks to
complete. Coordination with building 260 operations will be required. Available work days will be
restricted to weekends and selected Fridays.

Grouting of the surge bed will focus on the area immediately adjacent to BH 16-02700, the location with
the highest surge bed HE contamination, and will advance from this location with the objective of covering
the area of the former settling pond. Because of the extreme variability of the surge bed, the final area for
grouting cannot be determined a priori and will be determined through implementation in the field.

To grout the surge bed, a series of injection and observation wells will be installed in the tuff to the 17-ft-
bgs surge bed horizon. These wells will be installed with air-rotary drilling techniques. A “five-spot” pattern
of injection wells and observations wells, shown in Figure 5.3-1, will be installed within the confines of the
former settling pond. Injection wells will be installed at the center of each pattern, and the observation
wells will be used to confirm grout penetration. The optimal dimensions of the five-spot pattern will be
determined in the field during grouting. The observation wells also will serve as vent wells to remove air
displaced by the injected grout. Initial grouting will focus on the area adjacent to BH 16-02700. If success
is achieved in this area, adjacent areas will be grouted using the five-spot pattern until the area of the
former settling pond is covered.

Based on the general capabilities of grouting, a goal of 5.0 x 10”° cm/s, representing 1 to 2 orders of
magnitude reduction in hydraulic conductivity, is possible with a single pass of Type | cement grout.
Further reduction in permeability in the range of 1.0 x 10”° cm/s may require a second pass with microfine
cement. Reduction to 1.0 x 10°® cm/s will probably require a final pass of polyacrylamide grouting. It is
anticipated a low-viscosity grout may be needed to achieve this performance standard (Dwyer 1994,
097397).

Admixtures to make a stable cement grout are available to enhance the injectability of grouts. A candidate
grout formulation will be tested to ensure proper quality and stability of the grout formulation by evaluating
the bleed and pressure filtration. Other grout parameters, such as viscosity and specific gravity, affect the
injection spacing and pressure but do not impact long-term performance. A field quality-assurance
program will be required to ensure that the same grout approved during the design phase is exactly what
gets injected. The grout will be evaluated with simple production-level tests such as Marsh funnel and
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mud balance. Small, unapparent changes in the batching process may result in large changes in grout
quality.

Real-time monitoring of injection pressure and flow rate will be accomplished with pressure transducers,
flowmeters, and a data-acquisition system with computer interface. This approach will allow injection in
multiple points simultaneously but, more importantly, will provide real-time feedback about the grouting
process itself. In general, grout is injected into an injection well up to the point of refusal, at which point
grout flow stops. Attempts to inject beyond this point may lead to hydrofracturing. Real-time monitoring
provides the information needed to control the process, using the longest injection spacing possible
without stepping over the hydrofracturing threshold.

Attainment of the performance criteria will be verified by installing two borings spaced over the grouted
area and into the grouted horizon. An air-permeability test will be conducted in each BH, from which the
hydraulic conductivity can be calculated. To monitor the long-term effectiveness of grouting, a new
monitoring well will be installed east of the former settling pond for the purpose of sampling groundwater,
if present (see Figure 5.3-1). This well will be installed into the upper surge bed.

Wastes generated by the grouting operation will include drill cuttings and PPE. The plan to manage these
wastes is presented in Appendix F. Site restoration will involve plugging of the BHs and repair of the
settling pond cap.

5.4 Health and Safety

The grouting project will be conducted in compliance with applicable Laboratory safety processes,
including TA-16 requirements. Work in this area must be coordinated with building 260 operations, which
can substantially restrict working hours, the type of equipment used, and access. Currently, safety
processes are embodied in the IWP used at the Laboratory; however, safety procedures at the
Laboratory are frequently updated, and it will be the responsibility of the remediation contractor to ensure
compliance with applicable Laboratory safety standards. A detailed health and safety plan will be
prepared by the remediation contractor.

5.5 Operations and Maintenance

The in situ grouting system will not require operations and maintenance; however, to monitor the
effectiveness of the grouting, the new monitoring well installed adjacent to the grouted area will be
monitored quarterly for the presence of groundwater. Groundwater, if present, will be sampled and
analyzed for HE. One of the gauging events will coincide with the summer monsoon season. Sampling
and analyses will be conducted in accordance with the Laboratory’s SOPs. Relevant SOPs are described
and listed in Appendix G.

5.6  Grouting Contingency Plan

If grouting cannot be successfully implemented in the area of former BH 16-02700, other options, such as
excavation of the upper surge bed near BH 16-02700, will be reconsidered. Such an excavation may
involve removing the former settling pond cap, drilling a series of BHs, fracturing the highly welded tuff
using nonblasting means, and removing blocks of tuff to expose the surge bed. NMED will be consulted
regarding these other options if grouting fails to meet the performance criteria.
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6.0 SPRINGS CARBON FILTERS
6.1 Remedial Objectives

The CMS report (LANL 2003, 085531) identified carbon filters as the preferred option for cleanup of
SWSC and Burning Ground Spring in Cafion de Valle, and Martin Spring in Martin Spring Canyon, the
locations of which are shown on Figure 1.1-2. NMED approved this remedy in October 2006 (NMED
2006, 095631). These filters have generally been used to collect and treat stormwater runoff from areas
such as parking lots. They consist of a subgrade system of piping and carbon filters designed to collect,
treat, and discharge treated water. The design for a carbon filter for Burning Ground Spring is presented
in this section. The installation will entail installing a modified spring collection box and connecting the
collection box to the carbon filter using subgrade piping. Figures 6.1-1, 6.1-2, and 6.1-3 show
photographs of SWSC, Burning Ground Spring, and Martin Springs, respectively.

A pilot filter of this type has already been installed in Martin Spring Canyon and has been shown to be
effective; implementation of the remedy in Martin Spring Canyon will consist of the installation of a second
spring collection box at a new seep adjacent to the original seep, the installation of new filter cartridges
within the existing filter, and the continuing operation of this filter system. SWSC Spring has been dry
from 2002 to May 2007. However, the spring began flowing in May 2007 and continues to flow as of July
2007. In late May 2007, a water sample was collected from SWSC Spring, and as of July 2007, the
results are pending. If the data show HE concentrations in water greater than the MCSs and if the water
continues to flow, the Laboratory will submit additional text and drawings detailing the installation of a
carbon-filter unit in SWSC Spring within 60 days of approval of this CMI plan.

The remedial objective for the carbon filters placed on these springs is to treat RDX present in the spring
waters to levels below the 107 risk-based standard for RDX of 6.1 Mg/L.

6.2 Design Basis

The design basis for the spring filters consists of the spring water-flow rate, the expected RDX influent
concentration, and the target effluent concentration. Important design constraints consist of the
accessibility of the sites, a requirement for a minimum hydraulic head difference across the filter, and the
desire to preserve any existing wetlands associated with the spring, both during and after construction.

Figures 6.2-1, 6.2-2, and 6.2-3 present graphs of spring flow at Burning Ground, SWSC, and Martin
Springs, respectively. SWSC has been dry since approximately December 2001. Based on these graphs,
Table 6.2-1 presents the design basis flow rates for these springs.

Figures 6.2-4, 6.2-5, and 6.2-6 present graphs of RDX concentrations in spring waters for the period from
1996 to 2006 for Burning Ground, SWSC, and Martin Springs, respectively. Based on these graphs,
Table 6.2-2 presents the design basis RDX concentrations for spring water. The MCS for RDX in spring
water is 6.1 ug/L, which is the target treatment concentration for the spring filters.

6.3 Design and Installation of the Burning Ground Spring Carbon Filter

This section provides an overview of the design and installation of the Burning Ground Spring carbon
filter. Detailed drawings and specifications are provided in Appendix D. A construction quality control plan
is provided in Appendix E.

The design consists of a spring collection box to collect the spring water, subgrade piping to convey the
water to the carbon filter, and piping to convey the treated water to the discharge point. To preserve the
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small wetland area associated with this spring, the treated spring water will be discharged to the surface
within the existing wetland area.

The proposed carbon filter consists of a subgrade vault containing two activated carbon canisters, each
with approximately 45 Ib of activated carbon. A similar unit was installed and is operating at Martin Spring.
Flow through the two canisters is in parallel and is activated by a float valve within each canister. For
proper function, a minimum hydraulic head of 1.5 ft is required across the unit. The carbon filter is a
commercially available unit.

The spring collection box consists of a weir and a reservoir and will be fabricated out of aluminum by a
machine shop. Final shop drawings will be issued before the box is constructed.

A U.S. Army Corps of Engineers (USACE) wetlands permit and a stormwater pollution prevention plan
(SWPPP) will be required. Consolidated permits for both the carbon filter and the PRB will be prepared by
the Laboratory. These requirements are discussed in section 7.4.2.

Before installation, temporary piping will be used to divert the spring around the construction site, which
will then be allowed to dry out for a period of 1 week. Excavation equipment will be brought into Cafion de
Valle and to the site through the SWSC sewer line cut or through the access road at MDA P. A low
ground pressure tracked excavator will be used to install the carbon filter and piping to minimize
disruption of vegetation and soils. Topsoil from the excavations will be stockpiled for later reuse.

The carbon filter, spring collection box, and related piping will be installed. Gravel will be used to backfill
the carbon filter to prevent settling in the damp soils. In addition, a small concrete pad will be installed
around the carbon filter. The discharge pipe from the carbon filter will be brought to the surface and
secured with a small riprap structure.

Site restoration will consist of backfilling the carbon filter with gravel, replacing the topsoil with stockpiled
soil from the excavation, installing the flow data logger at the spring collection box, and seeding disturbed
areas using a Laboratory-provided seed mix.

Wastes generated by the installation of the carbon filter will include soil and PPE. The plan to manage
these wastes is presented in Appendix F.

6.4 Installation of a Seep Collection Box at Martin Spring

The carbon filter for Martin Spring was installed in 2002 and is currently operating; however, a second
seep has emerged since the carbon filter was installed, and a second spring collection box will be added
to collect and treat water from this seep. Piping from the new spring collection box will be installed to
drain water into the existing weir and carbon filter. In addition, new filter cartridges will be installed in the
existing filter. The design for this spring collection box is identical to the Burning Ground Spring collection
box; however, additional hardware may be required to divert the seep into the collection box properly. For
this reason, a revised shop drawing that reflects the configuration of the seep at the time of installation
will be submitted by the installation contractor.

6.5 Operations and Maintenance

Operations and maintenance for the carbon filters will consist of periodic sampling of the effluent from the
carbon filters and replacement of the carbon elements of the filters, if necessary. Sampling and analyses
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will be conducted in accordance with the Laboratory’s SOPs. Relevant SOPs are listed in Appendix G.
Specific elements will include the following:

e For startup of the Burning Ground Spring carbon system, weekly sampling of the influent and
effluent to the carbon filter will be conducted for the first month, with laboratory analysis for HE
(standard suite); thereafter, monthly sampling will be conducted during the first quarter, and
subsequently, quarterly sampling will be performed.

e The carbon filters will be replaced if the effluent concentration exceeds 6.1 ug/L, which is the
performance standard.

o The spring flow rate will be measured quarterly using the existing ultrasonic flow detector.

e Based on the flow-rate measurements and the influent and effluent analytical results, the mass of
HE removed will be calculated.

e For the Martin Spring carbon system, monthly influent and effluent sampling will be conducted
during the first quarter, followed by quarterly sampling thereafter. Samples will be analyzed for
HE (standard suite).

e For both systems, the results of operations and maintenance activities will be summarized in
annual reports.

Used carbon-filter elements will be removed and characterized for disposition in accordance with
Laboratory waste-management procedures.

6.6  Spring Carbon Filter Contingency Plan

Because the carbon filters at Martin Springs (LANL 2003, 085531) have been operating successfully
since 2001, major problems with the spring carbon filter are not anticipated. Possible maintenance issues
involving fouling with silt and premature contaminant breakthrough can be addressed by more frequent
carbon replacement. If problems persist, a different particle size of carbon may be required. No carbon
filter was planned for SWSC Spring, which has been dry from 2002 to May 2007.However, it resumed
flowing in May 2007, and the installation of a filter is being reevaluated.

7.0 CANON DE VALLE PILOT PERMEABLE REACTIVE BARRIER
71 Remedial Objectives

The CMS identified installation of PRBs as the preferred remedial alternative for the Cafon de Valle
alluvial system (LANL 2003, 085531). Three PRBs were proposed for Cafon de Valle and one for Martin
Spring Canyon. The primary remedial objective for these PRBs is to reduce RDX and barium
concentrations in alluvial groundwater to below their respective groundwater standards, which, in turn, will
reduce the concentrations of contaminants in groundwater infiltrating to intermediate and regional
groundwater zones. To achieve these goals, locations for the PRBs were selected in reaches of Cafon
de Valle identified by geophysical field investigations as areas with high recharge potential to these
underlying zones. In addition, a PRB proposed for the eastern edge of the perennial stream in Cafion de
Valle was designated to be equipped with an infiltration gallery to allow surface water storm surges to
infiltrate the PRB for treatment.

In the approval letter for the CMS (NMED 2006, 095631), NMED requested that the Laboratory install one
PRB in Cafion de Valle as a pilot project to investigate the effectiveness of the concept before other
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PRBs are installed. The pilot PRB is located next to alluvial monitoring well 16-02658, which is located in
a potential recharge area for deeper groundwater. This location is shown in Figure 2.1-1. Because this
remedy is a pilot project and concentrations of RDX in alluvial groundwater have decreased below the
standard during recent years, a key goal is to demonstrate a significant decrease (>90%) in RDX
concentration.

7.2 Design Basis

The PRB design basis supports the PRB design and consists of operational requirements, existing

data on site conditions, and any important assumptions. Important site-specific data for the design
include depth to tuff, thickness of saturated alluvium, average hydraulic conductivity of the alluvium, and
the expected groundwater flow rate. A photograph of the site, which is adjacent to existing well 16-02658,
is shown in Figure 7.2-1.

The depth to bedrock at the PRB site, as determined from the boring log for well 16-02658, is
approximately 5 ft bgs. The thickness of saturated alluvium, depth to groundwater, hydraulic gradient, and
expected groundwater flow rate through the PRB were determined from calculations using alluvial
groundwater data from 1998 to 2002 (see Appendix B-3 of this report). The average hydraulic
conductivity of the saturated alluvium, determined from permeability testing conducted in alluvial wells
(LANL 2006, 095626), is approximately 1 ft/day (see Appendix B-2 of this report). Using these values, the
average and peak flows were calculated to be approximately 24 and 30 gal. per day, respectively.
Because the slug-testing method generally underestimates the permeabilities, the average and peak
groundwater flow rate through the PRB may be closer to 50 and 100 gal. per day, respectively. Given
these uncertainties, the hydraulic capacity of the PRB should be conservatively designed. Table 7.2-1
summarizes the design-basis values for these parameters.

Target PRB groundwater treatment goals are 6.1 and 1000 pg/L for RDX and barium, respectively (LANL
2003, 085531). Historical groundwater contaminant data from a nearby alluvial well (16-02658) were used
to determine the average, minimum, and maximum expected contaminant concentrations. Figures 7.2-2
and 7.2-3 present graphs of RDX and barium concentrations in well 16-02658, respectively, from 1998 to
2006. Based on these graphs, Table 7.2-2 summarizes the design basis contaminant concentrations for
the pilot PRB.

The width of the alluvial channel at the PRB was determined using a seismic refraction survey conducted
in 2001 (LANL 2003, 077965, Appendix D) at nearby alluvial well 16-02658, which lies approximately 20 ft
north of the location for the pilot PRB. Based on the results, the alluvial channel is approximately 45 ft
wide. As discussed in sections 7.4 and 7.5, three test pits along the PRB installation site will be installed
to confirm several important site conditions.

The PRB should be designed to withstand erosional forces from stormwater runoff. Erosion was identified
as a primary factor in the partial collapse of the PRB installed in Mortandad Canyon (Daniel B. Stephens
& Associates Inc. 2006, 093888). A perennial stream is present within the canyon. Under normal
conditions, the stream is approximately 1 ft wide, but stormwater surges can swell its width to
approximately 20 ft, providing additional erosional forces. Other important lessons from the Mortandad
PRB include the need for a proper seal between the groundwater diversion walls and the underlying tuff
to prevent underflow bypass of the diversion walls and the general importance of construction quality
assurance.

Finally, as a pilot PRB, the design of the PRB should allow ready sampling and testing of the media and
groundwater within the reaction cell, inspection of the media and, if necessary, removal and replacement
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of the reactive media. These needs preclude a traditional PRB design in which the reactive media are
buried under soil and excavation is required for access.

7.3 Results of Laboratory Tests on Candidate PRB Reactive Media

Candidate PRB reactive media for the treatment of RDX consist of activated carbon for sorption of RDX
and zero-valent iron (ZVI) for the reductive destruction of RDX. Candidate PRB reactive media for barium
include calcium sulfate, zeolites, and fish-bone apatite. Several of these media were identified in the CMS
(LANL 2003, 085531); however, additional laboratory and field studies completed since the CMS are now
available, including results from the Mortandad PRB.

For RDX treatment, results from a full-scale PRB system for HE for a site in Nebraska (Johnson et al.
2004, 095627) indicate that ZVI efficiently destroys TNT through a process of reductive denitrification.
Numerous laboratory scale studies have shown that ZVI effectively treats RDX in water (Singh et al.
1999, 095715; Comfort 2005, 095718; Wanaratna et al. 2006, 095714). Rather than destroy HE,
activated carbon adsorbs it, which means that disposal of the spent carbon with sorbed HE will eventually
be required. As described in the CMS (LANL 2003, 085531), when potential HE-treatment technologies
are identified and evaluated, HE destruction is preferable to transfer to another medium, such as
adsorption onto carbon. For these reasons, ZVI is selected as the pilot PRB reactive medium for RDX.

To determine the best medium for barium, batch sorption, column tests, and numerical calculations were
performed. Because the column tests are still in progress, partial results from these tests and calculations
are summarized in Appendix B-1 of this report. The isotherm batch tests were used on candidate barium
media to quantify their barium treatment capacity. Site groundwater from alluvial wells was used for these
tests. Tested media consisted of media that function by sorption of barium (zeolite, apatite, and tuff) and a
medium (calcium sulfate) that functions by precipitating barium as relatively insoluble barium sulfate.

The results of the sorption tests are summarized by the linear adsorption constant for each medium,
which reflects its sorption capacity. Figure 7.3-1 presents a graph of the linear isotherm constants for the
candidate media for several test durations. All tested media including crushed local tuff showed some
capacity to immobilize barium, with gypsum and zeolite having the highest K;s.

Column tests of the candidate media were designed to assess possible media problems, including
competitive adsorption of noncontaminants and loss of permeability as a result of chemical or biological
fouling. To better simulate the actual PRB configuration, which will consist of a two-stage PRB reaction
cell, two combinations of media were used: ZVI and calcium sulfate and zeolite and ZVI. The results of
these column tests, and others currently underway, are described in Appendix B-1.

Calculations were also performed to assess the geochemical behavior of the reactive media and to
evaluate possible deleterious reactions. With calcium sulfate, the calculations indicated that precipitation
of calcium carbonate (calcite) is possible given that calcium will be added by the gypsum and that calcium
and carbonate concentrations in Cafion de Valle alluvial groundwater are relatively high. Precipitation of
calcite has the potential to clog the PRB media, and preliminary results from media column tests
(Appendix B-1) confirm this potential problem. Although gypsum is being used successfully to treat
barium in a PRB in Delaware (Wilkens et al. 2001, 079572; EPA 2005, 095628), the groundwater calcium
concentrations there may be lower than in Cafion de Valle alluvial groundwater because of the higher rate
of precipitation in the East or because of local soil characteristics (data for calcium from the Delaware
PRB were not available). This potential for calcite precipitation and clogging of the PRB makes gypsum
less favorable for use in the PRB in Cafion de Valle.
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The Mortandad PRB used fish-bone apatite as one component of a multicomponent reactive medium
(Daniel B. Stephens & Associates Inc. 2006, 093888). The apatite material was apparently prone to
biodegradation, which caused settling and collapsing of the reactive cell. For this reason, apatite will not
be used in the pilot PRB.

While a final determination of the PRB reactive media awaits the completion of the long-term column test,
which will be completed by October 2007, the evaluation of reactive media to date indicates that ZVI and
zeolite are superior to other media (see Appendix B-1.) Using these media, the PRB reactive cell will
consist of two chambers: the first with zeolite mixed with sand in a 50% ratio by weight, and the second
with ZVI mixed with sand in a 30% ratio by weight. Selection of the final PRB reactive media is not critical
for this design; the PRB reactive cell has been designed to be flexible enough to use different media and
to allow for change of those media, if necessary.

7.4 Design, Permitting, and Installation of the Pilot PRB
741 PRB Design

The design for the PRB uses a “funnel and gate” concept. Groundwater is funneled by diversion walls
through a gate into a two-stage reactive cell, where the contaminants are treated by the reactive media.
After treatment in the PRB, the groundwater returns to the alluvium. A conceptual drawing of a PRB is
shown in Figure 7.4-1. Detailed design drawings and specifications for the PRB are provided in
Appendix D.

The groundwater diversion walls consist of a bentonite soil mixture that will be emplaced in a 2-ft-wide,
excavated, linear trench. The walls will be keyed into the underlying tuff. Before the area is backfilled, any
visible fractures in the tuff will be grouted to prevent groundwater bypass of the trench.

The two-stage reactive cell will be constructed of fiberglass reinforced plastic and will consist of two
media chambers separated by a screen. Although the PRB is installed belowground, the PRB cells will be
accessible through an exposed lid, which will facilitate access to the media and allow for possible media
replacement. Four 1-in.-diameter sampling tubes will be installed within the media and will penetrate the
lid, allowing groundwater gauging and sampling and other data gathering within the cells. A vent tube will
be installed within the lid to vent air that is displaced by rising or falling groundwater levels and also to
allow the venting of any generated gas. The reactive cell will be prefabricated and installed at the site.
The reactive cell is approximately 8 ft long by 6 ft wide by 6 ft tall. The reactive cell has been offset from
the perennial stream to minimize erosion effects around the reactive cell. In addition, the cell will be bolt-
anchored to a prepared base on the underlying tuff, and a concrete collar will be added around the
reactive cell to secure it in place.

The PRB was designed to meet the objectives of the design basis. In a pilot PRB, a primary feature of the
design is the accessibility of the reactive media. If the pilot PRB is a success, subsequent designs for the
other PRBs may use a simpler design.

Monitoring wells around the PRB will consist of existing monitoring well 16-02658 and three additional
alluvial monitoring wells. One of these wells will be installed upgradient of the PRB, and two will be
installed downgradient. These wells will be constructed of stainless-steel well materials, and will be
screened across the alluvium. Periodic monitoring of these wells, along with use of the four reactive cell
sampling tubes, will be part of the operations and maintenance program (section 7.7).

Lessons learned from the PRB installed in Mortandad Canyon (Daniel B. Stephens & Associates Inc.
2006, 093888) have been applied to the design of the Canon de Valle PRB. These lessons include using
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bentonite to seal any fractures that may underlie the wing walls and reactive cell; designing reactive
media permeabilities to avoid excessive mounding within the reactive cell; and using controls to prevent
erosion, surface water infiltration, and settling of the PRB. Finally, a construction quality-assurance plan
has been developed to ensure the pilot PRB will be properly installed. The construction quality-assurance
plan is provided in Appendix E.

Groundwater modeling was conducted to assess the hydraulic behavior of the PRB and its effect on local
groundwater flow. Wherever possible, the model used site-specific data, including alluvial permeability,
saturated thickness, the width of the saturated alluvium, and the local groundwater gradient. The results
indicate that the groundwater diversion walls will cause minimal groundwater mounding on the upgradient
side of the diversion wall, primarily because of the relatively low hydraulic gradient present in the canyon.
Other details of the groundwater modeling and calculations in support of the design are presented in
Appendix B-3.

7.4.2 PRB Construction Permit Requirements

Several permits and approvals are required before the PRB is constructed and the carbon filter is
installed at Burning Ground Spring. Permits and approvals include a USACE Section 404 permit, an EPA
SWPPP, and a “No-Longer Contained-In” determination from NMED. In addition, because of the
presence of the Mexican spotted owl in the canyon, National Environmental Policy Act (NEPA) threatened
and endangered species provisions may apply, probably including a prohibition of construction during the
owl breeding season from March through May. Required permits and approvals are discussed in greater
detail below.

The National Environmental Policy Act. All NEPA requirements will be completed before construction
begins. As part of the Laboratory’s project requirements identification process, these and other
requirements will be identified. Important NEPA issues relevant to the site are covered in the following
section.

Wetlands Permitting Process. The wetlands permitting process involves completing a Section 404
permit and related permits. This process, summarized in Figure 7.6-1, involves the Albuquerque District
Regulatory Office of the USACE and the NMED. Because Cafnon de Valle has a perennial stream running
through the proposed work area and a wetland is present, a 401 certification and a 404 permit will be
required. This permitting process involves a joint application to obtain the 401/404 permit. NMED and the
USACE will both receive a copy of the submittal. From that point on, the state of New Mexico will handle
and certify the 401, and the USACE will handle the 404 permit. The permitting process begins with a
determination of the presence of jurisdictional waters subject to the requirements of Section 404 of the
Clean Water Act (CWA). For federally funded projects such as this, determination of the presence of
jurisdictional waters typically occurs during the NEPA review phase of the project, either through an
environmental assessment (EA) or an environmental impact statement (EIS). Wetlands are determined to
be present or absent in accordance with the findings of a review of vegetation, soil, and hydrologic
indicators. As part of the sitewide EIS, the area containing the pilot PRB was identified as a wetland.

After the presence of jurisdictional waters is established, the applicability of Section 404 is evaluated with
regard to types of proposed construction activities. In general, the USACE has determined that activities
that involve placement of fill material, ditching, levee construction, road construction, or land-clearing in
an area that could affect jurisdictional waters require permitting under Section 404 of the CWA. In

New Mexico, an application is submitted for the Section 404 permit by use of the joint application for a
permit through the USACE and the Surface Water Quality Bureau (SWQB).
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Based on the criteria presented, the Albuquerque District of the USACE determines if a Section 404 permit
is required for the project. After the applicability of Section 404 is established and the application is made
for the permit, USACE makes a determination as to whether the project can be permitted under either an
individual permit or a nationwide permit (NWP). Similar projects completed at the Laboratory have used the
NWP process. The review process takes 45 days for NWPs and from 60 to 120 days for individual permits.
If an individual permit is sought, a public review and response period is required, and the USACE conducts
or updates the NEPA EA or EIS for the project.

Under Section 401 of the CWA, the state of New Mexico has the option to certify any Section 402 or
404 CWA permits or licenses. If the certification option is exercised, the state can deny, approve, or
approve conditionally the subject permit. In New Mexico, the NMED-SWQB is charged with this
responsibility. Typically, SWQB approval requires that the project be in accordance with applicable state
laws and regulations, such as the New Mexico Surface Water Quality Standards.

In general, the NMED elects to certify Section 404 NWPs if affected streams are perennial or intermittent.
Certification is typically waived for small ephemeral streams. All Section 404 individual permits undergo
state certification. The state has up to 60 days to conduct or waive Section 401 certification. If for any
reason a Section 404 permit cannot be certified under Section 401, the applicant has to make appropriate
modifications (e.g., mitigation measures, engineering controls, best management practices [BMPs]), and
resubmit the permit application through the process.

Construction Stormwater Pollution Prevention Plan. The Laboratory has a general SWPPP, which will
apply to this work. The amendment process consists of completing a form to describe the intended
construction scope of work and proposed BMPs.

Area of Contamination and “Contained-In” Designations. To allow the efficient handling of excavated
soil, the Laboratory will request that NMED designate the PRB construction site as an area of
contamination. An area of contamination designation was previously used for the IM at the 260 Outfall
(NMED 2000, 070649). In addition, the Laboratory will request a “contained-in” determination from NMED
for soil and particularly groundwater (EPA 1998, 064705). Groundwater at the site may contain trace
concentrations of F-listed solvents NMED has previously granted “contained-in” determinations for soils
associated with the IM and for alluvial purge waters in Cafion de Valle (e.g., NMED 2000, 064730).

7.4.3 PRB Construction

To ensure proper installation of the PRB, detailed specifications and a construction quality-control plan
have been prepared (see Appendixes D and E). In addition, the PRB will be installed by qualified
personnel; potential installation contractors will be evaluated with respect to their experience installing
PRBs. Proper installation is critical for PRB function. Before construction begins, the contractor will
complete several plans, including an excavation plan and a health and safety plan. In addition, several
field activities will be conducted before the excavation plan is final, including test pits, collecting sail
samples, and laboratory geotechnical testing of the soils.

Before installation, a site topographic survey will be performed, and three test pits will be installed along
the length of the PRB. The test pits will confirm the depth to tuff along the PRB location, determine the
extent of weathering or fracturing of the tuff, determine the need for construction dewatering, and yield
soil samples, which will be used to test the proposed 10% bentonite soil mixture used for the groundwater
diversion walls. Information and data from the test pits will be used to finalize the design of the PRB,
including important PRB dimensions and the development of shop drawings for the fabrication of the
reactive cell.
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Several permits and approvals are required before construction begins (section 7.4.2), including a
USACE Section 404 permit, a SWPPP, and a “Contained-In Determination” from the NMED. In addition,
because of the presence of the Mexican spotted owl, a threatened and endangered species, construction
will probably not be allowed in the spring.

Because of the relatively low alluvial hydraulic conductivity and groundwater flow rate (Table 7.2-1),
construction dewatering should not be required during the installation of the PRB; the need for dewatering
will be assessed from the test pits. The PRB should be installed during the dry months (e.g., September
to November) to minimize groundwater infiltration into the excavations. Diversion of the perennial stream
around the construction area will be required during construction of the PRB.

Once all preliminary activities are complete, including the preparation of final drawings that reflect
information obtained from test pits, the PRB will be installed according to the following sequence:

1. Temporary diversion of the stream around the construction site and installation of BMPs

2. Excavation of the trenches for the groundwater diversion wall and the PRB reactive cell, with
both locations keyed into tuff

Grouting of the visible fractures in tuff along the wall and at the reactive cell location
Construction of a level reactive cell base using concrete

Installation of the reactive cell by sealing it to its concrete base using lag bolts and grout

o ok~ w

Installation of the groundwater diversion walls by mixing soil with bentonite in the proper
proportions, backfilling, and compacting according to the specifications

N

Sealing of the diversion wall against the sides of the reactive cell
8. Backfilling of the reactive cell and placement of the reactive media within the cell
9. Installation of a concrete collar around the reactive cell

10. Installation of three new alluvial groundwater wells for the purpose of monitoring PRB
performance

11. Restoration of the site, to include reseeding and installation of erosion-control measures along
the streambed and along the groundwater diversion wall

Wastes generated by the installation of the PRB will include soil, drill cuttings, development and
decontamination water, and PPE. To the extent possible, soil from trenching operations will be reused on-
site after it is mixed with bentonite. The plan to manage these wastes is presented in Appendix F.

7.5 Qualifications of Construction Personnel

As part of the contractor-selection process, potential PRB installation contractors will be evaluated on
their qualifications. Only experienced PRB-installation contractors will be considered. In addition, as
described in the following section, an experienced construction quality-control officer, independent from
the contractor, will be present during the PRB construction to ensure that the specifications and design
drawings are followed.

7.6  Construction Quality-Control Plan

A construction quality-control plan (Appendix E) has been developed to ensure the PRB is properly
installed. This plan, in conjunction with the design drawings and specifications, emphasizes important
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details in the installation of the PRB and details which are critical to proper PRB function. These details
include the following steps.

e Ensuring that the groundwater diversion walls are keyed into tuff, that any obvious fractures in
bedrock are sealed with grout, and that the walls are sealed at the canyon walls. These measures
are necessary to avoid groundwater bypass and will be monitored in the field during installation.

e Ensuring that the proposed soil and 10% bentonite mixture form a low-permeability wall.
Completion of this step will be established by permeability testing of a test mixture derived from
soil excavated from the test pits before and during construction (as part of quality control during
field mixing and placement of the wall).

e Ensuring that excavated faces of the alluvium at the entrance and exit of the PRB are not
“smeared” by the excavator bucket. Smearing can cause low permeability, which will impede
groundwater flow through the PRB. These details will be monitored and documented in the field.

o Ensuring that the PRB reactive cell is keyed into tuff, that any visible fractures are grouted and
that the reactive cell is grouted and then bolted in place. These measures will preclude
groundwater bypass of the PRB.

e Ensuring that proper as-built drawings are developed.

To ensure proper installation, a full-time, independent construction quality-control officer will be present
during construction. In addition, the construction specifications identify several key submittals that must
be approved by the Laboratory before construction begins, including final shop drawings for fabrication of
the PRB. Several “hold and witness” points have been identified at which the construction contractor must
suspend construction until the construction quality-control officer authorizes further construction.

During construction, NMED will be apprised of construction progress and consulted if construction issues
arise.

7.7 Operations and Maintenance and Reporting

Operations and maintenance of the pilot PRB will focus on the collection of PRB performance data so that
the effectiveness of the pilot PRB may be evaluated. Criteria for effectiveness include ability to treat HE
and barium to groundwater standards, the flow rate of groundwater treated, the durability of the PRB
installation, and the life of the PRB media. The performance data will consist of both hydrological and
geochemical data involving both field and laboratory analyses. Important data will include

e Groundwater levels within the reactive cell and in the surrounding alluvial groundwater wells;
e Groundwater flow rate through the PRB as determined from groundwater levels;

e Prereactive and postreactive cell groundwater concentrations of RDX, other selected HE;
constituents (including TNT, HMX, and TNT and RDX-breakdown products), and barium

e Geochemical sampling (analyzed in Earth and Environmental Sciences [EES-6] laboratories) and
testing consisting of field and laboratory methods for alkalinity, major cations and anions, nitrogen
species, stable isotopes of carbon and nitrogen, and oxidation reduction potential within the
reactive cell; and

o Visual observation of the structural integrity of the PRB.

Hydrological data will consist of periodic groundwater gauging data collected from the four alluvial wells
and four PRB reactive cell wells. These data will permit an evaluation of local hydraulic head across the
PRB, help to identify fouling, and allow the calculation of the groundwater flow rate through the PRB.
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Groundwater samples will be periodically obtained from two upgradient wells (16-02658 and a proposed
new alluvial well), from four sampling points within the PRB reactive cell, and from two new downgradient
monitoring wells. Groundwater samples will be analyzed for a series of field and laboratory analytes in
addition to RDX and barium to identify the processes that are occurring and to identify any problems that
may arise during operation of the PRB. As discussed in section 7.3, one potential problem is the clogging
of the PRB, which can result from precipitation of minerals such as calcite or biofouling within the reactive
media.

The hydrological monitoring and geochemical sampling required to assess the performance of the PRB
are summarized in Table 7.7-1. Cations should be analyzed in both filtered (0.45 micron) and unfiltered
sample splits. The ratio of iron concentrations in filtered and unfiltered splits is an independent indicator of
redox conditions. The ratio of manganese in filtered and unfiltered splits serves a similar purpose. The
ratio of barium in filtered and unfiltered splits can be used to assess the role of suspended particulates in
barium transport.

Sulfide and ferrous iron can be measured in the field using readily available field test kits. This approach
avoids problems with the very short holding times for these analytes. Care will be taken to perform the
sulfide and ferrous iron field tests quickly while minimizing contact with air, which will rapidly oxidize these
analytes. Measurements of oxidation reduction potential and dissolved oxygen will also be performed
while minimizing contact with air, possibly through use of an in situ probe, which can be placed within a
reaction cell sampling port. Table 7.7-1 summarizes the key elements of the operations, maintenance,
and sampling plan. Sampling and analyses will be conducted in accordance with the Laboratory’s SOPs;
relevant SOPs are summarized in Appendix G.

Data will be collected monthly for the first three months and then quarterly for the first year. After 1 yr of
operation, a report summarizing the performance of the PRB will be prepared for the NMED. Any spent
media removed from the PRB will be characterized for disposal in accordance with Laboratory waste-
management procedures.

7.8 Contingency Plan for the Pilot PRB

The pilot PRB will provide operational data from which the effectiveness of the PRB for remediation of
alluvial groundwater can be determined. A 1-yr operational period is proposed. If evidence arises that the
PRB reactive media are not effective, the media will be replaced with an alternative. Consultation with
NMED will precede any PRB corrective actions.

After 1 yr, if the data indicate that PRBs are not an effective technology for remediating alluvial
groundwater, other alternatives will be examined in consultation with NMED. These alternatives, which
are summarized in the CMS (LANL 2003, 085531), include groundwater recovery and treatment in a
central treatment plant.

8.0 SUMMARY, PLAN FOR EVALUATING CORRECTIVE MEASURES, AND SCHEDULE
8.1 Summary

This CMI plan presents the designs and plans for implementing remediation actions within the former
260 Outfall channel and in the alluvial systems of Cafion de Valle and Martin Spring Canyon. These
actions consist of removing the outfall concrete trough and excavation of soils in selected areas within the
260 Outfall channel, grouting a contaminated surge bed under the former settling pond, maintaining the
existing low-permeability cap on the settling pond, installing a carbon filter on Burning Ground Spring,
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modifying the existing carbon filter at Martin Spring, and installing a pilot PRB in Cafion de Valle. In
addition, soil samples will be collected from a location in Cafion de Valle for the purpose of investigating
possible silver contamination.

Target cleanup levels for these actions were established as part of the CMS (LANL 2003, 085531). They
consist of risk-based soil remediation levels for cleanup of outfall soils, the New Mexico Water Quality
Control Commission groundwater standard for barium (1000 ug/L), and the RDX groundwater
concentration (6.1 ug/L) derived from the 10 carcinogenic risk level.

For the remediation of the 260 Outfall channel soils, residual soils exceeding the cleanup levels in the
former settling pond and in two additional areas will be excavated, stockpiled, sampled, and disposed of
properly. Field and laboratory analytical methods will be used to guide the excavation and confirm
attainment of cleanup levels. Less than 50 yd® of soil may be removed from these areas. After meeting of
the remediation objectives, a low-permeability cap will be installed over excavated areas. Operations and
maintenance will consist of inspection and maintenance of the cap. In addition to excavation of the former
settling pond, the existing concrete outfall trough will be removed, and the underlying soils will be
sampled for possible contamination. Soils exceeding the SSLs will be removed.

An upper surge bed contaminated with HE under the former settling pond will be grouted to preclude
groundwater infiltration into this horizon. As defined by area BHs, the maximum area for grouting is
approximately 1250 ft>. Because of the natural variability of surge beds, the final area for grouting cannot
be determined a priori and will be determined in the field during grouting implementation. Operations and
maintenance will consist of periodically checking a downgradient well for the presence of groundwater,
and, if it is present, sampling it.

Soils from an area next to the SWSC pipeline right of way in Cafon de Valle will be sampled to
investigate further an area of potential soil contamination by silver. Five soil samples will be collected and
analyzed for metals. A second sample will be collected from the location with the highest silver
concentration and submitted for biological toxicity analysis (chironomus testing). The results of the
investigation will be submitted to NMED, and the need for subsequent action will be determined.

A subgrade carbon filter will be installed to remove RDX from spring waters from Burning Ground Spring.
The new filter will be similar to the filter previously installed at Martin Spring. The existing carbon filter
system at Martin Spring will be modified by adding a second spring-water collection box to collect water
from a new seep. At SWSC Spring, which has been dry since 2002, a carbon filter will be installed if the
spring flows again. Operations and maintenance activities will consist of periodic sampling of the spring
water to ensure compliance with treatment levels, and replacement of the carbon filters when required.

A pilot PRB will be installed in Cafion de Valle to remove RDX and barium from groundwater. The pilot
PRB has been designed to investigate the effectiveness of PRBs and to accommodate a testing program
and possible media replacement. The PRB will be installed near existing alluvial monitoring well 16-02658
and will consist of a set of walls to divert groundwater into a reactive cell. The reactive cell will consist of
two chambers for the reactive media. One chamber will contain ZVI. Media in the second chamber will
remove barium; however, finalizing the choice of these media awaits the results of laboratory column
tests, which are currently in progress. Candidate media include zeolite and calcium sulfate, with
preliminary results indicating that zeolite is superior. If changeouts of the reactive media are required, the
media can be accessed through lids on the top of the cell. The reactive cell contains four sampling ports
for sampling of the groundwater within the cell. Existing well 16-02658 and a new alluvial well will be used
as the upgradient, pretreatment sampling points. Two new alluvial wells to be installed downgradient of
the PRB will serve as the post-treatment sampling points. Operations and maintenance activities will
consist of the collection of data important for determining the effectiveness of the PRB.
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All construction and excavation activities will be performed in accordance with a set of specifications and
drawings, a construction quality-control plan, and Laboratory SOPs. Waste handling and disposal will be
conducted in accordance with a waste-management plan presented in Appendix F.

8.2 Plan for Evaluating Corrective Measure Effectiveness

For each corrective measure, site and operational data will be gathered from which the performance of
the corrective measure will be assessed. Key criteria for this assessment consist of the remedial
objectives and performance criteria developed for each corrective measure. The data-gathering activities
are summarized in the operations and maintenance strategies that have been developed for each
corrective measure. A long-term monitoring and maintenance plan will be submitted to NMED within

60 days of completion of field activities. The results of operations and maintenance activities will be
provided to NMED in the monthly progress reports. The Laboratory will also submit a yearly report
summarizing corrective measures implementation, operations and maintenance problems and
corrections, important data tables and graphs, and other operational data. An assessment of measure
effectiveness will also be provided in the annual report.

8.3 Schedule

During the implementation and operations phases, NMED will be informed of progress through regular
monthly reports. The proposed implementation schedule includes the following milestones:

e May 2007: submittal of the CMI to NMED
e August 2007: final approval of the CMI by NMED

e June to August 2008: installation of test pits at the PRB location, completion of shop drawings,
and completion of final project plans, including a grouting plan

e September 2008: submittal of a grouting plan to NMED
e September to November 2008: installation of the remedies

o Within 60 days of completion of field activities: submittal of a long-term monitoring and
maintenance plan to NMED

9.0 REFERENCES AND MAP DATA SOURCES
9.1 References

The following list includes all documents cited in the main body of this report. Parenthetical information
following each reference provides the author(s), publication date, and Environmental Remediation
Support Services (ERSS) (ER ID) number. This information is also included in text citations. ER ID
numbers are assigned by the EP-ERSS Division Records Processing Facility (RPF) and are used to
locate the document at the RPF and, where applicable, in the EP-ERSS Division master reference set.

Copies of the master reference set are maintained at the NMED Hazardous Waste Bureau; DOE-Los
Alamos Site Office; EPA, Region 6; and the EP-ERSS Division. The set was developed to ensure that the
administrative authority has all material needed to review this document, and it is updated with every
document submitted to the administrative authority. Documents previously submitted to the administrative
authority are not included.
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Figure 1.1-1  Location of TA-16 with respect to Laboratory technical areas and surrounding
landholdings. Consolidated Unit 16-021(c)-99 is also shown.
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Figure 2.3-1  Conceptual model of hydrogeology and contaminant transport for TA-16 and
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Figure 3.2-1 Post-IM RDX and TNT soil sampling results, 2000—-2001
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Figure 3.3-1  Photograph of concrete drainage trough
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Figure 3.3-3  Photograph of sampling location 16-06404
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Figure 6.1-1 Photograph of SWSC Spring and weir

Figure 6.1-2 Photograph of Burning Ground Spring and weir
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Figure 6.1-3  Photograph of Martin Spring and existing spring collection box
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Figure 6.2-2 SWSC Spring water flow rate, 1996-2002
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Figure 6.2-3  Martin Spring water flow rate, 1996-2002
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Figure 6.2-4 RDX concentrations in Burning Ground Spring, 1996—2006
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Figure 6.2-5 RDX concentrations in SWSC Spring, 1998-2001
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Figure 6.2-6 RDX concentrations in Martin Spring, 1996-2006
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Figure 7.2-1  Photograph of the pilot PRB location and monitoring well 16-02658
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Figure 7.2-3  Barium concentrations in well 16-02658, 1998-2006
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Figure 7.3-1  Distribution coefficients for different time intervals for Ba using high-Ba water
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118461.02050100 A1
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Conceptual drawing of the pilot PRB

Figure 7.4-1
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NEPA Evaluation (EA/EIS)
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Figure 7.6-1  Flowchart of wetlands-permitting process
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Table 2.3-1
Chronology of Laboratory Environmental Activities at Consolidated Unit 16-021(c)-99
Date Activity (Reference) Summary of Activity

1990 RFA (LANL 1990, RFA initial site assessment is completed. Previous studies

007512) are summarized, and document extensive contamination in
TA-16-260 sump water.

July 1993 Phase | RFI work plan— “RFI Work Plan for Operable Unit 1082” is issued. Plan
site characterization plan addresses Phase | sampling at SWMU 16-021(c).
(LANL 1993, 020948)

May 1994 First addendum to Phase | | “RFI Work Plan for Operable Unit 1082, Addendum 1” is

RFI work plan (LANL
1994, 052910)

issued. Plan approved by NMED in January 1995.

April 1995-November
1995

Phase | RFI Site
Characterization

Phase | RFI is implemented, including Phase | investigation
of 16-021(c)-99.

1995-1996

Interim action — BMPs
(LANL 1996, 053838)

Sandbag dam and diversion pipe are installed upgradient of
the former HE pond; sandbag dam is located east of the
parking lot behind TA-16-260; geotextile fabric matting is
placed in former HE pond area; eight hay bale check dams
are placed within the SWMU drainage between the rock
dam and the 15-ft-high cliff.

September 1996

Phase | RFI Report
(LANL 1996, 055077)

Phase | RFI report is issued. Data show widespread HE
contamination at 16-021(c)-99, extending from the 260
Outfall discharge point down to the sediment and waters of
Cafion de Valle. Report is approved by NMED in March
1998.

September 1996

Phase Il RFI work plan
(part of LANL 1996,
055077)

Phase Il RFI work plan is included in Phase | RFI report.
Report approved by NMED in March 1998.

November 1, 1996—
December 23, 1996;
May 1997—-November
9, 1997

Phase Il RFI site
characterization

Phase Il RFI implemented at 16-021(c)-99.

September 1998

Phase Il RFI report
(LANL 1998, 059891)

Phase Il RFI report is issued. Data confirm widespread HE
contamination extending from the 260 Outfall discharge
point down to the sediment and waters of Cafion de Valle
and show deeper subsurface contamination. Up to 1% total
HE is detected in surge bed at a depth of 17 ft. Report
documents risk to human health and the environment.
Report approved by NMED in September 1999.

September 30, 1998

CMS plan (LANL 1998,
062413)

CMS plan is issued. Alternatives are evaluated. Report
includes Phase Il RFI sampling plan and describes ongoing
hydrogeologic investigations for the site. Report approved
by NMED in September 1999.

October 1998—March
2002

Phase lll RFI site
characterization

Continued monitoring and sampling are used to characterize
the temporal and spatial variability of site contamination;
components of the site hydrogeologic system are
undergoing continued evaluation.

October 1998—

CMS—ongoing evaluation

CMS is initiated. Series of soil and water corrective

November 2003 of alternatives measures technologies are evaluated. Investigation of
components of the site hydrogeologic system continues.
EP2007-0459 59 July 2007



Consolidated Unit 16-021(c)-99 CMI Plan, Revision 1

Table 2.3-1 (continued)

Date

Activity (Reference)

Summary of Activity

September 30, 1999

Addendum to CMS plan
(LANL 1999, 064873)

Addendum to CMS plan is issued. Addendum expands
investigations to include deeper perched and

regional groundwater potentially impacted by releases from
16-021(c)-99.

November 1999

IM plan—abatement of
potential risks at the
source area (LANL 2000,
064355)

IM plan is issued. Plan specifies removal of the highly
contaminated soil and tuff identified in the 260 Outfall
drainage channel. Plan approved by NMED in April 2002.

November 12, 1999—
November 18, 2000

Abatement of ongoing
risks is initiated

TA-16-260 IM begins. Activities are interrupted by Cerro
Grande fire. Initial stage of project completed in November
2000.

January 7, 2000

“Contained-in”
determination (NMED
2000, 064730)

NMED memo of “contained-in” determination sent to the
Laboratory (J. Brown) and DOE-ER (T. Taylor).

April 4, 2000 Designation of area of NMED designates 16-021(c)-99 an area of contamination.
contamination (NMED Purpose of designation is to allow material from entire
2000, 070649) drainage area to be excavated, processed, and segregated
without invoking RCRA land disposal restrictions. Excavated
material considered potentially hazardous waste is staged in
covered piles within area-of-contamination boundary.
June 5, 2000 In situ blending NMED authorizes in situ blending in memo sent to the

authorization (NMED
2000, 067094)

Laboratory and DOE. To ensure worker health and safety
during the IM and after, settling-pond soil is robotically
blended in situ with clean or low-HE-concentration material
to reduce maximum concentration of settling pond sediment
to below-reactive limit.

August 4, 2001-
October 13, 2001

Abatement of ongoing
risks is completed

Remobilization and removal of isolated areas containing
more than 100 mg/kg of RDX is completed. Waste disposal
stage of project is completed.

July 2002 260 Outfall IM report IM results are presented in IM report. Report approved by
(LANL 2002, 073706) NMED in January 2003.

March 2003 Revision 1 to CMS plan Addendum to CMS plan updated. Investigation into deeper
addendum—evaluation of | perched and regional groundwater and deeper vadose zone
alternatives (LANL 2003, potentially impacted by releases from Consolidated Unit 16-
075986) 021(c)-99 is expanded further. Plan approved by NMED in

March 2003.
September 2003 Phase Il RFI report Report focuses on investigations into the surface water,

(LANL 2003, 077965)

alluvial groundwater, canyon sediment, and springs in
Carion de Valle and Martin Spring Canyon. Report includes
analysis of data generated since Phase Il RFI report (post-
1998) and baseline risk assessments using a
comprehensive database of both pre- and post-1998 data
and emphasizes greater understanding of site hydrogeology
and contaminant behavior. Report presents human health
baseline risk assessments for source area and selected
reaches of Cafion de Valle and Martin Spring Canyon. In
addition, a baseline ecological risk assessment is performed
for that reach of Cafion de Valle.

July 2007
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Table 2.3-1 (continued)

Date Activity (Reference) Summary of Activity

November 2003 CMS report for alluvial CMS report for Consolidated Unit 16-021(c)-99 alluvial
system corrective system. Report is a companion document to Phase Il RFI
measures report and relies heavily on the understanding of site
evaluated/selected (LANL | hydrogeology and contaminant behavior outlined in that
2003, 085531) document. Report evaluates potential remedial technologies

for media and proposes appropriate technologies.

May 2006 NMED request for public NMED issues request for public comment for selection of
comment, alluvial system PRBs as the preferred alternative the alluvial system.
statement of basis

August 2006 Investigation report for Investigation report for the nature and extent of 16-021(c)-99
intermediate and regional | impacts to intermediate and regional groundwater.
groundwater (LANL 2006,

093798)

October 2006 NMED approval of CMS Final remedy approval for Cafion de Valle and Martin Spring

(NMED 2006, 095631) Canyon alluvial groundwater and spring water, and
260 Outfall soils.

April 2007 Evaluation of the Documents conditions of wells and well screens and
Suitability of Wells Near evaluates locations of wells for monitoring releases and
TA-16 for Monitoring migration to groundwater for 16-021(c)-99.

Contaminant Releases
from Consolidated Unit
16-021(c)-99 (LANL 2007,
095787)

May 2007 Corrective Measures Documents plans, including drawings and specifications for
Implementation Plan for cleanup of 260 Outfall and copilot PRB in Cafion de Valle.
Consolidated Unit
16-021(c)-99

Table 6.2-1
Design Basis Flow Rates for Springs

Burning Ground Spring

SWSC Spring Martin Spring

Average, m>/sec (gpm)*

2.5x 10* (4.0)

2.0x 10 (3.1) 0.5 x 10° (0.1)

Minimum, m*/sec (gpm)

1.0 x 10 (1.6)

0.0 (dry spring) 0.0 (dry spring)

Maximum, m%/sec (gpm)

2.4 x 10 (38.0)

1.1 x 10 (17.4) 2.5x 10™ (4.0)

*m’/sec = Cubic meter(s) per

second; gpm = gal. per min.

Table 6.2-2
Design Basis RDX Concentrations for Springs
Burning Ground Spring SWSC Spring Martin Spring
Average, ug/L 23 50 126
Minimum, pg/L 1 20 4
Maximum, pg/L 100 140 340
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Table 7.2-1
Design Basis Aquifer Parameters for the Pilot PRB
Thickness of Depth to Water from Expected Groundwater
Saturated Alluvium Ground Surface Flow Rate
(ft) (ft) Hydraulic Gradient (gallons per day)
Average 2.27 3.13 0.044 50
Minimum 0.50 2.45 0.043 10
Maximum 2.95 4.90 0.045 100
Table 7.2-2
Design Basis RDX and Barium Concentrations for the Pilot PRB
RDX Barium
Average, ug/L 6.6 9,400
Minimum, pg/L 0.2 90
Maximum, ug/L 27.0 18,000
Table 7.7-1
Summary of Monitoring and Sampling Plan for the Pilot PRB
Parameter Frequency
Hydrology

Water levels in four alluvial and four PRB wells Monthly for the first three months; quarterly thereafter

Laboratory Chemistry

HE (selected compounds) Monthly for the first three months; quarterly thereafter.
Samples collected from four alluvial wells and four

PRB wells.

Barium

Cations (calcium, magnesium, iron, manganese)

Anions (sulfate, chloride, nitrate, alkalinity)

General chemistry (total dissolved solids, total organic
carbon, stable isotopes)

Stable isotopes

Field Chemistry

Oxidation reduction potential. Monthly for the first three months; quarterly thereafter.
Samples collected from four alluvial wells and four

PRB wells.

Dissolved oxygen
pH

Temperature

Electrical conductivity
Turbidity
Sulfide

Ferrous iron
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A-1.0 ACRONYMS AND ABBREVIATIONS

A-DNT amino-dinitrotoluene

AK acceptable knowledge

amsl above mean sea level

AOC area of concern

ASTM American Society for Testing and Materials
BCT breakthrough curve

bgs below ground surface

BH borehole

BMP best management practice

CCSM contractor construction site manager
CMI corrective measures implementation plan
CMS corrective measures study

COPC chemical of potential concern

cps counts per second

CQCP Construction Quality Control Plan

CSM conceptual site model

CWA Clean Water Act

DI deionized water

DOE Department of Energy (U.S.)

DOT Department of Transportation (U.S.)
dpm disintegrations per minute

EA environmental assessment

EIS environmental impact statement

EP Environmental Programs (Directorate)
EPA Environmental Protection Agency (U.S.)
ER Environmental Restoration

ERSS Environment and Remediation Support Services (Laboratory program)
FD field duplicate

FR field rinsate

FTB field trip blank

gpm gallons per minute

GPS global positioning system
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HE

HI
HMX
HPLC
HSA
HTO
ICP-OES
I.D.
IDW
M
IWD
WP
LANL
LANS
LIR
LSC
MCS
MDA
NEPA
NMED
NMSA
NPDES
NRC
NWP
PIC
PID
PM
PPE
ppm
PRB
PvC
QA/QC
QMmC
QMP

July 2007

high explosive(s)

hazard index

high-melting explosive (1,3,5,7-tetranitro-1,3,5,7-tetrazocine)
high-performance liquid chromatography
hollow-stem auger

tritiated water

inductively coupled plasma optical emission spectrometry
inside diameter

investigation-derived waste

interim measure

integrated work document

integrated work process

Los Alamos National Laboratory (the Laboratory)
Los Alamos National Security, LLC

Laboratory implementation requirement

liquid scintillation counter

media cleanup standard

material disposal area

National Environmental Policy Act

New Mexico Environment Department

New Mexico Statutes Annotated

National Pollutant Discharge Elimination System
nonconformance report

nationwide permit

person in charge

photoionization detector

project manager

personal protective equipment

parts per million

permeable reactive barrier

polyvinyl chloride

quality assurance/quality control

quality control manager

quality management plan
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QP quality procedure

RCF relative centrifugal force

RCRA Resource Conservation and Recovery Act

RDX research department explosive (hexahydro-1,3,5-trinitro-1,3,5-triazine)
RFA RCRA facility assessment

RFI RCRA facility investigation

RPF Records Processing Facility

SEM scanning electron microscope

SMO Sample Management Office

SOP standard operating procedure

SSHASP site-specific health and safety plan

SSHO site safety and health officer

SSL soil screening level

SSO site safety officer

SVOC semivolatile organic compound

SWMU solid waste management unit

SWPPP stormwater pollution prevention plan
SWQB Surface Water Quality Bureau

SWSC Sanitation Wastewater Systems Consolidation Plant
TA technical area

TCLP toxicity characteristic leaching procedure
TNB 1,3,5-trinitrobenzene

TNT dynamite (2,4,6-trinitrotoluene)

TSD treatment, storage, and disposal

USACE Army Corps of Engineers (U.S.)

VCA voluntary corrective action

VOC volatile organic compound

WAC waste acceptance criteria

WCSF waste characterization strategy form

wQcCcC Water Quality Control Commission (New Mexico)
ZVI zero-valent iron
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A-2.0 GLOSSARY

abandonment—The plugging of a well or borehole in a manner that precludes the migration of surface
runoff or groundwater along the length of the well or borehole.

absorption—The uptake of water, other fluids, or dissolved chemicals by a cell or organism (e.g., tree
roots absorb dissolved nutrients in soil).

administrative authority—For Los Alamos National Laboratory, one or more regulatory agencies, such
as the New Mexico Environment Department, the U.S. Environmental Protection Agency, or the
U.S. Department of Energy, as appropriate.

administrative order on consent—A legal agreement signed by the U.S. Environmental Protection
Agency and an individual, business, or other entity through which a violator agrees to pay for the
correction of violations, take the required corrective or cleanup actions, or refrain from an activity. It
describes the actions to be taken, may be subject to a comment period, applies to civil actions, and
can be enforced in court.

adsorption—The surface retention of solid, liquid, or gas molecules, atoms, or ions by a solid.

alkalinity—In water analysis, the presence of carbonates, bicarbonates, and/or hydroxides, and
occasionally borates, chlorates, silicates, or phosphates.

alluvial—Pertaining to geologic deposits or features formed by running water.
alluvial fan—A fan-shaped piedmont accumulation of alluvium.
alluvium—Soil deposited by a river or other running water.

analysis—A critical evaluation, usually made by breaking a subject (either material or intellectual) down
into its constituent parts, then describing the parts and their relationship to the whole. Analyses may
include physical analysis, chemical analysis, toxicological analysis, and knowledge-of-process
determinations.

analyte—The element, nuclide, or ion a chemical analysis seeks to identify and/or quantify; the chemical
constituent of interest.

analytical method—A procedure or technique for systematically performing an activity.

aquifer—An underground geological formation (or group of formations) containing water that is the
source of groundwater for wells and springs.

area of contamination—As defined by the U.S. Environmental Protection Agency, certain areas of
generally dispersed contamination that could be equated to a Resource Conservation and Recovery
Act (RCRA) landfill. The movement of hazardous wastes within those areas would not be considered
land disposal and would not trigger RCRA land-disposal restrictions. An area of contamination may
be designated by the Environmental Remediation and Surveillance Program as part of a corrective
action for waste management purposes, subject to approval by the administrative authority.

assessment—(1) The act of reviewing, inspecting, testing, checking, conducting surveillance, auditing, or
otherwise determining and documenting whether items, processes, or services meet specified
requirements. (2) An evaluation process used to measure the performance or effectiveness of a
system and its elements. In this glossary, assessment is an all-inclusive term used to denote any
one of the following: audit, performance evaluation, management system review, peer review,
inspection, or surveillance.

background concentration—Naturally occurring concentrations of an inorganic chemical or radionuclide
in soil, sediment, or tuff.
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background data—Data that represent naturally occurring concentrations of inorganic and radionuclide
constituents in a geologic medium. Los Alamos National Laboratory’s (the Laboratory’s) background
data are derived from samples collected at locations that are either within, or adjacent to, the
Laboratory. These locations (1) are representative of geological media found within Laboratory
boundaries, and (2) have not been affected by Laboratory operations.

background level—(1) The concentration of a substance in an environmental medium (air, water, or soil)
that occurs naturally or is not the result of human activities. (2) In exposure assessment, the
concentration of a substance in a defined control area over a fixed period of time before, during, or
after a data-gathering operation.

background value—A statistically derived concentration (i.e., the upper tolerance limit [UTL]) of a
chemical used to represent the background data set. If a UTL cannot be derived, either the detection
limit or maximum reported value in the background data set is used.

basalt—A fine-grained, dark volcanic rock composed chiefly of plagioclase, augite, olivine, and
magnetite.

baseline risk assessment—A site-specific analysis of the potential adverse effects of hazardous
constituents that have been released from a site in the absence of any controls or mitigating actions.
A baseline risk assessment consists of the following four steps: data collection and analysis,
exposure assessment, toxicity assessment, and risk characterization.

bentonite—An absorbent aluminum silicate clay formed from volcanic ash and used in various
adhesives, cements, and ceramic fillers. Because bentonite can absorb large quantities of water and
expand to several times its normal volume, it is a common drilling mud additive.

borehole—(1) A hole drilled or bored into the ground, usually for exploratory or economic purposes.
(2) A hole into which casing, screen, and other materials may be installed to construct a well.

borehole logging—The process of making remote measurements of physical, chemical, or other
parameters at multiple depths in a borehole.

breccia—A coarse-grained rock that consists of angular fragments cemented together or embedded in a
fine-grained matrix.

caldera—A large crater formed by a volcanic explosion or by the collapse of a volcanic cone.

calibration—A process used to identify the relationship between the true analyte concentration or other
variable and the response of a measurement instrument, chemical analysis method, or other
measurement system.

canyon—A stream-cut chasm or gorge, the sides of which are composed of cliffs or a series of cliffs
rising from the chasm’s bed. Canyons are characteristic of arid or semiarid regions where
downcutting by streams greatly exceeds weathering.

casing—A solid piece of pipe, typically steel, stainless steel, or polyvinyl chloride plastic, used to keep a
well open in either unconsolidated material or unstable rock and as a means to contain zone-
isolation materials, such as cement grout.

certification—A signed statement required by permits, or certain enforcement documents (e.g., a
compliance order), that is submitted with reports and other information requested by the
administrative authority. Certification ensures that a document and all of its attachments were
prepared under the direction or supervision of an authorized person in accordance with a system
designed to ensure that qualified personnel properly gather and evaluate the information submitted.
Known violations of certification carry significant penalties.
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chemical—Any naturally occurring or human-made substance characterized by a definite molecular
composition.

chemical analysis—A process used to measure one or more attributes of a sample in a clearly defined,
controlled, and systematic manner. Chemical analysis often requires treating a sample chemically or
physically before measurement.

chemical of potential concern (COPC)—A detected chemical compound or element that has the
potential to adversely affect human receptors as a result of its concentration, distribution, and
toxicity.

cleanup—A series of actions taken to deal with the release, or threat of a release, of a hazardous
substance that could affect humans and/or the environment. The term cleanup is sometimes used
interchangeably with the terms remedial action, removal action, or corrective action.

community—In ecology, an assemblage of populations of different species within a specified location in
space and time. Sometimes, a particular subgrouping may be specified, such as the fish community
in a lake or the soil arthropod community in a forest.

Compliance Order on Consent (Consent Order)—For the Environmental Remediation and Surveillance
Program, an enforcement document signed by the New Mexico Environment Department, the U.S.
Department of Energy, and the Regents of the University of California on March 1, 2005, which
prescribes the requirements for corrective action at Los Alamos National Laboratory. The purposes
of the Consent Order are (1) to define the nature and extent of releases of contaminants at, or from,
the facility; (2) to identify and evaluate, where needed, alternatives for corrective measures to clean
up contaminants in the environment and prevent or mitigate the migration of contaminants at, or
from, the facility; and (3) to implement such corrective measures. The Consent Order supersedes the
corrective action requirements previously specified in Module VIII of the Laboratory’s Hazardous
Waste Facility Permit.

conceptual model—See site conceptual model.
confined—Pertaining to groundwater in an artesian aquifer.

confluence—A place where two or more streams or canyons meet; the point where a tributary meets the
main stream.

Consent Order—See Compliance Order on Consent.

consolidated unit—A group of solid waste management units (SWMUs), or SWMUs and areas of
concern, which generally are geographically proximate and have been combined for the purposes of
investigation, reporting, or remediation.

construction worker scenario—A land-use condition that evaluates exposures to a human receptor
throughout a construction project. The activities typically involve substantial short-term on-site
exposures.

contaminant—(1) Chemicals and radionuclides present in environmental media or on debris above
background levels. (2) According to the March 1, 2005, Compliance Order on Consent (Consent
Order), any hazardous waste listed or identified as characteristic in 40 Code of Federal Regulations
(CFR) 261 (incorporated by 20.4.1.200 New Mexico Administrative Code [NMAC]); any hazardous
constituent listed in 40 CFR 261 Appendix VIII (incorporated by 20.4.1.200 NMAC) or 40 CFR 264
Appendix IX (incorporated by 20.4.1.500 NMAC); any groundwater contaminant listed in the Water
Quality Control Commission (WQCC) Regulations at 20.6.3.3103 NMAC; any toxic pollutant listed in
the WQCC Regulations at 20.6.2.7 NMAC; explosive compounds; nitrate; and perchlorate. (Note:
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Under the Consent Order, the term “contaminant” does not include radionuclides or the radioactive
portion of mixed waste.)

corrective action—(1) In the Resource Conservation and Recovery Act, an action taken to rectify
conditions potentially adverse to human health or the environment. (2) In the quality assurance field,
the process of rectifying and preventing nonconformances.

corrective measure—An action taken at a solid waste management unit or area of concern to protect
human health or the environment in the event of a release of contaminants into the environment, or
to prevent a release of contaminants into the environment.

corrective measure evaluation—An evaluation of potential remedial alternatives undertaken to identify
a preferred remedy that will be protective of human health and the environment and that will attain
appropriate cleanup goals.

corrective measures study—A formal process for identifying and evaluating alternative remedies for
releases at a facility.

cumulative risk—The evaluation of a simultaneous exposure of a receptor to multiple media, pathways,
and contaminants in order to estimate the resulting health and environmental effects.

data validation—A systematic process that applies a defined set of performance-based criteria to a body
of data and that may result in the qualification of the data. The data-validation process is performed
independently of the analytical laboratory that generates the data set and occurs before conclusions
are drawn from the data. The process may include a standardized data review (routine data
validation) and/or a problem-specific data review (focused data validation).

detect (detection)—An analytical result, as reported by an analytical laboratory, that denotes a chemical
or radionuclide to be present in a sample at a given concentration.

detection limit—The minimum concentration that can be determined by a single measurement of an
instrument. A detection limit implies a specified statistical confidence that the analytical concentration
is greater than zero.

discharge—The accidental or intentional spilling, leaking, pumping, pouring, emitting, emptying, or
dumping of hazardous waste into, or on, any land or water.

disposal—The discharge, deposit, injection, dumping, spilling, leaking, or placing of any solid waste or
hazardous waste into, or on, any land or water so that such solid waste or hazardous waste or any
constituent thereof may enter the environment or be emitted into the air or discharged into any
waters, including groundwaters.

dissolved oxygen—The amount of oxygen dissolved in water, in parts per million (ppm) by weight or in
milligrams per liter (mg/L) by volume.

drilling fluid—The fluid used to lubricate a bit and to convey drill cuttings to the surface with rotary drilling
equipment. Usually composed of bentonite slurry or muddy water. The fluid can become
contaminated, lead to cross-contamination, and may require special disposal.

Environmental Restoration Project—A Los Alamos National Laboratory project established in 1989 as
part of a U.S. Department of Energy nationwide program, and precursor of today’s Environmental
Remediation and Surveillance (ERS) Program. This program is designed (1) to investigate
hazardous and/or radioactive materials that may be present in the environment as a result of past
Laboratory operations, (2) to determine if the materials currently pose an unacceptable risk to human
health or the environment, and (3) to remediate (clean up, stabilize, or restore) those sites where
unacceptable risk is still present.
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ephemeral—Pertaining to a stream or spring that flows only during, and immediately after, periods of
rainfall or snowmelt.

ER identification (ER ID) number—A unique identifier assigned by the Environmental Remediation and
Surveillance Program‘s Records Processing Facility to each document when it is submitted as a final
record.

facility—All contiguous land (and structures, other appurtenances, and improvements on the land) used
for treating, storing, or disposing of hazardous waste. A facility may consist of several treatment,
storage, or disposal operational units. For the purpose of implementing a corrective action, a facility
is all the contiguous property that is under the control of the owner or operator seeking a permit
under Subtitle C of the Resource Conservation and Recovery Act.

fault—A fracture, or zone of fractures, in rock along which vertical or horizontal movement has taken
place and adjacent rock layers or bodies have been displaced.

gamma radiation—A form of electromagnetic, high-energy ionizing radiation emitted from a nucleus.
Gamma rays are essentially the same as x-rays (though at higher energy) and require heavy
shielding, such as concrete or steel, to be blocked.

geohydrology—The science that applies hydrologic methods to the understanding of geologic
phenomena.

grab sample—A specimen collected by a single application of a field sampling procedure to a target
population (e.g., the surface soil from a single hole collected after the spade-and-scoop sampling
procedure, or a single air filter left in the field for three months).

groundwater—Interstitial water that occurs in saturated earth material and is capable of entering a well in
sufficient amounts to be used as a water supply.

grout—Cement or bentonite mixtures used for sealing boreholes and wells and for zone isolation. Only
Portland Type | or Il cement is approved for use at investigative sites.

hazard index—The sum of hazard quotients for multiple contaminants to which a receptor may have
been exposed.

hazardous constituent (hazardous waste constituent)—According to the March 1, 2005, Compliance
Order of Consent (Consent Order), any constituent identified in Appendix VIl of Part 261, Title 40
Code of Federal Regulations (CFR) (incorporated by 20.4.1.200 New Mexico Administrative Code
[NMAC]) or any constituent identified in 40 CFR 264, Appendix IX (incorporated by 20.4.1.500
NMAC).

hazardous waste—(1) Solid waste that is listed as a hazardous waste, or exhibits any of the
characteristics of hazardous waste (i.e., ignitability, corrosivity, reactivity, or toxicity, as provided in
40 CFR, Subpart C). (2) According to the March 1, 2005, Compliance Order of Consent (Consent
Order), any solid waste or combination of solid wastes that, because of its quantity, concentration, or
physical, chemical, or infectious characteristics, meets the description set forth in New Mexico
Statutes Annotated 1978, § 74-4-3(K) and is listed as a hazardous waste or exhibits a hazardous
waste characteristic under 40 CFR 261 (incorporated by 20.4.1.200 New Mexico Administrative
Code).

Hazardous Waste Facility Permit—The authorization issued to Los Alamos National Laboratory (the
Laboratory) by the New Mexico Environment Department that allows the Laboratory to operate as a
hazardous waste treatment, storage, and disposal facility.
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hydraulic conductivity—(1) A coefficient of proportionality that describes the rate at which a fluid can
move through a permeable medium. The rate is a function of both the medium and the fluid flowing
through it. (2) The quantity of water that will flow through a unit of cross-sectional area of a porous
material per unit time under a hydraulic gradient of 1.00 (measured at right angles to the direction of
flow) at a specified temperature.

hydraulic gradient—The rate of change in hydraulic head per unit of distance in the direction of
groundwater flow.

hydraulic head—The elevation of the water table or potentiometric surface as measured in a well.

hydrogen-ion activity (pH)—The effective concentration (activity) of dissociated hydrogen ions (H+); a
measure of the acidity or alkalinity of a solution that is numerically equal to 7 for neutral solutions,
increases with alkalinity, and decreases as acidity increases.

hydrogeology—The science dealing with the occurrence of surface water and groundwater, their uses,
and their functions in modifying the earth, primarily by erosion and deposition.

hypothesis—A tentative explanation that accounts for a set of data and that can be tested by further
investigation.

industrial scenario—A land-use condition in which current Los Alamos National Laboratory operations
or industrial/commercial operations within Los Alamos County are continued or planned. Any
necessary remediation involves cleanup to standards designed to ensure a safe and healthy work
environment for workers.

infiltration—(1) The penetration of water through the ground surface into subsurface soil. (2) The
technique of applying large volumes of wastewater to land to penetrate the surface and percolate
through the underlying soil.

interflow—A runoff process that involves lateral subsurface flow within the soil zone.

interim measure—An action that can be implemented to minimize or prevent the migration of
contaminants and to minimize or prevent actual or potential human or ecological exposure to
contaminants, while long-term final corrective action remedies are evaluated and, if necessary,
implemented.

intermittent stream—A stream that flows only in certain reaches as a result of the channel bed’s losing
and gaining characteristics.

logging run—A single data-collecting pass with a logging tool as the tool moves up or down in the
borehole or a portion of the borehole. A logging operation generally consists of a main run and one
or more repeat runs with each logging tool.

logging tool—A device that is run in a borehole to make borehole logging measurements.

Los Alamos unlimited release (LA-UR) number—A unique identification number required for all
documents or presentations prepared for distribution outside Los Alamos National Laboratory (the
Laboratory). LA-UR numbers are obtained by filling out a technical information release form
(http://enterprise.lanl.gov/alpha.htm) and submitting the form together with 2 copies of the document
to the Laboratory’s Classification Group (S-7) for review.

material disposal area (MDA)—A subset of the solid waste management units at Los Alamos National
Laboratory (the Laboratory) that include disposal units such as trenches, pits, and shafts.
Historically, various disposal areas (but not all) were designated by the Laboratory as MDAs.
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matrix—Relatively fine material in which coarser fragments or crystals are embedded; also called
“ground mass” in the case of igneous rocks.

maximum contaminant level (MCL)—Under the Safe Drinking Water Act, the maximum permissible
level of a contaminant in water that is delivered to any user of a public water system serving 15 or
more connections and 25 or more people. MCLs are enforceable standards and take into account
the feasibility and cost of attaining the standards.

medium (environmental)—Any material capable of absorbing or transporting constituents. Examples of
media include tuffs, soils and sediments derived from these tuffs, surface water, soil water,
groundwater, air, structural surfaces, and debris.

medium (geological)—The solid part of the hydrogeological system; may be unsaturated or saturated.

migration—The movement of inorganic and organic chemical species through unsaturated or saturated
materials.

mitigation—(1) Minimizing environmental impacts by limiting the degree or magnitude of an action and
its implementation, (2) Rectifying an environmental impact by repairing, rehabilitating, or restoring
the affected environment, (3) Reducing or eliminating an environmental impact over time by
preservation and maintenance operations during the life of the action, (4) Compensating for an
environmental impact by replacing or providing substitute resources or environments.

model—A schematic description of a physical, biological, or social system, theory, or phenomenon that
accounts for its known or inferred properties and may be used for the further study of its
characteristics.

Module VIII—Module VIII of the Los Alamos National Laboratory (the Laboratory) Hazardous Waste
Facility Permit. This permit allows the Laboratory to operate as a hazardous-waste treatment,
storage, and disposal facility. From 1990 to 2005, Module VIII included requirements from the
Hazardous and Solid Waste Amendments. These requirements have been superceded by the
March 1, 2005, Compliance Order on Consent (Consent Order).

monitoring well—(1) A well used to obtain water-quality samples or to measure groundwater levels,
(2) A well drilled at a hazardous waste management facility or Superfund site to collect groundwater
samples for the purpose of physical, chemical, or biological analysis and to determine the amounts,
types, and distribution of contaminants in the groundwater beneath the site.

National Pollutant Discharge Elimination System (NPDES) —The national program for issuing,
modifying, revoking and reissuing, terminating, monitoring, and enforcing permits to discharge
wastewater or storm water, and for imposing and enforcing pretreatment requirements under the
Clean Water Act.

non-ER data—Data derived from samples collected by, and paid for by, sources other than the
Environmental Remediation and Surveillance Program.

operable units (OUs)—At Los Alamos National Laboratory, 24 areas originally established for
administering the Environmental Remediation and Surveillance Program. Set up as groups of
potential release sites, the OUs were aggregated according to geographic proximity for the purposes
of planning and conducting Resource Conservation and Recovery Act (RCRA) facility assessments
and RCRA facility investigations. As the project matured, it became apparent that there were too
many areas to allow efficient communication and to ensure consistency in approach. In 1994, the
24 OUs were reduced to 6 administrative field units.

outfall—A place where effluent is discharged into receiving waters.
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perched water—A zone of unpressurized water held above the water table by impermeable rock or
sediment.

permit—An authorization, license, or equivalent control document issued by the U.S. Environmental
Protection Agency or an approved state agency to implement the requirements of an environmental
regulation.

population—(1) A group of interbreeding organisms occupying a particular space. (2) The number of
humans or other living creatures in a designated area.

porosity—The degree to which soil, gravel, sediment, or rock is permeated with pores or cavities through
which water or air can move.

porphyritic—Pertaining to the texture of an igneous rock in which larger crystals (phenocrysts) are set in
a finer ground mass or matrix.

potential release site—A term for a potentially contaminated site at Los Alamos National Laboratory that
refers to solid waste management units and areas of concern.

preliminary remediation goals—Acceptable exposure levels (protective of human health and the
environment) that are used as a risk-based tool for evaluating remedial alternatives.

preliminary risk assessment—A risk assessment that is conducted using conservative assumptions
and scenarios and that assumes no mitigating or corrective measures beyond those already in place.

qualifications—The requisites (e.g., education, training, skills, or experience) that equip an individual for
a professional position, such as assessor or lead assessor.

quality assessment—A system of activities whose purpose is to provide assurance that overall quality
control is being executed effectively. Quality assessment involves a continuing evaluation of a
production system’s products and performance.

quality-assessment sample—A sample submitted for analysis, the data from which are used to assess
the performance quality of a sampling or analysis process. May include performance-evaluation
samples, field duplicates, or field blanks.

quality-assurance project plan—A formal document that describes, in comprehensive detail, the
necessary quality assurance, quality control, and other technical activities that must be implemented
to ensure that results of work performed will satisfy stated performance criteria.

quality assurance/quality control—A system of procedures, checks, audits, and corrective actions set
up to ensure that all U.S. Environmental Protection Agency research design and performance,
environmental monitoring and sampling, and other technical and reporting activities are of the
highest achievable quality.

quality control—See quality assurance/quality control.

quality-control sample—A specimen that, upon analysis, is intended to provide information that is useful
for adjusting, controlling, or verifying the continuing acceptability of sampling and/or analysis
activities in progress.

quality indicators—Quantitative statistics and qualitative descriptors for interpreting the degree of
acceptability or utility of data to the user. Indicators of quality include precision, bias,
representativeness, reproducibility, comparability, and statistical confidence.

quality level 1—The highest level assigned to a document or activity. At this level, documents and
activities must meet applicable requirements of a quality management plan and/or a quality
assurance project plan.
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quality level 2—A level that is assigned to those documents or activities that require good management,
engineering, or laboratory practices, and that may follow the requirements in U.S. Department of
Energy orders or the Los Alamos National Laboratory’s Laboratory implementation requirements.

quality management—The portion of an organization’s overall management system that determines and
implements the quality policy. Quality management includes strategic planning, allocation of
resources, and other systematic activities (e.g., planning implementation and assessment) pertaining
to an organization’s quality standards.

quality management plan (QMP)—A document providing a framework for planning, implementing, and
assessing work performed by an organization and for carrying out required quality assurance/quality
control. A QMP is part of an organization’s structured and documented management system that
describes the policies, objectives, principles, organizational authority, responsibilities, accountability,
and implementation plan for ensuring quality in work processes, products, and services.

quality procedure—A document that describes the process, method, and responsibilities for performing,
controlling, and documenting any quality-affecting activity governed by a quality management plan.

Quaternary—The second period of the Cenozoic Era, following the Tertiary, and including the last two to
three million years of earth history.

radiation—A stream of particles or electromagnetic waves emitted by atoms and molecules of a
radioactive substance as a result of nuclear decay. The particles or waves emitted can consist of
neutrons, positrons, alpha particles, beta particles, or gamma radiation.

radioactive material—For purposes of complying with U.S. Department of Transportation regulations,
any material having a specific activity (activity per unit mass of the material) greater than 2
nanocuries per gram (nCi/g) and in which the radioactivity is evenly distributed.

radioactivity (radioactive decay; radioactive disintegration)—The spontaneous change in an atom by
the emission of charged particles and/or gamma rays.

radionuclide—Radioactive particle (human-made or natural) with a distinct atomic weight number.

RCRA facility assessment (RFA)—Usually the first step in the Resource Conservation and Recovery
Act (RCRA) corrective action process. The RFA includes the identification of potential and actual
releases from solid waste management units and preliminary determinations about releases and the
need for corrective action and stabilization measures.

RCRA facility investigation (RFI)—A Resource Conservation and Recovery Act (RCRA) investigation
that determines if a release has occurred and characterizes the nature and extent of contamination
at a hazardous waste facility. The RFI is generally equivalent to the remedial investigation portion of
the Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA) process.

reach—A specific length of a canyon that is treated as a single unit for sampling and analysis. Reaches
tend to be internally uniform with respect to geomorphic setting and land use.

reamer—A type of drill bit that is used specifically for enlarging a borehole.

receptor—A person, other animal, plant, or geographical location that is exposed to a chemical or
physical agent released to the environment by human activities.

recharge—The process by which water is added to a zone of saturation, usually by percolation from the
soil surface (e.g., the recharge of an aquifer).

record—Any book, paper, map, photograph, machine-readable material, or other documentary material,
regardless of physical form or characteristics.
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recreational scenario—A land-use condition under which individuals may be exposed to contaminants
for a limited amount of time as a result of outdoor activities such as hiking, camping, hunting, or
fishing.

redox potential (Eh)—Chemical reactions whereby a participating element changes its valence state by
losing or gaining orbital electrons. This may also be referred to as oxidation-reduction potential.

reference set—A hard-copy compilation of reference items cited in Environmental Remediation and
Surveillance Program documents.

regional aquifer—Geologic material(s) or unit(s) of regional extent whose saturated portion yields
significant quantities of water to wells, contains the regional zone of saturation, and is characterized
by the regional water table or potentiometric surface.

regulatory standard—Media-specific contaminant concentration levels of potential concern that are
mandated by federal or state legislation or regulation (e.g., the Safe Drinking Water Act, New Mexico
Water Quality Control Commission regulations).

relative percent difference (RPD)—The measure used to assess the precision between parent results
and their associated duplicate results. The RPD is calculated as follows:
S-R
RPD = x 100
S+R
2

where RPD = relative percent difference,
S = parent sample result, and
R = duplicate sample result.

The Environmental Remediation and Surveillance Program criteria for the RPD are less than 20% for
aqueous samples and less than 35% for soil samples when the sample concentrations are greater than,
or equal to, five times the method detection limit (MDL). For samples with concentrations less than five
times the MDL, but greater than the MDL, the control is +/-MDL. No precision criterion applies to samples
with concentrations less than the MDL.

release—Any spilling, leaking, pumping, pouring, emitting, emptying, discharging, injecting, escaping,
leaching, dumping, or disposing of hazardous waste or hazardous constituents into the environment.

remediation—(1) The process of reducing the concentration of a contaminant (or contaminants) in air,
water, or soil media to a level that poses an acceptable risk to human health and the environment.
(2) The act of restoring a contaminated area to a usable condition based on specified standards.

remediation waste—All solid wastes and hazardous wastes, and all media (including groundwater,
surface water, soils, and sediments) and debris, that are managed for implementing cleanup.

replicate measurement—A reanalysis (remeasurement) of a prepared sample.

reporting limit (RL)—The numerical value that an analytical laboratory (in conjunction with its client)
selects for determining if a target analyte has been detected. Results below the RL are considered to
be undetected, but results above the RL are considered to be detected. The RLs are not necessarily
based on instrument sensitivity. RLs can be established at the instrument detection limit, method
detection limit, estimated quantitation limit, or contract-required detection limit.

representativeness—The degree to which data accurately and precisely represent a characteristic of a
population or an environmental condition.
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residential scenario—The land use condition under which individuals may be exposed to contaminants
as a result of living on or near contaminated sites.

Resource Conservation and Recovery Act—The Solid Waste Disposal Act as amended by the
Resource Conservation and Recovery Act of 1976 (Public Law [PL] 94-580, as amended by
PL 95-609 and PL 96-482, United States Code 6901 et seq.).

restricted area—Any area to which access is controlled by a licensee to protect individuals from
exposure to radiation and radioactive materials. The “restricted area” shall not include areas used as
residential quarters, although a separate room or rooms in a residential building may be set apart as
a restricted area.

retention time window criteria—The x-axis on a chromatogram represents retention time. A retention
time window is a specified time range on this axis. If a target analyte is detected within its retention
time window, it is considered detected. The retention time window criteria are the exact time
windows on the chromatogram defining a given target analyte and are method-specific.

rill erosion—An erosion process in which numerous small channels several inches deep are formed by
concentrated runoff that flows during and immediately after rain storms or snowmelt.

rinsate blank—See equipment blank.

risk—A measure of the probability that damage to life, health, property, and/or the environment will occur
as a result of a given hazard.

risk analysis—In the quality assurance field, a qualitative evaluation of the probability and the potential
consequences associated with noncompliant documents or work activities.

risk assessment—See baseline risk assessment.

risk-based end state—The post-remediation vision for the planned future land use of a specific
U.S. Department of Energy property.

risk characterization—The last phase in the risk assessment process which estimates the potential for
adverse health or ecological effects to occur as a result of exposure to a stressor, and which
evaluates the uncertainty involved.

risk management—The process of evaluating and selecting alternative regulatory and nonregulatory
responses to risk. The selection process necessarily requires the consideration of legal, economic,
and behavioral factors.

routine analysis—The analysis categories of inorganic compounds, organic compounds, metals,
radiochemistry, and high explosives, as defined in a contract laboratory’s statement of work.

routine data—Data generated using analytical methods that are identified as routine methods in the
current Environmental Remediation and Surveillance Program statement of work for analytical
services.

routine data validation—The process of reviewing analytical data relative to quantitative routine
acceptance criteria. The objective of routine data validation is two-fold—

¢ to estimate the technical quality of the data relative to minimum national standards adopted
by the Environmental Remediation and Surveillance Program, and

o toindicate to data users the technical data quality at a gross level by assigning laboratory
qualifiers to environmental data whose quality indicators do not meet acceptance criteria.

runoff—The portion of the precipitation on a drainage area that is discharged from the area.
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run-on—Surface water that flows onto an area as a result of runoff occurring higher up on a slope.

sample—A portion of a material (e.g., rock, soil, water, or air), which, alone or in combination with other
portions, is expected to be representative of the material or area from which it is taken. Samples are
typically either sent to a laboratory for analysis or inspection or are analyzed in the field. When
referring to samples of environmental media, the term field sample may be used.

sample matrix—In chemical analysis, that portion of a sample that is exclusive of the analytes of interest.
Together, the matrix and the analytes of interest form the sample.

screening action level (SAL)—A radionuclide’s medium-specific concentration level; it is calculated by
using conservative criteria below which it is generally assumed that no potential exists for a dose that
is unacceptable to human health. The derivation of a SAL is based on conservative exposure and on
land-use assumptions. However, if an applicable regulatory standard exists that is less than the
value derived, it is used in place of the SAL.

screening risk assessment—A risk assessment that is performed with few data and many assumptions
in order to identify exposures that should be evaluated more carefully for potential risk.

sediment—(1) A mass of fragmented inorganic solid that comes from the weathering of rock and is
carried or dropped by air, water, gravity, or ice. (2) A mass that is accumulated by any other natural
agent and that forms in layers on the earth’s surface (e.g., sand, gravel, silt, mud, fill, or loess).
(3) A solid material that is not in solution and is either distributed through the liquid or has settled out
of the liquid.

sensitivity—An indication of the lowest analyte concentration that can be measured with a specified
degree of confidence.

serial dilution sample—A requirement of the U.S. Environmental Protection Agency (EPA) Method
6010B (Inductively Coupled Plasma-Atomic Emission Spectroscopy). Serial dilutions are made by
performing a series of dilutions on an aliquot taken from a stock solution for a target analyte. The first
dilution of the original stock solution serves as the stock solution for the second dilution, and the
second dilution serves as the stock solution for the third dilution, and so on. To meet the requirement
of EPA Method 6010B, one serial dilution analysis must be performed for each matrix in every
sample batch, with a minimum of 1 serial dilution sample per 20 samples.

simple random sample—A sampling design in which every possible sample (sample unit) has an equal
probability of being selected.

single blind sample—A performance-evaluation sample submitted for analysis whose sample identity is
known to the analyst, but whose composition is known to the submitter and not to the analyst.

site characterization—Defining the pathways and methods of migration of hazardous waste or
constituents, including the media affected; the extent, direction and speed of the contaminants;
complicating factors influencing movement; or concentration profiles.

site conceptual model—A qualitative or quantitative description of sources of contamination,
environmental transport pathways for contamination, and receptors that may be impacted by
contamination and whose relationships describe qualitatively or quantitatively the release of
contamination from the sources, the movement of contamination along the pathways to the exposure
points, and the uptake of contaminants by the receptors.

site-specific health and safety plan (SSHASP)—A health and safety plan that has been tailored to a
site or to an Environmental Remediation and Surveillance (ERS) Program field activity and that has
been approved by an ERS health and safety representative. A SSHASP contains information specific
to the project, including the scope of work, relevant history, descriptions of hazards from activity
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associated with the project site(s), and techniques for exposure mitigation (e.g., personal protective
equipment and hazard mitigation).

slope—A ratio of units of elevation change to units of horizontal change, usually expressed in degrees.

soil—(1) A material that overlies bedrock and has been subject to soil-forming processes. (2) A sample
media group that includes naturally occurring and artificial fill materials.

soil gas—Gaseous elements and compounds in the small spaces between particles of the earth and soil.
Such gases can be moved or driven out under pressure.

soil hygrometer—An instrument that measures soil moisture.
soil moisture—The water contained in the pore space of the unsaturated zone.

soil screening level (SSL)—The concentration of a chemical (inorganic or organic) below which no
potential for unacceptable risk to human health exists. The derivation of an SSL is based on
conservative exposure and land-use assumptions, and on target levels of either a hazard quotient of
1.0 for a noncarcinogenic chemical or a cancer risk of 10-5 for a carcinogenic chemical.

soil water—Water in the unsaturated zone, regardless of whether it occurs in soil or rock.

solid waste—Any garbage, refuse, or sludge from a waste treatment plant, water supply treatment plant,
or air-pollution control facility, and other discarded material, including solid, liquid, semisolid, or
contained gaseous material resulting from industrial, commercial, mining, and agricultural operations
and from community activities. Solid waste does not include solid or dissolved materials in domestic
sewage; solid or dissolved materials in irrigation return flows; industrial discharges that are point
sources subject to permits under section 402 of the Federal Water Pollution Control Act, as
amended; or source, special nuclear, or byproduct material as defined by the Atomic Energy Act of
1954, as amended.

solid waste management unit (SWMU)—(1) Any discernible site at which solid wastes have been
placed at any time, whether or not the site use was intended to be the management of solid or
hazardous waste. SWMUs include any site at a facility at which solid wastes have been routinely and
systematically released. This definition includes regulated sites (i.e., landfills, surface impoundments,
waste piles, and land treatment sites), but does not include passive leakage or one-time spills from
production areas and sites in which wastes have not been managed (e.g., product storage areas).
(2) According to the March 1, 2005, Compliance Order on Consent (Consent Order), any discernible
site at which solid waste has been placed at any time, and from which the New Mexico Environment
Department determines there may be a risk of a release of hazardous waste or hazardous waste
constituents (hazardous constituents), whether or not the site use was intended to be the
management of solid or hazardous waste. Such sites include any area in Los Alamos National
Laboratory at which solid wastes have been routinely and systematically released; they do not
include one-time spills.

specific (electrical) conductance—A measure of the ease with which a conduction current flows
through a substance under the influence of an applied electric field. Specific conductance is
dependant upon the presence of ions (total and relative concentrations, valence, and mobility) and
temperature. It is the reciprocal of resistivity and is measured in either siemens (S) or micro-ohms
per centimeter (uohm/cm) at 25°C.

split sample—A sample that has been divided into two or more portions that are expected to be of the
same composition; used to characterize within-sample heterogeneity, sample handling, and
measurement variability.
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split-spoon sampler—A hollow, tubular sampling device below a drill stem that is driven by a weight to
retrieve soil samples. The core barrel can be opened to remove samples. This is a sampling method
commonly used with auger drilling. The split-spoon sampler can be driven into the ground or can be
advanced inside hollow-stem augers.

spring—Groundwater seeping out of the earth where the water table intersects the ground surface.

standard operating procedure—A document that details the officially approved method(s) for an
operation, analysis, or action, with thoroughly prescribed techniques and steps.

stratification—The process of separating into layers.

stratified sample—A sample that includes one or more specimens from each of several subpopulations
within a target population. (Note: If the specimens are selected from within each subpopulation using
a simple random sample, the sample is called a stratified random sample.)

stratigraphy—The study of the formation, composition, and sequence of sediments, whether
consolidated or not.

subsample—See aliquot.

Superfund—Another term for the Comprehensive Environmental Response, Compensation, and Liability
Act (CERCLA). The two terms are used interchangeably.

surface sample—A sample taken at a collection depth that is (or was) representative of the medium’s
surface during the period of investigative interest. A typical depth interval for a surface sample is 0 to
6 in. for mesa-top locations, but may be up to several feet in sediment-deposition areas within
canyons.

surrogate (surrogate compound)—An organic compound used in the analyses of organic target
analytes that is similar in composition and behavior to the target analytes but is not normally found in
field samples. Surrogates are added to every blank and spike sample to evaluate the efficiency with
which analytes are being recovered during extraction and analysis.

target analyte—A chemical or parameter, the concentration, mass, or magnitude of which is designed to
be quantified by a particular test method.

technical area (TA)—At Los Alamos National Laboratory, an administrative unit of operational
organization (e.g., TA-21).

technical notebook—A record of the methodology, observations, and results of technical activity
investigations.

tentatively identified compound (TIC)—A chemical compound detected in a sample that is not a target
analyte, internal standard, or surrogate. Up to 30 chromatographic peaks may be subject to mass
spectral matching for identification as TICs.

topography—The physical or natural features of an object or entity and their structural relationships.

total propagated uncertainty (TPU)—The range of concentrations (expressed as + the measured
concentration) that includes the theoretical or true concentration of an analyte with a specific degree
of confidence. Radiochemical results are required to be accompanied by sample-specific uncertainty
bounds that reflect the 67% confidence level (1-sigma TPU). The TPU includes not only the
measurement or counting error but the technique-specific error term that includes uncertainty values
for each contributing measurement process and a sample-specific contribution reflecting the specific
chemical recoveries or detectors used. All radiochemical result uncertainties incorporate terms for
technique-related and sample-specific measurement errors.
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toxic pollutant—A water contaminant or combination of water contaminants in concentration(s) that,
upon exposure, ingestion, or assimilation, either directly from the environment or indirectly by
ingestion through food chains, will unreasonably threaten to injure the health of humans, or the
health of other animals or plants that are commonly hatched, bred, cultivated, or protected for use by
humans for food or economic benefit.

transport (transportation)—(1) The movement of a hazardous waste by air, rail, highway, or water.
(2) The movement of a contaminant from a source through a medium to a receptor.

treatment—Any method, technique, or process, including elementary neutralization, designed to change
the physical, chemical, or biological character or composition of any hazardous waste so as to
neutralize such waste, recover energy or material resources from the waste, or to render such waste
nonhazardous or less hazardous; safer to transport, store, or dispose of; or amenable for recovery or
storage; or reduced in volume.

treatment, storage, and disposal facility—An interim-status or permitted facility in which hazardous
waste is treated, stored, or disposed.

tremie pipe—A small-diameter pipe used to carry sand pack, bentonite, or grouting materials to a
borehole’s bottom. Materials are pumped under pressure or poured to the hole bottom through the
pipe. The pipe is retracted as the annular space is filled.

trip blank—A sample of analyte-free medium taken from a sampling site and returned to an analytical
laboratory unopened, along with samples taken in the field; used to monitor cross contamination of
samples during handling and storage both in the field and in the analytical laboratory.

tuff—Consolidated volcanic ash, composed largely of fragments produced by volcanic eruptions.

turbidity (nephelometric)—A measure of the intensity of light scattered by sample particulates relative to
a standard reference suspension. The range of water turbidity is measured between 0 and
40 nephelometric turbidity units (NTU).

unconfined aquifer—An aquifer containing water that is not under pressure; the water level in a well is
the same as the water table outside the well.

underflow—Groundwater flow beneath the bed of a nonflowing stream. Such water is often perched in
the channel alluvium atop the bedrock surface.

unsaturated zone—The area above the water table where soil pores are not fully saturated, although
some water may be present.

upper acceptance limit (UAL)—The highest limit that is acceptable, based on the quality control (QC)
criteria for a specific QC sample for a specific method. Any results greater than the UAL are
qualified.

upper confidence limit—The statistic that represents the upper bound of the arithmetic mean (usually
95%) of the measured data and that is used in a risk assessment as the reasonable maximum
exposure point concentration.

upper tolerance limit—A statistical measure of the upper end of a distribution. The 95th percentile upper
tolerance limit, which is the 95% upper percentile of the 95" percentile of the data distribution, is the
background value used to represent the background data distribution for an inorganic chemical or
naturally occurring radionuclide.

U.S. Department of Energy—The federal agency that sponsors energy research and regulates nuclear
materials for weapons production.
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U.S. Environmental Protection Agency (EPA)—The federal agency responsible for enforcing
environmental laws. Although state regulatory agencies may be authorized to administer some of
this responsibility, EPA retains oversight authority to ensure the protection of human health and the
environment.

vadose zone—The zone between the land surface and the water table within which the moisture content
is less than saturation (except in the capillary fringe) and pressure is less than atmospheric. Soil pore
space also typically contains air or other gases. The capillary fringe is included in the vadose zone.

verification—A test or tests, generally performed before and after logging in lieu of a calibration, to
ascertain whether the logging system is operating properly. Verification differs from calibration in that
it does not provide updated system calibration values.

water content—The amount of water in an unsaturated medium, expressed as the ratio of the weight of
water in a sample to the weight of the oven-dried sample (often expressed as a percentage).

watercourse—Any river, creek, arroyo, canyon, draw, wash, or other channel that has definite banks and
beds and provides visual evidence of the occasional flow of water.

watershed—A region or basin drained by, or contributing waters to, a river, stream, lake, or other body of
water and separated from adjacent drainage areas by a divide, such as a mesa, ridge, or other
geologic feature.

water table—The top of the regional saturated zone; the piezometric surface associated with an
unconfined aquifer.

welded tuff—A volcanic deposit hardened by the action of heat, pressures from overlying material, and
hot gases.

well casing—A solid piece of pipe, typically steel or polyvinyl chloride (PVC) plastic, used to keep a well
open in either unconsolidated materials or unstable rock and as a means to contain zone-isolation
materials such as cement grout or bentonite.

well screen—A perforated wire-wrapped casing that allows fluids, but not solid material, to enter a well.

work plan—A document that specifies the activities to be performed when implementing an investigation
or remedy. At a minimum, the work plan should identify the scope of the work to be performed,
specify the procedures to be used to perform the work, and present a schedule for performing the
work. The work plan may also present the technical basis for performing the work.
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A-3.0 METRIC CONVERSION TABLE

Multiply SI (Metric) Unit by To Obtain US Customary Unit
kilometers (km) 0.622 miles (mi)
kilometers (km) 3281 feet (ft)
meters (m) 3.281 feet (ft)
meters (m) 39.37 inches (in.)
centimeters (cm) 0.03281 feet (ft)
centimeters (cm) 0.394 inches (in.)
millimeters (mm) 0.0394 inches (in.)
micrometers or microns (um) 0.0000394 inches (in.)
square kilometers (km?) 0.3861 square miles (mi?)
hectares (ha) 2.5 acres
square meters (m2) 10.764 square feet (ft2)
cubic meters (m3) 35.31 cubic feet (ft3)
kilograms (kg) 2.2046 pounds (Ib)
grams (g) 0.0353 ounces (0z)
grams per cubic centimeter (g/cm3) 62.422 pounds per cubic foot (Ib/ft3)
milligrams per kilogram (mg/kg) 1 parts per million (ppm)
micrograms per gram (ug/g) 1 parts per million (ppm)
liters (L) 0.26 gallons (gal.)
milligrams per liter (mg/L) 1 parts per million (ppm)
degrees Celsius (°C) 9/5 + 32 degrees Fahrenheit (°F)
A-4.0 DATA QUALIFIER DEFINITIONS
Data Qualifier
] The analyte was analyzed for but not detected.
J The analyte was positively identified, and the associated numerical value is estimated to be more
uncertain than would normally be expected for that analysis.
J+ The analyte was positively identified, and the result is likely to be biased high.
J- The analyte was positively identified, and the result is likely to be biased low.
uJ The analyte was not positively identified in the sample, and the associated value is an estimate of
the sample-specific detection or quantitation limit.
R The data are rejected as a result of major problems with quality assurance/quality control (QA/QC)
parameters.
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B1-1.0 INTRODUCTION

Shallow groundwater and surface water within the Cafion de Valle alluvial system at Los Alamos National
Laboratory (LANL or the Laboratory) Technical Area 16 (TA-16) exceed New Mexico Water Quality
Control Commission (WQCC) standards for barium and the high explosive (HE), 1,3,5-trinitro-hexahydro-
s-triazine (RDX). The corrective measures study (CMS) identified installation of permeable reactive
barriers (PRBs) as the preferred remedial alternative for the Cafon de Valle alluvial system (LANL 2003,
085531). The New Mexico Environment Department (NMED) selected PRBs as the remedy for alluvial
groundwater in the Cafion de Valle alluvial system and approved the installation of a pilot system (NMED
2006, 095631). The primary remedial objective for these PRBs is to reduce RDX and barium
concentrations in alluvial groundwater to below their respective groundwater standards, which, in turn, will
reduce the concentrations of contaminants in groundwater infiltrating to intermediate and regional
groundwater zones.

Laboratory studies were conducted to support the field remediation effort in Cafion de Valle. The goals of
these laboratory studies were to evaluate performance of prospective reactive media that could be used
in the proposed PRBs, The tests used site-specific groundwater. These laboratory studies include:

(1) ultrafiltration of site-specific alluvial groundwater and chemical analysis of the sample splits to
determine partitioning of barium between solution and colloidal material; (2) isothermal batch sorption
studies, and (3) isothermal flow-through column studies. The latter two types of studies were to determine
the ability of various media to remove barium and RDX from site groundwater. Six types of reactive media
were evaluated, including: activated granular carbon, zero-valent iron, apatite Il, clinoptilolite, gypsum,
and Bandelier Tuff.

Initial results from the filtration and batch sorption experiments are presented below. Preliminary results
from column experiments are also described, but these experiments are ongoing.

B1-2.0 MATERIALS
B1-2.1 Description of Tested Media

Candidate PRB reactive media for the treatment of RDX are granular activated carbon (GAC) for sorption
of RDX and zero-valent iron (ZVI) for reductive destruction of RDX. ZVI is known to efficiently destroy
RDX through a process of reductive denitrification (Comfort et al. 2003, 095746; Park et al. 2004,
095745). Rather than destroy RDX, activated carbon adsorbs it (Morley and Speitel 1999, 095744), which
means that disposal of the spent carbon with sorbed RDX will eventually be required. When potential
RDX treatment technologies are identified and evaluated, RDX destruction is preferable to the transfer of
RDX to another medium, such as adsorption onto carbon (LANL 2003, 085531). Candidate PRB reactive
media for barium include calcium sulfate (gypsum), the zeolite clinoptilolite, and fish-bone apatite

(apatite Il). These media were selected because they are known to have a high affinity for removing
barium from groundwater.

GAC, 2VI, calcium sulfate, clinoptilolite, and apatite || were examined in batch sorption and/or flow-
through column experiments to evaluate their effectiveness in removing barium and RDX from alluvial
groundwater at TA-16. In addition to these reactive media, a sample of Bandelier Tuff was also evaluated
in an initial attempt to determine the potential for attenuation of barium as groundwater flows through tuff
units. Brief descriptions of the tested media are presented below along with scanning electron microscope
(SEM) photos of each material (see Figures B1-1 through B1-6).
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Granular activated carbon was purchased from Alltech Associates (part number 5772). The sieved, sized
fraction between 40/60 mesh (0.25-0.42 mm) was used for batch and flow-through experiments.

ZVI| was obtained from Peerless Metal Powders & Abrasive, Detroit, Ml. The fractional size was broad,
ranging from a 5 to 80 mesh size. For the laboratory studies, the material was sieved to a size between
0.1-0.5 mm with fines removed by rinsing with a cleaning alcohol mix of methanol and ethanol, followed
by placement in a vacuum (~18” Hg) oven that was heated to 100° C for 1 week.

Apatite Il was obtained from PIMS NW, Inc., Carlsbad, NM. The material is a biological noncrystalline
form of apatite derived from a patented heat treatment of fish bones. The material was crushed in a
mechanical pulverizer followed by sieving to a size of 0.1-0.5mm. Fines were removed by rinsing the
material in deionized water, which was then dried in a vacuum (~18” Hg) oven heated to 40° C.

Clinoptilolite was obtained from the St. Cloud Mining Company, Winston, NM. The company reports 75%
to 80% of the material as pure clinoptilolite but doesn’t list the impurities. XRD analysis is in process. The
zeolite was received in a large heterogeneous range of grain sizes that was reduced by crushing with a
mechanical pulverizer followed by sieving to a size of 0.1-0.5mm. Fines were removed by rinsing in
deionized water then the material dried in a vacuum (~18” Hg) oven heated to 40° C.

Gypsum was obtained from a mine near Bingham, NM, owned by the Portales Mining Company. The
material was a high-grade, transparent, selenite form of gypsum. The crystals were crushed with a
mechanical pulverizer, followed by sieving to a size of 0.1-0.5mm. Fines were removed by rinsing in
deionized water then the material was dried in a vacuum (~18” Hg) oven heated to 40° C.

Bandelier Tuff was collected from unit 4 of the Tshirege Member from an outcrop in Mortandad Canyon
near TA-48. The sample is a moderately welded devitrified ignimbrite. Phenocrysts and pumice comprise
approximately 10% of the sample. Lithic clasts comprise less than 1 volume percent. Phenocrysts in

unit 4 are dominantly quartz (bipyramidal) and sanidine, with minor plagioclase and altered mafic
minerals. Mafic phenocrysts are small (<1Tmm) and comprise only 1 volume percent of a thin section of
the sample. The remaining volume of the sample is the matrix composed of ash, devitrified glass shards,
small pumice fragments, and minute phenocryst fragments. The primary vapor-phase mineralogy is
cristobalite, tridymite, and sanidine. Small patches of yellow clay occur in the groundmass. Secondary
iron-oxides are sparse, and some of the mafic minerals are locally altered to brown clay. As with some of
the other media, the tuff was crushed with a mechanical pulverizer followed by sieving to a size of 0.1-
0.5 mm. Fines were removed by rinsing in deionized water then the tuff was dried in a vacuum (~18” Hg)
oven heated to 40° C.

B1-2.2 Alluvial Groundwater Samples

Groundwater from TA-16 was obtained from well purges collected between October 2006 and

February 2007. The proposed location of the PRB is within Cafion de Valle where most water samples
were taken; however, material was also collected at well CdV-16-6295, which is located in Martin Canyon
south of Canon de Valle. Waters were collected at well CdV-16-02657, located about one-half mile up
Canon de Valle from the proposed PRB site and from well CdV-16-02659, located about one-half mile
down the canyon from well CdV-16-02657. Water was also collected from Well CdV-16-02658, located
close to the planned installation site of the PRB; this well contains the highest barium concentration of the
groundwater samples collected. This water (termed high-barium) was used for the batch studies as well
as for the filtration studies.

Approximately 2 L of water from well CdV-16-6295 was used to serially dilute water from well
CdV-16-02658, which contains “high-Ba” concentrations (7.3 ppm), by a third to produce the water
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termed “mid-Ba” (5.1ppm), and again by another third to create the “low-Ba” (2.7 ppm) water. These three
waters were used in the batch studies. After producing these, all of the remaining waters were combined
to produce the water labeled, “PWW16-mix.” It was necessary to combine the samples to ensure that a
sufficient volume of water was available for columns studies. Water volumes collected are listed in

Table B1-1 and major cation concentrations are provided in Table B1-2.

B1-3.0 METHODS
B1-3.1 Analytical Methods

Major cations were analyzed by inductively coupled plasma optical emission spectrometry (ICP-OES)
using the Perkin Elmer Optima 2100 DV and EPA Method 200.7 in the Earth and Environmental Sciences
(EES-6) laboratory at Los Alamos National Laboratory. Ultrahigh-purity nitric acid (Fisher Trace Metal
Grade) was used in sample and calibration preparation prior to sample analysis. An internal standard

(5 mg/L Sc) was added to both samples and standards to correct for matrix effects which can result in
differing introduction rates. Standard Reference Material (SRM) 1640, Trace Elements in Natural Water,
was used to check the accuracy of the multi-element calibration. Parameters were as follows: 1300 W
forward power, 15 mL/min cooling gas, 0.2 mL/min auxiliary flow; 0.8 mL/min nebulizer flow; and

1.5 mL/min sample uptake. Major cation concentrations for the two groundwater samples (CdV-16-02658
and CdV-16-6295) are given in Table B1-2.

Samples were analyzed for RDX by high-performance liquid chromatography (HPLC) using a Dionex

DX 600 system, PDA-100 Photodiode Array Detector, and U.S. Environmental Protection Agency (EPA)
Method 8330 in the EES-6 laboratory. The column was an Acclaim 120 C-18 (4.6 x 250 mm). The
following analytical parameters were used: 50/50 v/v methanol/water; 25°C; 1.25 mL/min flow rate; 50 pL
injection volume; and analyte detection at 254 nm.

Radionuclide activities were determined using a Packard 2500 Tri-Carb liquid scintillation counter (LSC)
in the EES-6 laboratories at TA-48. Twenty mL plastic translucent LSC vials were used with 6 mL of
sample and 14 mL of Packard UltimaGold AB Scintillant. Counting was duplicated and statistically
averaged with two 5-min counting periods. Quench curves for the two radioisotopes, tritiated water (HTO),
and barium-133, were created from the isotopes and used to quench correct all resulting counts using the
counter’s quench-deriving parameter.

B1-3.2 Filtration

Samples of the high-barium water from well 16-02658 were filtered to determine if barium occurred in
solution, was found as a colloid, or was bound to colloidal material. If barium was present as a colloid or
adsorbed onto colloidal material, it could be removed by filtration. One filtration study used a Whatman,
Anotop 25 (catalog number 6809-2002) 0.02-u syringe filter. A second method used a 76 mm Millipore
Ultrafiltration Stirred Cell with a 500,000 NMWL Biomax PBVK filter (catalog number PBVK-076-10).
Analytical results for the filtered samples were obtained using ICP-OES and are presented in Table B1-2.

B1-3.3 Batch Sorption

Batch sorption studies were performed with the reactive media using site-specific alluvial groundwater
obtained at TA-16. Natural groundwater containing elevated levels of barium (CdV-16-02658) were
diluted using groundwater with background levels of barium (CdV-16-6295) to produce water with barium
concentration progressively decreased by thirds creating “high-Ba” (7.3mg/L), “mid-Ba” (5.1mg/L) and
“low-Ba” (2.7 mg/L) (Table B1-2). For all batch experiments, the reactive media was placed in plastic vials
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with one of the three initial solution concentrations (low-, mid-, and high- barium.) with 2 g of media to
100 mL of solution for a 1:50 ratio. Duplicates were run for each of the batch experiments. Samples of
each of the three initial solutions containing no reactive media were run as controls. The samples were
agitated on an orbital shaker at 120 revolutions per min. Five mL aliquots were removed at 8, 24, 56 and
100 hr and centrifuged at 28,175 relative centrifugal force for 1 hr with resulting supernate analyzed for
barium concentration by ICP-OES. RDX sorption experiments were performed similarly but these were
performed using only the “high-Ba” water because it also contains the highest levels of RDX (~15 ppb) of
the available samples, and thus provides maximum analytical sensitivity.

Distribution coefficients were determined by calculating the ratio of the amount of contaminant sorbed by
the reactive media to the amount of contaminant remaining in solution (Freeze and Cherry 1979, 088742,
p. 403):

_as

Ki=
dC

Where K, = distribution coefficient
S = Mass of the solute sorbed by reactive media

C = Solute concentration remaining in solution

B1-3.4 Column Experiments

Column studies using the reactive media were performed to assess the potential of the several media to
retard or break down barium and RDX in the PRB. In every column the reactive media was mixed with an
equal volume of sand, as this is the material expected to be used in the proposed PRB. The sand is
“Colorado Silica Sand” and was obtained from Oglebay Norton Company. The sand was received in a
large 10/20 sieved fraction that required reducing. The sand was crushed and sieved to a 0.1-0.5mm
grain size, followed by rinsing with deionized water and drying in a vacuum (~18” Hg) oven at 40° C.

In total, three sets of column experiments were performed. The first set used 1 x 20 cm Economy Flex
Columns from Kontes Glass with a total material volume of 16 mL (Figure B1-7). The second and third
column experiment sets used similar but smaller 1 x 10 cm columns with 8 mL total volume of material. All
column experiments used the natural groundwater PWW16-mx containing 6.51 ppm barium and 15 ppb
RDX. Duplicates of each column were used throughout the experiments. Columns were packed using dry
media that was gently poured by sections, lightly tapped to induce compaction of the media, and
weighed. The columns were purged of atmospheric gasses and saturated with deionized water under
vacuum. The saturated columns will be reweighed to determine column porosity after experiments are
completed.

Hydraulic conductivity measurements were made for all the column assemblies except for column set two
(Table B1-3). The procedure for measuring hydraulic conductivity followed the EPA Method 9100 using

the “constant head” formula:
_ QL/
K== \na

Where K = hydraulic conductivity

Q = flow volume over time
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Ah = head distance
A = cross sectional area of column

L = length of column

Column hydraulic conductivity measurements will also be determined at the end of the column tests to
evaluate potential plugging or degrading of the media within the PRB, which will be useful in predicting
performance of the proposed PRB.

The first set of column experiments consisted of four columns, representing two different media
combinations each run in duplicate. Columns 1 and 2 were prepared with ZVI comprising the bottom of
the column and clinoptilolite the top. Columns 3 and 4 were packed with gypsum on the bottom and ZVI
on the top. The media were divided into equal volumes separated by a thin layer of glass wool. This
experiment was run at a flow rate of 1 mL/hr and collection interval of 6 mL. Pore volumes were
approximately 8 to 9 mL.

Columns for the second set of column experiments were prepared using GAC to examine potential RDX
breakthrough. For this experiment, the high-barium groundwater with RDX concentration of approximately
15 ppb was continuously flushed through the two columns. Flow rate was 1 mL/hr and the collection
interval was 5 mL. Pore volumes were estimated to be 5 mL. The effluent was analyzed for RDX by
HPLC.

The third column set consisted of eight columns loaded with four different reactive media: apatite II,
clinoptilolite, gypsum, and Bandelier Tuff, and each was run in duplicate. As in the other column sets,
high—barium groundwater was used; however, for this column set the water was spiked with HTO as well
as barium-133. The use of the two radioactive tracers allows hydrodynamic modeling of the columns as
well as providing a retardation and distribution coefficient from resulting differences in breakthrough of the
conservative and reactive tracer. Approximately five pore-volumes of the spiked groundwater were
injected, followed by flow from natural high-barium groundwater free of any added radionuclides. Total
activity of the tracer was approximately 580,000 disintegrations per minute (dpm) of HTO and

270,000 dpm of barium-133 for each column. The flow rate was set to 0.6 mL/hr and collection intervals
were progressively increased from initial collections of 0.3 mL, for early HTO breakthrough resolution, to
6 mL. Pore-volumes were approximately 5 mL.

B1-4.0 RESULTS AND DISCUSSION
B1-4.1 Filtration Experiments

Analytical results for filtration studies (Table B1-2) show that barium concentrations, as well as other
major cations, agree within analytical uncertainty (although the elevated concentration of potassium of
1.89 mg/L is unexplained). There is no significant difference between filtration methods. These data
indicate that barium, as well as other major cations, occur predominantly as ionic solutes and are not in
colloidal form.

B1-4.2 Batch Sorption Experiments

Distribution coefficients for barium and different media are averaged for the duplicates and are given in
Table B1-4 and shown graphically in Figures B1-8 through B1-10. Gypsum has the highest Kys with
values up to approximately 1951 mL/g. Clinoptilolite has the second highest Kys with values up to
approximately 1827 mL/g and apatite Il has the third highest with a K4s up to approximately 1151 mL/g.
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The distribution coefficients for all the media except the tuff increase with time suggesting that the media
haven’t reached sorption equilibrium after 100 hr. Therefore, it is likely that all media, except the tuff, can
be expected to have higher Kys when equilibration is reached.

Bandelier Tuff was tested to evaluate the potential for natural retardation of barium as groundwater flows
through the tuff. Distribution coefficients for the sample of Bandelier Tuff demonstrate a lack of significant
change over time, which implies that equilibrium has been achieved. This media has the lowest K4 of
those tested, with values between 72 mL/g and 79 mL/g. Nonetheless, these values are sufficiently large
such that significant natural retardation of barium is expected. This particular tuff has small amounts of
clays and oxides, which tend to have higher capacity to sorb metals when compared to the tuff matrix and
phenocrysts. It is likely that more altered tuff units or other units with greater amounts of clays and oxides
(e.g., the Puye Formation) will retard barium to an even greater extent than predicted with this particular
sample.

Batch sorption used GAC, ZVI, and apatite Il to evaluate RDX uptake/breakdown and were performed
similarly to the experiments used to examine barium uptake. The high-barium groundwater, which also
has the highest RDX concentration, was used. These experiments show that all the material removed
RDX to below detection (Table B1-5). The results of these experiments cannot be used to provide kinetic
isotherms of RDX reduction as the contaminant was removed or degraded rapidly below detection levels.

B1-4.3 Column Experiments

In the first set of column experiments, gas was generated within the columns after two weeks
(approximately 35 pore volumes). It is assumed that ZVI oxidation consumed available oxygen within the
system resulting in breakdown of water bonds as a continued oxygen source, which also results in
generation of hydrogen gas. Similar hydrogen generation from oxidation of ZVI has been reported by
Zhang and Gillham (2005, 095712). Reduced hydraulic conductivity from gas development caused all
column pumps to fail roughly 50 to 60 pore-volumes into these experiments. Before the end of the
experiment, gas within the columns produced flow channels reducing surface contact between the
reactive media and the barium-bearing groundwater. Despite this reduction in available surface area,
breakthrough of barium was not detected in any of the four columns (Table B1-6).

The pH of the solution was expected to increase through the columns under the reducing conditions from
ZVI corrosion. However, pH remained steady with inlet water averaging 8.0 and effluents averaging 8.1. It
is possible that pH was buffered by the calcite precipitation reaction:

Ca, + HCO;3 = CaCOx(s) + H+

Consumption of H+ by the reduction reaction raises the pH and causes the reaction to shift to the right.
But the precipitation also releases H+ which may help to buffer the solution.

Maijor cations were measured on the inlet groundwater and the column effluent (Table B1-6). Cation
concentrations in Table B1-6 are the averages of the two duplicate columns. In all of the columns, up to
95% of the barium was removed from solution, with concentrations reduced from 6.5 mg/L to roughly
0.03mg/L. The calcium concentration decreased through the clinoptilolite column but substantially
increased in the gypsum columns. The outlet tubing of the gypsum columns clouded with a white
precipitate during the column experiment. Submerging a section of this tubing in 1.5 molar hydrochloric
acid after the experiments rapidly dissolved the precipitate. These observations strongly suggest that
calcium carbonate precipitated in the outlet of the gypsum column. This finding further suggests that
precipitates may be a concern for plugging of the PRB, an issue that may warrant further consideration.
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The second set of columns, listed as columns 5 and 6 (Table B1-3), have currently flowed approximately
70 pore-volumes of approximately 15 ppb RDX water. RDX has not yet been detected in the effluent.

Breakthrough curves (BTCs) for the third set of radionuclide columns, listed as columns 7 through 14 of
Table B1-3 are shown in Figures B1-11 through B1-14. All the columns have high HTO mass recoveries
ranging from a low of 85% to a high of 92%. In general, BTCs for duplicate columns are similar, with only
slight differences in final arrivals. The BTCs are also generally square-shaped, indicating little
hydrodynamic dispersion in the column. However, some tailing is evident in the clinoptilolite, gypsum, and
Bandelier Tuff columns, which may indicate a small amount of dual porosity behavior.

As of the date of this publication, approximately 28 pore-volumes have been flushed through the
radionuclide columns. A very small breakthrough of barium-133 was detected at 9 pore-volumes in the
two gypsum columns. This breakthrough was very small in concentration with C/Co of 0.001 and has
been observed to be declining after approximately 28 pore-volumes to concentrations near background
values. The reason for this early breakthrough of barium is unclear. Continued monitoring of these
columns may help to better explain this issue. Barium-133 has not been detected in any of the other
columns; these columns are also continuing to run.

B1-5.0 CONCLUSIONS AND RECOMMENDATIONS

Batch and flow-through column experiments were conducted to evaluate materials being considered for a
PRB in Cafon de Valle. Several conclusions can be reached from the batch and preliminary column
experimental data.

Barium concentrations in samples filtered using a 0.02y filter and 500,000 dalton filter remained
statistically indistinguishable from concentrations in unfiltered samples. These results indicate that barium
occurs as a solute rather than in a colloidal form greater than these size ranges. It would be useful to
carry these investigations further to include filtration to finer sizes and/or ultracentrifugation to determine if
barium might be carried on finer particles.

The reactive media used for the batch sorption studies demonstrate significant sorption behavior from all
the media tested (Table B1-4). Gypsum yielded the highest distribution coefficient for barium sorption,
averaging 1809 mL/g at 100 hr for all three barium waters. Clinoptilolite was the second highest,
averaging 1672 mL/g at at 100 hr and apatite Il was third averaging 1020 mL/g. These high Kys exceeded
the sample of Bandelier Tuff by a large margin, averaging 75 mL/g. None of the batch sorption studies,
with the exception of those using the tuff, were continued long enough to allow equilibration between the
media and the groundwater (i.e., the distribution coefficients continued to increase through time). This
indicates that the reported distribution coefficients for all media other than the tuff are minimum values
and could potentially be considerably higher.

Batch sorption studies of Bandelier Tuff show equilibrium sorption coefficients between 72 mL/g and

79 mL/g at 100 hr. These results indicate that barium will be naturally retarded by flow through tuff units.
The tuff studied is not significantly altered and contains few phases such as clays that are likely to have a
higher sorption affinity for barium. The studied tuff unit is one of many volcanic and sedimentary units
through which alluvial groundwater must flow to reach the regional aquifer. Many of these units contain
greater amounts of clay than the tested tuff. Thus, it is likely that natural retardation of barium will be
greater than predicted based on the distribution coefficients determined in this study. However, it would
also be important for long-term risk assessment to determine the amount of barium that will be retarded
versus the amount that will be permanently removed from solution from irreversible sorption or
precipitation. This information could potentially be obtained through additional laboratory studies.
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All column experiments showed substantial retardation of barium. Columns using radioactive barium-133
are continuing to run and are expected to yield defensible retardation factors under flow-through
conditions. The gypsum columns, loaded with barium-133 demonstrated a very slight but apparent early
breakthrough of barium. Although the reasons for this behavior are unclear, possible explanations include
colloidal transport as a result of barite mineralization or dissolution of gypsum from which barium may
have adsorbed or exchanged with calcium. High calcium concentration in the effluent of some columns,
as well a visible white precipitate generated by the gypsum columns, suggests that dissolution and
remineralization may be possible in a PRB, and the implications of this process should be evaluated.

Both batch and column studies showed complete removal of RDX from solution. However, the tested
solution had small RDX concentrations (approximately 15 ppb) and complete removal (at least to below
detection) renders determination of transport parameters impossible. Improved assessment of
remediation media can be achieved by spiking the natural groundwater with RDX so that concentrations
are sufficient to evaluate uptake.
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Figure B1-1  SEM images of the GAC

Figure B1-3  SEM image of the apatite Il
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Figure B1-4  SEM image of the clinoptilolite
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Figure B1-5 SEM image of the gypsum
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Figure B1-6 = SEM image of the Bandelier Tuff
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Figure B1-7  Photograph of columns 1—4 from the first set of column experiments. Note that
columns are packed with two different reactive media in each.
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Figure B1-8 Distribution coefficients for different time intervals for Ba using low-Ba water
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Figure B1-9  Distribution coefficients for different time intervals for Ba using mid-Ba water
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Figure B1-10 Distribution coefficients for different time intervals for Ba using high-Ba water
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Figure B1-12 Breakthrough curves for clinoptilolite columns
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Figure B1-13 Breakthrough curves for gypsum columns
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Figure B1-14 Breakthrough curves for Bandelier Tuff columns

EP2007-0459 B1-17 July 2007



Consolidated Unit 16-021(c)-99 CMI Plan, Revision 1

July 2007 B1-18 EP2007-0459



Consolidated Unit 16-021(c)-99 CMI Plan, Revision 1

Table B1-1
Groundwater Samples and Volumes Collected
Collection
Well ID (Liters)
CDV-16-02657 5
CDV-16-02658 58
CDV-16-02659 12
CDV-16-6295 5

Table B1-2
Major Cation Concentrations in Groundwater,
Filtered Water, and Dilutions Used in Batch Sorption Tests

Ba Ca Mg Na K Si Sr

Sample ID (mglL) (mglL) (mglL) (mglL) (mglL) (mglL) (mglL)
CDV-16-02658 7.58 18.3 5.68 16.2 1.89 19.1 0.156
(High-Ba)
CDV-16-02658 717 17.2 5.66 14.5 0.85 18.4 0.150
(High-Ba duplicate)
CDV-16-6295 0.14 16.7 3.70 15.1 3.20 15.1 0.112
(Water used for dilution)
Mid-Ba 5.15 17.8 5.22 14.5 1.28 17.7 0.138
Low-Ba 2.70 17.5 4.67 14.5 1.84 16.6 0.122
PWW16-mix 6.51 18.8 5.04 15.32 1.3 18.3 0.17
CDV-16-02658 (0.02y filter) 7.25 17.7 5.87 15.2 0.91 19.2 0.154
CDV-16-02658 7.56 18.1 5.85 15.8 0.86 18.8 0.158
(500,000 NMWL filter)

EP2007-0459 B1-19 July 2007



Consolidated Unit 16-021(c)-99 CMI Plan, Revision 1

Table B1-3

Hydraulic Conductivity of the Columns

Column Column Dimension Hydraulic Conductivity
Number Media (cm) (cm/min)

1 ZVI & Clinoptilolite 1x20 1.00

2 ZV1 & Clinoptiolite 1x20 1.11

3 ZV1 & Gypsum 1x10 1.26

4 ZVI & Gypsum 1x10 1.38

5 GAC 1x10 Not determined

6 GAC 1x10 Not determined

7 Apatitell 1x10 1.53

8 Apatitell 1x10 0.99

9 Clinoptilolite 1x10 1.08

10 Clinoptilolite 1x10 1.38

11 Gypsum 1x10 1.19

12 Gypsum 1x10 1.40

13 Bandelier Tuff 1x10 2.46

14 Bandelier Tuff 1x10 1.14

Table B1-4
Distribution Coefficients in mL/g for Barium
Media 8 hr 24 hr 56 hr 100 hr Ba Concentration

Gypsum 806 1144 1366 1736 2.6 mg/L (low)
Clinoptilolite 95 217 803 1616 2.6 mg/L (low)
Apatite 11 93 121 328 924 2.6 mg/L (low)
Bandelier Tuff 20 76 88 79 2.6 mg/L (low)
Gypsum 1034 1226 1699 1951 5.1 mg/L (mid)
Clinoptilolite 196 247 691 1827 5.1 mg/L (mid)
Apatite 11 158 162 336 984 5.1 mg/L (mid)
Bandelier Tuff 34 76 88 72 5.1 mg/L (mid)
Gypsum 738 988 1383 1740 7.3 mg/L (high)
Clinoptilolite 140 222 593 1574 7.3 mg/L (high
Apatite 11 134 186 348 1151 7.3 mg/L (high
Bandelier Tuff 25 68 70 75 7.3 mg/L (high
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Table B1-5
RDX Batch Results

Media 0 hr 7.5hr 22 hr 47 hr
GAC 15 ppb <1ppb <1ppb <1ppb
ZVI 15 ppb <1ppb <1ppb <1ppb
Apatite Il 15 ppb <1ppb <1ppb <1ppb
Table B1-6
ICP-OES Major Element Analysis of ZVI — Clinoptilolite and ZVI — Gypsum Column Elutants
High-Ba Column 1 Column 2 Column3 | Column4 Averaged Averaged
Water 2Vl & 2V & V1 & 2V & 2Vl & 2Vl &
Elements (inlet) Clinoptilolite | Clinoptilolite | Gypsum Gypsum | Clinoptilolite Gypsum
Al (mg/L) <0.02 0.026 0.018 0.011 0.009 0.022 0.010
B (mg/L) <0.02 <0.005 <0.005 <0.005 <0.005 NA* NA
Ba (mg/L) 6.51 0.074 0.066 0.026 0.026 0.070 0.026
Ca (mg/L) 18.8 9.50 8.12 250 260 8.809 255.109
Fe (mg/L) <01 <0.03 <0.03 <0.03 <0.03 NA NA
K (mg/L) 1.30 1.49 1.25 0.87 0.84 1.368 0.856
Li (mg/L) <0.01 <0.003 <0.003 <0.003 <0.003 NA NA
Mg (mg/L) 5.04 2.06 1.96 2.03 1.98 2.008 2.006
Mn (mg/L) <0.01 0.041 0.061 0.027 0.032 0.051 0.030
Na (mg/L) 156.32 6.42 6.16 7.01 6.79 6.290 6.904
Si (mg/L) 18.30 0.33 0.47 0.39 0.61 0.399 0.502
Sr (mg/L) 0.17 0.031 0.026 0.42 0.40 0.028 0.411
Ti (mg/L) <0.01 <0.003 <0.003 <0.003 <0.003 NA NA
Zn (mg/L) <0.01 <0.003 <0.004 <0.005 <0.006 NA NA

Note: Barium is bolded because it is the contaminant of most significant concern in these studies.
*NA = Not analyzed.
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B2-1.0 INTRODUCTION

Slug tests were performed on five alluvial monitoring wells in Cafion de Valle and two alluvial monitoring
wells in Martin Spring Canyon (Figure B2-1) to support the corrective measures implementation (CMI) for
Consolidated Unit 16-021(c)-99 at Los Alamos National Laboratory (LANL or the Laboratory). In Cafion
de Valle, one 2-in.-diameter and four 4-in.-diameter wells were tested. In Martin Spring Canyon, two
4-in.-diameter wells were tested. All wells were completed in 12.5-in.-diameter boreholes. The well
screens were prepacked with 30-70 grade silica sand and the borehole annulus was filled with 20-40
grade silica sand. Total depths of the wells are approximately 57 ft below ground surface. The boreholes
were drilled into tuff and wells were installed with the bottom of the screen set approximately at the base
of the alluvium (with the exception of wells 16-02658 and 16-02659 for which the screens extend 1.5 ft
and 0.9 ft into tuff, respectively). Complete details of well installation and borehole logs can be found in
the Resource Conservation and Recovery Act (RCRA) facility investigation (RFI) Phase Il and Phase i
reports for Consolidated Unit 16-021(c)-99 (LANL 1998, 059891; LANL 2003, 077965). Table B2-1 lists
the well locations, well construction details, and initial water levels observed during testing. All field work
for these slug tests was conducted between November 15 and November 20, 2006.

B2-2.0 GENERAL FIELD PROCEDURES
B2-2.1 Field Personnel

Slug testing included the following field team members:

Field Team Member Role(s) Organization
Don Hickmott LANS Technical Representative LANL EES-6
Mike Alexander LANS Technical Representative EP-WSP
Peter Gram TPMC Program Manager TPMC
Kevin Reid TPMC Project Manager TPMC
Robert Gray Hydrologist Daniel B. Stephens and Associates
Zack Leonard Environmental Scientist TPMC

B2-2.2 Health and Safety

The principal activities, work steps, hazards, and hazard controls associated with slug testing are set forth
in the Technical Area (TA) 16 integrated work document (IWD) and the TA-16 site-specific health and
safety plan (SSHASP).

Before starting fieldwork, all active field personnel are required to sign a statement acknowledging they
have read, understood, and agree to abide by the TA-16 IWD and SSHASP and that all training
requirements have been met.

Per the SSHASP, daily tailgate safety meetings are conducted before any fieldwork begins to ensure the
scheduled field activities of the day are understood, all potential hazards are identified, and all appropriate
hazard controls are defined and in place.
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B2-3.0 METHODS
B2-3.1 Field Methods

The wells were tested following the procedures outlined in Standard Operating Procedure (SOP) 0 7.03,
Rev. 1. The basic procedure is to quickly lower or remove a slug of known volume into the well and
measure the water level recovery response. Water levels during each test were continuously measured
using a pressure transducer. Tubular slugs constructed from polyvinyl chloride pipe filled with sand were
used. For the 4-in.-diameter wells, 2-in.-diameter-slugs were used, and for the 2-in.-diameter well,
1-in.-diameter slugs were used. Depending on the height of the water column in each well, a 2-ft, 3-ft, or
4-ft-length slug was used. Table B2-2 lists the slug dimensions and volumes used for the tests. Both
rising head and falling head tests were conducted in each well by inserting or extracting the slug from the
water column. Where possible, multiple tests were performed using two different-sized slugs in each well.
The initial test for each well was repeated to assess data consistency.

Usually (with a few exceptions), the larger slug was first immersed in the water column and the falling
head was monitored. After the water recovered to its static level, the slug was quickly removed, and data
for the rising head test were collected. After static water level reached equilibrium, a second test was
conducted by inserting and removing a different size slug while monitoring the falling and rising heads. To
conclude, the larger slug was then introduced again for both rising head and falling head tests. To ensure
that water levels returned to near the original static levels before conducting an additional test, a 90%
recovery rate was calculated. The next test was (generally) not conducted until the water level had
recovered to at least 90% of the initial displacement. Water levels and measurement times were recorded
by a pressure transducer and downloaded to a laptop computer.

B2-3.2 Equipment

In-Situ, Inc., miniTROLL model SSP-100 pressure transducers with vented cables were used to measure
water levels for all tests. A laptop computer with Win-Situ 4.57 software was used to program the tests
and download the test results. The transducers were programmed to collect water-level measurements at
time intervals based on a logarithmic scale. Using this setting, water levels during the early part of the test
were initially recorded at 0.3-s intervals, with logarithmically increasing intervals after the initial test period,
up to a maximum interval of 10 s. In cases where wells exhibited a very slow recovery rate, the

10-s interval data were collected for approximately 10 min, then the transducer was reprogrammed to
collect data at 5-min intervals for the remainder of the recovery period. Static groundwater levels were
measured using a Solinst water-level meter.

B2-3.3 Analytical Methods

Estimation of the hydraulic conductivity of the screened formation was made based on fitting the water-
level recovery hydrograph to a theoretical curve based on an equation representing well hydraulics. All
water-level recovery results were plotted and analyzed for data accuracy and consistency. Data series
were reviewed to ensure there were no anomalies. Predicted displacements were calculated for each
slug and compared to the measured water-level displacements. Falling head tests and rising head tests
were normalized to initial displacements and plotted on the same graph to ensure consistency of
response.

For each analyzed test, the static water level, initial displacement, aquifer and well characteristics (screen
length, casing radius, effective well radius, filter-pack porosity, saturated thickness, aquifer thickness) and
water-level recovery data were input to calculate hydraulic conductivity using HydroSOLVE, Inc., software
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AQTESOLYV for Windows Professional (v. 3.50). Hydraulic conductivity was calculated using the (Bouwer
and Rice 1976, 064056) method for an unconfined aquifer. This method uses a plot of the logarithm of
measured head against time in which the theoretical type curve plots along a straight line. The test data
were fitted to the type curves computed by AQTESOLYV.

B2-3.4 Waste Management

The only waste stream generated was contact investigation-derived waste (IDW) that included used
personal protective equipment and paper towels. All contact IDW is characterized as solid industrial
waste in accordance with the waste characterization strategy form.

B2-4.0 RESULTS

The test names and slug sizes used at each well along with test durations are listed in Table B2-3. The
estimated hydraulic conductivities determined for each test and the average hydraulic conductivity rate for
each well are listed in Table B2-4. Because of the limited stresses induced in the aquifer by the slug-test
method, these results should be considered a lower bound on the hydraulic conductivity of the aquifer in
the immediate vicinity of the tested wells.

In Cafion de Valle, the lower canyon alluvial wells, 16-02659 and 16-02660, exhibited the highest average
hydraulic conductivity rates among the tested wells (1.80E-02 cm/s and 3.79E-02 cm/s, respectively). For
comparison, a rate of 1E-02 cm/s is representative of clean sand (Freeze and Cherry 1979, 088742).
Wells 16-02656 and 16-02658 yielded average hydraulic conductivity rates of 1.15E-03 cm/s and
2.72E-04 cm/s, respectively, rates that typically correspond to that of a silty sand (Freeze and Cherry
1979, 088742). Well 16-02657 exhibited the lowest average hydraulic conductivity rate among the tested
wells (6.74E-07 cm/s). Incomplete water-level recovery during the lengthy tests performed in this well
(Table B2-3) suggests poor well screen communication with the aquifer; consequently, the test results for
well 16-02657 may be suspect.

The lower well in Martin Spring Canyon (16-06295) exhibited an average hydraulic conductivity of
1.15E-02 cm/s and the middle well (16-06294) yielded an average hydraulic conductivity of

3.69E-04 cm/s. These rates correspond to published values for clean sand and silty sand respectively
(Freeze and Cherry 1979, 088742).

Attachment B2-1 includes plots of the water-level recovery responses and normalized recovery data for
each test. Attachment B2-2 includes the AQTESOLYV curve matching plots used to calculate the
conductivities of each test for each well.

Deviations

For well 16-02658, falling head test 1 and falling head test 3 were excluded from analysis because the
slug endcaps were not completely water tight, and escaping air bubbles were noticed during testing
immediately after the slug’s initial submergence. Wells 16-02659 and 16-02660 had just over 2 ft of
standing water and only permitted use of the 2-ft slug for testing. Two rising head and two falling head
tests using the 2-ft slug were thus conducted at each well. Well 16-02657 exhibited an extremely slow
recovery. The duration of the rising head test was approximately 20 hr and the duration of the falling test
was approximately 75 hr. Because of the slow response time, only one rising head test and one falling
head test was completed. Also, the water did not recover to its original static level in this well. Inconsistent
normalized response hydrographs suggest that the well may not have been adequately developed or
sediment may be clogging the well screen. The first falling head test for well 16-02656 was excluded from
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analysis because the slug did not reach the bottom of the well and the cable was moved during the test.
For the other tests at well 16-02656, the normalized response hydrographs were not consistent for each
rising and falling head test. This 2-in.-diameter well was installed in a 12.5-in.-diameter borehole, and the
inconsistent recovery results suggest that the well may not have been fully developed or some
inefficiency may be occurring from sediment clogging the well screen. Well 16-06293, the uppermost well
in Martin Spring Canyon, had only 0.5 ft of standing water, which is not enough to conduct a valid test.
The first two tests at Martin Spring Canyon well 16-06295 were invalid because of an obstruction in the
well casing. The obstruction was removed, and three tests were conducted without complication.

B2-5.0 SUMMARY

Average hydraulic conductivities were calculated for each of the five alluvial monitoring wells in Cafion de
Valle and for two alluvial monitoring wells in Martin Spring Canyon. The average results ranged from
about 1E-02 cm/s to 3E-04 cm/s for six of the seven tested wells. These rates fall within the typical range
for clean to silty, unconsolidated sands (Freeze and Cherry 1979, 088742). The analysis of test data from
well 16-02657 yielded an apparent hydraulic conductivity of 6.74E-07 cm/s, but this well possibly has a
clogged screen. Overall, the test results reflect the natural heterogeneity of the canyon-bottom alluvial
sediments and are within the range of expected values based on published data and other studies
conducted in alluvial aquifers on the Pajarito Plateau.

B2-6.0 REFERENCES

The following list includes all documents cited in this appendix. Parenthetical information following each
reference provides the author(s), publication date, and ER ID number. This information is also included in
text citations. ER ID numbers are assigned by the Environmental Programs Directorate’s Records
Processing Facility (RPF) and are used to locate the document at the RPF and, where applicable, in the
master reference set.

Copies of the master reference set are maintained at the NMED Hazardous Waste Bureau; the

U.S. Department of Energy—Los Alamos Site Office; the U.S. Environmental Protection Agency, Region 6;
and the Directorate. The set was developed to ensure that the administrative authority has all material
needed to review this document, and it is updated with every document submitted to the administrative
authority. Documents previously submitted to the administrative authority are not included.

Bouwer, H., and R.C. Rice, June 1976. “A Slug Test for Determining Hydraulic Conductivity of Unconfined
Aquifers With Completely or Partially Penetrating Wells,” Water Resources Research, Vol. 12, No. 3,
pp. 423-428. (Bouwer and Rice 1976, 064056)

Freeze, R.A., and J.A. Cherry, January 1979. Groundwater, Prentice-Hall, Inc., Englewood Cliffs, New
Jersey. (Freeze and Cherry 1979, 088742)

LANL (Los Alamos National Laboratory), September 1988. “Phase Il RFI Report for Potential Release
Site 16-021(c),” Los Alamos National Laboratory document LA-UR-98-4101, Los Alamos, New
Mexico. (LANL 1998, 059891)

LANL (Los Alamos National Laboratory), September 2003. “Phase Ill RFI for Solid Waste Management
Unit 16-021(c)-99,” Los Alamos National Laboratory document LA-UR-03-5248, Los Alamos,
New Mexico. (LANL 2003, 077965)
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Table B2-1
Alluvial Well Characteristics
Well Screen Total Screened Depth to Saturated
Well Location Diameter Length Depth Interval Water Thickness
and ID (in.) (ft) (ft bgs) (ft bgs) (ft bgs) (ft)* Date
Caion de Valle
16-02656 2 5 8.3 3.0-8.0 3.94 4.36 11/16/06
16-02657 4 5 5.7 0.4-5.4 2.55 3.15 11/16/06
16-02658 4 5 7.2 1.9-6.9 2.40 4.80 11/15/06
16-02659 4 5 7.0 1.7-6.7 459 2.41 11/16/06
16-02660 4 5 6.9 1.6-6.6 4.51 2.39 11/16/06
Martin Spring Canyon
16-06294 4 5 7.6 2.3-7.3 2.22 5.38 11/17/06
16-06295 4 5 6.9 1.6-6.6 1.72 5.18 11/17/06

*Saturated thickness was computed assuming screen bottom is at base of saturation.

EP2007-0459

Table B2-2
Slug Dimensions
Slug Volume
(Length x Diameter) (ft3)
2ftx1in 0.01962
3ftx1in 0.02872
2ftx2in 0.05613
3ftx2in 0.08313
4ftx2in 0.11135

B2-7
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Table B2-3
Test Implementation Data
Well Location Duration
and ID Test Name Slug Size (min) Comments

Canon de Valle

16-02656 FalingHead 1 |3ftx1in. [25.6 Slug did not reach well bottom; transducer was
moved. FH1 data excluded from results because of
anomalous recovery behavior.

Rising Head 1 3ftx1in. | 8.1
FalingHead2 |2ftx1in. |6.6

RisingHead 2 |2ftx1in. [7.9 Water did not recover to static level. RH2 data
excluded from results because of anomalous recovery
behavior.

FalingHead 3 |3ftx1in. |9.1
RisingHead 3 |3ftx1in. [7.6

16-02657 FalingHead 1 |3ftx2in. | 1223 Water did not recover to static level.
Rising Head 1 3ftx2in. | 4487 Water did not recover to static level.
16-02658 FalingHead 1 |3ftx2in. |39.6 Test data compromised by air escaping from slug.

Data excluded from results because normalized
displacement plots indicated anomalous recovery
behavior.

Rising Head 1 3ftx2in. |31.3
FalingHead 2 |2ftx2in. [40.8
RisingHead 2 |2ftx2in. |963

FalingHead 3 |3ftx2in. [31.3 Test data compromised by air escaping from slug.
Data excluded from results because normalized
displacement plots indicated anomalous recovery

behavior.
RisingHead 3 |3 ftx2in. | 181
16-02659 FalingHead 1 |2ftx2in. [11.9 Low saturation level precluded use of multiple-size
Rising Head 1 |2 ftx 2in. |4.9 slugs.
FalingHead 2 |2ftx2in. [9.3
RisingHead 2 |2ftx2in. |5.5
16-02660 FalingHead 1 |2ftx2in. |2.8 Low saturation level precluded use of multiple-size
Rising Head 1 |2ftx 2in. |5.6 slugs.

FalingHead 2 |2ftx2in. |6.5
RisingHead 2 |2ftx2in. [5.5
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Table B2-3 (continued)

Well Location Duration
andID Test Name Slug Size (min) Comments
Martin Spring Canyon
16-06294 FalingHead 1 [4ftx2in. [84.9
RisingHead 1 |4 ftx2in. |52.6
FalingHead 2 |3ftx2in. [84.9 Water did not recover to static level. FH2 data
excluded from results because of anomalous recovery
behavior (water level failed to recover to static level).
Rising Head 2 3ftx2in. | 4,014
FallingHead 3 |4ftx2in. |67.9
RisingHead 3 |4 ftx2in. |83.9
16-06295 FalingHead 1 |3ftx2in. |8.1 Incomplete slug submergence due to obstruction in
well. Data excluded from results.
Rising Head 1 3ftx2in. | 8.6 Incomplete slug submergence due to obstruction in
well. Data excluded from results.
FalingHead 2 |4ftx2in. |8.8 Incomplete slug submergence due to obstruction in
well. Data excluded from results.
FallingHead 3 |3ftx2in. |7.6
RisingHead 3 |3ftx2in. | 5.8
Falling Head4 |4ftx2in. |11.9
RisingHead 4 |4ftx2in. |9.8
FallingHead 5 |3ftx2in. |10.5
RisingHead 5 |3ftx2in. | 9.6
Note: Blank cells indicate no comment.
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Table B2-4
Slug Test Analysis Results
Hydraulic Conductivity Average Hydraulic
Well No. Test No. Test Type (cmls) Conductivity (cm/s)
Carion de Valle
16-02656 RH 1 Rising Head 1.134E-03 1.15E-03
FH 2 Falling Head 1.288E-03
FH3 Falling Head 1.073E-03
RH 3 Rising Head 1.111E-03
16-02657 FH 1 Falling Head 1.283E-06 6.74E-07
RH 1 Rising Head 6.467E-08
16-02658 RH 1 Rising Head 2.523E-04 2.72E-04
FH 2 Falling Head 3.041E-04
RH 2 Rising Head 3.544E-04
RH 3 Rising Head 1.762E-04
16-02659 FH 1 Falling Head 1.945E-02 1.80E-02
RH 1 Rising Head 1.524E-02
FH 2 Falling Head 1.950E-02
RH 2 Rising Head 1.798E-02
16-02660 FH 1 Falling Head 3.681E-02 3.79E-02
RH 1 Rising Head 3.809E-02
FH 2 Falling Head 3.868E-02
RH 2 Rising Head 3.809E-02
Martin Spring Canyon
16-06294 FH 1 Falling Head 7.717E-04 3.69E-04
RH 1 Rising Head 1.075E-04
RH 2 Rising Head 1.175E-04
FH3 Falling Head 7.339E-04
RH 3 Rising Head 1.141E-04
16-06295 FH3 Falling Head 1.040E-02 1.15E-02
RH 3 Rising Head 1.214E-02
FH 4 Falling Head 1.100E-02
RH 4 Rising Head 1.191E-02
FH5 Falling Head 1.141E-02
RH 5 Rising Head 1.203E-02
B2-10 EP2007-0459
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Well 16-2656 Rising Head Test 1
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Solution Method: Bouwer-Rice Static Water Column Height: 3.59 ft

Total Well Penetration Depth: 3.59 ft
Screen Length: 5. ft

Casing Radius: 0.083 ft

Wellbore Radius: 0.51 ft

Gravel Pack Porosity: 0.44
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Well 16-2656 Falling Head Test 2

Prepared By: Prepared For:

DBS&A LANL

Project: Location:

TA—16 Alluvial Well Slug Tests Canon de Valle
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SOLUTION WELL DATA (CDV-16-2656)

Aquifer Model: Unconfined Initial Displacement: 0.91 ft
Solution Method: Bouwer-Rice Static Water Column Height: 3.56 ft

Total Well Penetration Depth: 3.56 ft
Screen Length: 5. ft

Casing Radius: 0.083 ft

Wellbore Radius: 0.51 ft

Gravel Pack Porosity: 0.44

K =0.001288 cm/sec y0 = 0.1284 ft




Well 16-2656 Rising Head Test 2

Prepared By:

DBS&A

Prepared For:

LANL

Project:

TA-16 Alluvial Well Slug Tests

Location:

Canon de Valle
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SOLUTION WELL DATA (CDV-16-2656)

Aquifer Model: Unconfined
Solution Method: Bouwer-Rice

K =0.0008147 cm/secy0 = 0.1303 ft

Initial Displacement: 0.91 ft

Static Water Column Height: 3.59 ft
Total Well Penetration Depth: 3.59 ft
Screen Length: 5. ft

Casing Radius: 0.083 ft

Wellbore Radius: 0.51 ft

Gravel Pack Porosity: 0.44




Well 16-2656 Falling Head Test 3

Prepared By: Prepared For:

DBS&A LANL

Project: Location:

TA-16 Alluvial Well Slug Tests Canon de Valle
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SOLUTION WELL DATA (CDV-16-2656)

Aquifer Model: Unconfined Initial Displacement: 1.33 ft
Solution Method: Bouwer-Rice Static Water Column Height: 3.55 ft
K =0.001073 cm/sec y0 = 0.1517 ft Total Well Penetration Depth: 3.55 ft

Screen Length: 5. ft
Casing Radius: 0.083 ft
Wellbore Radius: 0.51 ft
Gravel Pack Porosity: 0.44




Well 16-2656 Rising Head Test 3

Prepared By: Prepared For:

DBS&A LANL

Project: Location:

TA-16 Alluvial Well Slug Tests Canon de Valle
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SOLUTION WELL DATA (CDV-16-2656)

Aquifer Model: Unconfined Initial Displacement: 1.33 ft
Solution Method: Bouwer-Rice Static Water Column Height: 3.6 ft

Total Well Penetration Depth: 3.6 ft
Screen Length: 5. ft

Casing Radius: 0.083 ft

Wellbore Radius: 0.51 ft

Gravel Pack Porosity: 0.44

K =0.001111 cm/sec y0 = 0.1207 ft




Well 16-2657 Falling Head Test 1

Prepared By:

DBS&A

Prepared For:

LANL

Project:

TA-16 Alluvial Well Slug Tests

Location:

Canon de Valle

1.

Displacement (ft)
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1.04E+3
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Time (min)

SOLUTION

Aquifer Model: Unconfined
Solution Method: Bouwer-Rice

K =1.283E-6 cm/sec y0 = 0.6597 ft

WELL DATA (CDV-16-2657)

Initial Displacement: 0.955 ft

Static Water Column Height: 3.012 ft
Total Well Penetration Depth: 3.012 ft
Screen Length: 5. ft

Casing Radius: 0.167 ft

Wellbore Radius: 0.51 ft

Gravel Pack Porosity: 0.44




Well 16-2657 Rising Head Test 1

Prepared By: Prepared For:
DBS&A LANL
Project: Location:
TA-16 Alluvial Well Slug Tests Canon de Valle
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SOLUTION WELL DATA (CDV-16-2657)
Aquifer Model: Unconfined Initial Displacement: 0.955 ft
Solution Method: Bouwer-Rice Static Water Column Height: 3.619 ft

Total Well Penetration Depth: 3.619 ft
Screen Length: 5. ft

Casing Radius: 0.167 ft

Wellbore Radius: 0.51 ft

Gravel Pack Porosity: 0.44

K =6.467E-8 cm/sec y0 = 0.8555 ft




Well 16-2658 Rising Head Test 1

Prepared By: Prepared For:
DBS&A LANL
Project: Location:
TA—16 Alluvial Well Slug Tests Canon de Valle
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SOLUTION WELL DATA (CDV-16-2658)
Aquifer Model: Unconfined Initial Displacement: 0.955 ft
Solution Method: Bouwer-Rice Static Water Column Height: 4.021 ft

Total Well Penetration Depth: 4.021 ft
Screen Length: 5. ft

Casing Radius: 0.167 ft

Wellbore Radius: 0.51 ft

Gravel Pack Porosity: 0.44

K =0.0002523 cm/secy0 = 0.408 ft




Well 16-2658 Falling Head Test 2

Prepared By: Prepared For:

DBS&A LANL

Project: Location:

TA—16 Alluvial Well Slug Tests Canon de Valle
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SOLUTION WELL DATA (CDV-16-2658)

Aquifer Model: Unconfined Initial Displacement: 0.645 ft
Solution Method: Bouwer-Rice Static Water Column Height: 3.852 ft

Total Well Penetration Depth: 3.852 ft
Screen Length: 5. ft

Casing Radius: 0.167 ft

Wellbore Radius: 0.51 ft

Gravel Pack Porosity: 0.44

K =0.0003041 cm/secy0 = 0.2932 ft




Well 16-2658 Rising Head Test 2

Prepared By:

DBS&A

Prepared For:

LANL

Project:

TA-16 Alluvial Well Slug Tests

Location:

Canon de Valle
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SOLUTION

Aquifer Model: Unconfined
Solution Method: Bouwer-Rice

K =0.0003544 cm/secy0 = 0.2861 ft

WELL DATA (CDV-16-2658)

Initial Displacement: 0.645 ft

Static Water Column Height: 3.952 ft
Total Well Penetration Depth: 3.952 ft
Screen Length: 5. ft

Casing Radius: 0.167 ft

Wellbore Radius: 0.51 ft

Gravel Pack Porosity: 0.44




Well 16-2658 Rising Head Test 3

Prepared By:

DBS&A

Prepared For:

LANL

Project:

TA-16 Alluvial Well Slug Tests

Location:

Canon de Valle

0.1

Displacement (ft)

Time (min)

SOLUTION

Aquifer Model: Unconfined
Solution Method: Bouwer-Rice

K =0.0001762 cm/secy0 = 0.3961 ft

WELL DATA (CDV-16-2658)

Initial Displacement: 0.955 ft

Static Water Column Height: 4.056 ft
Total Well Penetration Depth: 4.056 ft
Screen Length: 5. ft

Casing Radius: 0.167 ft

Wellbore Radius: 0.51 ft

Gravel Pack Porosity: 0.44




Well 16-2659 Falling Head Test 1

Prepared By: Prepared For:

DBS&A LANL

Project: Location:

TA-16 Alluvial Well Slug Tests Canon de Valle
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SOLUTION WELL DATA (CDV-16-2659)

Aquifer Model: Unconfined Initial Displacement: 0.645 ft
Solution Method: Bouwer-Rice Static Water Column Height: 2.806 ft

Total Well Penetration Depth: 2.806 ft
Screen Length: 5. ft

Casing Radius: 0.167 ft

Wellbore Radius: 0.51 ft

Gravel Pack Porosity: 0.44

K =0.01945 cm/sec y0 = 0.538 ft




Well 16-2659 Rising Head Test 1

Prepared By:

DBS&A

Prepared For:

LANL

Project:

TA-16 Alluvial Well Slug Tests

Location:

Canon de Valle

0.01 |

Displacement (ft)

Time (min)

SOLUTION

Aquifer Model: Unconfined
Solution Method: Bouwer-Rice

K =0.01524 cm/sec y0 = 0.782 ft

WELL DATA (CDV-16-2659)

Initial Displacement: 0.645 ft

Static Water Column Height: 2.811 ft
Total Well Penetration Depth: 2.811 ft
Screen Length: 5. ft

Casing Radius: 0.167 ft

Wellbore Radius: 0.51 ft

Gravel Pack Porosity: 0.44




Well 16-2659 Falling Head Test 2

Prepared By:

DBS&A

Prepared For:

LANL

Project:

TA-16 Alluvial Well Slug Tests

Location:

Canon de Valle
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SOLUTION WELL DATA (CDV-16-2659)

Aquifer Model: Unconfined Initial Displacement: 0.636 ft
Solution Method: Bouwer-Rice Static Water Column Height: 2.794 ft
K =0.0195 cm/sec  y0 = 0.5898 ft Total Well Penetration Depth: 2.794 ft

Screen Length: 5. ft
Casing Radius: 0.167 ft
Wellbore Radius: 0.51 ft
Gravel Pack Porosity: 0.44




Well 16-2659 Rising Head Test 2

Prepared By: Prepared For:
DBS&A LANL
Project: Location:
TA-16 Alluvial Well Slug Tests Canon de Valle
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SOLUTION WELL DATA (CDV-16-2659)

Aquifer Model: Unconfined Initial Displacement: 0.645 ft
Solution Method: Bouwer-Rice Static Water Column Height: 2.805 ft

Total Well Penetration Depth: 2.805 ft
Screen Length: 5. ft

Casing Radius: 0.167 ft

Wellbore Radius: 0.51 ft

Gravel Pack Porosity: 0.44

K =0.01798 cm/sec y0 = 0.7703 ft




Well 16-2660 Falling Head Test 1

Prepared By:

DBS&A

Prepared For:

LANL

Project:

TA-16 Alluvial Well Slug Tests

Location:

Canon de Valle
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SOLUTION

Aquifer Model: Unconfined
Solution Method: Bouwer-Rice

K =0.03681 cm/sec y0 =0.4478 ft

WELL DATA (CDV-16-2660)

Initial Displacement: 0.645 ft

Static Water Column Height: 2.83 ft
Total Well Penetration Depth: 2.83 ft
Screen Length: 5. ft

Casing Radius: 0.167 ft

Wellbore Radius: 0.51 ft

Gravel Pack Porosity: 0.44




Well 16-2660 Rising Head Test 1

Prepared By: Prepared For:
DBS&A LANL
Project: Location:
TA-16 Alluvial Well Slug Tests Canon de Valle
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SOLUTION WELL DATA (CDV-16-2660)
Aquifer Model: Unconfined Initial Displacement: 0.645 ft

Solution Method: Bouwer-Rice
K =0.03809 cm/sec y0=0.7079 ft

Static Water Column Height: 2.82 ft
Total Well Penetration Depth: 2.82 ft
Screen Length: 5. ft

Casing Radius: 0.167 ft

Wellbore Radius: 0.51 ft

Gravel Pack Porosity: 0.44




Well 16-2660

Falling Head Test 2

Prepared By: Prepared For:
DBS&A LANL
Project: Location:

TA-16 Alluvial Well Slug Tests

Canon de Valle
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SOLUTION WELL DATA (CDV-16-2660)

Aquifer Model: Unconfined
Solution Method: Bouwer-Rice

K =0.03868 cm/sec y0 = 0.4466 ft

Initial Displacement: 0.645 ft

Static Water Column Height: 2.82 ft
Total Well Penetration Depth: 2.82 ft
Screen Length: 5. ft

Casing Radius: 0.167 ft

Wellbore Radius: 0.51 ft

Gravel Pack Porosity: 0.44




Well 16-2660 Rising Head Test 2

Prepared By: Prepared For:
DBS&A LANL
Project: Location:
TA-16 Alluvial Well Slug Tests Canon de Valle
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SOLUTION WELL DATA (CDV-16-2660)
Aquifer Model: Unconfined Initial Displacement: 0.645 ft
Solution Method: Bouwer-Rice Static Water Column Height: 2.82 ft

Total Well Penetration Depth: 2.82 ft
Screen Length: 5. ft

Casing Radius: 0.167 ft

Wellbore Radius: 0.51 ft

Gravel Pack Porosity: 0.44

K =0.03809 cm/sec y0 = 0.6695 ft




Well 16-6294 Falling Head Test 1

Prepared By: Prepared For:

DBS&A LANL

Project: Location:

TA-16 Alluvial Well Slug Tests Martin Spring Canyon
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SOLUTION WELL DATA (16-6294)
Aquifer Model: Unconfined Initial Displacement: 1.28 ft
Solution Method: Bouwer-Rice Static Water Column Height: 5.47 ft

Total Well Penetration Depth: 5.47 ft
Screen Length: 5. ft

Casing Radius: 0.167 ft

Wellbore Radius: 0.51 ft

Gravel Pack Porosity: 0.44

K =0.0007717 cm/secy0 = 1.152 ft




Well 16-6294 Rising Head Test 1

Prepared By: Prepared For:

DBS&A LANL

Project: Location:

TA-16 Alluvial Well Slug Tests Martin Spring Canyon
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SOLUTION WELL DATA (16-6294)

Aquifer Model: Unconfined Initial Displacement: 1.28 ft
Solution Method: Bouwer-Rice Static Water Column Height: 5.47 ft

Total Well Penetration Depth: 5.47 ft
Screen Length: 5. ft

Casing Radius: 0.167 ft

Wellbore Radius: 0.51 ft

K =0.0001075 cm/secy0 = 0.9933 ft




Well 16-6294 Falling Head Test 2

Prepared By: Prepared For:

DBS&A LANL

Project: Location:

T,]L\-16 Alluvial Well Slug Tests Martin Spring Canyon
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SOLUTION WELL DATA (16-6294)

Aquifer Model: Unconfined Initial Displacement: 0.955 ft
Solution Method: Bouwer-Rice Static Water Column Height: 5.39 ft

Total Well Penetration Depth: 5.39 ft
Screen Length: 5. ft

Casing Radius: 0.167 ft

Wellbore Radius: 0.51 ft

Gravel Pack Porosity: 0.44

K =0.0004674 cm/secy0 = 0.6637 ft




Well 16-6294 Rising Head Test 2

Prepared By:

DBS&A

Prepared For:

LANL

Project: -

TA-16 Alluvial Well Slug Test

Location:

Martin Spring Canyon
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SOLUTION

Aquifer Model: Unconfined
Solution Method: Bouwer-Rice

K =0.0001175 cm/secy0 = 0.8203 ft

WELL DATA (16-6294)

Initial Displacement: 0.955 ft

Static Water Column Height: 5.49 ft
Total Well Penetration Depth: 5.49 ft
Screen Length: 5. ft

Casing Radius: 0.167 ft

Wellbore Radius: 0.51 ft




Well 16-6294 Falling Head Test 3

Prepared By: Prepared For:

DBS&A LANL

Project: Location:

TA—16 Alluvial Well Slug Tests Martin Spring Canyon
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SOLUTION WELL DATA (16-6294)

Aquifer Model: Unconfined Initial Displacement: 1.28 ft
Solution Method: Bouwer-Rice Static Water Column Height: 5.42 ft

Total Well Penetration Depth: 5.42 ft
Screen Length: 5. ft

Casing Radius: 0.167 ft

Wellbore Radius: 0.51 ft

Gravel Pack Porosity: 0.44

K =0.0007339 cm/secy0 = 1.222 ft




Well 16-6294 Rising Head Test 3

Prepared By: Prepared For:

DBS&A LANL
Project: Location:
TA-16 Alluvial Well Slug Tests Martin Spring Canyon
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SOLUTION WELL DATA (16-6294)

Aquifer Model: Unconfined Initial Displacement: 1.28 ft
Solution Method: Bouwer-Rice Static Water Column Height: 5.44 ft
K =0.0001141 cm/secy0 = 0.9849 ft Total Well Penetration Depth: 5.44 ft

Screen Length: 5. ft
Casing Radius: 0.167 ft
Wellbore Radius: 0.51 ft




Well 16-6295 Falling Head Test 3

Prepared By: Prepared For:

DBS&A LANL

Project: Location:

TA-16 Alluvial Well Slug Tests Martin Spring Canyon
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SOLUTION WELL DATA (16-6295)
Aquifer Model: Unconfined Initial Displacement: 0.955 ft
Solution Method: Bouwer-Rice Static Water Column Height: 4.33 ft

Total Well Penetration Depth: 4.3<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>