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EXECUTIVE SUMMARY

This document describeas results of the Phase 1l Resource Conservation and Recovery Act (RCRA)
tacility investigation {RFI1} that was conducted at consolidated Solid Waste Management Unit {SWMU)
16-021(c)-99, which is located at Technical Area 16 {TA-16) within the Los Alames National Laboratory
{the Laboratory or LANL}. This SWMU is associated with an cutfall situated behind a high explosives {HE}
processing building (Building 260}, The outfall is also known as the TA-16-260 cutfall, or the 260 outfall
(see Figure 1.2-3). The Phase [l RFI, which was conducted from 1999 to 2002, is an integral part of the
corrective measures study (CMS) plan and the CMS plan addendum, Sampling was conducted according
to the sampling and analysis plan (SAP} included in the CMS plan for SWMU 16-021{c}-99. The plan was
approved by the New Mexico Erwironment Department (NMED) in September 1899, The regulatory
status of SWMU 16-021{c)-99 is shown in Table ES-1.

The CM$ plan divides the evaluation of transport pathways and the selection of remedial alternatives into
an alluvial groundwater CMS and a regional groundwater CMS, The alluvial groundwater CMS$ is focusing
on the Cafon de Valle source area, alluvial groundwater system, and the subsurface tuff and saturated
system, including canyon springs. The regional groundwater CMS for SWMU 16-021{c)-99 is a separate
investigation into the extent of contamination in the deep perched zone and the regional aquifer, One
important goal of the Phasge 1|l RFI was to investigate, and incorporate into the conceptual model, the
hydrogeologic and cortaminant transport dynamics of the Cafion de Valle and Martin Springs alluvial and
subsurface groundwater systems. The Phase [l RF| data have reduced data uncertainties such as
contaminant concentration and distribution for the CMS process,

The foliowing Phase Hit RFI activities weare conducted in support of the atluvial groundwater CMS:

= characterizing the subsurface and alluvial groundwaler through the installation of seven
piezometers in Cafion de Valle and three alluvial groundwater wells in Martin Spring Canyon;

s determining contaminant dynamics and contamination distribution by sampling alluvial
groundwater, surface water, and springs in Cafion de Valle and Martin Spring Canyon,

+ determining contaminant inventory and distribution in sediment through geomorphic-based
sediment sampling in both Cafion de Valle and Martin Spring Canyon,

¢ characterizing hydraulic interconnectivilty and the residence time of water in the subsurface
through & continuing bromide tracer study which was initiated in 1997 and through a stable
isptope study;

= characterizing the nature and extent of contamination In the mesa vadose zone through the
sampling and analysis of the intermediate-depth perched aquifer;

= identifying potential subsurface contaminant migration pathways using geophysical studies; and

= performing a baseline human health risk assessment for the Cafion de Valle source area and
alluvial area [including & comparison of chemical of potential concern (COPC} concentrations for
Marlin Spring Canyon] and a baseline ecological risk assessment for Cafion de Valle,

SWMLU 16-021(c)-99 Source Area
The SWMLU 16-021(c)-99 source area is comprised of a settliing pond and an upper and lower drainage

channel that extends from the 260 outfall downgradient to the confluence of the drainage and Canon de
Valle. The source area was excavaied during an interim measure (IM) conducted from winter 2000
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through summer of 2001, The IM removed more than 1300 grﬁ of contaminated soll, sediment, and tuff
containing approximately 90% of the HE compounds that existed in the source area. HE compounds and
barium COPCs still remain in the SWMU 16-021(c}-99 source area in isolated locations throughout the
dralnage channel. Remaining sources of contamination are associated with either historic HE releases
elsewhere in TA-16 or secondary sources such as sediment.

Carion de Valle Alluvial System Investigation

The primary COPCs for Cafion de Valle surface water are RDX {cyciotrimethylene-trinitramine) and
bariumn, both of which were detected in surface water samples at the confluence of Cafion de Valle and
Water Canyon {approximately 3 mi downstreamn from the source area). This indicates that the entire
Cafion de Valle alluvial system contains RDX and barium. RDX concentrations in the surface water of
Caficn de Valle are highest near the 260 outfsll area. The highest mass flow rate of RDX in surface water

pccurred during wel periods.

The primary COPCs for Cafion de Valle alluvial groundwater are RDX, barium, and manganese. There is
a positive correlation between saturated thickness in Cafion de Valle alluvial wells and RDX
concentration, indicating that RDX residing within the vadose zone constitutes an important secondary
source which is refeased to the alluvial groundwater during high surface water flow events with the
comesponding increased saturated thickness in the alluvium, Barium concentration trends in alluvial
groundwater over time are stable to slightly decreasing, with spikes assoclated with pulses of barium into
. the syastem, possibly due to sediment flushing.

The primary COPCs for Cafon de Valle sediment are RDX, HMX {(cyclotetramethylene-tetranitramine),
aming-2 &-dinitrotoluene[d-], amino4,6-dinitrotoluene{2-], TNT {trinitrotoluene|2,4,6-]), antimony, barium,
cobelt, copper, lead, nickel, and silver. The active channel sediment resampling in 2002 (conducted after
the Cerro Grande fire in 2000) showed a reduction in RDX and barium in the upper canyon since the
1996 sampling, indicating a contaminant inventory shift. This was probably a result of increased post-fire
surface water runoff. :

Martin Spring Canyon Alluvial System Investigation

The COPCs for Martin Spring Canyon surface water are RDX, barium, boron, and manganese. The
COPCs for gliuvial groundwater include RDX, arsenig, barium, beryllium, boron, cadmium, lead, and
manganese. The COPCs in Martin Spring Canyon alluvium, sediment, and tuff include amino-2,6-
dinitrotoluengl4-], amino-4-6-dinirotoluena[2-], RDX, TNT, arsenic, barium, cadmium, chromium, copper,
lead, mercury, selenium, and silver. Both barium and ROX are present in Martin Spring Canyon sediment,
but at much lower concentrations and with much smaller inventories than in Cafion de Valle.

Subsurface Systems—Intermediate-Depth Perched Aquifer and Springs Investigation

The subsurface system investigations included physical and chemical characterization of SWSC, Buming
Ground, and Martin Springs; the 90s Line Pond; and samples cellected from five intermediate-depth
perched aguifer wells. The springs are a manifestation of the intermediate-depth perched groundwater,
present primarily in tuff discontinuities such as fractures and surge beds that underie the northwestern
portion of TA-16. The 8903 Line Pond, located on the mesa top, was included because it may be a
groundwater recharge source. The springs investigation included quarterly sampling of the three springs
and additional flow-integrated samples. Analytical data from these sampling campaigns indicate all three
springs contain ROX and TNT as primary COPCs. Intermediate-depth perched groundwater is ephemeral
in most of the well locations. Analysis of the intermediate-depth groundwater indicates low levels of
contamination. Groundwater wells are frequently dry but, when wel, contaminant levels are detected for
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several constiluents, including HE compounds. Concentrations exceed contaminant-screéening limits for
RDX and metals including aluminum, antimony, arsenic, barium, beryllium, boron, cadmium, chromium,
cobalt, copper, lead, manganese, rickel, selenium, silver, thallium, and zinc.

Conceptual Model

In general, the conceptual model that was presented in the Phase 11 RFl still applies on a site-wide basis.
The Phase HI RFI conceptual model changes have largely been refinements that have reduced data
uncertainties for the CMS process.

The key components of the conceptual site model include
* the soufce area;

» amesa vadose zone, consisting of nonfractured and fractured tuff and intermediate-depth
ephemeral perched groundwater;

* canyon alluvial sediment;

= ganyon springs;

+ ganyon surface water;

+ canyon aliuvial groundwater;

» adeep vadose zone, consisting of nonfractured and fractured tuff that extends from the canyon
botiom to the top of the regional aquifer; and

+ the regional aquifer, as defined by the installation of Regional Aquifer Well R-25. While the
regional aquifer is not included in the scope of this Phase 11l RFI, key results from the installation
and sampling of Regional Aquifer Well R-25 are imporiant for a general undersianding of the
conceaptual modael.

Isotopic differences in composition between mesa vadose zone groundwaler and Cafion de Valle alluvial
groundwater indicate mesa groundwaier probably comes from local precipitation and snowmelt on the
mesa top, whereas Cafion de Valle groundwaler is at least partially derived from spring flow recharged at
higher elevations. Borehole sampling in the mesa vadose zong indicates no contamination in the
unsaturated depth intervals in any boreholes except in the immediate vicinity of the former settling pond.
These results indicate 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, ephemeral groundwater in mesa vadose zone wells not located in the vicinity of the
former settling pored have shown contamination, indicating lateral movement (possibly through surge
beds) of water and contaminants in the mesa subsurface. In addition, based on the oxygen and
deuterium stable isolope results, mesa vadose zone groundwater from Weil 16-02665 (Martin Spring
Canyon) and Well 18-02669 (90s Line Pond) and surface water from the 80s Line Pond all show
evaporative signatures, but spring water dogs nol. These results reinforce the presence of a mess
vadose zane groundwater flow regime that is dominated by fractures and surge beds and, in general the
imporiance of hydrologic heterogeneity at TA-16.

Human Health Risk—SWMU 16-021{c}-99 Source Area

The baseline risk assessment for the source area used the list of identified COPCs and evaluated
potential exposures to an on-site environmental worker, a trail user, and a consfruction worker. The on-
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site environmental worker is assumed to be involved in environmental monitoring such as field sampling
efforts. The trail user is a worker using the frails for recreation or exercise such as walking or jogging. The
consfruction worker is assumed {0 be involved in intrusive work activities such as excavation. Thus, the
frequency and duration of exposure differs, though the exposure pathways for all these human receplors
are assumed to be the same.

The cumulative excess cancer risk to all human receptors from potential expostres to all COPCs in soll
and tuff was slighly above, or less than, the 1x10°5 target risk spetified by NMED under both central
tendency estimate (CTE) and reasonable maximum exposure {RME) assumptions (cancer risk ranges
from 4x107 to 3x10°®), Noncancer hazards are below, or slightly above, a hazard index (Hi} of 1.0 for CTE
and RME assumptions (HIs range from 0.2 to 2.0).

Human Health Risk—Cafion de Valle Alfuvial Area

For the Cafion de Valle alluvial area, a trail-user scenario was assessed. Cumulative excess cancer risk
to the trail user from potential exposures to all COPCs in sediment and surface water is below the 1x10%
target risk specified by NMED for CTE and RME assumptions. Noncancer hazards are below an Hi of 1.0
for both exposure assumptions.

Human Health Risk-—Martin Spring Canyon

A comparison of COPC ¢oncentrations was done for Martin Spring Canyon, comparing relative COPC
concentrations (maximum and mean) in sediment and surface water to those found at the Cafion de Valle
alluvial area. It was concluded that the Martin Spring Canyon COPC concentrations were less than, or
within the range of, those found at the Cafion de Valle alluvial area, which has been determined to not
pose a potential unacceptable risk to humen receplors under the trail-user scenario.

Ecclogical Risk—Cafion de Valle

For the ecological risk assessmert, the process followed US Environmental Protection Agency and
NMED guidance. The ecological risk assessment for the terrestrial system in Cafion de Valle found
slevated metals concentrations in small marmmals but not at levels that are likely to cause adverse effects
for the Mexican spotted owl. The numbers of species, population densities, and reproductive classes for
those species indicated that the Cafion de Valle small mammal community i noft being adversely affected
by contaminants,

The ecological assessment of the aquatic system in the canyon found some differences between benthic
macro-inveriebrates in Cafion de Valle and reference canyons, though these results were not replicated
In a subsequent toxicty test, indicating high variability in the contaminant signatures for this sediment.
The toxicity testing for Cafion de Valle shows potential impacts relative to the reference site in Starmer's
Gulch, afthough the sediment is heterogeneous with regard fo potential toxic effects. In Cafon de Valie, a
viable benthic macro-invertebrate community is present, which is a meaningful indicator that site
contaminants cause negligible ecological effects.

Conclusions

»  Although the volume of the residual soil within the former outfall source area is less than 100 yd°
(based on field observations), the soil contains elevated concentrations of HE and barium that
could be mobilized by stormwater runoff,

+ The potential risk for residual contamination in the former outfall source area soil is marginally
above NMED's target risk levels for RME for the environmental worker {cancer risk) and the
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construction worker (noncancer hazard) and may be within EPA's target risk range; potential risks
for CTE exposures and other RMEs for the receptors were below these NMED target levels.

Sediments in Cafion de Valle and Martin Spring Canyon represent a widely dispersed secondary
source for HE and barium that is potentiaily mobillzed by surface water and alluvial groundwater,
Mareover, the perennial reach of Cafion de Valle alluvial groundwater provides a high potential
for subseguent infiliration of mobilized contaminants.

The drought has influenced the hydrogeclogy of the area by reducing mesa vadose zone
groundwater recharge, reducing canyon alluvium saturated thickness, and ¢ausing SWSC and
Mariin Spring o dry up.

Contaminant transport in the mesa vadoge zone is dominated by a fracture or surge bed flow
regime, of which contaminated springs are a known manifestation, With the IM source removal, 2
substantial source Tor this contamination is gone, though reductions in spring conlaminant
concentrations are not yet evident. More wells are planned in both the mesa vadose zone
groundwater and the regional aquifer 1o further assess the importance of these pathways,

Cafion de Valle and Martin Spring Canyon surface waler, groundwater, springs, and sediment do
not pose a potential unacceptable human health risk to the trail user (i.e., potential risks and
hazards are below 10™ and HI of 1.0 for all exposures).

The ecological risk assessment conducted in Cafion de Valle found that COPCs have no adverse
eflects on terrestrial receptors and have negligible adverse effects on aguatic receptors.

Table ES-1
Summary of Proposed Actions
SWMU Radionuclide | Proposed
Number SWHMU Description | HSWA | Component Action Ralionale for Recommendation
16-021(¢) Cutfall and Yes No CMS/ICMS | RCRA contamination within
drainage channal report aceeptable human health risk and

ecological risk ranges; isolated
areas of contamination exceed
acceptable ranges and will be
addressed in CMS
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1.0  INTRODUCTION

Los Alamos National Laboratory (LANL or the Laboratory) is a multi-disciplinary research facility owned
by the US Department of Energy (DOE) and managed by the University of Califomia. The Laboratory is
located in north-cenfral New Mexico, approximately 60 mi northeast of Albugusrque and 20 mi northwest
of Santa Fe. The Laboratory site cavers approximately 40 mi® of the Pajarito Plateau, which consists of a
series of fingerlike mesas separated by desp canyons thaf contain ephemeral and intermitient streams
that run from west to east. Masa tops range in elevation from approximately 6200 ft to 7800 fi. The
eastern portion of the plateau stands 300 fo 900 ft above the Rio Grande.

The Laboratory's Risk Reduction and Environmental Stewardship—Remediation Services (RRES-RS)
project is involved in a national effort by the DOE to clean up facilities that were formerly invelved in
weapons production. The goal of the RRES-RS project is to ensure that the DOE's past operations do not
threaten human or environmental health and safety in and around Los Alamos County, New Mexico,

This document describes the results of a Phase 11| RCRA facility investigation (RF1) which was conducted
at consolidated Solid Waste Management Unit (SWMU) 18-021{:}-89 frorm 1888 through 2002, This
consolidated SWMU, located within Technical Area 16 (TA-16), includes the TA-16-260 outfall and
associated drainage. The Phase |l investigation is an imtegral pari of the corrective measures study
{CMS) plan {(LANL 1998, 62413.3) and the CMS plan addendum and its revision (LANL 1989, 64873.3;
LANL 2003, 75986.2).

The CMS plan separates the evaluation of transport pathways and the selection of remedial alternatives
into an alluvial CMS and regional groundwater CMS,

The aliuvial CMS is focused on the Cafion de Valle source area and afluvial system and on the
subsurface tuff and saturated system {for example, perched water, SWSC Spring and Buming Ground
Spring in Caiion de Valle, and Martin Spring in Martin Spring Canyon). The Phase Il investigation was
designed to evaluate interactions among these hydregeologic systems, to characterize contamination
transport through the mesa, and to help define the boundaries of the existing plume(s). Results are
presented for the TA-16-260 cutfall area as well as the agsociated hydrogeologic systems potentially
impacted by its releases.

This report describes the sampling conducted during the Phase Wl RFI, examines the analytical results
collected for this site, describes and revises the physical and contarninant transport concaptual model
developed for the site, and presents human health and ecological risk assessments. Sampling was
conducted according to the approach described in the sampling and analysis plan {SAP) which was
included in "CMS Plan for Potential Release Site 16-021{c})" (LANL 1998, 62413.3). The plan, and its
associated Phase il SAP, was approved by NMED in September 1959,

The regional groundwater CMS for SWMU 16-021(c}-89 investigates the extent of contamination in the
deep perched zone and the regional aquifer. In addition to Regional Aquifer Well R-25, two additional
deep wells have been installed: CdV-R-15-3 and CdV-R-37-2. Three intermediate-depth wells are
planned for Cafion de Valle in FY 2004, These wells will help meet the objectives of the Phase 1l RFI and
CMS, although they are not part of this Phase [l RF},

1.1 Purpose and Regulatory Context

The Phase 1l RFL, including its sampling and analyses, was conducted under the requirements of RCRA
and NMHWA. The investigation of SWMU 16-021{c)-39 was performed in accordance with the Hazardous
and Solid Waste Amendments (HSWA) of 1884, and it followed the requirements found in Module Vill of
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the Laboratory’s Hazardous Waste Facility Permit (EPA 1930, 01585). Module VIl was issued to the
Laboratory by the US Environmental Protection Agency (EPA) on May 23, 1980, and was approved on
May 4, 1994 (DOE 1994, 35328).

The RCRA corrective action program at SWMU 16-021(c)-99 is being implemented in phases.
Table 1.1-1 lists the RCRA corrective action program phases and the RCRA-driven actions that have
been, or will be, implemented at SWMU 16-021(c)-99.

The purposes of the Phase 11l RF| are to (1) collect sufficient data to further define the nature and extent
of site contamination, and (2) refine the site conceptual model. Specifically, Phase Il sampling is
designed to assess the interconnectivity between the source area and springs at TA-16, and between the
canyon bottom systems and deeper groundwater systems. Phase Il sampling was also designed to
evaluate the interactions among the springs, surface water, and alluvial groundwater, and the responses
of those components of the site hydrogeologic system to precipitation events and flow conditions. Finally,
Phase Il sampling was designed to assess contaminant storage and redistribution in canyon sediment,
Collectively, these lines of investigation were designed to establish the relationships between
caontaminant concentration variability and migration and the site hydrogeologic system behavior.

The Phase lil data also augment data from previous investigations to support the performance of site-
specific risk assessments and to support the CMS. The objective of the risk assessments are to quantify
the potential risks, if any, to human and ecological receptors from exposure to site-related contaminants.
The CMS provides a preliminary evaluation of technologies used to remediate contamination at the site,
remedial alternatives, characterization of contaminant transport (as detailed in the Phase |l SAP), and
remedial action designs. Remedial actions are then implemented to mitigate any threat to human health
and the environment by removing, containing, or treating contaminated media until established target
levels are attained.

Table 1.1-1
Chronology of RRES-RS Activities at SWMU 16-021(¢)-99
Date Activity (Reference}) Synopsis of Activity
1990 RCRA facility assessment RFA initial site assessment is completed. Prior studies are
{RFA) (LANL SWMU summarized, and document extensive contamination in TA-
Report 1990, 07512) 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, 20948)

May 1994 First addendum 1o Phase | | “RFIWork Plan for Operable Unit 1082, Addendum 1" is
’ RFl work plan {LANL 1994, | issued. Plan is approved by NMED in January 1995.

52910)

April 1995— Phase | RF] site Phase | RFI is implemented, including Phase | investigation

November 1995 characterization of SWMU 16-021(c)-99.

1995-1996 Interim action (l1A)—best Sandbag dam and diversion pipe are installed upgradient
management practices from the former high explosives (HE) pond; sandbag dam is
(BMPs) (LANL 1996, located east of the parking lot behind TA-16-260; geotextile
53838) 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.
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Table 1.1-1 {continued)

(part of LANL 1986, 55077}

Date Activity (Reference) Synopsis of Activity
September 1996 Phase | RFI report (LANL Phase | RF] report is issued, Data show widespread HE
1888, 55077) contarmination at SWMU 16-021{c}-98, extending from the
280 outfall discharge poeint down o the sediment and waters
of Caron de Valle, Report is approved by NMED in March
1998,
Sepiembsr 1936 Phase || RF work plan Phase || RF! waork plan is included in Phase | RFI report.

Report is approved by NMED in March 1998.

November 1, 1996—
December 23, 1986;
May 1997~
November 9, 1097

Phase 1l RF1 site
characterzation

Phase H RF! is implemented at SWMU 16-021(c)-99.

September 1998

Phase It RFl report (LANL.
19498, 59891}

Phase || RF1 report is issued. Data confirm widespread HE
contamination extending from the ZB0 puifall discharge point
down lo 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 & Report documents
risk to human health and the environment, Report is
approved by NMED in September 1999,

September 30, 1838

CMS plan (LANL 1898,
62413.3)

CMS plan is issued. Allernatives are evaluated. Reporl
includes Phase il RF! sampling plan and describves ongoing
hydrogeologic investigations for the site. Report is approved
by NMED in September 1899,

October 1998 Phase il RFi sile Continued monitoring and sampling are used to characterize

present charscterization the temporal and spatial variability of site contamination;
components of the site hydrogeologic system are undergoing
conlinued evaluation. ’

Cciober 1998 CMS-—ongoing evaluation | CMS is initiated. Series of soil and waler corrective measures

present of alternatives technglogies are evaluated. Investigation of components of

the site hydrogeologic system continues.

September 30, 1998

Addendum 1o CMS plan
{LANL 1999, 64873.3)

Addendum to CMS plan is issued. Addendum expands
investigations to include deeper perched and regionat
groundwater potentially impacted by releases from SWhMU
16-021{c}-99.

November 1999 interim measure (M} IM plan is issued. Plan specifies removal of the highly
plan—abatemert of contaminated soil and tuff identified in the 260 outfall
potential risks at the source | drainage channel. Plan is aproved by NMED in April 2002,
area {LANL 2000, 64355.4)

November 12, Abatement of ongoing risks = TA-18-280 IM begins. Activities are interrupled by Cemo

1899-November 18, | is indliated Grande fire. Initial stage of project is completed in November

2000 2000,

January 7, 2000

Contained-in determination
{NMED 2000, 64730}

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

Apnil 4, 2000

Designation of zrea of
contamination (NMED
2000, 70648}

NMED designates SWMU 16-021(c)-99 an area of
contamination, Purpose of designation is to allow material
from entire drainage ares 1o be excavaled, 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.
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Table 1.1-1 {continued)

Date Activity (Reference) Synopsis of Activity

June &, 2000 In situ blending NMED authorizes in situ blending in memo sent to the
authorization (NMED 2000, | Laboratory and DOE. To ensure worker health and safety
670494) 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 setiling pond sedimentto
belcw-reactive imit.

August 4, 2001~ Abatement of ongoing risks | Remobillization and removal of isolated areas containing

October 13, 2001 is completed more than 100 mgrtkg of ROX {cyclotrimethylenetrinitramine)

is completed. Waste disposal stage of project is completed,

July 2002 260 outfali IM report (LANL | IM results are presented in IM reporl. Report is approved by
2002, 73706} NMED in January 2003,

March 2003 Revision 1 to CMS plan Addendum to CMS plan is updated. Investigation into deeper
addendum-—evaluation of perched and regional groundwater and deeper vadose zone
alternatives (LANL 2603, potentially impacted by releases from SWMU 16-021(c)-891s
75988.2) expanded further, Plan is approved by RMED in March 2003,

September 2003 Phase I RFI reportissued | Report focuses on investigations into the surface water,

(this document) " | aluvial groundwater, canyon sediment, and springs in Cafion
de Valle and Martin Spring Canyon, Report includes analysis
of data generated since Phase i RF| report (post- 1898) and
baseline risk assessments using a comprehensive database
of both pre- and post-1988 data and emphasizes greater
undersianding of site hydrogeology and contaminarst
behavigr, Report presents human health baseline risk
assessments, one for source area, one for 2 selected reach
of Cadon de Valle, In addition, a baseline ecological risk
assessment is performed for that reach of Cafion de Valle.

November 2003 CMS report for altuvial CMS report for SWMU 16-021{¢}-099 alluvial system will be
system will be Issued— issued, Report is a companion document to Phase Il RFI
corrective measures report and relies heavily on the understanding of sile
evaluated/selected hydrogeology and contaminant behavior cutlined In that

document. Report evaluates potentfial remedial technologies
for each media and proposes appropriate technologies.,

March 2006 CMS report issued for CMS report for SWMU 16-021{c}-99 deep perched arnd
regional groundwater regional groundwater system will be issued, Data will be used
system—corrective o suppon risk assessments that include the deep perched
measuras saturated zone and the regional aquifers as pathways.
avaluated/salected

Pending Carrective measures Final evaluation, selection, and design of selected treatment
implementation (CM1) technology for impacied site media will be presented. CMI will

inciude refinements to long-lerm monitoring program and
critera for establishing the attainment of media cleanup
standards,

Pending Long-term monitoring Verification that remadies are/were effeciiva.

1.2  Facility Location and Background

TA-16 is located in the southwest comer of the Laboratory (Figure 1.2-1). It covers 2410 acres, or 3.8 mi’.
The land is a portion of that acquired by the Depariment of Army for the Manhattan Project in 1843,
TA-16 is bordered by the Bandelier National Monument along State Highway 4 1o 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
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TA-8, -8, -11, -14, -15, -37, and -48. TA-16 is fenced and posted along Stale Highway 4. Water Canyon, a

. 200-ft-deep ravine with steep walls, separates State Highway 4 from active sites at TA-16. Cafion de
Valle forms the northem border of TA-16. Security fences surround the production facilities. A complete
discussion of the TA-18 environmental setting is presented in Appendix B to this report.

The administrative boundary for the CMS is shown in Figure 1.2-2. The boundary runs along State
Highway 501, which coincides with the Pajarito fault, to the west, and follows the basin divides between
Water Canyon and Cafion de Valle to the south, as far as Martin Spring Canyon, Pajarito Canyon, and
Cafion de Valle to the north. These basin divides converge at the confluence of Cafion de Valle and
Water Canyon, This area will be referred to as the Carion de Valle basin. The areal extent of the study
includes all the surface and subsurface terrain within the boundary except (1} individual SWMUs and
agssociated downgradient areas fo the edge of Cafion de Valle, and {2) Fishladder Seep and its sub-basin,
These potential contaminant sources are being addressed within the scope of other RRES-RS activities.

The administrative boundary is designed fo incorporate conlaminant sources and the fate and transport
mechanisms of the Cafion de Valle basin. The TA-18-260 outfall is considered the major source of
contaminants in the basin. Monitoring and data analysis at the basin scale will support decisions about
conducting remedial activities at other potential contaminant source locations as well.

1.21  Facility History and Operations

TA-16 was established for the purposes of developing explosive formulations, casting and machining
explosive charges, and assembling and testing explosive components for the US nuclear weapons
program. Almost all the work has been conducted in support of the developrment, testing, and production
of explosive charges for the implosion method. Present-day use of this site is essentially unchanged,

. although facilities have been upgraded and expanded as axplosive and manufacturing technologies have
advanced.

The TA-16-260 facility, in operation since 1951, is an HE machining building that processes large
quantities of HE. Machine tumings and HE wash water are routed as waste 10 13 sumps associated with
the building. Historically, discharge from the sumps was routed to the TA-16-260 outfall {also known as
the 260 outfall); at one point, discharge was reportedly as high as several million gal per year (LANL
1994, 76858).

During the [ate 1970s, the 260 outfall was permitied to operate by the EPA as EPA Quitfall No. 05A056
under the Laboratory's Naticnal Pollutant Discharge Elimination System (NPDES) permit (EPA 1990,
12454.2). The last NPDES permitting effort for this TA-16-260 outfall occurred in 1634, The NPDES-
permitted TA-16-260 outfall was deactivated in November 1996; it was officially removed from the
Laboratory's NPDES permit by the EPA in January 1998. This waste stream is currently managed by
pumping the sumps and treating the water at the TA-16 HE wastewater plant.
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Both the TA-16-260 outiall and the drainage channel from the TA-16-260 outfall are contaminated

with HE and barium. The sumps and drainlines of this facility are designated as SWMU 16-003(k),

and the TA-16-260 outfall and drainage are designated as SWMU 16-021(c) in Module Vill of the
Labaoratory’s Hazardous Waste Facility Permit (EPA 1880, 01885}, Following LANL's SWMU
consolidation effort, the two former SWMUSs are now collectively referred to as SWMU 16-02 1{c}-88. Prior
to the Phase | and [l RFls at SWML) 18-003{k} and 16-021{c}, known contaminants included barium,
ROX, TNT {trinitrotoluene), and HMX {cyclotstramethylenetetranitraming). Suspecied contaminants
included other HE compounds, additional inorganic chemicals, volatile organic compounds (VOCs),
semivolatile organic compounds (SVOCs), and uranium.

1.22 SWMU Descriptions
SWML 16-021(c)-99 is a Laboratory t:onsoiidaﬁén of two designated SWMUs: 16-003(k) and 16-021(c).

SWMU 16-003{k} comprises 13 sumps and approximately 1200 # of associated drainlines or troughs that
lead from the HE machining building {TA-16-260) to the TA-16-260 outfall. HE-contaminated water flowad
from the sumps into the concrete drainfines and ultimately to the 260 ouffall, located approximately 200 f
east of Building 260. Building 260 is located on the north side of TA-16 (Figure 1.2-3}. The structure was
originally built in 1851; minor modifications were made to the structure at a later date,

SWMLU 168-021{c) is comprised of a well-defined upper drainage channel fed directly by the 260 cutfall, a
former settling pond, and a lower drainage channe! leading to Cafion de Valle. The former settling pond,
which was removed during the 2000 IM, was approximately 50 ft long, 20 ft wide, and located within the
upper drainage channel, approximately 45 ft below the 260 outfall. The upper drainage channel runs
approximately 600 ft northeast from the 260 ouffall to the bottom of Cafion de Valle, A 15-f near-vertical
cliff is located approximately 400 ft from the 260 ouffall and marks the break between the upper and lower
drainage channels.

A small settling pond approximately 55 ft long was originally part of SWMU 16-021(c)-89. HE-
contaminated water from the 260 outfall entered the settling pond about 40 ft from the outfall. The settling
pond and 260 outfall drainage channel are signfficant sources of the contamination identified in
downgradient components of the SWMU 16-021{c}-99 hydrogeologic system. An IM was conducted
during 2000 and 2001, and more than 1300 yd® of contaminated soil were excavated from the settfing
pond and chaninel. Approximately 90% of the HE that existed in the SWMU 16-021(c)-89 source area was
removed during the IM {LANL 2002, 73708). The residual contamination in the source area is addressed
in this report and through the ongoing CMS.
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1.2.3  Adjacent Land Use .

The land adjacent to the 260 outfall site is dedicated to continued Laboratory operations. Other SWMUs
located in the vicinity of the 260 outfall are shown in Figure 1.2-4. The SWMUs with the greatest potential
influence on the SWMU 16-021(c)-88 investigation are described below.

s+ Material Disposal Area (MDA) R (SWMU 16-013}—This MDA is located north of the 260 outfall
area. MDA R was constructed in the mid-1840s and used as a burning ground and disposal area
for waste explosives and possibly other debris. Potential contaminants at this MDA include HE,
HE byproducts, and metals (particularly barium), Use of the site was discontinued in the sarly
1950s. Soil removal and site investigations were condudted at MDA R following the Cerre Grande
fire (LANL 2001, 69971.2).

« The burning ground SWMUs [18-010(b,¢,d,e.f), 16-010(h)-89, 16-028(a), and 16-016(c)-99}—
These SWMUs are located on a level portion of the mesa in the northeast comer of TA-18. The
burning ground was constructed in 1951 for HE waste treatment and disposal, Over the vears,
hundreds of thousands of pounds of HE and HE-contaminated waste material have been burned
at this location, The rermnaining noncornbustible material was subsequently either placed in
MDA P, narth of the buming ground (through 1984}, or taken to TA-54 for disposal (1884 to
present). A barium nitrate pile was located at the TA-16 burming ground for many years. Site
investigations were conducted at several of these SWMUs in 1995 and tater (LANL 2003, 76876).
Information was also obtained from investigations conducted between 1997 and 2002 at Flash
Pad 387 and the consolidated SWMU 16-016(c)-99, Flash Pad 387 underwent ¢lean closure and
the sites representing consolidated SWMU 16-016{¢c)-99 underwent voluntary comrective aclion
(VCA) concurrently with the MDA P clean closure.

» MDA P (SWMU 16-018)-—This MDA contained wastes from the synthesls, processing, and
testing of HE; residues from the burning of HE-contaminated equipment; and construction debris.
HE waste-disposal activities at this site started in the early 1950s and ceased in 1984, The site is
located on the south slope of Cafion de Valle. MDA P recently underwent a cleanup under RCRA
in which approximately 55,000 yd® of soil and debris were removed (LANL 2003, 76876).

+ The 90s Line Pond portion of consolidated SWhL 16-008(a)-99 [former SWHML 16-008(a)]—The
80s Line Pond is an inactive unlined settling pond located a few hundred fest west of Building
260. The pond may have received HE, barium, uranium, and organic chemicals from machining
operations discharge from TA-16-89, -90, -91, -G2, and -93. As recently as 2002, HE solids were
observed at the pond area.

All these SWMUs contain {or did contain, prior to closure, as in the case of MDA P) contaminants similar
to those found in SWMU 16-021(c)-89, and all drain into Caston de Valle. Furthermore, the 80s Line Pond
contained standing water that may have created a persistent increase in hydraulic head and could have
caused the migration of contaminants and contributed to the effects observed in the Cafion de Valle and
Martin Spring Canyon alluvial systems,
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According to the Laboratory's comprehensive site plan of 2000 and and its 2001 update {LANL 2000,
76100; LANL 2001, 70210}, future Tand use at TA-16 is designated as HE research and development and .
HE iesting. Most areas within TA-18 are active sites for the Engineering Science and Application (ESA)
Diviston of the Laboratory, and construction of new buildings and other facilities in the area is possible.

1.3  Previous Investigations

Data have been collected for the 260 outfall [SWMU 18-021(c)] since the early 1870s and have indicated
substantially elevated HE contamination in the sediment, outfall, and sump water. Levels up to 27 wt %
{270,000 ppm) of HMX and RDX had been documented in the araa of the former pond. The data showed
HE contamination extending from the discharge point to Cafion de Valle (Baytos 1971, 05913; Baytos
1876, 05820). The historical data have been summatized in the Phase | and I RFI reports for SWMUs
16-003(k) and 18-021{c} (LANL 1996, 55077; LANL 1998, 50891}

This section provides a summary of data from the Phase | and If RFls and the IM. All available data for
the site are used in this Phase 11l RFI report to build a physical site model that supports risk-assessment
ang CMS activities. Specific issues regarding the use of the different data sets are addressed in the data

sections of this report.

1.3.1  Source Area Investigation

The Phase | RFI primarily consisted of surface sampling within the drainage area, The Phase 1 RFI

included sampling surface and near-surface material within the drainage and sampling 13 boreholes

(BHs) drilled to depths between 17 and 115 ft in and near the drainage. The Phase Il RFI also included

exiensive fiekd-screening using immunoassay methods for RDX and TNT as well as laboratory sampling

for HE and other chemicals. .

Elevated concentrations of HE and barium were reported within the drainage from the surface down to
the soil/tuff interface. Soil depths were about 5.5 fi below the ground surface {bgs) in the former
settling pond area and drainage (about 40 to 95 fi downsiream from the outfall); soil depths were only
about 1 ft bgs close to the mesa (300 to 400 ft downstream from the outfall).

Phase | and I surface sampling showed surface contamination did not extend laterally beyond the
reasonably well-defined drainage. Concentrations of the major contaminants (barium and HMX, RDX, and
TNT) were downgradient within the drainage and decreased rapidly beyond the setiling pond, although
substantial levels of HMX and barium were present at the base of the colluvial slope in Canon de Valle.

Subsurface sampling indicated concentrations also decreased rapidly below the soilfiuff interface,
However, up to 1000 mg/kg of HE was found in tuff, 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 including the former
settling pond area. Almost 1 wt% (10,000 ppm) HE was reported in a saturated sample from BH 16-2700
encounterexd at a depth of about 17 f beneath the former setffing pond (LANL 1988, 59891). 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 observed only 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 setiling pond during the IM (see section 1.3.4 of the IM report), at depths of 40 ft and 46 ft bys,
indicating multiple potential fransmissive zones at depth (LANL 2002, 73706).

HE and barium were the principal contaminants found at the 260 cutfall, although several other metals,
including cadmium, chromium, copper, lead, nickel, vanadium, and zin¢, were consistently ohserved .
above background levels in the drainage., Other organic compounds (8VOCs, VOCs, and PCBs) were
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also detected in cne to four samples each. Details and results from the Phase | and 1l RFls are presented
in two RF! reports {LANL 1996, 55077; LANL 1998, 59891).

1.3.2  Alluvial System Investigation

Sampling in the Cafion de Valle alluvial system included collection of surface and subsurface sediment,
three pairs of overbank sediment samples, filttered and unfiltered surface water, and one quarterly round
of filtered and unfiltered alluvial groundwater. These samples were collected during three different
investigations which took place in 1994, 1996, and 1997/1998, respectively.

Barium was the most abundant inorganic contaminant in sediment. For the surface samples,

barium ranged from 6.3 mg/kg to 40,300 mg/kg. Other inorganic chemicals consistently above the
background levels included cadmium, chromium, copper, lead, nickel, vanadium, and zinc. Several types
of HE were detected: the amino-dinitrotoluenes (A-DNTs), HMX, nitrobenzene, 3-nitrotoluene, RDX,
1,3,5-trinitrobenzene (TNB), and trinitrotoluene (TNT). The two HE compounds highest in abundance and
concentration were HMX and RDX. Their maxima were 170 mg/kg and 42 mg/kg, respectively.

Surface water samples and alluvial groundwater samples from the five alluvial wells and Peter Seep were
collected in Carfion de Valle. Filtered/unfiltered sample pairs were collected during 1994 and 1997/98;
primarily unfiltered samples were collected in 1996. The differences in concentration between the fittered
and unfiltered samples are small. The inorganic chemicals identified as chemicals of potential concem
(COPCs) in all water were antimony, barium, chromium, lead, manganese, mercury, nickel, vanadium,
and zinc. Barium is the most abundant, with concentrations ranging from 99 pg/L to 16,000 pg/L. As in the
sediment, HE appears to be the other major COPC in Caiion 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 highest in concentration, with a maximum concentration of 818 pg/L in surface
water. All contaminants decrease downgradient from Peter Seep to the confluence with Water Canyon
(LANL 1998, 59821).

1.3.3  Subsurface System Investigation

The intermediate-depth perched aquifer investigation included drilling five wells (21 to 207 ft) at locations
likely to intersect the saturated zones at TA-16. The local trend of subunit-subunit contacts is to the north
and east. Three of these wells intersected ephemeral perched water. In each case, the water dissipated
in less than 1 month. Analysis of this perched water indicated low concentrations (generally ppb) of
contamination.

The springs investigation included quarterly sampling of SWSC, Buming Ground, and Martin Springs.
Results indicate all three springs are contaminated with RDX and other HE. 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 were also elevated.
Although low levels (ppb) of VOCs have been detected in all three springs, detections were sporadic and
occurred primarily during the quarterly sampling round of June 1997,

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 indicate that SWSC Spring and Burning Ground Spring are hydrogeologically related,
but that Martin Spring probably represents a different hydrogeoclogical system.

A potassium bromide tracer was deployed at SWMU 16-021(c} during April 1997. A breakthrough of
bromide ions was observed in SWSC Spring during August 1997. Bromide breakthrough may also have
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occurred at Burning Ground Spring during August 1997, but the effects were more subtle, due to partial”
masking by variability in all the anions (LANL 1988, 58881). This indicates that the springs are
hydrologically connected to the SWMU 16-021{(c) source area.

1.3.4 M at the 260 Outfall

An IM was conducted from the winter of 2000 through the summer of 2001 to remove contaminated
material from the 280 autfall drainage area, It successfully removed the bulk of contamination from the
outfall drainage channel. More than 1300 y<§3 of cantaminated soil were excavated and disposed of at off-
site facilities. OF this amount, more than 200 yd° of characteristic hazardous waste for reactivity (D003),
which contained HE in concentrations of approximately 2 wt% (20,000 ppm), were treated by the selected
digposal facility prior to final disposition. An IM report for SWMU 16-021(c}-99, which was completed in
2002, defails the activities and results (LANL 2002, 73708).

14  Conceptual Understanding and Approach

TA-16 is a complex site in terms of gechydrologic behavior and contaminant fate and transport, and there
are many uncertainties associated with the conceptual model. The most thorough conceptual model
going into the Phase |l RFi was detailed in the Phase |l RFl report (LANL 1998, 58891) and is
summarized below.

« Saturated flow systems occur in different forms. These include the aliuvial surface water and
groundwater in Cafion de Valle; the SWSC, Burning Ground, and Martin Springs; and the 80s
Ling Pond.

» The saturated systems that feed the springs are hypothesized to be flow through localized
fracture zones or surge beds.

« Recharge of the saturated zones may occur via various sources and processes, including the
Pajarito fault zong, the steam plant drainage, and the 80s Line Pond.

* Recharge may also occur via transient saturated flow or via matrix or porous media flow.

« The 260 outfall was a primary source of contamination for SWSC Spring and possibly Buming
Ground Spring. Contaminants in Martin Spring may have come from a source other than the 260
outfall. Martin Spring chemistry and flow behavior is substantially different from those of the
Cafion de Valle springs.

Although the hydrogeological system is better understood and the conceptual model is more clearly
defined following the Phase Il investigation, many of the same guestions that were asked after the

Phase | RFI remain,

These questions may be transiated into specific data needs. The approach to Phase il data collection
was focused on answering these questions and on improving the understanding of the conceptual model.
The data collection objectives are summarized in Table 1.4-1 and the sampling plan is detailed in the
CMS plan (LANL 1998, 62413.3).

Overall, the approach to the RFI/CMS at the 260 outfall has been taitored to focus on source identification
together with the defineation of soif and sediment centarmination and confirmation of groundwater and
surface water contamination. During this process, the data have been continually evaluated to determine
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if contamination is present, if it presents a potential risk to hurman heatlth or the environment, if it has been
sufficiently delineated, and what further action(s) is needed.

Based on current understanding of the site, the conceptual maodel for the 260 outfall includes a complex
set of contaminant transport pathways and hydrogeologic features. Contaminant transport pathways are
structurally controlled in the underlying Bandelier Tuff by fractures and other preferential pathways such
as surge beds between wif units. Major uncertainties in the conceptual model result from this complexity,
particularly regarding the location of saturated zones in the subsurface and associated contaminant
transport pathways at the site. The presence of the saturated zones may also be seasonal or episodic.
Further study of the site is warranted 1o understand the dynamics of contaminant transport and to
determine the effects of post-remedial actions. Even as more data are collected at the site, substantial
uncertainties may remain in the conceptual model. it is not necessary or feasible to determine the exact
extent of contamination at the site in a detailed and spatially explicit manner. Extent can only be
described in an averall sense based on current understanding and on monitoring data as they are
obtained. Sufficient understanding of the site will be obtained for the purposes of selecting and
implementing corrective measures that will mitigate potential risk to human and ecological receptors.,

Table 1.4-1
Data Objectives for the Phase Il RFI as Defined in the SAP
Location in
Technical Phase I RA
Category Investigative Questions RFi Sampling Program Repont
Hydraudic 1. How is the 260 cutfall connected o TA- | Potassium bromide tracer Section 2.2.2
connectivity 16 springs and seeps? inventory--continued samgpling
of springs and seaps fo detect
fracer
2. Are there other transport pathways that | Perched groundwater Section 4.4.2.2
connect directly to perched groundwater | intermediate borehole drilling
or régional groundwaler? ' {5 BHs}
Regional groundwater drilling Mot applicable
{not covered in ihis report)
Residence | 1. How long does it take water to travel Precipitation sampling and Section 3.4.2.1.4,
times from a recharge point{s) to the TA-16 stable isolope analysis Appendix B
2
springs and seeps? Spring/seep sampling for Section 4.4.2.2.9,
isotopic anslysis Appendix B
Alluvial 1. What is the overall water balance in Manitoring surfece and Seclion 3.4.2.1.4,
water Cafion de Valle? Does the perannial subsurface discharge profiles in | Appendix M
dynarmics reach have unidentified losing perennial reach (6 alluvial
stretches? wells, 15 stream profile
locations}
Precipifation measurement and | Section 3.4.2.1.4,
sampling Appendix B
Geophysical surveys Seclion 3.4.2.1.4,
Appendix D
Calculating overall water Bection 5.2.5,
balance Appendix N
2. What is the nature of the Martin Spring Water sampling and analysis; Section34.23
Canyon alluvigl water dynamics? installed 3 alluvial wells and 3.4.2.4
ERZ003-0480 1-15 September 2003



Phage il RFI Report

Table 1.4-1 (continued)

Technical Lacation in
Category Investigative Questions RF Sampling Program Phase lii RFI Report
Alluvial 1. What are the contaminant Geomorphic Section 3.4.2.5,
sediment inventories in the sctive channet | mapping/sampling and Appendix £
dynamics and overbank deposits in Cafion | analysis of deposits
ge Va[le?and Martin Spring Resampling and analysis of Section 3.4.2.5
anyon channel deposits
2. Are thase channel and overbank | Sampling and analysis of Saction 3.4.2.5,
deposits a secondary source of | geomorphic units Appendix E
confamination to alluvial water?
3. How s contaminated sediment Geomorphic mapping Appendix E

being transported and
redeposited {redistnibution) in
the alirvial system?

4. How will this redistribution of Geomorphic mapping Section 3.4.2.5,
contaminaled sediment affect Appendix £
future concentrations and
inventories in aress both within
the TA-18 CMS administrative
boundaries and downstream of
the administrative boundaries?

Spting and seep | 1. How do contaminant Discharge measuremants al Section 4.4.2.1,
dynarnics concentrations change with springs and collection of flow- | Appendix H, Appendix
discharge, season, runoff, and irtegrated water samples -3
precipitation? .
2. Al TA-16, do contaminants at Isotopic data Secfion 4.4.2.2.9

the springs and seeps have the
same sources or different
subsets of sources?

3. What is the extent of Peter Measurement of headffoot Section 3.4.2.14
Seep? . location

Water sampling and analysis | Secfion 3.4.2.1.4

Source: LANL 1998, 62413 .3,

To complete the RFIVCMS at this site, activities will continue to be performed in compliance with the
following documents:

* A CMS plan (issued in September 1998 [LANL 1948, 59891]}—the CMS plan includes a
preliminary evaluation of technologies that can be applied to the source area contaminated
soil, alluvial sediment, spring watsr, and surface water; a process and criteria for evaluating
remedial allernatives; a Phase I SAP for characterizing contaminant transport through the
mesd, to the springs, and to the alluvial system; and a design strategy for long-term
monitoring 1o assess trends in contaminant concentrations and fluxes over time.

*  An M plan {issued in November 1999 [LANL 1989, 64355.4})—this plan details the source
removal effort needed to accomplish the IM and considers practical engineering approaches.
The plan includes a SAP that characterizes the extent of contamination remaining in the
environment following source remaoval, .
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*  An IM report {issued in September 2002 [LANL 2002, 73706])-—the IM was conducted from
winter 2000 through summer 2001, The report documents the results of removing
cantamination from the 2680 outfall source area. |t details post-remediation characterization
and bromide inventory sampling.

* A Phase lll RF| report {this report}—this report documents the resuits of the Phase [H data
collection, the conceptual model refinement, and the post-IM characterization. The report
inctudes human health as well as ecological site-specific risk assessments, both of which will
be used during the CMS.

*  An alluvial CMS report {to be issued in November 2003}—this report wilt focus on the
contaminants remaining in the unsaturated subsurface and the alluvial systern in Cafion de
Vaile. The intermediate and regional groundwater CMS repont {(scheduled to be issued in
March 2006) will focus on the extent of contaminants in the deep perched zone and the
regional aquifer, Remedial altematives and long-term monitoring requirements will be
addressed in both reports,

Throughout the completion of the CMS at this site, the technical team will continue to work closely with
the Groundwater Protection Program and the Canyons Investigations Team to complete data collection
activities using compatible and consistent approaches. Following the completion of the CMS for the 260
ouffall, the Groundwater investigations Team and the Canyons Investigations Team will conduct further
evaluations of the Cafion de Valle groundwater system.

1.5  COPC Screening Methodology for Human Health Risk

In order to identify which chemicals are COPCs for SWMU 16-021(c}-99, all chemicals detected in either
solid media {soil, sediment, or tuff, hereinafter collectively referred to as sediment) or water are subjected
to a screening methodology. The screening methodologies for sediment and water are depicted in
Figures 1.5-1 and 1.5-2, respectively, and described in this section. The SWML 16-021(c)-88 screening
methodology evaluates COPCs based on the foliowing criteria: (1) detect status and frequency of
detection; {2) comparison to Laboratory-wide BVs (LANL, 1998, 09730] for solid media; (3} comparison to
state and/or federal promulgated standards for water; and {4) screening action levels (SALs) for
sediment, soil, and tuff. Steps 1 through 3 are described within sections 3.0 and 4.0 of this report. Step 4
is described in the risk assessments provided in Appendix K. Chemicals that fail screening are retained
as COPCs and are evaluated in one or more subsequent analyses: {1) a statistical analysis for
background concentrations (sofl, sediment, and tuff), provided in Appendix i-1; (2) a geochemical analysis
to determine site-specific naturally occurring concentrations {water only), provided in Appendix 1-2; (3) an
uncertainty analysis, provided in Appendix K; and (4} risk assesaments, provided in Appendix K. This
prioritized screening process is consistent with the COPC evaluation methods presented in EPA's Risk
Assessment Guidance for Superfund (RAGS) (EPA 1989, 08021).

(General chemistry cations/anions and related parameters that are not relevant to human health risk
gssaessment have been eliminated from the screening methodology and are not presented in the
frequency-of-detected-chemicals tables or screening tables. Specifically, the eliminated cations/anions
and related parameters include atkalinity, ammonia, bromide, chlorate, hardness, iodide, oxalate,
phasphorus, orthophosphate (expressed as POy), silicon dioxide, total organic carbon, and tfotal
phosphorus. Additionally, calcium, sodium, magnesium, potassium, and iron are essential mutrients and
are eliminated from human health risk assessment.
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Because an IM was conducted for the SWMU 16-021(c}-99 source area, two separate data screenings
are required for Cafion de Valle: (1) a soil and tuff screening of the 260 outfall source area data to identify
any post-IM COPCs that might confribute to potential risk, and (2} a baseline sediment and water
screening for Cafion de Valle area data in support of a baseline huran health risk assessment for the
Cafion de Valle canyon bottom. In addition, data screening was conducted for Martin Spring Canyon
sediment and water {0 support a screening risk assessment.

The frequency of detection and background screening for sediment in the 260 outfall source area was
conducted as part of the IM. No new soil and tuff data have been collecied in the source area since the
IM; hence, no additional screening is required. A summary of the IM screening results is provided in
section 2.0 {Table 2.3-1 and Table 2.3-2). However, sediment and water sampling in the Canon de Valle
and Martin Spring Canyon has continued since the Phase Il RFI, thus a full screening of post-1998 data is
presented in section 3.0, section 4.0, Appendix -1, and Appendix K. All available data (pre- and post-
1998} for sediment and water are evaluated in the risk analyses for Cafion de Valle and Martin Spring
Canyon presented in Appendix K.

1.51  Frequency of Detection

Both sediment and water data for SWMU 16-021{c)-99 have been initially evaluated based on how
frequently a chemical is detected in a particular medium at a site. Evaluating chemicals based on their
frequency of detection is important because infrequently detected chemicals may be artifacts in the data
due to sampling, analytical, or other problems, and therefore may not be representative of rue site
conditions or operations (EPA 1989, 0B021). Moreover, chemicals that are not detected in any of the
samples taken for a particular medium are commonly eliminated from further analysis because there is no
indication that the chemicals are present at the site (EPA 1889, 08021}

For SWMU 16-021(c)-99, all chemicals that reported 0% detection in a particular medium (i.e., a medium
for which only U- or UJ-qualified data are reported for that chemical} are eliminated as COPCs with no
further evaluation. Withoul detection, there is no indication that these chemicals are of potential concemn
for human health and/or the environment at SWMU 18-021(c)-99.

In addition, most chemicals that were analyzed for a particular medium in more than 20 samples, but
reported or detected in less than 5% of the samples, are also eliminated. Based on RAGS guidance,
these chemicals may be considered data sampling artifacts that do not represent the site’s true conditions
{EPA 1689, 08021}. However, it is important to note that not alt chemicals reporting less than 5%
detection for a particular medium are eliminated: the decisfon to eliminate infrequently detected chemicals
from further COPC evaluation depends on whether adequate detection limits are reporied for the
chemicals in question. Laboratory analytical methods such as dilution and matrix effects can cause
detection limits to become elevated which then introduces a level of unceriainty info the data (see
Appendix F). For SWMU 16-021{c}-99 datla, the evaluation of adequate detection limits is based on
whether they are below a chemical's designated benchmark concentration {(g.g., 8 screening level) or
regulatory standard. In samples Tor which the detection limit exceeds the defined benchmark
concentration, the chemical is retained for further evaluation.
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Figure 1.5-1,
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1.5.2 Comparison to Laboratory-Wide BVs (Soil, Sediment, and Tuff)

Alt detected inorganic chemicals (including radionuchides) in SWMU 16-021(c)-99 soiid media are
screened against the corresponding Laboratory-wide BVs for soil, sediment, and Bandelier Tuff (LANL
1898, 59730). For each chemical, the maximum reported detected value, as well as the maximum
reported detection limit, is compared to the corresponding LANL 95% upper tolerance timit (UTL) or BV.
Chemicals reporting all data below the 95% BV UTL are eliminated as COPCs. Chemicals reporting either
a detected or an undetected concentration exceeding the BV were retained as COPCs and evaluated
further. For SWMU 16-021(c}-99, ali detected organic chemicals are retained as COPCs and evaluated
further.

153 Comparison to Regulatory Standards (Water Only}

The Laboratory has not established BVs for chemicals in water; therefore, all detected chemicals in
SWMU 16-021(c)-9% water are screened against state and federa) promulgated water standards that
acdhered to the following criteria: (1) they are proteciive of human health and the environment, and/or (2)
they are applicable standards for the site,

Both EPA maximum contaminant levels (MCLs) 40 CFR part 141 and 143 (EPA 2002, 76871) and the
following New Mexico Water Quality Control Commission (NMWQCC) regulations numeric standards
{20.6.2 and 20.6.4 New Mexico Administrative Code [NMAC]} are identified as standards that meet the
above ¢riteria and are representative of the conditions found at SWMU 16-021(c)-99:

s  HNMWQCC surface water (SW) livestock watering standards (20.6.4.900 NMAC)
«  NMWQCC SW wildiife habitat standards {20.6.4.900 NMAC)

*»  NMWQCC groundwater (GW) human health standards (20.6.2.3103 NMAC)

»  NMWQCC GW standards for irrigation use (20.6.2.3103 NMAC)

«  NMWQCC GW standards for domestic water supply use (20.6.2.3103 NMAC)

The remaining NMWQCC SW standards for {1} irrigation, (2) domestic water supply {superceded by

the EPA MCLS$ screening), (3} human health, and {4) fisheries are not appropriate standards for

SWMLU 16-021(c}-99. NMWQCC SW standards for irrigation and domestic water supply do not apply to
the water at SWMU 16-021(c)-98 because Carfion de Valle and Marin Spring Canyon surface water is not
currently, nor is it likely to be in the foreseeable future, designated for imrigation or domestic water supply
purposes (LANL 1998, 62413.3; LANL 2000, 76100; LANL 2001, 70210). SW standards derived for the
protection of human health and fisheries are also not applicable to Cafion de Valle and Martin Spring
{Canyon surface water because the morphology of the stream does not allow water o pool, Therefore no
habitat exists to support fish in these systems and human consumption of SW is unreasonable for the
canyon systems,

The objective of screening is to identify all COPCs for further evaluation; therefore, the most conservative
standard is selected as the screening standard. This conservative approach is most clearly observed in
the screening of chemicals for which both a NMWQCC regulations numeric standard and an EFAMCL is
available. In this case, the more conservative standard (the lower concentration) is chosen for
comparative screening purposes. In the absence of both 3 NMWQCC regulations numeric standard and
an EPA MCL, the comesponding EPA Region 6 tap water preliminary remediation goal (PRG), ora
Region 9 PRG if no Region & PRG is available, is selected and assigned as the screening limit.
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Chemicals for which there is neither a regulatory standard nor a PRG are retained as COPCs and
subsequently evaluated in the human health and ecological risk assessments or, if one is available and
appropriate, a surrogate chemical is assigned. Using surrogate chemicals provides a more complete
screening process. The following criteria are used to select appropriate surrogate chemicals for

SWMU 16-021(c}-89 data: structural similarity, isometric form, and impurity and metabolite
characteristics, These criteria are outlined in the Laboratory document, *"Human Health Risk-Based
Screening Methodology” (LANL 2002, 72639). AHachment A to that document provides a short list of
chemicals for which LANL has already identified surrogates: these surrogates were adopted and used af
SWMU 16-021(c}-99, where applicable. For the additional chemicais found at SWMU 16-021(c}-99 that
are not listed in Attachment A, surrogates were selected using the same criteria listed above.

For the screening, either the maximum detected concentration and/or the maximum detection limit for a
chemical are evaluated against the screening level, Those chemicals whose maximum detected
concentrations exceed the screening standards are retained for further evaluation. Those chemicals for
which only the maximum detection imit exceeds the screening level are also retained for further
evaluation. Those chemicals for which neither the maximum detected concentration nor the maximum
detection limit exceeds the screening level are eliminated as COPCs,

16  Report Qrganization

This report is organized identically to the Phase [ RFI report. The report consists of gight sections and
fourteen appendixes, To simplify presentation of such a large volume of complex environmental data, a
three-compartment approach—as negotiated between the NMED Hazardous Waste Bureau (HWB) and
LANL personnel—has been used for this report. Each of the three compartments represents a major
investigation within the Phase Il data collection activities: {1) the source area investigation, (2) the alluvial
system investigation, and (3) the subsurface system investigation.

The source area invesfigation and its results are presented in section 2.0. Section 3.0 contains the alluvial
system investigation and its results. Section 4.0 presents the subsurface investigation and its results.
Section 5 discusses the updated understanding of the site conceptual model. Section 6 summarizes the
human health risk assessments for the source area and the Cafon de Valle canyon bottom as well as the
ecological risk assessment for Cafion de Valle. {The entire human health and ecological risk
assessments are presented in Appendixes K and L, respectively.} Section 7 presents the report
conclusions. Section 8 is a reference list that includes all of the documents cited in the body and the
appendixes of this report. The parenthetical information following each in-text reference provides the
author, publication date, and ER 1D number. This information can be used to locate ¢ited documents as

follows.

The ER 1D number is assigned by RRES-RS 1o track material associated with RRES-RS activities. All
cited documents are assigned ER 10 numbers. An ER D number can be used to help the reader locate a
copy of the actual document at the Records Processing Facility (RPF) and, where applicable, within the
RRES-RS Reference Library. Copies of this reference flibrary are housed at NMED-HWB, DOE, and the
RRES-RS Project Office, This library is a living document that was developed to ensure that NMED has
alt of the necessary material io review the decisions and actions proposed in documents submitied by
RRES-RS. The library will be updated to include appropriate documents cited in this report.

The fourteen appendixes to this report provide additional information about the Phase [} RFI and are
listed in Table 1.6-1.

September 2003 1-22 ER2003-0480




Phase i RFi Report

Table 1.6-1
. Table of Appendixes

Appendix Letter Appendix Title
Appendix A List of Acronyms and Glossary

Appendix B | Operational and Environmental Setting
Appendix C | Borehole Logs and Well Complation Diagrams

Appendix D | Geophysical Reports

Appendix E Evaluation of Sediment Contamination in Cafion dé Valle and Martin Spring Canyon
Appendix F | Resulls of Quality Assurance/Quality Control Activities

Appendix G | Analylical Buites and Resulis

AppendixH | Waler and Sediment Screening Resulis: Charts, Tables, and Data Files

Appendix | Evaluation of Chemical and Physical Data from the SWMU 18-021{c)-58 Source Area,
Cafion de Valle, and Martin Spring Canyon

Appendix J Evaluating the Hydrogeochemical Response of Springs Using Singular Spectrum Analysis
and Phase-Plane Piots

Appendix K Human Health Rigk Assessments for Cafion de Valle and Screening Risk Assessmants for
Martin Spring Canyon

Appendix L Ecdlogical Risk Assessment for Cafion de Valle

Appendix M Relevant Documenis (includes the response to the request for supplemental information
for the Phase il RF report, scheduled for inclusion with the next relevant submitial)

Appendix N Water Balance Calculation for Cafion de Valle
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2.0 SOURCE AREA INVESTIGATION

The SWMU 16-021(¢)-89 source area is composed of a settling pond and an upper and lowsr drainage
channs! that extends from the 260 outfall downgradient to the confluence with Caflon de Valle. The source
area was excavated during an 1M conducted from winter 2000 through summer of 2001, The IM removed
more than 1300 yd® of contaminated soil, sediment, and tuff and approximately 90% of the HE that existed
in the source area. Post-removal confirmation sampling was conducted 1o characterize the residual
contamination, and bromide inventory confirmation sampling was conducted {o evaluate the mass of
bromide tracer in the source area. The IM activities are discussed in detall in the IM report for SWMU 16-
021(¢)-99 (LANL 2002, 73706}. This section summarizes the post-IM sarnpling activities and bromide
inventory, and expands on the data presentation and data summary presented in the 1M report.

2.1 IM Data Needs and Objectives

The overall objective of the IM was to substantially reduce the bulk of the source area contamination, with
the intent that it would minimize the potential for contasminant migration (LANL 2002, 73708). Excavation
was not intended to remove all contamination or to demonsirate that the IM reached acceptable levels of
final cleanup; therefore, final cleanup goals were not established as part of the IM. However, an action
criterion of 100 mg/kg for residual RDX concentration was used to guide the excavation.

The objective of the post-IM sampling strategy was to characterize the residual HE and other contaminant
concentrations in the surface and near-subsurface in the drainage channel. Sufficient data were collected
as part of the M to support the human health risk assessment as summarized in section 6.0 and detailed
in Appendix K of this report. The post-removal characterization data are also used to refine the conceptual
model and supplement the CMS data.

The objective of the bromide inventory was to estimate the mass of bromide tracer remaining in and near
the source area following the IM. Once the mass of bromide tracer remaining in the source area (where the
tracer was applied) is known, as well as the starting mass and the mass of tracer at discharge points, the
assumption can be made that the remainder of the tracer remains within {and is migrating in) the
subsurface system. This information can clarify the connectivity and transport processes within the
compiex hydrogeologic system,

2.2  Scope of Sampling and Analysis

The post-removal sampling strategy Is discussed in detail in the TA-18-280 IM plan and TA-16-260 IM
report (LANL 2000, 64355 .4; LANL 2002, 73706) and is summarized below. This section also describes the
sampling of the removed source material and subsurface matenial underlying the settling pond in support of
the bromide inventory study.

2.21 Field Investigation for Post-Ramoval Sampling

Surface and near-surface samples were collected during September 2000, immediately following the
primary IM removal activities. The ranked-set sampling (RS3) statisticat procedure {(Patil et al. 1594,
59113) was used to select the location and number of post-removal screening and fixed<laboratory
analysis samples.

Forty-five surface and near-surface samples were collected throughout the source area and upper
drainage channal for field-screening for HE compounds using high performance liquid chromatography
{HPLC}). Based on the HE screening, 15 samples were analyzed at an off-site contract analytical laboratory
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for metals, HE, SVOCs, VOCs, and total uranium. Following the IM, isolated areas of RDX concentrations
exceeding the 100 mg/kg action criterion were identified from the confirmation sample analyses. Additional .
soil and {uff removal was conducted at these areas, and five additional confirmation samples were

collected during June 2001, after the subsequent removal action. Three of the fifileen original sample

locations {18-08379, 16-063480, and 16-06403) were resampled. Two new sample locations were also

selected for analysis {168-08378 and 16-06404). The five samples collected during June 2001 were also

analyzed for polychlorinated biphenyls (PCBs).

Based upon geology and pre-excavation contaminant levels, the surface and near-surface samples wers
selected from three distinct strata:

+ Stratum A--surface material from the excavated drainage channel batween the outfall and the
edge of the cliff (includes upper drainage channel and setting pond).

s Stratum B8—surface material from the drainage channel between the base of the cliff and the
drainage channel confluence with Cafion de Valile (includes lower drainage channel).

« Stratum C—subsurface material from the center of the upper drainage channel between the outfall
and the cliff.

Selection of the screening samples from each sirata is described below:

» Stratum A—18 screening samples were collected along B transects (3 samples per transect)
spaced at 65-ft intervals from the cuffall to the ciff,

« Stratum B—18 screening samples were collected from 6 transects (3 samples per transect)
spacad at 42t intervals between the base of the cliff and the drainage channel confluence with
Cafion de Valle.

» Stratum C—8 screening samples were collected; 1 screening sample was collected from each of 9
locations spaced at 45-f intervals along the centerine of the upper drainage channet hetween the
outfall and the cliff.

For Stratum A and Straturn B, each transect was considered a discrete set consisting of three samples
units {a sample unit being an individual environmental sample). Each set was randomly numbered and then
assigned to one of two groups or “RSS cycles.” Each of the two RSS cycles in Stratum A and Stratum B
therefore consisted of three sets {three transects) and three observations {environmental samples) each.
From the groups of screening samples, six analytical laboratory samples were collected from Stratum A, six
were collacted from Stratum B, and three were collected from Stratum C, for a total of fifteen off-site fixed

analytical laboratory samples.

The post-IM screening sample locations and off-site analytical laboratory sample locations are shown on
Figure 2.2-1 and are listed in Table 2.2-1.
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Table 2.2-1
Source Area Post-IM Screening Resuits and Selection of Laboratory Analytical Samples
HPLC | HPLC | HPLC | Total
Location Screening | HMX | RDX NT HE | Laboratory Sample ID and
i Sample Location Sample D  (mg/kg)! (mo/kg) | (mo/kg)  mg/kg) | Sample Selection Basis
18-6378 Stratum A, 65 fi RE18-00-1308) 312 422 e 734  Sampled in June 2001,
downgradient from outfall, RDX corcentration
center of drainage. exceeded 100 mgikg
16-6379 |Stratum A; 85t RE16-00-1310] 1 31 1 33  Sampled in September
downgradient from outfall, 2000, Middle RDX value in
15 ft north of drainage Stratum A cycle 2, set 2,
center. RES Set #5 Resampled in June 2001
16-6380 Swratum A; 651 RE16-00-1311 1 3 U 4 |NA®
downgradient from outfall,
15 fi south of drainage
center.
16-8381 Stratum A, 130 ft RE16-00-1312 2 2 1 4 |NA
downgradient from ouffall,
center of drainage.
16-6382 |Stratum A; 130 #t RE16-00-1313] 2 1 y 22 INA
downgradient from outfall,
15 ft north of drainage
centsr.
16-B383 |Stratum A; 130 ft RE18-00-1314) 1 U U 1 Sampled in September
downgradient from outfall, 2000, Lowest RDX value
15 ft south of drainage in Stratum A cycle 1, set 1
center.
16-6384 Stratum A; 195 ft RE16-00-1316; 50 3 U 53 |[NA
downgradient from outfall,
center of drainage.
168.5385 Stratum A; 195 f REA6.00-1318 9 U u 9  iSampled in September
downgradient from outfall, 2000, Middle RDX value in
15 # north of drainage Stratum Acycle 1, set 2
center.
16-68386 [Stratum A; 1951t RE16-00-1317] 1 U U 1 INA
downgradiant from outfall,
15 ft south of drainage
center.
16-8387 |Stratum A; 260 ft RE16-00-1318, 1003 56 1 1156 [NA
downgradient from outfall,
center of drainage.
16-6388 Stratum A; 260 ft RE18-00-1318 31 u U 31 Samplad in September
downgradient from outfall, 2000, Lowest RDX value
15 # north of drainage in Stratum A cycle 2, set 1
cenler.
16-8388 Stratum A, 260 fi RE16-00-1320| & 2 ) 8 |NA
downgradient from outfall,
15 ft south of drainage
center,
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Table 2.2-1 {continued}

HPLC | HPLC | HPLC | Total
Location Screening HMX RDX TNT HE | Laboratory Sample ID and
D Sample Location Sample I | (my/kg)  {mokg) | (mg/kg)  (mgikg), Sample Selection Basis
16-63090 |Stratum A; 326t RE16-00-1321] 24 2 U 46 Sampled in September
downgradiernt from outfall, 2000, Highest RDX value
center of drainage. in Stratum A cycle 2, set
3, Resampled in June
2001
16-6391 \Stratum A,; 3258t RE16-00-1322 1 2 U 3 INA
downgradisat from outfall,
15 ft north of drainage
certer.
16-6392 'Stratum A; 325t RE18-00-1323 b4 4 u & NA
downgradient from outfall,
15 # south of drainage
center.
16-8303 |Stratum A; 390 ft RE16-00-1324] 280 1 1 2892 NA
downgradisnt from outfall,
center of drainage.
16-6394 |Stratum A; 390 #t RE1&-00-1325] &3 3 U 56 |Sampled in September
downgradient from ouffall, 2000, Highest RDX valus
15 ft north of drainage in Stratum Acycle 1,set 3
canter,
16-6395 |Stratum A; 380 ft RE16-00.-1326) 14 1 U 15 INA
. downgradient from outfal,
15 1t south of drainage
center. RSS Set #3
16-8306 Stratum C; 45 # RE16-00-1327 1 i U 2 INA
downgradient from outfall,
center of drainags.
16-6387 Strawm C; 1351 RE18-00.1328 13 7 U 20 NA
downgradient from outfall,
center of drainage.
16-6398 [Stratum C; 180 ft RE16-00-1328 126 24 ] 150 Sampled in September
downgradient from outfall, 2000, Highest RDX value
center of drainage. i Stratum C get 3
16-839% |Stratum C; 225 # RE16-00-1330 8 3 U 11 NA
downgradient from outfall,
center of drainage.
16-6400 [Stratum C; Z70 fit RE18-00-1331] 21 2 ] 23 [NA
downgradient from outfall,
center of drainage.
16-6401 |Stratum €. 316 ft RE18-00-1332 7 5 U 12 INA
downgradient from outfall,
center of drainage.
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Tatsle 2.2-1 (continued)

HPLL | HPLC | HPLG | Total
Location Screening HMX RDX | THT HE | Laboratory Sample ID and
iD Sample Location Sample | (mo/kg)} |(mgkg) {mo/kg) | {mo/kg) | Sample Selection Basis

16-6402 | Stratum C; 360 #t RE16-00-1333 18 2 u 21 |Bampled in September
downgradient from outfall, 2000, Lowest RDX value
center of drainage. in Stratum C set 1

16-6403 |Stratum C, 90 ft iRE16-00-1334) 200 43 U 343 | Bampled in Septamber
downgradient from cutfall, 2000, Middle RDX value
side of test pit excavation. in Stratum C set 2,

Resampied in June 2001

16-8404 Siratum C; 4 ft RE16-00-1338| 306 11686 U 1472 | Sampled in June 2001,
downgradient from outfall, RDX concentration
center of drainage. exceeded 100 mgskg

16-6405 | Stratum B; 5 ft RE18-00-1336 64 2 u 66 |Sampled in September
downgradient from cliff, 2000, Lowest RDX value
center of drainage. in Stratum B cycle 1, set 1

16-6406 Stratum B, 5 ft RE16-00-1337] 197 U 3 200 [NA
downgradient from cliff, 10
# north ¢f drainage cenler,

16-8407 Stratum B; 5t RE16-00-1338| 273 L 3 276 [NA
downgradient from cliff, 10
ft south of drainage center.

16-6408 | Stratum B; 47 ft RE16-00-1338 1 1 8 7 NA
downgradient from cliff,
genter of drainage.

16-6409 (Stratum B; 47 it RE16-00-1340 544 14 U 558 Sampled in September
downgradient from ¢liff, 10 2000, Highest RDX value
ft north of drainage center, in Stratum B oycle 2, set 3

16-6410 |Stratum B; 47 RE16-00-1341 1 1 U 2 NA
downgradient from cliff, 10
ft south of drainage center.

16-6411 | Siratum B; 89 f RE16-00-1342: 387 5 U 392 | Sampled in September
downgradient from cliff, 2000, Highest RDX value
center of drainage. in Stratum B cycle 1, set3

16-6412 [Stratum B; 89 # RE16-00-1343 10 8 u 10 NA
downgradient from ciiff, 10
ft north of drainage center.

16-6413 | Stratum B; 89 ft RE16-00-1344| 1 u u 1 NA
downgradient from chiff, 10
ft south of drainage center.
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Table 2.2-1 {continued)

HPLC | HPLC | HPLC Total
Location Screening HMX | RDX TINT HE iLaborstory Sample ID and
Y Sample Location SamplelD | (mg/ky)  {my'ky) {mg/kg) | {mghg) | Sampie Selection Basis
16-6414 Stratum B; 131 ft RE16-00-1345] 2381 20 1 382 NA
downgradient from chiff,
center of drainage.
166415 Shatum B; 131t RE16-00-13481 205 6 1 302 INA
downgradient from cliff,
10 ft north of drainage
cener.
16-8416 |Stratum B; 131 ft RE16-00-1347 1 U u 1 Sampled in September
downgradient from chff, 2600, Lowest RDX value
10 ft south of drainage in Stratum B cycle 2, set
center, 1
16-6417 |Stratum B; 173 41 RE16-00-1348 2 3 U & NA
downgradient of oliff,
center of drainage.
16-6418 [{Stratum B; 173 ft RE16-00-1349 U U U 0.00 INA
downgradient from cliff,
10 ft north of drainage
cantar.
16-641% Stratum B; 173 ft RE16.00-1350 1 8] U 1 Sampled in September
downgradient from chff, 2000, Middle RDX value
10 ft south of drainage in Stratum B cycle 1, set
center, 2
16-6420 |Stratum B; 215 ft RE16-00-1351 306 2 1 308 | Middie RDX value In
downgradient from chiff, Stratum B oycle 2, set 2
center of drainage.
16-6421 |Stratum B; 215 ft RE16-00-1352| 301 21 v 322 NA
downgradient from cliff,
10 # north of drainage
canter,
16-6422 |Stratum B; 215 ft RE16-00-1353] 1 u U t  NA
downgradient from chff,
10 #t south of drainage
center,

# U= The chemical is classifisd as undstacted.
®  NA = Not analyzed.

222

Field Investigation for Bromide Inventory Sampling

On April 14, 1897, a bromide tracer was added to the TA-16-260 settliing pond in order to better understand
the movement of water and contaminants through the source area and to determine if the TA-16-260
setting pond was contributing contarnimants to the TA-16 springs. The tracer was prepared by mixing 100
kg of potassium bromide (Sigma Aldrich) with 450 gal. of tap water. The solution was mixed using a
submersible pump and then pumped into the settling pond. There was no standing water in the seffling
pond when pumping commenced. Care was taken to adjust the flow so that the tracer did not un down the
drainage below the settling pond. After the solution was pumped, the tank was flushed with 400 gal. of tap
water {200 gal. each on the next two consecutive days) to remove any residual bromide and to “chase” the
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tracer into the vadose zone so that it was less prone fo move via surface water. The Initial bromide tracer
concentration was 65,789 mg/L. Because the outfall was inactive, the only water available for tracer
movement was local precipitation and stored water in the vadose zone.

Bromide monitoring of the springs was initially conducted daily, and then every other day, to determine
bromide breakthrough. A few surface water samples were also collected in the 260 settling pond lower
drainage on the relatively rare occasions when there was flow following a storm. Results of the spring
sampling were reported in LANL {1598, 59891), and the results are briefly summarized here. Bromide was
first detected in SWSC Spring during June 1957 and in Bumning Ground Spring during August 1897, These
results indicate relatively rapid movement of the tracer in unsaturated or variably saturated conditions.
There is a strong indication of fracture flow because of the rapid transport and because of the spiked
nature of the breakthrough curves in both springs (LANL 1988, 59891}, Less than 2% of the total mass of
bromide added {100 kg) was observed in the springs, and concentrations were always below 1 mg/L.
Sampling at the drainage below the settling pond showed some bromide during early surface flow events,
but it was minimal in terms of mass. To determine where most of the bromide mass resides and to
understand current controls on the movement of contaminants, soil and fuff samples were collected and
leached for bromide as part of the 260 outfall IM source area removal activity (LANL 2002, 73708).

Prior to the removal of the setfling pond sediment, a trench was excavated to the depth of the sedimentituff
interface along the center axis of the settling pond. Thirty-two samples were collected from the trench and
were field-analyzed for bromide and molsture content. The locations were based on random profiles and
set intervals within the trench. Based on the screening bromide concentration and application of the RE8
strategy (Patil et al. 1984, £9113), 8 of 32 samples were selected for off-site analytical laboratory analyses.

Borehole 16-06370 was drilled in the center of the former settling pond area after the removal of the
sediment {Figure 2.2-1}, Sixteen samples were collected from S-fi-depth intervals and were field-analyzed
for bromide, RDX, and percent moisture. Again, the RSS strategy was used to select 4 of 16 samples for
off-gite laboratory analyses. In addition, four additional biased samples were collected and submitted for
off-site analysis of HE, bromide, and percent moisture,

Foliowing a method sirnilar to the American Society for Testing and Materials {ASTM) test method for soll
pH (ASTM method D4672), a semiquantitative estimate of bromide concentration was made. A saturated
paste was made from sample materal and distilled water using a moriar and pestie. This saturated paste
was measured with an Orion model 280A ion-specific electrode. The millivolt (mV) readings were recorded
and compared to the mV readings for the 1.0 mg/kg and 10.0 mg/kg bromide calibration solutions. Bromide
profiles for the gight trench profilas are shown in Figure 2.2-2. Profile B is from the western-most transect
{upstream) and Profile 5 is from the eastern-most transect {downstream). Concentrations are generally
lowast near the western part of the settling pond and increase downslope, with the center and sastern
transects having bromide concentrations up to 41 mg/L. Because water was used during drilling, pore
water concentrations were not calculated for Borehole 16.06370. However, the mass of bromide/mass of
dry mock were calculated, and these values are plotted on Figure 2.2-3. There were only two samples with
deteclable bromide concentrations (0.1 and 0.8 ug/g). These samples were in the upper 20 ft of the
borehole. No detectible bromide was reported below 20 ft.
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Figure 2.2-2, Pore water bromide in the SWMU 18-021(c)-99 settling pond. Profile 8 is on the
upstream e of the settling pond; Profile § is on the downstream end.
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Figure 2.2-3. Bromide concentrations in Borehole 16-06370 pore water
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As stated above, only a small fraction of the bromide tracer ended up in the two springs. This observation
indicates that most of the bromide mass is stored in the vadose zone. An estimate of the vadose zone
storage was obitained by examining how much bromide was present in the settling pond before the (M
removal and how much was present after IM removal. Using a value of 357.8 m® for the amount of settiing
pond materal remmoved (LANL 2002, 73708), a bromide concentration of 1.44 g/kg {the average
concentration from the 8 trench profiles), and assuming a bulk density of 1.5 g/em®, the estimated bromide
mass in the setling pond is 257 kg. The estimate is ~2.5 times greater than the amount of tracer actually
added. The overestimate is probably related to the higher bromide concentrations near the center of the
settling pond, where the samples were collected, rather than on the sides of the settling pond (sc the

1.44 g/kg value is probably too high), Nevertheless, the mass calculations and the bromide profiles
thernselves indicate the vast majority {approximately 98%) of bromide tracer was still in the top 4 ft of the
settling pond sediment and tuff prior to the IM removal. Data from the springs and Borehole 16-08370 show
some bromide moved info the deeper vadose zone/groundwater system, but this is a small fraction
{approximalely 2%) of the total mass.

In addition to verifying the connection between the 260 settling pond and the two springs, the bromide
tracer study provides a good proxy for the behavior of comtaminants such as RDX since the outfall became
inactive in 1896. The bromide results indicate minor movement into the vadose zone, with some rapid
transport to depth. Contaminants are probably moving in a similar fashion in that there is probably only slow
movement for most of the contaminants in the vadose zone, with faster movement along preferential fiow
paths such as fractures or surge beds when they are encountered during migration. This behavior stands
in strong contrast to what was the likely behavior when the cutfall was acfive. At that time there was
probably substantial movement of contaminants info and through the vadose zone because of the large
amount of water being released which provided a hydrologic driving force for contarminant migration,

2.2.3 IM SAP Deviations and Augmentation

The field implementation process described in the IM plan for the source area (LANL 2000, 64355.4) did
not prescribe the June 2001 remobilization efforts undertaken to remove isclated areas where
concentrations of HE greater than action criterion remained following the inifial removal. These isolated
areas of contamination were discovered following the September post-removal confirmation sampling. To
ensure that concentrations of HE were below the action criterion following the second removal, a total of
five screening samples were collected {one from each of the five isolated areas with HE above the action
cnterion). These samples were field-analyzed using an immunoassay method fo verify that removals were
successful; they were then further analyzed at an off-site contract analytical laboratory. The analytical
taboratory analyses of these additional five samples included PCB analysis as well as the suite of analyses
conducted for the original samples.

2.3 Results

All post-removal source area characierization data are presented in the 1M report (LANL 2002, 73708). The
M report inciudes a discussion of the overall analytical data gquality and presents an analyte-by-analyfe
comparison with Bs (for inorganic chemicals) and detection limits {for organic chemicals). The IM report
also presents tables summarizing the analytical results for all inorganic chemicals with concentrations
exceading BVs and for the detected organic chemicals. Because the IM report did not include a human
health risk screening assessment, the data were not formally reviewed to identify inorganic and organic
COPCs, and the report did not present the tables of chemicals retained/eliminated used to identify COPCs.
The IM source area characterization data are interpreted and reviewed further in this report. The COPC
retained/eliminated tables are presented below. These data serve as input data fo the hurnan health risk
assessment, which is summarized in section 6.0 and detailed in Appendix K to this report.
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2.31 iM Post-Remaval and Bromide Inventory Data Review

The review of the post-removal source area’s inarganic chemical and organic chemical data are
sumrnarized in Table 2.3-1 and 2.3-2; the results of the bromide inventory are surmmmarized in Table 2.3-3.
The first two tables identify these chemicals in the 260 outfall source area that are either carried forward as
COPCs or efiminated. For the post-removal sampling locations in isolated areas, it is important to note that
only the samples collected following the secondary excavation of these areas were congidered for the
COPC identification process. The samples collected at these locations prior to the secondary excavation
were excluded from consideration (afthough they are included in summary tables in the IM report) because
they are no longer present and are not representative of current site conditions. Table 2.3-3 shows the
analytical laboratory results for bromide concentrations in the eight samples collected from the source area
prior to the IM removal and in the eight samples collected from Borshole 16-06370 underlying the source

area,

2.3.2 Data Summary and Interpretation

The 260 IM report presents a detailed interpretation of the post-removal source area data and includes
frend plots for the major source area contaminants (LANL 2002, 73706). This discussion ig summarized

below,

The 260 IM significantly reduced the quantities of HMX, RDX, TNT, and barium throughout the source area
and drainage channel. On a mass basis, the IM removed a total of 8500 kg of HE {fotal of HMX, RDX, and
TNT). No barium mass could be calculated because no total metals analyses were performed on the

waste-characterization samples. HMX, RDX, TNT, and barium remain the primary contaminants present in
the 260 outfall drainage channel. Post-removal contamination may be summarized as follows {location IDs

are shown in Figure 2.2-1}:
« HMX remains in concentrations ranging from 2.2 to 2000 mg/kg {location 16-08409),
» RDX rernains in concentrations ranging from 1 to1200 mg/kg (location 1608378},
s TNT remains in concentrations ranging from 0.25 to 330 mg/kg (location 16-06379), and

» barium remains in concentrations ranging from 148 to 8200 mg/kg {location 16-06420) and is
detected above the BV in all but one post-removal analytical sample.

Several additional HE compounds, HE-related compounds, and a few other organic compounds are
present in the drainage channel, all at low concentrations {location 10s are shown in Figure 2.2-1): Amino-
2,6-dinitrotoluene[4-] remains in concentrations in excess of 1 mg/kg (locations 16-08368, 16-06403, and

16-06402).
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Table 2.31

Results of the Inorganic Data Review for Post-Removal IM
Soil, Sediment, and Tuff Samples within the Source Area

Retained/
Chemical | MediaCode Eliminated Rationale for Retaining/Ellminating a5 a COPC

Aluminum ALLH? Eliminated No values above background value (BV).

QRT3® Retained Maximum detected value exceeds BY, and dataset is stalistically
different than background.®

Antimany ALLH Eliminated No valugs above BV,

GBT3 Eliminated No values above BV,

Arsenic ALLH Eliminated Only ong sample exceeds background and resulls of both the Wilcoxon
Rank Sum (WRS) Test and the Quanlile Tesl indicate thatl the sample
is statistically the same as background.®

QBT3 Retained Maximum velue exceeds BV, and dataset is stefisticaly different than
background.®

Barium ALLH Retained Maximum value exceeds BV, and dataset is siatistically different than
background.®

QBT3 Retained Maximum value exceeds BY, and dafaset is statistically different than
background.®

Baryliium ALLH Eliminated No values above BV.

QBT3 Retained Maximum value excesds BV, and dataset is statistically different than
background.*

Cadmium ALLH Eliminated No values above BY.

QBT3 Eliminated No values above BV,

Calcium ALLH Eiiminated Esserntial nutrient.

QBT3 Eliminated Essential nutrient.

Chromium ALLH Eliminated No values above BY.

QBT3 Retained Maximum value exceeds BV, and dataset is statistically different than
background.®

Cobalt ALLH Eliminated No values sbove BY.

QBT3 Eliminated Only one sample exceeds background and resulls of both the WRS
Test and the Quantile Test indicate that the sample is statistically the
sama as background®

Coppet ALLH Eliminated No values above BV,

QaBT3 Retainad Maximum value excesds BY, and dataset is statistically different than
background.*

Iron ALLH Eliminaled Essential rudrent,

QBT3 Eliminated Essential nutrient.

Lead ALLH Eliminated No values above BY.

OBT3 Retained Maximum value exceeds BV, and dataset is statistically greater than
background.®

Magnesium ALLH Elirninated Essential nutrient.

QBT3 Eliminated Essential nutrient.
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Table 2.3-1 {continued)

Retained/
Chemical | Media Code Eliminated Rationale for Retaining/Eliminating as a COPC

Mangarniese ALLH Eliminated Although three samples exceed background, results of both the
WRS Test and the Quantile Test indicate that the samples are
statistically the same as background.®

QBT3 Retained Maximwm value exceads BV, and dataset is statisically different
than background.®

Mercury ALLH Elminated No values above BV,

QBT3 Eliminated No values above BV,

Nickei ALLH Eliminated No values gbave BV,

QBT3 Retained Maximum value exceeds BV, and dataset is statistically different
than background.®

Potassium ALLH Efiminated Essential nutrient,

QBT3 Eliminated Esgsential nutrient.
Selenium ALLM Eliminated No values above BV,
aBT3 Retained Maximum value exceeds BV, and dataset is siofistically different
than background.®

Silver ALLKH Retained Maximum value exceeds BY.

QBT3 Eliminated No values above BV,

Sodium ALLMH Eliminatad Essential nutrient.

QBT3 Eliminated Eggential nutrient.

Thallium ALLH Retained Maximum value exceeds BV, and dataset is statistically different

than background.’
QBT3 Eliminated No values above BY.

Uranium ALLH Eliminated Although three samples exceed background, results of both the
WRS Test and the Quantile Test indicate that the samples are
statistically the same as background®

oBT3 Eliminated No values abave BY.

Vanadium ALLH Eliminated Mo values above BV,

QBT Retained Maximum value excesds BV, and dataset is ststistically different
than background.®

Zinc ALLH Eliminated Only one sample exceeds background and results of both the WRS
Test and the Quantile Test indicate that the sampile is stalistically
the same as background.®

QBT3 Retained Maximum value exceeds BY, and dataset is statistically different

than background.®

® ALLH = Sofl All Data {may include soil and sediment).

* QBT = Unit 3 of the Quatemary Tshirege Member of fhe Bandelier Tuff.
¥ See Appendix | for further discussion.
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Table 2.3.2
Results of the Organic Data Review for Post-Removal IM
Soil, Sediment, and Tu¥f Samples within the Source Area

Hedia Retained/ Rationale for Retaining/Eliminating
Chemical Code Elirninated as a Chemical of Potential Coneern {COPC)

Amino-2,6-dinitrotoluane]4-] ALLH? Retained |Detected in 1 out of 16 samples at 0.503 milligrams {mg)

per kitogram {kg}.

QBTA® Retained | Detected in 3 out of 4 samples up 10 2.2 mg/kg.

Amino-4,6-dinitrotoluene[2-] ALLH Retained Detecled in 1 out of 16 samples at 0,945 ma/kg.
Anthracene ALLH Retained  Detected in 2 out of 16 samples up to 0.067 mg/kg.
QBT3 Retained |Detscted in 1 out of 4 samples at 0.26 mg/kg.
Aroclor-1254 ALLH Retained |Detected in 1 out of 5 samples at 0.041 mg/kg.
Aroclor-1260 ALLH Retained |Detected in 1 out of 5 samples at 0.043 mg/kg.
Benzolc Acid ALLH Retained |Detectad in 1 out of 16 samples at 0.022 mg/kg.
Bis{2-ethythexyijphthalate ALLH Retained | Detosted in 2 out of 16 samples up to 0.78 mgkg.
QBTI Refained | Detected in 2 out of 4 samples up to 0.77 ma/ky.
Butanons[2-] ALLH Retained | Defected in 1 qut of 16 samples at 0.0075 mg/kg.
Di-n-butyiphthalate ALLH Retained  Defected in 1 ouf of 16 samples at 0.088 mg/kg.
Dinitrotoluenef2,4-] ALLH Retained  Detected in 7 out of 32 samples up to 0.33 mg/kg.
QBT3 Retained Defectedin 2 out of 8 samples up to 0.18 mgikg.
Dinitrotoluene]2.6-] ALLH Retained | Less than 5% detected but the maximum detection fimit of

52 mglkg exceeds the human health occupational
screening limit of 6.1 mgikg. Retained for further

evaluation {see Appendix K).

QBT3 Retained |Detected in 1 outof 8 samples at 0.086 mglkg.
HMX ALLH Retained | Detected in 15 oul of 18 samples up 10 2000 mg/kg.

QBT3 Retained | Detected in 4 out of 4 samples up to 870 mg/kg.
Isopropyitoluene(d-] ALLH Retained | Detected in 3 outof 16 samples up to 0.0013 mglkg.
Methyiene Chigride ALLH Retained |Detected In 1 out of 16 samples at 0.0013 mg/kg.
Naphthalene ALLH Retained |Detected in 1 out of 16 samples at 0.052 mo/kg.
RDX ALLH Retained | Detected in € out of 16 samples up to 745 mo/kg.

QBT3 Retained | Detected in 4 out of 4 samples up to 1200 motkg.
Tetryl QBT3 Retained | Detected in 1 out of 4 samples at 0.98 mg/kg.
Toluerne AlLH Retained |Detected in 4 out of 16 samples up to 0.0019 mg/kg.
Trichlorcbenzens{1,2,4-] ALLH Retained |Dstecled in 1 out of 16 samples at 0.4 myka.
Trichiorofluoromethane ALLH Retained |Deiected in 2 out of 16 samples up 1o 0.018 mg/kg.
Trinitrobenzene{1,3.5-] ALLH Retained | Detected in 1 out of 16 samples at 0,216 mgfkg.
Trinitrotoluene(2 4,6-] ALLH Retained [Detected in 5 out of 16 samples up 1o 270 mg/kg.

LBT3 Retained | Defected in 4 out of 4 samples up to 330 mo/kyg.

® ALLH = Soil Afl Data {may include soll and sediment},
® OBT3 = Unit 3 of Quaternary Tehirege Member of the Bandelier Tuft,
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Table 2.3-3
Results of Bromide Concentrations within the Source Area (Pre-IM)
and Underlying the Source Area {Post-IM)

Sample
Location Sample Collection | Begin Depth | End Depth Results
Identification Identification Date {f} (ft) Medium {myg/kg}
SOURCE AREA {PRE-IM}
1606362 RE12-00-0018 7H182000 0 1.9 SED? 2.39
16-06363 RE12-00-0017 THBI2000 0.5 0.85 SED 1.04
16-063684 RE12-00-0018 THBI2000 1.4 1.7 SED 0.12U°
18-06365 RE12-00-0018 711872000 1.4 1.7 SED 0.957
16-06366 RE 12-00-0020 7/18/2000 1.7 2 SED 012U
16-06367 RE12-00-0021 FHBR2000 0.7 1 SED g.12U
16-06368 RE12-00-0022 711872000 2.7 3 SED 012U
16-06369 RE12-00-0023 7182000 05 0.75 SED 012U
SOURCE AREA SUBSURFACE (POST-IM BOREHOLE)
BH18-068370 RE12-00-0024 9/20/2000 g 10 aBTy’ 0.024 U
BH16-06370 RE12-00-0025 9/23/2000 3z 33 QBT3 0.024 UJ
BH16-068370 . | RE12-00-0026 91222000 18 20 QBT3 0.532 J.°
BH16-06370 RE12-00-0027 8972012000 4 5 aBT3 0.024 \WJ
BH16-06370 RE12-00-0028 9/23/2000 36.5 37 OBT3 0.024 UJ
BH16-06370 RE12-00-0028 QREIZ2000 89 70 QBT3 0.024 UJ
BH16-08370 RE12-00-0030 Q1232000 41 41.8 QBTS 0.024 L
BH16-08370 RE12-00-0031 122000 16.6 184 OBT3 0.024 UJ
F  SED = sediment.
B

i = the chemica! s classified as undetected.
QBT3 = Unit 3 of Quatemary Tshirege member of the Bandelier Tuft Unit,
9 g = the chemicat Is classified as undetected, with an expectation that the reporied result is more uncertain than usual

® I =the chemical is classified as detected, bul the reported concentration valug is expected to be more uncerain than ususl,
with a potential negative blas.

(23

Inorganic chemicals, besides barium, are also present in many samples that exceed two to seven times the
BVs in solls. These metals are shown in Table 2.3-1 as COPCs.

Prior to the IM, spatial trends were observed in concentrations of the major contaminants in the drainage
channel. These trends are discussed in detail in the Phase || RFI report (LANL 1888, 59891). In general,
those contaminants present in the highest concenirations showed a marked decrease between the settling
pond and the lower end of the drainage channel. The area of contamination also widened out in the mid-
reaches of the drainage channel {between 200 and 600 ft downstream from the outfall} {LANL 1998,
55077). Contamination penetrated the tuff surface but contaminant concentrations were considerably
higher in the overlying channel sediment {(with the exception of the surge bed identified at a depth of 17 ft
directly beneath the settliing pond). Data from the Phase | RF1 and Phase H RF| also indicate contaminant
impacts were restricted to the well-defined drainage channel and did not intrude laterally into the channel
overbank deposis to & great degree (LANL 1996, 55077; LANL 1998, 55891).

Following the IM, these previously identified spatial frends are no longer evident. Post-removal
contamination tends to be spotly and variable. This variability indicates post-removal distributions are more
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affected by the success of the excavation than by the natural depositional processes that created the pre-
M spatial trends. The HE remains elevated in a small number of isolated locations randomly distributed
throughout the drainage channel. Some of the highest concentrations of contaminants are now found in
Stratum B between the base of the cliff and the drainage channel's confluence with Cafion de Valle. HE
concentrations at the new {post-removal) drainage channel surface are now similar to concentrations
observed in the underlying tuff. However, at location 16-06379, at the head of the settling pond in the
center of the channel, the concentrations of HMX, RDX, TNT, and barium are higher in the underlying tuff
than in the surface soils. Contaminants tend to have higher concentrations along the center axis of the
channel than along the banks. In general, elevated concentrations of RDX, HMX, TNT, and barium occur at
the same locations.

Post-removal data for the other organic and inorganic COPCs also indicate that the residual contamination
remaining in the drainage channel occurs in isclated areas. Multiple contaminants are cbserved at a few
locations. At location 16-6402 (the center of the channel, 360 ft downstream from the outfall), six organic
chemicals and four inorganic chemicals were detected above BVs {the HMX concentration was also
elevated). At location 16-6405 (the lower drainage in the center of the channel, 5 feet below the cliff), six
organic chemicals were detected (the HMX concentration was also elevated). At location 16-6416 (the
south side of the lower drainage, 131 ft below the cliff), six inorganic chemicals were detected above BVs.
Seven organic compounds were detected (all qualified as J) at location 16-6403 {90 ft from the outfall,
approximately 12 ft north of the channel axis). No other location had more than five inorganic chemicals
detected above background or more than five organic chemicals detected, and no other location contains
more than eight total COPCs.

To summarize, post-removal data indicate there are discrete areas of elevated contamination that do not
show spatial trends. HMX, TNT, and barnium are present in relatively high concentrations within these
discrete areas, and RDX also remains elevated. The residual contamination remaining within the 260 outfall
source is evaluated in the site-specific risk assessments (SSRAs) summarized in section 6 and detailed in
Appendix K.

2.4 Implications for the TA-16 Hydrogeologic Conceptual Model

The most significant implication for the TA-16 conceptual model is that the principal source of
contamination (the TA-16-260 outfall drainage channgl) affecting downgradient components of the

site hydrogeologic system has heen substantially reduced through the implementation of the IM.
Approximately 8500 kg of HE were removed from the contaminant source area. Based on post-removal
and histonical data, it is estimated that approximately 650 kg of HE still rernain in SWMU 16-021(c)-99
{LANL 2002, 73706). As the contaminant mass in this source area is decreased, it is anticipated
contaminant mass in other components of the hydrogeologic system downstream will decrease. Remaining
ongoing sources of contamination are either associated with historic HE releases elsewhere in TA-16 or
are the downgradient system components, such as sediment, now acting as secondary sources of
contamination.

The bromide data supports the idea that conservative contaminants, such as RDX, are slowly being
transported from vadose zone reservoirs to downgradient water bodies. Fracture and surge bed transport
are also suggested by the bromide tracer data. In the absence of a hydrologic driving force, as has been
the case since the outfall was tumed off, movement of conservative constituents such as RDX and
bromide is likely to be slow. The potential impacts on alluvial groundwater and surface water quality are
evaluated in the SSRA summarized in section 6.0 and detailed in Appendix K.
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3.0 ALLUVIAL SYSTEM INVESTIGATION
3 | Summary

This section provides a summary of the alluvial investigation for Cafion de Valie and Martin Spring
Canyon. Phase Il alluvial investigation activities included

« characterizing subsurface and alluvial groundwater through installation of seven piezometers in
Cafion de Valle and three alluvial groundwater wells in Martin Spring Canyon;

s determining contaminant dynamics and distribution through sampling of alluvial groundwater and
surface water in Cafion de Valle and Martin Spring Canyon;

s determining contaminant inventory and distribution using geomorphic-based sediment sampling
in both Cafion de Valle and Martin Spring Canyon;

+ characterizing hydraulic interconnectivity and the residence time of water in the subsurface
through a stable isotopes study; and

» investigating potential pathways for contaminant migration within the subsurface using
geophysics studies.

The Cafion de Valie alluvial system dynamics are summarized as below.

Burface Water

The significant COPCs for Cafion de Valle surface water are RDX and barium.

+ Oxygen isotope resuits show the afluvial groundwater and the surface water do not always follow
the same trends, indicating that there are source differences between surface water and alluvial
groundwater (although there is exchange between the two).

+« Thete are losing and gaining reaches in Cafion de Valle. The water lost may move into storage in
the alluvium or represent a source for recharge to the more deeply perched groundwater,

+ RDX concentrations in the surface water in Cafion de Valle are highest near the 260 outfall area.
The highest mass flow rate of RDX in surface water occurred during wet periods,

« Both barium and RDX were detected in surface water samples at the confluence with Water
Canyon (approximately 3 mi downstream from the source area). This indicates the entire Cafion
de Valle alluvial system contains RDX and barium.

luvial Groundwat

The significant COPCs for Cafion de Valle alluvial groundwater are RDX, barium, and manganese.

« The alluvial groundwater in Cafion de Vaile appears to be connected throughout the saturated
alluvium; however, differing head responses in the monitoring wells indicate heterogeneity within
the alluvium.

+ Barium concentrations are consistently higher in the alluvial groundwater than in the surface
water.

» High resolution resistivity (HRR) geophysical surveys show a highly conductive region below the
Burning Ground Spring wetland area. The surveys also show an approximately 20-fi-thick low
resistance layer, dipping o the west, approximately 200 ft upstream from MDA P. This could be
one potential zone of deeper infiltration from the alluvial system. Controlled source audio-
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frequency magnetotelluric (CSAMT )/natural source audio-frequency magnetotelluric (NSAMT)
geophysical surveys conducted to a depth of 1500 ft bgs indicate the presence of discrete,
heterogeneous sub-vertical electrically conductive layers. The deep conductive zone appears to
be bounded on the east, may be discontinuous in nature, and may represent preferential
pathways such as surge beds or fracture zones.

+ RDX concentrations for Well 16-02659 (located the farthest distance east from the 260 outfail)
were consistently higher than concentrations for Wells 16-02655, 16-02656, and 16-02658 (see

section 3.4.3).

+ Barium concentration trends in alluvial groundwater over time are stable to slightly decreasing.
Spikes associated with pulses of barium into the system may be due to sediment flushing.

e There is a positive correlation between saturated thickness in Cafion de Valle alluvial wells and
RDX concentration, indicating RDX residing within the vadose zone constitutes an important
secondary source and is released to the alluvial groundwater during periods of increased
saturated thickness in the alluvium.

Sediment

The significant COPCs for Cafion de Valle sediment are RDX, HMX, amino-2,6-dinitrotoluene [4-],
amino-4,6-dinitrotoluene [2-], TNT, antimony, barium, cobalt, copper, lead, nickel, and silver.

« The geomorphic investigation results support the existence of at least three Laboratory sources of
barium for the sediment in Cafion de Valle: 1) a minor source upstream from MDA R, possibly
SWMU 16-026(m), the outfall for the 90s Line building; 2) a larger source at, or in the vicinity of,
MDA R; and 3) the 260 outfall.

« The resampling of a subset of the 1996 active channel locations in 2002 allowed a time -
comparison of barium and RDX concentrations. For barium, the reach immediately upstream of
the 260 outfall and the reach downstream from the 260 outfall both had concentrations that were
noticeably lower. For RDX, all reaches had lower concentrations in 2002, except the reach
downstream from Well 16-02658.

+ Immediately downstream from Location ID 16-05967 (Silver Seep), x-ray fluorescence (XRF)
screening data reported silver concentrations of 2,595 and 957 mg/kg. Within the main reach of
Cafion de Valle, 40 out of 46 samples exceeded the 1.0 mg/kg sediment BV for silver (LANL

1998, 59730).
Martin Spring Canyon alluvial system dynamics are summarized below:

The significant COPCs for Martin Spring Canyon surface water are RDX, barium, boron, and manganese.
The COPCs for alluvial groundwater include RDX, arsenic, barium, beryllium, boron, cadmium, lead, and

manganese.
The significant COPCs in Martin Spring Canyon alluvium, sediment, and tuff include amino-2,6-

dinitrotoluene [4-], amino-4-6-dinitrotoluene [2-], RDX, TNT, arsenic, barium, cadmium, chromium,
copper, lead, mercury, selenium, and silver.

s RDX was detected in the surface water and alluvial groundwater at locations in Martin Spring
Canyon. Groundwater discharge from Martin Spring and the K-Site drop tower could be the
primary sources for RDX in the canyon.
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+ Barium and REX are both present in Martin Spring Canyon sediment, but at much lower
poncentrations and with much smaller inventories than in Cafion de Valle.

» The source for barium in Martin Spring Canyon sedimert is located up the tributary drainage east
of the TA~16 HE ¢asfing building 306. Concentrations decline downstream as mixing with other
sediment Sources occurs.

3.2 Data Needs and Objectives

The Phase | RFI data documented widespread HE contamination at SWMU 16-021(¢)-99, extending from
the 260 outfall discharge point down 10 the sediment and water of Cafon de Valle. The Phase || RF| data
documented widespread HE contamination extending from the 260 outfall discharge point down to the
sediment and water of Cafion de Valle and showed deeper subsurface contamination. The purpose of the
Phase (Il RF aliuvial system investigation is to provide critical site data input to the CMS by further
characterizing the nature and extent of contamination, CMS data requirements for the alluvial systems
were presented in the CMS plan (LANL 1998, 62413.3; LANL 1999, 64873.3; LANL 2003, 75986.2) and
included the broad investigative questions described below.

What Is the hydraulic connectivity befween the 260 culfall and the TA-16 springs and seeps; are thare
other fransport pathways connected directly to perched groundwater and regional groundwater?

* In 1999 and 2001 geophyslcal surveys were conducted by hydreGEOPHYSICS, Inc. (o
characterize the saturated alluvium and potentially identify losing reaches in Cafion de Valle
using HRR and refraction seismic (RS) surveys. In September 2002, Zonge Engineering and
Research Organization {Zonge) completed CSAMT and NSAMT survey work to identify potential
saturated zones and transpost pathways at depths up to 1500 1 bgs.

How long does # take wafer to travel from the discharge point (260 outfall) o the TA-18 springs and
seops (residence time)?

« Stable isctope analyses were performed on precipitation samples, alluvial waler samples, and on
springfseep samples (see section 4.0) to characterize the residence times and the conneciivity of
the alluvial system.

« Potassium bromide tracer inventory was conducted at the source area (see section 2.2.2),

What are the alluvial system dynamics?

+« Surface and subsurface discharge profiles were measured for the perennial reach of Cafion de
Valle and the upper reach of Martin Spring Canyon to input into the water balance
characterization of each of the alluvial systems.

= Surface water was sampled approximalely five times per year in Cafion de Valle and Mariin
Spring Canyon,; samples were analyzed at an off-site laboratory for HE, metals, VOCs, SVOCs,
stable isolopes, and water qualily parameters.

» Three alfuvial wells were installed in Martin Spring Canyon to characterize the alluvial system
dynamics; one below the spring, one in the saturated area below K-Site, and one down-drainage
from the saturated area.

« Seven shallow piezomelers were installed in Cafon de Valle alluvium to identify the perennial
reach in the canyon bottom,

ER2003-0480 33 September 2003



Phase Hi RFIl Report

= Alluvial wells in Cafion de Valle and Martin Spring Canyon were sampled quartery; samples were
analyzed at an off-site laboratory for HE, metals, VOCs, SVOCs, stable isolopes, and water .
quality parameters.

What are the affuvial sediment dynamics?

+ Geomorphic mapping and sampling of the overbank and channel deposits were conducted in
reaches of Cafion de Vaile and Marlin Spring Canyon to characterize the invenlories of
contaminants in the deposits and evaluale the mobility of these deposits, Sollifsediment/tuff
samples were analyzed at an off-site laboratory for HE and HE-breakdown products (EPA
Method 8330); for metals including boron {(EPA Method 6010B/6020); and for SVOCs (EPA
Method 8270c).

H

» Field screening was conducted on soil/sediment/tuff and water samples. Soilfsediment/tuff
samples were field-screened for bromide, percent moisture, and HE, Water samples were field-
screened for temperature, pH, and specific conductance,

3.3  Scope of Phase Il Sampling and Analysis

The alluvial system for SWMU 16-021(c)-99 includes two canyons: Cafion de Valle and Martin Spring
Canyon. Both are tributaries of Water Canyon (Figure 3.3-1). The alluvial system within each canyon can
be divided into two components: water and sediment. The alluvial water was sampled from two yones:
surface water and alluvial groundwater. The alluvial sediment (including soil, sediment, and {uff} was
sampled from the active channel; the floodplain; and shaliow boreholes. Aquatic and terrestrial samples
were collected to support a baseline ecological risk assessment in Cafon de Valle only. Figure 3,3-1
shows all locations sampled during the period from 1998 through 2002 that are associated with the Phase
111 aliuvial systems RF1.

Water samples were collected from bucket gauges following precipitation events, as grab samples from
surface water, natural springs (see section 4.0) and seeps, and alluvial groundwater wells at various
locations around TA-16. Sediment samples were collected from both from surface and subsurface
horizons. Surface soil and sediment are sampled during the geomorphic investigation, Subsurface
horizons were primarily sampled during drilling operations. Sample collection and handling were
performed as detailed in the SAP for the Phase Il RFI, coniained in the CMS plan (LANL 1998, 62413.3;
LANL 1998, 64873.3; LANL 2003, 75886.2) and in conformance with the following standard operating
procedures {SOPs), quality procedures (QPs), and other documents,

» Site-Spectic Health and Safety Plan 01-001

+ LANL ER-S0P-1.01, General Instructions for Field Investigations,
= LANL ER-SOP-1.02, Sample Containers and Preservation,

+ |LANL ER-SOP-1.03, Handling, Packaging, and Shipping Samples,
» LANL ER-SOP-1.04, Sample Control and Field Documentation,

« LANL ER-50P-1.05, Field Quality Control Samples,

* LANL ER-S0P-1.07, Operational Guidelines for Taking Soil and Water Samples in Explosive
Areas,
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s LANL ER-SOP-6.01, Purging and Sampling Methods for Single Completion Wells,

s LANL ER-SOP-8.02, Figld Analytical Measurements of Groundwater,

¢ LANL ER-BOP-6.03, Sampling for Volatile Organic Compounds in Groundwater,

+ LANL ER-80P-8.08, Spade & Scoop Method for Collection of Soil Samples,

» LANL ER-80P-6.13, Surface Water Sampling,

» LANL ER-SOF 10.08, High Explosives Spot Test,

+  LANL ER-QP-5.2, Control of Measuring and Test Equipment,

= LANL ER-QP-5.7, Notebook Documentation for Environmental Restoration Technical Activities,
« LANL ER-QP-10.3, Stop Work and Reslart, and

s LANL-ER-QMP, Quality Management Plan for the Environmental Restorafion Project.

3.3.1  Surface Water Sampling and Analysis

SBurface water discharge, pH, temperature, conductivity, and chermical concentrations were measured
during different surface water flow regimes 1o assist in characterizing the water and contaminant mass
balance study described in the CMS plan (LANL 19898, 62413.3; LANL 1999, 84873.3; LANL 2003,
75886.2) and outlined in Table 1.4-1 as Information needed to characterize the alluvial water dynamiics.

3.3.11  Surface Water Discharge Measurements

Surface water discharge measurements werg collected approximately 5 times per year in Cafion de Valle
and Martin Spring Canyon. Surface water sampling was conducted on an event-basis in conjunction with
measuring stream profiles (SPs). The first SP was measured in June of 1998. Other surface walter
samples were collected in 1994, 1996, and 1997 during the Phase || RF1 {LANL 1998, 59891). Discharge
measurements were collected representing the following flow conditions: runoff from snowmelt (typically
in late March and April}, dry season with low flow in perennial reacties {May to June), eady monsoon
{July}, late monsoon (August {o September) and fall post-monsoon {Oclober t¢ November), Surface waler
flow events in ephemeral reaches of the canyons resulted from snowmell, prolonged frontal rainstorms, or
consecutive convective rainstorms. A summary of regional and site-specific precipitation data is provided
in Appendix B to this report.

in Cafion de Valle, there are 15 gauging stations {identified as SP#2 through SP#18) established along a
6000-fi-long stretch of canyon. in Martin Spring Canyon there are 6 stations (SP#1 through SP#6) along a
4000-ft-long stretch of canyon. These 8P locations are identified on Figure 3.3-2,

Surface water discharge was calculated using stage measurements from a portable Parshall flume
(Bureau of Reclamation 1897, 76890) or measured directly by collecting water in a calibrated-volume
container and measuring the container fill rate with a stop-watch. At each gauging station, field
parameters were measured approximately quarterly, or in response to specific flow events. The following
field pararreters were measured: discharge in Lisee, pM in standard units, conductivity as microsiemens
{ms)cm, and temperature in degrees Celsius {°C). Temperature, pH, and conductivity were measured
using a Horiba multisensor probe.
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3.31.2 Field Screening, Surface Water Sampling, and Off-Site Laboratory Analysis

Fietd screening for bariur, RDX, and bromide was conducted on ail surface water samples submitted
for laboratory analysis. Barium was analyzed using a HACH probe, RDX using Dtech immunoassay/
colorimetric methods, and bromide using a standard solution and HACH instrument.

Foltowing each field-screening event, the sampling team reviewed the field-screening resulls and
determined which locations would be sampled and shipped for off-site 1aboratory analysis. Generally, the
farthest up-canyon and down-canyon locations were sampled in addition to any congpicuous gaining or
losing locations determined from discharge measurements. Typically, between three 1o six surface water
samples were collected In Cadon de Valle, in Martin Spring Canyon, three surface waler samples were
collected. The samples were analyzed for alkalinity (EPA Method 310.1/310.2), anions and perchlorate
{EPA Method 314), nitrate/nitrite (EPA Method 300.1/9056), HE (and HE-breakdown products) (EPA
Method 8330), and metals (EPA Mefhod 60108/6020). All surface water samples were unfiltered, with the
exception of samples analyzed for metals that included both filtered and unfiltered sample aliguots.

Table 3.3-1 summarizes the annual sampling and analysis for surface water in Cafion de Valle and Martin
Spring Canyon. Table 3.3-2 lists the location I1Ds for the surface water samples. Figure 3.3-3 shows field
personnel collecting surface water samples, A summary of all laboratory analyses requested for surface
water samples is provided in Appendix G-1. A summary of ail analytical data is provided in Appendix G-3.

Table 3.3-1
Summary of Annual Sampling and Analysis of
Surface Water in Cafion de Vaile and Martin Spring Canyon

Number Number
Sample or Survey Measurement Collected Analyzed Field Measurements and Analytical Sultes
Cafion de Valle surface water 5 (per profile} |n/a* Discharge megasurements
discharge profile
Cafion de Valle filtered surface water 24 24 Field temperature, pH, conductance
grab sampies 8-24 HE, metals, nitrate/nitrite, anions,
perchlorate, and atkalinity
Martin Spring Canyon surface water | 5 (per profile} ' nva Discharge measurements
discharge profile
Martin Spring Canyon filtered surface | 12 12 Field temperature, pH, conduciance
water grab samples 12 HE, metals, nitrate/nitrite, anions,
perchiorate, and alkalinity

Note: Modified from Table 6.3-4 of the SAP (LANL 1888, 62413.3; LANL 1999, 64873.3; LANL 2003, 75088.2}.
“n/a = Not applicable.
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Table 3.3-2
List of Surface Water Sample Locations for Cafion de Valle and Martin Spring Canyon
Logation ID* Sample Location”
Carton de Valle
16-05968 Headwaters of Cafion do Valle
16-06121 Confluence of Cafion de Valie and Fishladder Canyon
16-05969 Confluence of Cafion de Valle and Water Canyon
16-05970 Water Canyon at ESH-18 welr
16-05893 Strearm Profile Location 2 Cafon de Valle
16-05994 Stream Profile Location 3 Caflon de Valle
16-05995 Stream Profile Location 4 Cafion de Valle
16-05923 Stream Profile Location 5 Cafion de Valle
16-05926 Stream Profile Location 6 Cafion de Valle
16-05927 Stream Profile Location 7 Cafion de Valle
16-06500 Near 16-05927, RE16-00-3214
16-06996 Stream Profile Location 8 Cafion de Valle
16-05997 Stream Profile Location 9 Cafion de Valle
16-05998 Stream Profile Location 10 Cafion de Valle
165-02768 Cafion de Valle main channel near Stream Profile Location 10
16-02770 Cafion de Valle main channet between Straam Profiles Locations 10 and 11
16-05U99 Strearn Profile Location 11 Cafion de Valle
16-05928 Stream Profite Location 12 Cafion de Valle .
16-05029 Stream Profile Location 13 Cafion de Valle
1605600 Stream Profile Location 14 Cafion de Valie
16-05930 Stream Profile Location 15 Canon de Valie
16-05601 Stream Profile Location 16 Cafion de Valle
16-02654 Fishladder Seep
16-02653 Peter Seep
16-05967 Silver Seep
16-06709 XRF#2, Cahon de Valle, Ecotoxicological sample #1 (Figure 3.3-10)
16-06710 XRF#5, Cafion de Valle, Ecoloxicological sample #2 (Figure 3.3-10)
1606711 XRF#9, Canon de Valle, Eootoxicological sample #3 (Figure 3,.3-10}
Martin Spring Canyon
16-05920 Stream Profite Location 1 Martin Spring Canyon
1605921 Stream Profile Location 2 Marlin Spring Canyon
16-05988 Stream Profile Location 3 Martin Spring Canyon
16-05989 Stream Profile Location 4 Martin Spring Canyon
16-05990 Streamn Profile Location 5 Martin Spring Canvon
16-05991 Stream Profile Location 6 Marlin Spring Canyon
Starmer's Gulch
1606712 Starmer's Guleh (Background ecoloxicological sampling; Figure 3.3-10)
*Location 1D and sample ocation are presented on Figure 3.3-2 and Figure 3.3-10. .
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Figure 3.3-3. Field Personne! collecting water samples at Location ID 16-05968, located in Cafion

de Valle headwaters {location provided on Figure 3.3-2). Photo was taken in June
2002, view looking west (upstreamj,

3343 Deviations

The intent of the SP sampling was o collect samples representing different fiow regimes under normal
climatic conditions (LANL 1898, 62413.3). Historic dimate records show periods of surnmer rain and
spring snowmelt runoff (Bowen 1990, 06899}, However morthly precipitation totals were well below
average during the period from 1998 to 2002 {Appendix B), due to draught conditions. As a resulf, fewer
8P samples were collected than directed by the SAP because there were limited fiow avents.

33.2 Alluvial Groundwater Sampling and Laboratory Analysis
3.3.21  Monitoring Well Instrumentation and Groundwater Measurements

Cafion de Valle Wells

Six shallow alluvial welis were drilled in the fall of 18897 in conjunction with the Phase Il RFl. They are
designated as follows: 16.02655, 18-02658, 16-02657, 16-02658, 16-02858, and 16-02660. Alluvial well
locations are shown on Figure 3.3-2. In June 1989, each well {with the exception of 16-02657, as the weall
is fraquently dry} was equipped with a battery-powered data logger to continuously record water level,
conductivity, and temperature. The locations of the wells are listed below.

«  Well 18-02655 is located in the Cafion de Valle upland area in the stearm plant drainage,
« Well 18.02656 is located within the canyon bottom, near MDA R.
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« Well 18-02657 is located within the canyon bottom just downstream of the 260 outfall confluence .
with Canon de Valie.

«  Well 16-02658 is located within the middle reach of the canyon bottorn, and downstream of
SWEC and Burning Ground Springs.

«  Well 1602659 is located at the lower reach of the canyon bottom downstream of MDA P.

« Well 16-02660 is located adiacent to Well 16-0285¢ at the lower reach of the canyon bottom
dewnstream of MDA P. Well 16-02660 was designed and installed for physical testing of the
groundwater and therefore no datalogger was installed. This location has not been used to collect
water samples.

All wells were drilled to a toial depib of approximately 10 ft bgs into the soil-tuff interface. The wells are 2-
in.- or 4-in.-dlameter polyvinyl chioride and screened in the bottom 5-f interval, The screened inferval
included the soil-tuff interface for all wells. Detalled well complation diagrams and borehole logs can be
found in Appendix G of the Phase I RFI Report (LANL 1998, 58881). Figure 3.3-4 shows field personnel
at Well 16-02658.

Martin Spring Canyvon Welis

Three wells were drilied in Martin Spring Canyon in January 2000 and they are designated 16-08293,

16-06294, and 18-06295. Complete well completion diagrams and drilfing logs are included in

Appendix C. Well 16-06293 is located approximately 2000 ft downstream of Martin Spring; Well 1606295

is located furthest downstream near the K-Site drop fower; and Well 16-05294 is located approximately

midway between Welis 16-06293 and 16-06295. Well locafions are shown on Figure 3.3-2. These wells

are nut equipped o record data sutomatically. Monthly measurements of lemperature, conductivity, pH, .
and water elevation were made using a hand held Horiba multisensor probe and a manual well sounder.

Figure 3.3-5 shows field personnel af Well 16-06298 in Martin Spring Canyon,

3.3.2.2  Groundwater Monitoring Well Sampling and Offsite Laboratory Analysis

The alluvia! wells were sampled as part of the quarterly sampling campaign that began in Dacember of
1997 (LANL 1998, 58077). The five wells in Cafon de Valle and three wells in Martin Spring Canyon were
sampled quarterly in approximately March, June, Septermber, and December. In March, there were
normally wet conditions following the spring snowmelt. The June sampling ususally represented dry, low
flow conditions. if there were nomal summer mansoons, conditions in September were wet. December
sampling was usually marked by low fiow conditions,

Thie alluvial wells in Cafion de Valle and Martin Spring Canyon were sampled in accordance with
LANL-ER-SOP 6.01 Purging and Sampling Methods for Single Completion Wells. As part of the sampling
process, pH, conductivity, and temperature were monitored throughout the sampling process. Initial dapth
to water and the final stabifized temperature, conductivity, and pH were noted on the sample collection
logs. Additionally, as directed by the CMS plan {LANL 1998, §2413.3) field-screening for barium, RDX,
and bromide was conducted on all water samples submitted for laboratory analysis. Barium was analyzed
using a HACH probe, RDX using Dtech immunoassay/colonimetric methods, and bromide using &
standard solution and HACH instrument.
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» -

Figure 3.3-4.  Field personnel conducting monthly field meagsurements at Well 16-02858 in Cafion
de Valle. Photo was taken in November 2002, View is looking down canyon, A
piezometer nest {Locations 16-02453 and 16- 02460} is alse visible fo the teft of the

well housing.

_—

Figure 3.3-5.  Field personnel conducting field measurements at Well 16-06295 in Martin Spring
Canyon. Photo was taken in Aprif of 2001, view looking downstream to the east.
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The samples collected for off-site 1aboratory analysis were analyzed for: alkalinity (EPA Method
310.1£310.2), anions and perchlorate (EPA Method 314), nitrate/nitrite (EPA Method 300.1/8056),
nitrogen isotopes (N"N'Y, low level tritium {LH™, hydrogen isotopes (DH), oxygen isotopes (010",
volatile organic compounds (EPA Method 8250B), total uranium (EPA Method 8020}, HE {and HE
breakdown products) (EFPA Method 83303, metals including boron (EFA Method 6010B/8020), and once a
year samples were collected for SYOC (EPA Method 8270C). All samples were unfiltered with the
exception of metals that included both a filtered and unfiltered sample. Table 3.3-3 summarizes the
annual sampling and analysis requirements for alluvial groundwater water in Cafon de Valle and Martin
Bpring Canyon. Location |Ds for alluvial wells comespond to the well numbers and are shown on Figure
3.3-2. A summary of ail laboratory analyses reguested for alluvial groundwaler sarples is provided in
Appendix G-1, A summuary of all analytical data is provided in Appendix G-3.

Table 3.3-3
Summary of Annual Sampling and Analysis for
Aliuvial Groundwater in Cafion de Valle and Martin Spring Canyon

Sample or Survey Number Number

Meagurement Collected | Analyzed Field Measurements and Analytical Suites
Cafion de Valle aliuvial 5 wells n/a* Groundwater elevation
groundwater elevation
measurements
Cafion de Valle filtered 20 20 Field temperature, pH, conductance
aliuvial groundwater grab 20 Alkalinity, anions and perchlorate, nitrate/nitrite,
samples nitrogen isatopes (N'N', low level tritium (LH™),

hydrogen isotopes {O°H), oxygen isotopes (OO0,
volatile organic compounds, total uranium, HE, metals,
and semivolatile organic compounds

Martin Spring Canyon 3 wells n/a Groundwater elevation
alluvigl groundwater
elevation measwrements

Martin Spring Canyon 12 12 Figld temperature, pH, conductance
ﬁ%‘te;&d ailu[vlai groundwater 12 Alkalinity, anions and perchiorate, nitrate/nitrite,
grab samples nitrogen isotopes (N'°N'Y, low level tritium (LH,

hydrogen isotopes (°M), oxygen isotopes (0"/0'%),
volatile organic compounds, total uranium, HE, metals,
and semivolatile organic compeounds

Note: Modified fram Table 8.3-4 of the SAP (LANL 15388, §2413.3; LANL 1999, 548733, LANL 2003, 75888.2}.

*nfa = Nat applicable.

3.3.2.3  Deviations

The alluvial wells in Cafion de Valle and Martin Spring Canyon were sampled in accordance with
LANL-ER-SQP 6.01. One deviation from this method was during the dry seasons, when wells were not
purged untl screening parameters stabilized. A typical single round of sampling required approxirmately
10 L of water. Often only padial samples were collected because there was less than 10 L of water
available in the well casing and the dry conditions precluded timely recharge of the well,
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3.3.3  Alluvial System Characterization

This subsection describes the methodology for geophysical surveys, piezometer installation, seep
dynamics, precipilation data collection, and stable isotope analyses in the Cafion de Valle and Martin
Spring Canyon alluvial systems,

3.3.31 Geophysical Surveys

in 1998 and 2001, geophysical surveys were conducted by hydroGEOPHYSICS, Inc. to characterize the
aliuvial system in Cafion de Valle. In 1998, HRR and RS surveys were conducted et Cafion de Valle. The
objective of these first surveys was to detall the extent and degree of saturation of aliuvium in the canyon
bottom. Two survey lines, designated 2658 Line and 2659 Line, were oriented perpendiculer to the
canyon drainage (Figure 3.3-8). These survey lines were located near Wells 16-02658 and 16-026850 to
provide controlied information on alluvium saturation. The survey methodology is detailed in the 1699
geophysicat survey report provided in Appendix D-1.

In 2601, the HRR and RS surveys were continued with additional emphasis on HRR, Two parpendicular
transects from 1999 were repeated and a third perpendicular survey line was added near SP#16,
16-05601 {Figure 3.3-8). A longitudinal profile survey was conducted that extended from upstream of
Burning Ground Spring fo approximately 800 ft downstream from Well 16-02859, The longitudinal line
roughly paralleled the streem channel and was designed to help identify potential vertical losing zones in
the canyon. Figure 3.3-6 shows the locations of the HRR lines. The 2001 geophysical survey report is
provided in Appendix D-2.

In September 2002, CSAMT and NSAMT survey work at TA-18 was completed. The survey was
conducted to identify potential saturated zones at depths of up to 1500 fi bgs. Additionally, potential
transport pathways associated with SWMU 16-021(c)-99 might also be identified. Both CSAMT and
NSAMT data were collected. Eight combined survey lines were completed at TA-18, for a total coverage
of 28,800 fl. The jocations of the eight survey lines are shown on Figure 3.3-7. The complete report is
provided in Appendix D-3.

3.3.3.2 Piexometer Installation

Seven piezometers were installed in Cafion de Valle during September and Cetober 2001 to characterize
the extent of saturation in the alluvium. The piezometers consisted of 5-f lengths of 1-in.-diameter steel
pipe. The piezometers were installed directly into the alluvium using a post-hole driver and driven until
refusal, between 1 to 4 fi bgs. To prevent sediment from ciogging the end of the pipe, a solid steel rod
was inserted into the pipe during installation. Following installation, the rod was removed from the center
of the pipe.

Piezometer 16-02468, located 7300 ft downstream of the 260 ouifall, was installed approximately 100 ft
west of the bt 3/2 contact to a depth of 2 ft below grade in an aliuvial ficod plain deposit (Figure 3,3-2),
Upstream, near SP#1E, piezometer 16-02461 was installed to a depth of 2 ft below grade in an alluvial
floodplain deposit. Piezometer 16-02466 was installed near Well 16-02859 to a depth of approximatety 4
fi below grade on the south slope of the canyon. This mid-slope location was chosen based on
geophysical data that indicated a possible saturated zone. At the final two locations, adjacent to Wells 16-
02658, and 18-02659, a piezometer nest was installed adjacent to each well. Near Well 16-02658 a
piezometer nest was installed with one piezometer (16-02460) at 2 ft and the second piezometer (16-
02459) at 2.9 ft bgs. At Welt 18-(02659, one plezometer {16-02484) was installed at 2 fi
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and the second plezometer {16-02466) was installed at 4 ft bgs. The intant of the installation of these
nested piezometers was to measure vertical gradients. Piezometer locations are shown on Figure 3.3-2.

3.3.3.3 Peter Seep Dynamics

The NMED-approved SAP (LANL 1998, 62413.3; LANL 1998, 64873.3; LANL 2003, 75886.2) requires
the location of the foot’ (the lower outlet} and “head’ {the upper cutiet) of Peter Seap be documented,
The location of the head of Peter Seep fluctuates within a reach of Cafion de Valle that is approximately
600 ft long. The head is approximately 500 ft upstream from the 260 outfall confluence and the foot
{Location [D 16-02653) is approximately 50 ft downstreamn from the 260 outfall confluence. Figure 3.3-8
shows the foot of Peter Seep in 2000,

The behavior of Peter Seep was observed during the quarterly sampling events by measurements of
location and discharge at the fool of Peler Seep, together with concurrent measurements of water levels
in the alluvial wells installed during the Phase i RFI (LANL 1898, 58891} The resulting spatial patterns
and correlations were analyzed 10 determine whether the location of Peter Seep varies along a continuum
or is confined to discrete locations, and whether or not it is correlated with water elevation in the alluvial
wells.

Concurrently with Peter Seep head and foot measurements, water levels were measured in the abuvial
wells {(see section 3.3.2.1) and discharge al the foot of the seep was recorded. Filtered grab water
samples at the head and foot of the seep were also collected during the quarterly sampling events, and
the standard field measurements (pH, temperature, and conductance) were performed on each of these
samples. A summary of the sampling and analysis for Peter Seep is provided in Table 3.34. A summary
of all laboratory analyses requested for Peter Seep water samples is provided in Appendix G-1. A
summary of all analytical data is provided in Appendix G-3.

3.3.34 Precipitation Stable Isotopes

Precipitation samples were collected at the TA-16 field trailers for stable isotope analysis during
precipitation events (Figure 3.3-2}. Stable isotope analyses were performed {o characterize the residence
times and subsequently the connectivity of the alluvial system. The RRES-RS Water Quality and
Hydrology (WQG) group provided precipitation records for TA-18 for the study period. The precipifation
records are provided in Appendix B. The precipitation data complement the stable isotope study and put
into context the hydrologic conditions during the study period.

Samples for stable isolope analysis were collected for possible analysis every-other day at Burning
Ground Spring (560 samples), SWSC Spring (521 samples}), and Martin Spring (654 samples) (see
section 4.0) and at Peter Seep (60 samples} over a period of 3 years. The samples were collected in
conjunction with the samples collected for the ongoing bromide trecer study (see section 2.2.2).
Concurrently with the Phase Il sampling period (nominally 2 to 3 years), precipitation samples were
collected for stable isotope analysis at a station located near the TA-16 field trailers (Figure 3.3-2).
Precipitation sampling is event driven. All precipitation samplas were analyzed for the stable isotopes,
580 and 8D (Table 3.3-5}). Nitrogen isotopes (ON) were also analyzed for a subset of these samples, two
per season. The precipitation data are used to establish isofope signatures of storms and the timing of
atmospheric transitions.
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Figure 3.3-8. Photo of Location ID 16-02653, Pster Seep foof {location shown in Figure 3.3-2).
Photo taken in June 2000, following the first major storm after the Cerro Grande
fire. View is looking downstream.

Table 3.34
Summary of Annual Sampling and Analysis for the Investigation of Peter Seep Dynamics
Number Number
Sample or Survey Measurement | Collected Analyzed Field Measurements and Analytical Sultes
Record Peter Seep location 20 ov/a* Discharge recorded
Record alluvial water elevations |20 néa Part of aliuvial groundwater quarterly monitoring
program
Fitered grab samples fromhead | 2 2 Field femperature, pH, conductance
of Peter Seep 2 HE. metals, nitrate/nitrite, anions, perchlorate, and
alkalinity
Fiterad grab samples from foot of | 20 20 Field temperature, pH, conduclance
Peter Seep 3 HE, metals, nitrate/nitrite, anions, perchlorate,
and, alkalinity

Note: Medified from Tabie 6 3-4 of the SAP {LANL 1998, 52413 3; LANL 1889 £64873.3; LANL 2003, 7565686.2).
“nfa = Not applicatie
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Table 3.3-5
Summary of Stable Isotope Sampling and
Analysis for the Residence Times Investigation at Peter Seep

Number Number Field Measurements and
Sample or Survey Measurement Collected Analyzed Analytical Suites
Precipitation samples collected at a central TA-16 station | 89 89 5'%0, 3D
8 ey
Peter Seep, unfiltered water grab samples 60 60 3'%0
5-10 8D
2-5 8N

Note: Maodified from Table 6.3-2 of the SAP {LANL 1998, 62413.3; LANL 1999, 64873.3; LANL 2003, 75986.2).

3.3.3.5 Deviations

Geophysical Surveys

Longitudinal HRR profiles were not specifically called cut in the CMS plan. However, based on the
favorable results of the first longitudinal line, the coverage was extended past Well 16-02659.

Piezometer Instailation

Two additional piezometers were installed for a total of seven piezometers. The CMS plan targeted the
reach downstream of Well 16-02659. Because of the dry conditions during the monitoring period, these
piezometers were typically dry. To target the wetter regions, two piezometers nests were installed (one
nest each) adjacent to Wells 16-02658 and 16-02659.

Peter Seep Dynamics

After initial investigation of the Peter Seep head and foot location, it was determined the location of the
foot was essentially stable. Water was at the head only foillowing prolonged precipitation events or from
snowmelt. During the monitoring period, these conditions were very rare. The head and foot of Peter
Seep also comesponded respectively to the Location ID 16-05993 (SP#2) and Location ID 16-05995
(SP#4; Figure 3.3-2). These locations were monitored during changing hydrologic regimes when there
would be the most likely chance for chemical or contaminant variations. Additionally, both the head and
foot were included as sample locations during quarterly sampling. This combination provided the potential
for 10 analytical samples per year. However, the dry conditions resulted in far fewer samples.

Foilowing review of historical anion and stable isotope data indicating consistent data results, routine
sampling at SWSC Spring and Peter Seep was discontinued in the Spring of 2001, A limited number of non-
routine anion and stable isotope samples were collected from these two locations subsequent to this date.

3.34 Sediment Sampling

Phase || RFl sampling (LANL 1998, 59891) demonstrated that secondary sources of contaminants reside
in both the active channels and in the overbank sediment of Cafion de Valle. However, very few samples
had been collected outside the active channel, so neither the distribution nor the total inventory of
contamination in the alluvial sediment could be estimated. Alluvial sediment had not been sampled in
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Martin Spring Canyon. Channel sediment locations sampled during the Phase 1 RF {LANL 1996, 55077)
were resampled. A geomorphic study was conducted in both Cafion de Valle and Martin Spring Canyon
to characterize the occurrence and distribution of contaminants in the alluvial deposits.

3.3.41 Cafion de Valle Active Channel Resampling

To evaluate contaminant mobility in the sediment, a subset of the 1996 active channel sediment samples
were resampled. A total of nine locations were chosen and one field duplicate sample was collected.
Samples were collected from the following locations in July 2002 16-02749, 16-02753, 16-02754,
16-02762, 16-02766, 16-02767, 16-02770, 16-02775, and 18-02777 (Figure 3.3-9). Locations were
resampled and submitted for off-site laboralory analysis based on the concentrations of COPCs in Phase
| RFI results (LANL 1996, 55077). Each sediment sample submitted to an off-site laboratory was
analyzed for HE and HE-breakdown products (EPA Method 8330), metals including boron (EPA Method
80108/6020) and SVOCs (EPA Method 8270c). A summary of all laboratory analyses requested for these
sediment sampies is provided in Appendix (G5-1. A summary of all analytical data is provided in

Appendix G-3.

3.3.4.2 Geomorphic Mapping and Sediment Sampling

Sediment deposits less than 50 years old may contain contaminants released from SWMU 16-021(c}-99
or other TA-16 HE production faciitties. Finer-grained sediment may have higher concentrations of
contaminants than coarge-grained sediment. Contaminant fevels could be particularly elevated in
relatively fine-grained sedimend deposited by unusually high flood events during the period of greatest
discharge from the 260 outfall, if such sediment deposits can be identified. Therefors, geomorphic units in
the canyon bottom of Cafion de Valle and Martin Spring Canyon were mapped o characterize the
occurrence and distribution of contaminants as related to channel processes. Geomorphic mapping was
performed in accordance with the methods provided in “*Core Document for Canyons Investigations”
(LANL 1987, 55622).

Subsequent sediment sampling was confined to areas found to include post-1942 sediment deposits, and
stratified within such areas according to the results of the geomorphic survey. Geomorphic units were
characterized hy digging soil pits in each unit. Soil texture, color, and thickness were recorded for each
soil layer, Each layer was also screened for barium and silver by XRF,; and for RDX by Dtech kit.
Following this, a stalistician determined the number of samples for laboratory analysis 10 represent the
contaminant inventory. Representative sediment samples were collected and analyzed for each
geomaorphic unit. Contaminani inventories were then calculated by muitiplying the sediment concentration
by the approximate volume of sach geomorphic unit.

Cafion de Valle

Geomuorphic mapping and sampling of Cafion de Vaile sediment was conducted in September 1999, The
mapping of Canon de Valle was conducted from the silver outfall (Figure 3.2-2) approximately 4000 #
downstream. The remainder of the canyon will be mapped as part of the canyons team investigation.
Field-screening was completed on a total of 89 samples at 21 locations {Figure 3.3-93; 30 of these samples
were selected using an RSS strategy and were analyzed for HE (EPA Method 8330), metals including
boron {(EPA Method 6010B/6020}, and pariicle-size distribution {Janitzky 1988, 57674) at off-site
laboratories. A summary of the laboratory analyses requested for the sediment samples is provided in
Appandix G-1. A summary of all analylical data is provided in Appendix G-3. Seven of these locations were
rasampled in July 2000 as part of a Laboratory CMS barium stabilization study (in progress). These seven
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samples were also analyzed for metals by toxicity characteristic leaching procedure and for SVOCs in
addition to the suite of analyses listed above.

Martin Spring Can

Geomorphic mapping and sampling of Martin Spring Canyon sediment was conducted in September
2000. The mapping extended downstream of Martin Spring for a distance of approximately 2000 ft. The
remainder of the canyon will be mapped as part of the canyons team investigation. A total of 21 samples
from 19 locations were sampled {Figure 3.3-9) and analyzed for HE {(EPA Method 8330), metals including
boron {EPA Method 6010B/6020), and particle-size analysis (Janitzky 1986, 57674). No screening data
ware obtained from Marlin Spring Canyon. A summary of the laboratory analyses requested for the
sediment samples is provided in Appendix G-1. A sumimary of all analytical data is provided in

Appendix G-3.

3.3.5 Sampling to Support the Baseline Ecological Risk Assessment

Several sampling campaigns wers conducted to support the assessment of adverse effects to biota in
Canon de Valle from contaminants of potential ecological concem (COPECS). The list of COPECS, and
the details of the sampling designs are provided In Appendix L. An overview of the sampling for the
aquatic and terrestrial systems follows.

3.3.51  Aguatic System Sampling

Two types of samples were collected {0 evaluate the aquatic system in the canyon. Co-located sediment
and water samples were collected for toxicity testing with Chironomus fentans. This sampling was
conducted in Septernber 2001, July 2002, and December 2002, Benthic macro-inveriebrates were
collected to assess that community in the canyon relative 10 three reference streams in the area

{Figure 3.3-10) in May 1987 and June 2001.

The toxicy testing samples consisted of 1-gal. sediment samples and 5-gal. water samples that were
sent to the testing laboratory. All toxicity testing was performed in accordance with EPA Method 100.2
{EPA 2000, 73776), for a ten-day test with survival and growth measurement endpoints using

eight replicates for each site. The first round of toxicity testing used site sediment and static renewal
with site water, Samples were collected in three locations in Cafion de Valle and one location at a
reference location in Starmer's Guich. The Cafion de Valle locations (Figure 3.3-10) are 16-06709,
SWSC Cut, a roadeut for the SWSC pipetine located downstream of SWSC Spring; 16-06710, below
the confluence of Buming Ground Spring; and 16-06711, below MDA P. The Starmer's Gulch site is
designated 16-06712. Splits of the sediment and water samples were submitted to the analytical
laboratory for confaminant analysis. The sultes were TAL metals (EPA Method 6010B/6020) and HE
{EFA Method 8330). These data are used to inferpret the toxicity test results,

The second and third rounds of toxicity testing were conducted to identify the sourcs of toxicity associated
with 16-06709, the SWSC Cut slte from the first round of testing and to further evaluste test survival for
Location 1D 16-067 10, below Bumning Ground Spring. Sediment and water samples were collected as
before. One set of toxicity test replicates for 16-06708 was conducted with site sediment and site water. A
second set of replicates for that site was conducted with site sediment and testing laboratory
reconstituted water. The Burning Ground Spring site, 16-06710, and Starmer's Guich site, 16-06712,
were tested with site sediment and site water,
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Figure 3.3-10. Location of ecotoxicology sampling in Caiion de Valle
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Personnel of the NMED Oversight Bureau conducted the benthic macroinvertebrate sampling. The
methods are consistent with the protocols in EPA guidance (EPA 1999, 73728). A modified Hess sampler
was used and three locations were sampled ardd combined for a single compuosile site sanple. The May
1897 sampling campaign included one site In Cafion de Valle below MDA P {Location 1D 16-08711) and
several reference streams. The June 2001 sampling campaign included the 1897 site (Location 1D
16-06711) for Cafion de Valle and a site below the confluence with Burning Ground Spring.

3.3.52 Terrestrial System Sampling

Adverse effects characterization for the terrestrial systermn used the characteristics of the small mammal
populations in Cafion de Valle and the contaminant bedy burdens of small mammals as estimates for
potential contaminant doses to the Mexican spotted owl (threatened and endangered species).

Figure 3.3-10 shows the locations of the trapping arrays in Cafion de Valle and Pajarito Canyon
{reference site).

Smalt mammal trapping was conducted in May 2001, September and October 2001, and May 2002. Two
5-ft-wide by 20-ft-ong trapping grids were established In each canyon for the duration of the trappling
events, A Sherman live trap and a pitfall trap occupied each grid location. The live traps were opened and
baited and the pitfall traps uncovered in the late affernoons. Traps were checked and closed the following
momings. Newly captured individuals were identified, classified for reproductive status, ear tagged, and
reteased. For the first two sampling periods, mark and recapture trapping was conducted for five davs.
These data are used to estimate population densities. After the population data were collected,
individuals of prevalent species were collected for chernical analysis of whole animal contaminant body
burdens. Individuals were analyzed for HE by EPA Method 8330 and TAL metals by EPA Method 6010B.
The third sampling event consisted of trapping for body burden analysis only. Resuits of the mark and
recapture trapping and the reproductive status classifications are presented in Appendix L and published
in Bennett et al. (Bennett et al. 2002, 73796),

3353 Deviations

Aguatic Systern Sampling

Two deviations were associated with the aquatic systermn sampling. The first deviation was that the results
from the second round (September and October of 2001) of toxicity testing for sediment and site water
were rejected because of high mortality in the laboratory control replicates. The acceptance criterion for
the lest is 70% average survival for the controf replicates. The test had 72.5% average survival for the
laboratory control with individual replicates ranging from 50% o 80%. In addition, the site sample survival
results did not correspond to what is known about contamination in the sediment. Consequently, a
decision was made with the High Performing Team to reject these data and repeat the sampling and
anzlysis. An additional set of samples was collectad In December 2002 {repeating the round 2 sampling)
and the quality control {QC) data for these tests were acceptable. The baseline ecological risk
assessment uses the results from the first and third rounds of toxicity testing to assess adverse effects.

The second deviation was for the benthic macro-invertebrate sampling in 2001, The Cerro Grande fire in
2000 resulted in substantial fire effects in the reference canyons used in the 1896 and 1997 benthic
macro-inveriebrate sampling. Flooding in those canyons afier the fire resulied In changes to site
conditions and the macro-invertebrate communities such that comparisons of Cafion de Valle to those
sites was no longer useful. Consequently, the 2001 Cafion de Valle data were compared (o the previous
Cafion de Valle data and the two sites sampled in Canon de Valle in 2001 were compared to each other.

ER2003-0480 3-26 September 2003



Phase lll RFI Report

The absence of 2001 reference site data diminishes the evidence for associating changes in Cafion de
Valle to the on-going drought.

Temrestrial System Sampling

There were two deviations associated with the terrestrial sampling design. The body burden data
assaciated with the fall 2001 sampling were rejected because of very large differences in constituent
concentrations that are physiologically regulated, and are not contaminants. One example is a range of
two orders of magnitude for calcium results. This difference points to an artifact in the sample preparation
or the analysis. A third round of sampling was conducted in the spring of 2002 to collect additional small
mammals for body burden analysis. These data were acceptable. The assessment of small mammal body
burdens and potential dose to the Mexican spotted owl! is based upon the analytical data from the first
and third trapping periods.

The second deviation involves the species available for capture in the canyons. The sampling design was
to capture individuals from multiple trophic levels, including shrews, which are insectivores. The literature
indicates that insectivores often have the highest contaminant body burdens. Pitfall trapping was
conducted in both canyons for shrews during the first two sampling rounds. None were captured. The
absence of shrews is likely a consequence of the drought and the elimination of effluent support to the
flow in Cafion de Valle. If shrews were present they would be an incidental prey species of the Mexican
spotted owl given their rarity. The small mammals that were captured reflect the abundant species in the
canyons and the likely prey species for owls hunting in those canyons. These species represent herbivore
and omnivare trophic levels.

3.4 Results

This section presents the results from surface water, aliuvial groundwater, sediment, and ecorisk
sampling programs. Each sampling program is described in terms of the number of samples collected and
data quality issues concerning the sampling events. The results of the data quality assurance (QAYQC
assessments are presented in Appendix F. All analytical data are presented in Appendix G-3.

341 Data Results Overview

3.4.1.1 Data Quality Assessment

All analytical samples were sent for fixed-laboratory analysis at off-site commercial analytical laboratories.
All analytical results received routine data validation, with some results receiving focused validation when
appropriate. Validation results for all analytical data are summarized in Appendix F and indicate the
dataset is of sufficient quantity and quality to be used in data analysis, including risk assessment.

3.41.2 Screening Methodology

To identify which chemicals are COPCs for SWMU 16-021(c)-99, all chemicals detected in either
SWMU 16-021(c)-99 sediment or water were subjected to a screening process. The screening process is
described in section 1.5.

3.4.2 Analytical Data Presentation

This section presents the analytical data results for surface water, alluvial groundwater, sediment, and
ecological sampling results. A summary of all analytical data is provided in Appendix G-3.
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3.4.21 Canon de Valle Surface Water

This section presents analytical and SP results from 1998 through 2002. The resulls are derived from
three types of surface water sampling activities: (1) SP sampling, 2} quarterly sampling of surface water
iocations, and (3) surface water collected in support of ecotoxological testing. Sample locations are
shown on Figure 3.3-2.

3.4.211 Cafon de Vaile Surface Water: Evaluation of Inorganic Chemicals

A summary of samples submitted for laboratory analyses is provided in Appandix G-1. A summary of all
detected inorganic chemicals is provided in Table G-2.1 {located in Appendix G-2). This section includes
the frequency of detected inorganic chemicals {Table 3.4-1}; the screening results for inorganic chemicals
that exceed the NMWQCC regulations numeric standard or other appropriate standard (Table 3.4-2); and
the inorganic chemicals retained and eliminated as COPCs (Table 3.4-3).

To determine whether those chemicals that exceeded a screening standard are frue contaminants
present above naturally-occurring concentrations, a site-specific analysis was conducted using
geochemisiry. This analysis was also required due 1o a lack of an appropriate background water dataset.
The importance of geochemical evaluations in distinguishing between contamination and naturally high
background concentrations of elements has been recognized in the industry (EPA 1995, 76856;

U.S. Navy 2002, 76854). One of the key processes considered in a geochemical evaluation of surface
waler is the effect of naturally-occurring suspended parliculates on trace element concentrations, The
most common suspended particulates in surface water samples are clay minerals, hydrous aluminum
oxides, and aluminum hydroxides, hereafter referred to as "clays”; and iron oxide (Fe;0j3), iron hydroxide
[Fe(QH)l, and iron oxyhydroxide (FeO»0OH) minerals, collectively referred to as “iron oxides.” All clay
minerals cordaln aluminum and have low solubilities over a neutral pH range of 6 to 8. Measured
concentrations of aluminum in excess of approximately 1 mg/lL. indicate the presence of suspended clay
minerals (Stumm and Morgan 1970, 76857, Hem 1985, 76855); higher aluminum concentrations is a
qualitative indicator of the mass of suspended clay minerals. iron aiso has a very low solubility under
neutral pH and moderate to oxidizing redox conditions, so that measured iron concentrations in excess of
approximately 1 mg/L under these conditions indicate the presence of suspended iron oxides (Hem 1885,
76855).

The analysis is conducted by plotting suspected contaminants against either aluminurm or iron. For
example, chromium is plotied against aluminum for naturally-cccurring concentrations and site samples. If
the naturally-occurring concentrations and site samples display a8 common linear trend, then it Is most
likely the elevated chromium concentrations are due 10 the presence of suspended clay minerals in the
samples. The slope of a hest-fit line through the points representing uncontaminated samples is equal to
the average chromium/aluminum ratio. if some site samples are plotted above the trend established by
the naturally-occurring concentrations samples, then those site samples have an anomalously high
chromium/aluminum ratio, and most likely contain excess chromium that cannot be explained by these
natural processes. Further details of the method are provided in Appendix I-2.

The results of the analysis conducted for Cafion de Valle surface water show that observed
concentrations of aluminum, iron, lead, manganese, and silver that exceed a screening standard are the
result of naturally-occurring concentrations.

Cafion de Valle surface water inocrganic chemicals eliminated and retained for further consideration are
listed in Table 3.4-3. Barium is the only COPC which consistently exceeds the screening standard at most
locations. A brief description of each retained inorganic chemical with concentrations exceeding
standards and the site-specific naturally-occurring concentration analysis is provided in Appendix 1.4 and
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Table 3.4-1
Frequency of Detected inorganic Chemicals in Surface Water Samples from Cafion de Valle
Fleld Number of | Numberof | Concentration Range | Percent Detected for 20
Chemical Preparation | Analyses Detects {ng/Ly Samples or Greater®
Aluminum Filtered 73 47 18.7] to 15000 80
Unfiltered 84 79 {133] to 22700
Antimony Filtered 72 13 {0.14] to [33] 13
Unfilterad 83 7 [0.08] to [33}
Arsenic Filtered 73 14 [0.27] to [5} 24
Unfiltered 84 23 0270 8.3
Barium Filtered 70 70 15.5 to 12800 100
Unffiltered 81 81 16.8 to 18300
Beryllium Filtered 73 3 {0.09] to [4] 16
Unfiltered 84 2 0.03 to [4]
Boron Filtered 67 45 6.97 to [500] 67
Unfiltered 74 50 3.06 to [500]
Cadmium Filtered 73 7 0.054 i [5] 12
Unfiltered 64 12 [0.017} 10 [2.6]
Calcium Filtered 73 73 4200 10 43300 100
Unfiltered 84 B4 4280 to 44300
Cesium Filtered 2 2 700 to 800 n/a®
Unfittered 2 2 500 to 700
Chioride Filtered g 9 4500 fo 32000 100
' Unfittered 67 67 200 to 39000
Chromium Filterad 73 40 {032 3456 62
‘ Unfilttered 84 58 [0.38] fo 24.3
Cobalt Filtered 73 39 [0.23] to [20] 50
Unfittered 84 39 [0.2] 1o [20]
Copper Filtered 73 28 [0.28] 10 75.3 a8
Unfittered 84 44 0280615
Cyanide (Total) Filtered 3 0 [2.5 to 10} na
Unfittered 3 i) [2.5t0 10]
Fluoride Filtered 8 3 100 1o [1000] 75
Unfittered 67 54 [14] to [1000]
fron Filtered 73 45 13.3 to 10000 75
_ Unfiltered 84 72 [64] t0 17700
lL.ead Fitered 73 11 005748 34
Unfiftered 84 43 0210 24,1
Lithium Filterad 3 3 35101841 nfa
Unfiltered 3 3 6210258
Magnesium Filtered 73 73 1530 to 9550 100
Unfittered B84 84 1550 to 9580
Manganese Filtered 73 67 0.7t0 628 96
Unfiltered 84 83 1.810 2280
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Table 3.4-1 {continued)

Field Numberof | Numberof | Concentration Range | Percent Detected for 20
Chemical Preparation | Analyses Detects {glL) Sampies or Greater”

Mercury Filtered 73 0 [0.01100.2] 3
Unfittered 84 5 [0.01] to [1]

Molybdenum Fittered 3 0 [2.9 to 4.8} n/a
LUnfiitered & 4 0.B44106.3

Nicke! Filtered 73 32 042 to [40] b4
Unfitered 84 5z 0.5 10 [40]

Nitrate Fillgred 2 1 [200] to 800 nia
Unfiltered 15 4 [200] to 800

Nitrate-Nitrite as N | Filtered 7 3 [100] to 8940 81
Unfiltered 57 36 [20} to 49200

Nitrite Filtered 2 0 {100 to 100] n/a
Unfiltered 15 0 {100 10 100}

Perchiorate Unfiltered 50 4 [4] to [20] 8

Potassium Filtered 73 68 920 to 10800 83
Unfiltered B84 7 1000 to 11000

Rubidium Fiftered 2 0 500 to 500] na
Unfiitered 2 4] {500 to 500]

Selenium Filtered 73 17 0.374 to [5] 22
Unfiltered 84 17 0.476 0 533

Silver Fitered 73 5 {0.12] to [10] 15
Unfiltered 84 18 [0.16] to 1380

Sodium Filterod 73 73 2220 to 26200 100
Unfiltered 84 84 2190 to 26100

Strorntium Filtered 3 3 38510126 na
Unfiltered K| 3 577133

Sulfate Filtered 8 g 5800 to 10000 100
Unfiltered 67 87 207010 31700

Thalllum Filtered 73 12 0.017 10 [5.6] 18
Unfiltered 84 17 00231059

Uranium Filtered 3 0 [80.4 to 128) 59
Unfiltered a1 20 {0.04] to [126]

Vanadium Filtered 73 63 03110 14.3 76
Unfiltered 84 66 0.34 to 33.1

Zinc Filtered 73 40 1.3t0 56.4 59
Unfiltered 84 53 (.7 to 100

Source:  EPA 1989, 08021,

g"!he percent datection value is caloulated based on all analyses takan for a chemical. Resulting values might therefore appear less

than expectad due fo the inciusion of undetects not reported by this table.

Values in brackets are below detection limits, although some chemicals may be detectad at values within this range.

© n/a = Not applicable.

ERZ003-0480

3-29

Septernber 2003



Phase {if RFl Report

Table 3.4-2
Screening of Inorganic Chemicals Detected in Cafion de Valle Surface Water Samples
= w =
3 2 £5 8% g2 E5. 22
o o é g za i =% 8
3 ui 3
Aluminum RE16-01-3231 |Max. Detected Value | 22700 5000*° | 50 wa® | Yes
RE16-01-3132 | Max, Undetected Value 580 (U)Y | 5000%% | 50 n/a Yes
Antimony RE18-99-3075 | Max. Detected Value 64 {3}" na n/a Yes
RE16-98-3112 | Max. Undetected Value 33 (W n/a 6 nia Yes
Arsenic RE16-98-3021 | Max. Detected Value 83 () 100" 10 wa No
RE16-01-3278 | Max. Undetected Value 5 (U | 100 10 wa No
Barium RE18-01-3072 | Max. Detected Value 16300 1000 2004 wa Yeos
Berylfium RE18-00-3141 | Max, Detected Value 1.3 (J) na 4 Wa No
RE16-00-3131 | Max. Undetected Value 4 (U) na 4 nia No
Boron RE16-00-3163 | Max. Detected Value 89.2 {J) 750° na® na No
RE16-00-3132 | Max. Undetected Value 500 (uy | 750 na nia No
Cadmium RE16-00-3268 | Max. Detected Value 16 {J) 10f 5 wa No
RE16-00-3316 | Max. Undetected Value 5 (U) 10' 5 wa No
Calcium RE16-00-3163 | Max. Detected Value 44300 na na na na
Cesium RE16-98-3018 | Max. Detected Valus 800 na ma na na
Chioride RE16-99-3199 | Max Detected Value 39000 250000" | 250000 | na No
Chromium | RE16-98-3047 | Max. Detected Value 34.8 50' 100 na No
RE16-88-3020 | Max. Undetected Value 59 (U | 50 100 na No
Cobalt RE16-98-3021 |Max. Detected Value 129 () 50° na n/a No
RE16-00-3131 | Max. Undetected Value 20 (U | s0° na na No
Copper RE16-01-3250 | Max. Detected Value 75.3 500° | 1000 nia No
RE16-01-3152 |Max. Undetected Value | 153 (U} | 500° 1000 na No
Fluoride RE16-00-3163 | Max. Detected Value 432 1600' | 2000 wa No
RE16-98-3107 | Max. Undetected Value 1000 {U) 1600’ 2000 na No
fron RE16-98-3021 | Max. Detected Value 17700 1000" | 300 na Yeos
RE168-01-315¢ | Max. Undetected Value 406 (U} | 1000" 300 na Yeos
Lead RE18-01-3072 | Max, Detected Value 241 50f 15 wa Yes
RE16-98-3107 | Max. Undetected Value 42 (L) 50/ 15 na No
Lithium RE16-96-3021 | Max. Detected Value 258 na na 730 No
September 2003 3-30 ER2003-0480




Phase Ili RFi Report

Tabie 3.4-2 {continued)

- w =
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Magnesium RE16-00-3164 | Max. Detected Value 95480 na na na na
Manganese | RE16-95-3081 |Max. Detected Value 2280 200" 50 na Yes
RE16-88-3114 | Max. Undetected Value 88 (L) 200" 50 wa No
Mercury RE16-01-3154 | Max. Detscled Value 0.97 077 2 n/a Yes
RE16-01-3080 | Max. Undetected Value 1 {U) 077 2 na Yes
Malybdenum | RE16-08-3021 | Max. Detected Value 63 {J) | 1000° na n/a No
RE16-98-3044 | Max. Undetected Value 49 Uy | 1000° na. n/a No
Mickel RE16-01-3231 | Max. Detected Value 132 (& 200° na n/a No
RE16-00-3132 | Max. Undetected Value 40 {U) 200 na wa No
Nitrate RE16-08-3018 | Max, Detected Value 800 10000’ 10000 wa No
RE16-98-3020 | Max. Undetected Value 200 (U) | 10000' | 10000 n/a No

Nitrate-Nitrite | RE16-01-3130 | Max. Detected Valus 49200 16000° na n/a Yes
asN RE16-00-3313 | Max. Undetected Value | 1110 (U) | 10000 na a No
Perchiorate | RE16-00-3133 | Max. Detecled Value 17.1 4 na n/a Yes
RE16-00-3150 | Max. Undstected Value 20 (U) 4 na n/a Yes
Potassium RE16-00-3183 | Max. Detected Value 11000 na " na na
RE16-01-3196  Max. Undetected Value 2330 4 na na na na

Selenium RE16-01-3280 | Max. Detected Value 533 5 50 wa Yes
RE16-02-45061 | Max. Undetected Value 5 (U 5 50 a No

Sitver RE16-98-3081 | Max, Detected Value 1386 !’;e{)t 100 na Yes
RE16-00-3131 | Max, Undatected Value 10 (W) 50 100 na No
Sodium RE16-00-3208 | Max. Detected Value 26200 na na na na
Strontium RE16-98-3019 | Max. Detected Value 133 G na 22000 Mo
Sulfate RE16-00-3133 | Max. Detected Value 31700 600000" | 250000 | va No
Thalifum RE16-98-3083 | Max. Detected Value 59 () n/a 2 na Yes
RE16-99-3023 | Max. Undetected Vatue £6 (U) wa 2 wa Yes
Uranium RE16-00-3163 . Max. Detected Value 1.91 5000' 30 s No
RE16-88-3044 | Max. Undetscted Value 126 (U) | 5000' 30 na Yes
Vanadium RE16-88-3021 | Max. Detected Value 31 W 1961"’ na na No
RE16-00-3132 | Max. Undetected Value 10 (W) 100° na wa No
Zinc RE16-02-45061 | Max. Defected Value 100 100007 | 5000 n/a No
RE16-00-3207 | Max. Undetectsd Value 381 (U) | 10000" | 5000 na No
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Table 3.4-2 {continued)

Sources: 20 NMAC 6.2.3103, “Standards for groundwater of 10,000 mgH TS concentration or fess,” Parts A, B, and C; 20 NMAC
6.4.800, “Standards applicable to attainable or designated uses urdess otherwise specified in 20.6.4.101 through 206.4.899
NMAC” Parts K, L, and M; EPA 2002, 7687 1; EPA 2003, 78867, and Califomia DHS 2003, 76852,

A NMWOCC Surface Water Standard for Livestock Watering (20 NMAC §.4.900),

8 NMWQCC Groundwater Standard for Irfigation Use (20 NMAC 6.2.3103).

d rfa = Not applicable.

{Lf} = The chemical is classified "undetected.”

1

g
h

{J} = The chemical is classified "detected.” but the reporied conceniration value is expected to be more uncertain than usual,
NMWQOCC Groundwater Human Health Standard (20 NMAC 6.2.3103).

na = Not avallable.

. NMWQUC Groundwater Other Standargs for Domestic Water Supply (20 NMAC 6.2,.3103).

! NMWQCC Surface Water Standard for Wildlife Habitat {20 NMAC 6.4.900}).
} Califomia DHS 2003, 76862.

Table 3.4-3

Retained and Eliminated Inorganic Chemicals in Cafion de Valle Surface Water Samples

Chemical Retained/Eliminated Rationale for Retaining/Elimisating as a COPC

Aluminum Eliminated A geochemical evaluation determined that the concentrations are
within the naturally-occurring concentration range.

Antimony Retained Maximum value exceeds screening limit.

Arsenic Eliminated No values above screening limit.

Barium Retained Maximum value exceeds screening limit.

Beryilium Efiminated No values above screening fimit,

Boron Eliminated No values above screening limit.

Cadmium Efminated No values above screening limit,

Calcium Eliminated Essential nutient.

Cesium Retained N screening value gvailable, refained for further evaluation.

Chioride Eliminated HNo values above screening limit.

Chromium Eliminated No values above screening limit,

Cobalt Eliminated No valuas above screening limit.

Copper Efiminated Mo values above screening limit.

Fluoride Eliminated No valuges above screening limit,

Iron Eliminated Essential nutrient.

Lead Eliminated A geochemical evaluation determined that the concentrations are
within the naturally-occurring conceniration range.

Lithium Eliminated No valuss above screening limil.

Manganese Efiminated A geochemical evaluation determined that the concentrations are
within the naturally-occwrring concentration rarge.

Mercury Retained Less than 5% of analyses result in a detection but the detection limit
sxceeds the screening imit.
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Table 3.4-3 {continued)
Chemical Retained/Efiminated Rationale for Retalning/Eliminating as a COPC
Molybdenum Efiminated No values above screening limit.
Nickel EHminated No values above screening limit,
Nitrate Eliminated Ne velues above screening limit,
Nifrate-Nitrite as N Retained Maximum value exceeds screening imit.
Perchiorate Retained Maximum value exceeds screening limit.
Potassium Eliminated Essential nutrient.
Selenium Retained Maximum value exceeds screening limit.
Silver Retained A geochemical evaluation determined that the concentrations are
within the naturally-occurring concentration range.
Sodium Eliminated Essential nutrient,
Strontium Eliminated No valres above screening limit.
Sulfate Eliminated No values above screening limit.
Thallium Retained Maximum value exceeds screening fimit.
Uranium Retained Detection limit exceads the screening limit,
Vanadiym Efiminated No values above screening limit,
Zing Efiminated No values above screening limit.

includes maximum concentrations detected, relevant locations where the chemical has been detected,
and the dates of detection.

34212 Cafion de Valle Surface Water: Evaluation of Organi¢c Chemicals

A summary of samples submitted for [aboratory analyses is provided in Appendix G-1. A summary of all
detected organic chemicals is provided in Table G-2.2 (located in Appendix G-2). This section includes
the frequency of detected organic chemicals (Table 3.4-4), the screening results for organic chemicals,
which exceed the NMWQCC requlations numeric standard or other appropriate standard {Table 3.4-5),
and the retained and eliminated organic chemicals (Table 3.4-6). Retained HE compounds include
dinitrosodimethylamine (DNX), mononitrosodimethylamine (MNX), RDX, and TNT, however, RDX i the
most prevalent HE COPC. Low concentrations {ppb) of tetrachloroethene and trichlorcethens were aiso
detected and retained as COPCs. A brief description of the retained organic COPCs with concentrations
axceeding screening standards is provided in Appendix 1-4.

34213 Cafion de Valle Surface Water: Evaluation of Tritium

A summary of samples submitted for laboratory analyses is provided in Appendix (5-1. A summary of the
detected tritium in surface water samples collected in Cafton de Valle is provided in Table G-2.3 (located
in Appendix G-2). Tritium was the only radionuciide detected in Cafion de Valle surface water, The
frequency of detected of trittum {Table 3.4-7}, the screening results {Table 3.4-8}, and the retained and
eliminated analysis (Table 3.4-8) are presented in this section. The results show that tritium was not
present above either the EPA MCL or the NMWQCC regulations numeric standard.
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Table 3.4-4
Frequency of Detected Organic Chemicals in Cafion de Valle Surface Water Samples
Concentration | Percent Detected
Field Number of | Number of Range for 20 Samples or
Chemical Preparation | Analyses | Detects {ugl) Greater®
Acsione Filterad 2 2 25t025 19
Unfittered 30 4 1P to [39]
Amino-2,B-dinitrotoluene4-] Filtered 8 7 [0.05] 0 8.3 52
Unfittered 74 a6 f0.05] 1o 14
Amino-4,8-dinitrotoluene(Z-] Fiftered & 7 [0.048] 10 8.5 50
Unfitered 74 34 [0.049]t0 13
Amino-x,B-dinfirotoluenex-} Unfiltered 8 1 [0.38}t0 9.4 a®
Bis{2-ethylhexyijphthalate Unfiitered 14 2 1.5 13) g
Butanone[2-] Unfiltersd 31 3 2 0 [20] 9
Dichioroethene]cis-1,2+] Filtered 2 1 Sto[i0] 12
Unfiltered 23 2 ft}to 27
DNXC Unfiltersd 12 5 011013 wa
HMX® Filtered 9 9 0.514 to 43 79
Unfifltered g2 83 [0.1} 10 120
Methylene Chloride Unfiltered 31 1 [0.38] to [38] 3
MNX' Unfiltered 12 8 0.1810 0.97 a
Naphthalens Unfiltered 27 1 0.7 to [15] 3
Nitroglygerin Unfittered 28 1 1.1 to 5] 4
Nitrotolyere{2-] Unfittered 82 1 [0.071] to £20] 1
RDX? Filtered g 9 31410 100 74
Unfiltered 82 58 .10 290
Tetrachloroethene Filtered 2 1 5lto 10 12
Unfilterad 31 3 [1)to 42
TNX" Unfiltered 12 4 0.051 1o 0.58 n/a
Trichloro-1,2,2-triflucroethanel.1,2-] | Unfiltered 23 1 [5] 16 [5] 4
Trichlorobenzene[1,2,3-] Unfiltered 13 i 0.9t0[5) a
Trichloroethene Unfiltered 3 3 02510 10 8
Trnitrobenzere[1,3.5-] Unfiftered &2 1 1005} t0 [5.2] 1
Trinitrotoluene[2,4,6-] Filtered 9 4 [(3.048]11t0 1.05 15
Unfiltered 82 13 [0.048] 10 6.2

Source: EPA 1884, 08021,

&'ﬁw percent detection vajue is calculated based on all anslyses taken for a chemical. Resulling values might therefore appear less

than expected due lo the inclugion of undetects noi reported by this table.
Values in brackets are below detection imits, although some chemicals may be detected at values within this range.

nifa = Not epplicatde.

=2 " N I T = U - B -~

DNX = Hexahytro~1,3-dinitroso-5-nitro-1,3,5-riazine.
HMX = Odahyaro-1,3,5,T-etranitro-1,3.5,7-tetrazocine.
MNX = Hexahydro-1-nitroso-3, 5-dinliro- 1,3, 5-triazine,
ROX = Hexatiydro-1,3 S-rinitro-1,3 5-riazine.

TNX = Hexahydro-1,3 B-irinitroso-1,3,B-triazine,

September 2003
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Tabls 3.4-5
Screening of Organic Chemicals Detected in Cafion de Valle Surface Water Samples
NMWGCC EPA Region6Tap | Exceeds
Sample Concentration Standard | EPAMCL Water PRG Screening

Chemical Sample ID {rg/l) (uglt) {pg/L) {ug/L) Limit

Acetons RE16-98-3021 | Max, Detected Vaiue 27 (4 na’ na 810 No
RE16-01-3195 | Max. Undetected Value 30 (U na na 610 No

Amino-2,6-dinitrotoluensaid-] RE18-00-3313 | Max Delected Value 14 na na 37 No
RE16-00-3319 | Max. Undstectad Value 27 ) na na 37 No

Amino-4,6-dinitrotoluane{2-] RE16-00-3313 | Max. Detected Value 13 na na 37 No
RE16-00-3327  Max. Undetected Value 25 U na na 37 No

Amino-x, G-dinitrotolusne(x-} RE16-00-3207 | Max. Detected Value 9.4 na na 37 No
RE16-98-3045 | Max, Undetected Value 0.39 Uy na na 37 No

Bis(2-sthythexyljphthalate RE16-99-3199 : Max. Delected Valus 1.6 ¢ )d nia® 8 nia No
RE16-88-3081 | Max, Undetscted Value 12 () nfa 8 n/a Yes

Butanoha[2-] RE18-02-45203 | Max, Dstectad Valug 43 O na na 19006 No
RE16-98-3082 | Max. Undetecied Value 20 {0 na na 1800 No
Dichioroethenelois-1,2-] RE16-00-3133 | Max, Detected Value 27 ng 70 nia No
RE16-98-3019 | Max. Undetected Value 10 W na 70 nfa No

DNX RE16-01-32581 | Max. Datecied Vaiue 1.3 {3-} na na .81 Yeas
RE16-02-45861 | Max. Undetected Value 85 (B na na 0.81 No

HMX RE16-00-3315 | Max. Detected Valug 120 na ng 1800 No
RE16-00-3163 | Max, Undetected Value 1.7 () na na 18060 No

Methylene Chioride RE16-01-3142 | Max. Detected Value 11 () 100’ 5 a No
RE18-00-3207 | Max. Undetacted Value 38 (1) 100" 5 nfa Yos

fANY RE16-01-3261 | Max, Detected Value 0.97 (3} na na 0.61 Yes
RE16-02-45203 | Max. Undetected Value 0.5 na na 0.81 No

Naphthalene RE16-09-3046 | Max. Detected Valus | 0.7 {(J) 30' na a/a No
RE16-98-3084 | Max. Undetected Vaius 15 (U) a0’ na wa No
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Table 3.4-5 (continued)

NMWQCC EPARegion6Tap | Exceeds
Sample Concentration Standard | EPAMCL Water PRG Screening

Chemical Sample ID (pght) (o) | {pgt) {ugh.) Lim#t

Nitroglycerin RE16-89-3256 | Max. Detected Value 1.1 (D na na 4.8% No
RE16-00-3315 | Max. Undetected Value 5 (U) na na 4,87 Yos

Nitrotoluenef2-] RE16-01-3278 | Max. Dstected Value 0.12 na na 61 No
RE16-95.3064 | Max. Undsatected Value 20 {U) na na 81 No

RDX RE16-99-3086 | Max, Defected Value 280 fa na 0.81 Yeas
RE16-00-3163 | Max, Undetected Value 0.87 {U) na na 0.61 Yes

Tetrachloroathene RE16-00-3133 | Max. Detected Value 42 20 5 "a Yes
RE16-98-3082 | Max, Undetected Value 5 {U) 20 5 na MNo

TNX RE18-01-3251 | Max. Detected Value 0.58 () na na 0.61 No
RE16-02-45223 | Max, Undetected Value 05 (W na na 0.61 No

Trichloro-1,2 24riflucroethane(1,1,2-] | RE16-00-3207 | Max, Detected Value 5 na na 59000 Ng
RE16-98-3016 | Max, Undetected Valus 5 {LU) na na 59000 No

Trichlorobenzene[1,2,3-] RE16-98-3046 | Max. Detected Value 0.9 (h n's 70 n/a No
RE16-98-3082 [ Max, Undetacted Valus 5 (W) na Fidl n/a No

Trichloroathenae RE16-00-3133 | Max. Detected Value 10 100 5 nla Yas
RE16-88-3082 | Max. Undetected Value 5 (L) 100' 3 n'a No
Trinitrobenzenel1,3,56-] RE18-01.3150 | Max. Detected Value 0.1 ng na 1100 No
RE16-00-3315 | Max. Undetected Value 52 (U} na na 1100 No

Trinitrotoluene]2.4,6-] RE16-00-3313 | Max. Detected Value 6.2 na i3 2.2 Yas
RE18-90-3064 | Max. Undetected Value 5 (U na it 2.2 Yes

Sources: 20 NMAC 6.2.3103, "Standards for groundwater of 10,000 mgd TDS concentralion or less,” Paris A, B, and C; 20 NMAC 6 4.800, "Blandards applicable to atisinable or
designated uses unless otherwisa specified in 20,6.4.101 through 20.6.4.899 NMAC,” Parts K, L, and M; EPA 2002, 76871; EPA 2003, 76867, and Celifomia DHS 2003, 76862,
8 {J-} = The chamical is classified “delected,” but the reported concentration valye is expected to bo more uncertain than usual with a polential negative bias,

na = Not available,

[ 2 -

{U} = The chemical is classified as "not detecled.”

d

® wa = Not applicable.

NMWQCC Groundwater Human Hsalth Standard (20 NMAC 6.2.3103},

8 (EPA 2002, 76866).

{J) = The chemical is classified "detectod,” but the reported concentration vaiue is expected to be more uncertain than usual,
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Table 3.4-6
Retained and Eliminated Organic Chemicals in Cafion de Valle Surface Water Samples
Retalned/
Chemical Eliminated Ratienale for Retaining/Eliminating as a COPC

Acelone Eliminated | No values abovs screening limit.

Amino-2,§-dinifrotoluenes-1 Eliminated | No velues above screening Himil.

Amino-4,6-dinifroioluene]2-] Eiminated | No values above screening limit.

Amino-x,5-dinitrototuene]x-] Eliminated | No values above screening limit.

Bis(2-ethyihexyl)phthalate Retained Detection limit exceeds screening Bmit.

Butanone(2-] Eliminated | No values above screening limit

Dichioroethenscis-1,2-] Eliminated | No values above screening limit,

DNX Retained Maximum value excesads screening limit,

HMX Efiminated | No values above screening limit,

Msthylene Chiloride Retained Less than 5% of anatyses resuylt in a detection but the
detection limit exceeds the screening limit,

MNX Retained Maximum value exceseds scresning limit.

Naphthalens Eiminated | Greater than 20 anglyses were taken and the number of

' detected values comprise less than 5% of the totel number of
analyses,

Nitroglycerin Retalned Less than 5% of analyses result in a detection but the
detection limit exceeds the screening Hmit

Nitrotoluena[2-] Eliminated | Grester than 20 analyses were taken and the number of
detecled values comprise less than 5% of the total number of
analyses,

RDX Retained Maximum value exceads screening imit

Tetrachloroethens Retained Maximum value exceeds screening limit

THX Eliminated | No values above screening limit.

Trichloro-1,2, 2-trifluoroathane(1,1,2-] | Eliminated | Greater than 20 analyses were taken and the number of
detected values comprise less than 5% of the total number of
analyses.

Trichiorchenzene]1,2,3-] Eliminated | No values above screening limit.

Trichiorgethene Retained Maximum value exceeds screening himif,

Trinitrobenzene]1,3,5] Eliminated | Greater than 20 analyses were taken and the number of
detected values comprise less than 5% of the total number of
analyses.

Teinitrotoluenef2,4,6-] Retained Maximum value exceeds screening lmit.

ERZ2003-0480 337 Saptember 2003



Phase il RFt Rapuort

Table 3.4-7
Frequency of Detected Tritium in Cafion de Valle Surface Water Samples
Fieki Numberof | Numberof | Concentraiion Range | Percent Detected for 20
Chemical Preparafion Analyses Detects {pCiL} Sampiles or Greater®
Tritium Unfiltered 26 23 2.91° to 167.36 88

Sewrce: EPA 1969, 08021.

8 The percent detection value is calculated based on all analyses taken for a chemical, Resulting velues might thersfors appear less
than expected due to the inclusion of undetects not reported by this table,
Values in bracksts ara below datection fimits, although some chemicals may be detected at values within this rangs,

Table 3.4-8
Screening of Tritium in Cafion de Valle Surface Water Samples
= g w O =
e a 8 o r c & - B
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%3 a ui S
Tritiumn RE16-01-3126 | Max, Detected Value 167.36 20000° | 20000 wa® No
1+
RE16-00-3141 | Max. Undetected Value 4 (Uy° | 20000" | 20000 na No

Sources: 20 NMAC 6.2.3103, “Standards for groundwater of 10,000 mg/l TDS concentration or less,” Parts A, B, and C; 20 NMAC
6.4.900, Standards applicable to attainable or designated uses unless otherwise specified in 20.6.4.101 through 20.6.4.099 NMAC,”
Parts K, L, and M; EPA 2002, T8871; and EPA 2003, 76867.

a NMWOCC Surface Watsr Standand for Livestock Watering (20 NMAC 8.4,.800).

® nka = Not applicable.

¢ {LN = The chemical is classified "undetected.”

Table 3.4-9
Retained and Eliminated Tritium in Cafion de Valle Surface Water Samples
Chemleal Retalned/Eliminated Aationale for Retaining/E¥minating as a COPC
Tritivm Eliminated No values gbove screening limit,

3.4.2.14 Canon de Valle Surface Water: Flow Rate and Water Chemistry

This subsection presents the screening data resulls for discharge, conductivity, pH, stable isotopes, and
tempersture data collected durirg the SP measurements between 1988 and 2002.

Discharge Results

Figure 3.4-1 shows the discharge measurements for each 8P location for Cafion de Valle. The locations
of the SPs where discharge measurements ware conducted are shown on Figure 3.3-2. The following
section summarizes the observed trends from the 13 discharge events:
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1. The channel is usually dry upstream from SP#4 {Petar Seep foot).

2. Discharge from SWSC Spring {(when running} contributes fo the first gaining portion of the
channel,

3. The channel loses water between the SWSC Spring confluence and Burning Ground Spring
confluence.

4. During the investigation period, the perennial reach of Cafion de Valle in TA-16 is approximately
1900 ft long, beginning at the confiuence with Buming Ground Spring and ending betwesn SP#10
and SP#11, just downstream of MDA P.

5. The channel loses from Buming Ground Spring to SP#12. In particular, the broad canyon botlom
area between SP #9 and SP #10 generally loses, and during low flow periods the water in the
channel consistently goes subsurface within 90 fi of SP#10.

8. Anunnamed seep is present adjacent to Well 16-02659 located approximately 3500 fi
downstream of the 260 outfall. Based on data showr in Figure 3.4-1, this location also shows a
noticeable water input, which may be the result of a subsurface source related {o the seep.
Noficeable temperature and pH changes were recorded at this location during the Fall 2000
profile. Moreover, chemical frend data for barium indicate a barium input ocgurs at this location
{ses seclion 3.5},

7. Ofthe 13 discharge events, 2 were measured during the spring following a heavy snow year.
These 2 discharge profiles recorded the highest discharge and show some excaeptions to the
general observations. These exceptions include: a gaining reach between SP#8 and SP#10 and
measurable flow upchannet of the 260 outfall. This may explain why the highest contaminant
concentrations were also observed during the snowmelt runcft,

Conguctivity Results

Conductivity measurements presented in Figure 3.4-2 generally show a steady to slightly increasing trend
downstream, with the Novemnber 2000, March 2001, and Oclober 2001 5Ps showing the largest variation
with distance, All of these profiles were collected during wel periods.

Temperahire and pH Resulls

Temperature profiles shown in Figure 3.4-3 show a general downward trend with distance from the
260 outfsll. A notable variation occurs approxdrmately 3500 ft downstream from the 260 outfall near
Well 1602653, The temperature results {i.e., glight mcrease) support the presence of an alluvial input
at this location. Seasonal changes (both fall and winter), when present, deviate toward & common
temperature, indicative of a subsurface water saurce or seep near Weli 16-02659. The variability of the
temperature change at this location may result from thermal mixing and the differences in flow rate,
caused by precipitation, between the subsurface input and surface water.

Cafion de Valle surface water ph measurements are shown in Figure 3.4-4. Despite considerable scatter
in the data, in general, a pH change is chserved in the same location where changes in temperature and
conductivity are also observed, indicating a subsurface input to the surface water at this location.
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Seep Dynamics

The location of the head and foot of Peter Seep was not dynamic during the investigation period. The
2001 snowmelt season and the fall of 2001 were the only times water was observed at the Peter Seep
‘head’, approximately 500 ft up channel from the 260 outfall confluence. at other times, water was
observed to originate from the “foot’. For data analysis purposes, seep data are compiled with the surface
water data.

Stable Isotopes

Surface water samples were analyzed for 5'20 and 3D at the headwaters of Carion de Valle, at the
confluence of Cafion de Valle and the Fishladder drainage, at the confluence of Cafion de Valle and
Water Canyon, and at Peter Seep {Figure 3.4-5). The 8D data are not shown because they show
behavior similar to the 5'°0 data. The headwaters have the most negative values because the headwater
area is the highest elevation site sampled. Compared to the alluvial groundwater (e.g., Well 16-02657,
see Figure 3.4-3), surface water does not always follow the same trends, indicating there are differences
between surface and alluvial groundwater (even though there is exchange between the two). Similar
differences are seen between the contaminant chemistry of surface water and alluvial groundwater (see
section 5.2).

Nitrogen isotopes (615N) were examined as a possible way of identifying natural versus contaminant
sources of nitrate and to identify whether there was active denitrification at TA-16. With regard t¢ natural
versus contaminant sources, the 5'°N data are ambiguous and thus did not turn out to be diagnostic.
However, with regard to denitrification, there appears to be a correlation between nitrate concentrations
and 5'°N in the waters of Canon de Valle, where larger values of 5'°N correspond to higher
concentrations of nitrate (Figure 3.4-6). This correlation indicates that denitrification is occurring because
one of the characteristics of denitrification is an increase in 5"°N. Additional evidence and discussion of
nitrate degradation is presented in section 5.0.

Tritium concentrations in surface water are shown in Figure 3.4-7. The locations show no clear trends
except that the Cafion de Valle headwaters tend t¢ have the lowest tritium concentrations. This suggests
that the headwaters are less affected by Laboratory atmospheric releases. The relatively high levels of
tritium, although not a risk driver, suggest that the water in the alluvial aquifer is relatively young (less
than a few decades), or has a large young water component. These results are similar to values for the
alluvial wells {see Well 16-02658 example on Figure 3.4-7). However, the surface waters have a wider
range of values, probably because the alluvial system is more mixed than the surface water.

3.4.21.5 Caifon de Valle Geophysical Studies

Geophysics conducted at the site in support of the Phase |l RF| consisted of three field efforts conducted
in 1989, 2000, and 2002. The 1999 results demonstrated the capability of HRR as a nonintrusive means
to detect and characterize subsurface moisture conditions. The 2001 survey was a more broad
continuation of that effort. Line locations are shown on Figure 3.3-6. In September 2002, CSAMT and
NSAMT geophysical survey work was performed. Line locations are provided on Figure 3.3-7. Figure
3.4-8 shows the HRR results for a line located within the Cafion de Valle. Complete results fromn all
geophysical surveys are included in Appendix D.
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The impontant highlights of the surveys that influence conceptual model development were:

1. At the subsurface of the Burning Ground Spring wetland area, there is a conductive region
implying possible subswiface water infiltration at this location (deeper than alluvium).

2. The ares approximately 200 fi upstream from MDA P shows an approximately 20-fi-thick low
resistance layer dipping 1o the west, Just downstream of MDA P the surface water flow rate
decreases, indicating a loss zone as discussed earlier in the SP discharge results.

3. Further downstrearm from MDA P, the 2-D longitudinal line shows laterally discontinuous zones of
low resistance; these zones could represent saturated zones of allwial groundwater. This
conductive region does not show up in the cross sectional line at SP#18. it is possible that there
were unsaturated conditions at that bocation at the time of measurement.

4. The deep conductive horizons observed in the CSAMT and NSAMT inversion models extend
below the 64001t elevation, Information from several intermediate-depth wells indicates a
regional water table near the 1200-f depth in the vicinity of Regional Aquifer Well Cgy R-37-2. 1
is possible that the water table elevation in the TA-16 area may range from 5800 to 8400 1.
These are the elevations where the CSAMT and NSAMT inversion models identify anomalously
conductive features,

34.2.2 Cafon de Valle Alluvial Groundwater

Laboratory analyses and water level, conduciivity, and temperature screening results for quarterly

groundwater sampling conducted between 1938 and 2002 are described below in detail. Complete time

series charts for the alluvial wells are included in Appendix H. Sample locations are shown on .
Figure 3.3-2. A summary of all samples submitted for laboratory analyses is provided in Appendix G-1.

A summary of all analylical results is provided in Appendix G-3.

34.2.24 Carfion de Valie Alluvial Groundwater: Evaluation of inorganic Chemicals

A summary of all detected inorganic chemicals is provided in Table G-2.4 (located in Appendix G-2). Thig
section includes the frequency of detected inorganic chemicals (Table 3.4-10); screening resulfs for
inorganic chemicals that exceed the NMWQCC regulations numenic standards, or other appropriate
standard (Table 2 4-11}): and the chemicals refained and eliminated as COPCs (Table 3.4-12). In
developing the final refained and eliminated table, a site-specific naturally-occurring concentration analysis
was conducted using geochemistry. Further details of this analysis are provided in Appendix -2, This
analysis showed the detected concentrations of aluminum, arsenic, beryllium, chromium, iron, lead,
selenium, uranium, and vanadium were the result of naturally-occurring concentrations. The screening
results {Table 3.4-12) include the results of the geochemical evaluation for alluvial groundwater in Cafion
de Valle. Banium and manganese are the most prevalent COPCs in the Cafion de Valle alfuvial
groundwater. A brief description of retained inorganic COPCs with concentrations exceeding standards is
provided in Appendix |4,

3.4.2.2.2 Caiion de Valle Alluvial Groundwater; Evaluation of Qrganic Chemicals

A summary of ail detected organic chemicals is provided in Table G-2.5 {located in Appendix (3-2). This
section includes the frequency of deteclted organic chemicals (Table 3.4-13); screening results for organic
chemicals that exceed the NMWQUCC regulations numeric standards, or other appropriate standard
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Table 3.4-10
Frequency of Detected Inorganic Chemicals in Cafion de Valle Alluvial Groundwater Samples
Field Numberof | Numberof | Concentration Range | Percent Detected for 20
Chemical Preparstion | Analyses Detects {ugh) Samples or Greater”
Aluminum Fittered 5 59 1110 79700 a0
Unfiltered 87 87 200 o 151000
Antimony Filtered 72 22 [0.181° to [20] 32
Unfiltered | 85 28 [0.12] to [20]
Arsenic Filtered 73 27 [0.27}t0 16 53
Unfiltered 85 58 0.31 to 19
Barium Filtered 71 71 108 to 13000 100
Unfiltered 83 83 252 o 18000
Baryliium Fitternd 75 8 0021065 38
Unfiltered | 87 53 [0.035]t0 85
Boron Fittlered 75 54 [1.8] to [500) 72
Unfiltered | 81 58 [1.8] to [500]
Cadmbam Filterad 75 . 008831059 54
Unfiltered 87 84 01510 11.3
Calcium Fillered 75 75 10100 to 34000 100
Unfiltered 87 87 13000 to 37000
Ceslum Filtered 5 5 700 to 1300 wa®
Unfiltered 800 fo 1000
Chioride Filtered 11 11 12000 o 33700 100
Unfiltered 70 10 8510 10 41800
Chromium Fittered 75 33 [0.32] to 48 65
Unfiltered | 87 72 10.64] to 87.9
Cobatt Fittered 75 50 10.2) to [20] 71
Unfiltered | 87 5 [0.2110 25.4
Copper Filtered 75 31 [0.28] to 41.3 55
Unfiltered | 87 64 [0.6] to 81.7
Cyanide {Total) Fitiered 8 1 {2.5]to0 10 wa
Unfiftered 8 ) {251 10}
Fluorida Filtered 11 10 [100] to 700 o8
Unfiltered 70 69 {100] 1o 1180
iron Filtered 75 83 21 to 61000 a3
Unfiltered a7 87 280 10 83900
Lead Filtered 75 28 D1tto 87
Unfiltered 87 80 0.825t0 108
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Table 3.4-10 (continued)
Field Number of | Numberof | Concentration Range | Percent Detected for 20
Chemical Preparation | Analyses Detects (nglL) Samples or Greater®
Lithiurn Filtered 11 11 3510 16.8 95
Unfiltered | 11 10 (5.4] to 34.2 '
Magnesium Filtered 75 74 3100to 11100 98
Unfiltered 87 85 4200 to 17700
Manganese Filtered 75 71 [0.34] to 1800 98
Unfiltered 87 87 17 to 4340
Mercury Filtered 75 6 [0.013] to [0.44] 15
Unfiltered a7 18 [0.013]to 4.4
Molybdenum Filtered 11 2 [4.3]to 10.2 32
Unfiltered 11 5 [4.3]t0 8.3
Nickel Filtered 75 33 [0.54] to [40] 63
Unfiltered 87 64 [1] to 58.3
Nitrate Fittered 8 4 [200] to 1800 57
Unfiltered 22 13 [100] to 3000
Nitrate-Nitrite as N | Filtered 1 1 1100 to 1100 80
Unfiltered 53 42 30 to 7330
Nitrite Filtered 8 [100 to 100] 0
Unfiltered 20 [100 to 200)
Perchlorate Unfiltered 52 [4]to 19.1 10
Potassium Filtered 75 72 [1220] to 18100 g7
Unfittered 87 85 1230 to 22100
Rubidium Filtered {50] to 800 n/a
Urffiltered [50] to 600
Selenium Fittered 75 27 [0.0933] to 12 39
Unfiltered 87 36 [0.517]to 14
Silver Filtered 75 17 [0.02] to [10] 36
Unfiltered | 87 4 0.112 to [10]
Sodium Fittered 75 73 13000 to 146000 a7
Unfiltered 87 84 [10000] to 144000
Strontium Filtered " 11 121t0 172 100
Unfiltered 11 11 143 to 220
Sulfate Filtered 1 1 4000 to 61400 100
Unfiltered 70 70 3180 to 109000
Thallium Filtered 75 19 [0.01] to [9.1] 29
Unfiltered 87 28 0.0251 to [7.7]
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Table 3.4-10 {continued)
Field Numberof | Numberof | Concentration Range | Percent Detected for 20
Chemical Preparation | Analyses Detects {ugl) Samples or Greater®

Uranium Filtared 11 0 [60 to 1286] 49

Unfiltered | 32 21 0.081 to [126}
Yanadium Filtered 75 38 0261078 63

Unfitered | 87 73 1110132
Zinc Filtered 75 62 £.98 to 630 88

Unfiltered | 87 80 7.8 to 1840

Scurce: EPA 1889, 08021,

a?ﬁe percent datection value is calcuiated based on all analyses taken for a chemical. Resuiting values might thersfore appear less
than sxpecied due {0 the inclusion of undeteds not reporied by this table.

Values in brackets are below detection lmits, although some chemicals may be detected gt values within this range.
%5& = Mot applicable.

Table 3.4-11
Screening of Inorganic Chemicals Detected in Cafion de Vaile Alluvial Groundwater Samples
o %] =
3 2 2E5 835 32 (85442
E . § =3 = B8 '5: . S 2% '§_. £
5 3 §§~* =5° 83 |c2% 38
W= &
Aluminu