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Technical Area-V Groundwater Plume. These submittals are required under the final
Compliance Order on Consent (Consent Order) for Sandia National Laboratories, New
Mexico, EPA ID No. 5890110518.

The Current Conceptual Model report satisfies the requirements of Section IV.C of the
Consent Order, which states that site characterization efforts at SNL/NM TA-V must be
completed to the satisfaction of the NMED prior to conducting a Corrective Measures
Evaluation (CME). The objective of the Current Conceptual Model is to provide a basis
for the NMED to determine the adequacy of site characterization performed at TA-V so
that SNL/NM can proceed with a CME. Evaluation of remedial alternatives for
contaminants of concern in groundwater at TA-V relies on this current conceptual model
of groundwater flow and contaminant transport.

The CME Work Plan has also been developed under the direction of Section IV of the
Consent Order, which identifies TA-V as an area of groundwater contamination
requiring completion of a CME. The CME Work Plan complies with requirements set
forth in the Consent Order and with the guidance of the Resource Conservation and
Recovery Act Corrective Action Plan

The Corrective Measures Implementation Schedule found in Section 7 of the CME Work
Plan shows the steps for completion of a CME Report by September 30, 2005 (the date
established by Table XI-2 of the Consent Order). To ensure that the CME Report due
date is met, we request that any comments by the NMED on the enclosed documents
be provided by June 16, 2004.
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and Contaminant Transport at Sandia National
Laboratories/New Mexico Technical Area V

Sandia National Laboratories
P.O. Box 5800
Albuguergque, NM 87185-1182

Abstract

The New Mexico Environment Department (NMED) requires a Corrective Measures Evaluation
to evaluate potential remedial alternatives for contaminants of concern (COCs) in groundwater at
Sandia National Laboratories/New Mexico (SNL/NM) Technical Area (TA)-V. These COCs
consist of trichloroethene, tetrachloroethene, and nitrate. This document presents the current
conceptual model of groundwater flow and transport at TA-V that will provide the basis for a
technically defensible evaluation.

Characterization is defined by nine requirement areas that were identified in the NMED
Compliance Order on Consent. These characterization requirement areas consist of
geohydrologic characteristics that control the subsurface distribution and transport of
contaminants. This conceptual model document summarizes the regional geohydrologic setting
of SNL/NM TA-V. The document also presents a summary of site-specific geohydrologic data
and integrates these data into the current conceptual model of flow and contaminant transport.
This summary includes characterization of the local geologic framework; characterization of
hydrologic conditions at TA-V, including recharge, hydraulics of vadose-zone and aquifer flow,
and the aquifer field of flow as it pertains to downgradient receptors. The summary also
discusses characterization of contaminant transport in the subsurface, including discussion about
source term inventory, release, and contaminant distribution and transport in the vadose zone and

aquifer.



Contents
1.0 INTRODUCGTION..... .ottt eitere st e e e sestseessecessesesassnssssssbs sebesassresrnsernnsssesees 8
1.1 Background .......c..cociieionii et e e 8
1.2 ODJECLIVES ..ueeieeeeeieeteeete et e et eteese e e e s tessans st sr s ea e e b n s e s e s s b e e nneanaes 10
1.3 OIgANIZAtION ...cveruieertieiereceie ettt et s e e e b e s sa e nesenaeasas 10
2.0 REGIONAL GEOHYDROLOGIC CONDITIONS .......cccevctmiiiminiiniiniemeeninteeeeeenens 12
2.1 Regional Geologic CoNditioNnS ........cocceuiivieviiiniiininieieer et s 12
2.1.1 Major Structural Features Associated with the Albuquerque Basin ......... 12
2.1.2 Basin-Fill DePOSits......c.ccceoveererrerriieenencciiiintintnnsir et 15
2.2  Regional Hydrologic Conditions.........cccoiviiuiimiinriciiinieiieniccsieecienessses s 17
2.2.1  AQUIfEr GEOIMEITY ..cceeeeiririiiiiieiiiiiiie e srterecerreere e e s sae s se s e sas e naneae 18
2.2.2 Hydrostratigraphic CharaCteristiCs.......couvirviieiriueiieisieennereeeceesisessenes 18
2.2.3 Regional Recharge .......cccocovviveueniiineiniiiiniiinecieeecteee s 19
2.2.4 Regional Groundwater FIOW ..o 19
2.2.5 Regional DiSCharge .........cccoevieiiruiininiiniiiiiniiniceetee e 19
3.0 CURRENT CONCEPTUAL MODEL FOR TECHNICAL AREA 'V ..., 21
3.1 Geologic Features of Technical Area V..., 21
3.1.1 Stratigraphic FrameworK......c..c.ccevuirviiniieiiiiiinineieinie et 21
3.1.2  Structural FEatures.........cccovveeviereeiiniiiiiiiciinineeccie et 23
3.2  Hydrologic Conditions at Technical Area V.......ccoceviiviiiiniinninenninieeeeceenne 23
3.2.1 ReCharge....cueeiouiiiiieriiccitintitte ettt 23
3.2.2 Vadose Zone FIOW .......coccoiiiieieeeinetrcernnec et nss et erneennnenens 27
3.2.3 Groundwater Flow in the Santa Fe Group Aquifer at TA-V..................... 28
3.3  Distribution of Contaminants in the Subsurface at TA-V.......cccccovnvininnnnnnnnnn 35
3.3.1 Contaminant Source Term and Release ..........cccocovvirninnriineniincninnnne 35
3.3.2 Contaminant Transport Through the Vadose Zone..........ccccoevveeiennncins 39
3.3.3 Contaminant Distribution in Groundwater...........cceceeveevriiniinsinnrennneenne. 41
3.3.4  GEOChEIMUISITY ...eveereieeeiieiieieee ettt erbe e et s e ns 47
3.3.5 Adequacy of TA-V Groundwater Monitoring Networks...........cccocce.e.e. 48
34  Numerical SImulation .....cccceeeeeriienieieeieciitreieeerterne vt s s 52
4.0 SUMMARY ..ottt ettt st st s st sa s s s n e e b et e b e a s e ebe e 53
4.1  Contaminant REICASES ........ccceerurrmiriiniinieciirenitectetctcie et enesnaens 53
4.1.1 Volatile Organic COMPOUNAS........cccceerereeenrereeenrrerceienieereseeesreesanes 53
41,2 NITALC...erovretieeeceeieeeeee e e e eree et eeete e eesseessbesasssnresn e sssss e seessas s sasnesaes 55
4.2  Contaminant Transport through the Vadose Zone..........cccccoeivvernirinernvnrccnennne. 55
4.2.1 Flow in the Vadose Zone .........ccccceeevereirienniininnercrineisneneeenne s 55
4.2.2 Transport of Volatile Organic Compounds through the Vadose Zone .....55

4

i

P 3 ¢ 1

1

1



4.2.3 Transport of Nitrate through the Vadose Zone ........ccooeeireieviinncncne. 56

4.3 Contaminant Distribution in Groundwater .............ccceeereriiieiiniinieeieeseeeeieeenns 56
4.3.1 Groundwater FIOW.........coeeeviiiiirececenteciiiieeecccrnir et 56
4.3.2 Distribution of Volatile Organic Compound Contaminants of Concern in
Groundwater at TA-V ...ttt s e e 57
4.3.3 Distribution of Nitrate in Groundwater at TA-V ....cccoovvviivnniiniinnnnnne. 58
4.3.4 Adequacy of the Monitoring Network to Evaluate the Distribution of
CONTAIMUNANES. ....ccuveeereeeeererieeeresesseesesseesssseeaesseessreesssssssminsesrsessssnsesssnasasssesssssssssees 58
44 CONCIUSIONS ...evvveeenirerrereerenesieeeeerrearereeseeeeesaseseeeeessesssssssstnsessssssssnrnnnnseaeasssassnsnes 59
REFERENCES ...ttt ette e ettt et e s te s s e s sas e s s s e e s aesseas bt s s e s st e s as e s sseessasesseraasssaasersasns 60

Appendix A. List of Geohydrologic Studies at TA-V

Figures
1-1. Location of SNL/NM and TA-V ...ttt sttt 9
2-1. Location of the Rio Grande Rift, Albuquerque Basin, Select Precambrian Lineaments
(in red), KAFB, and SNL/NM TA-V.....cccciiiiiiiiintcinneersiee st 13
2-2. Structural provinces of KAFB and VICINILY. c...oovivmeeiiiiiieniiieeceecceccnnccis 14
2-3. Fault systems and interpreted bedrock geology of KAFB and ViCInity.......cocoreeerceiisienencnnee 15
2-4. Simplified structural features of the Albuquerque Basin...........ccoomiininiiinnnniinn 16
2-5. Configuration of the regional groundwater surface in the Albuquerque Basin, 1994-1995.20
3-1. Geophysical-log correlation Section A-A’, extending across SNL/NM TA-V................. 22
3-2. Location of waste disposal sites and groundwater monitoring wells in the vicinity of
SNL/NM TA-V. ciierietestetesteiesteests et essssesse bbb e b s b sas s s e s e sas s e s e shsa s et ebsenesatsaees 24
3-3. Cumulative wastewater discharges at TA-V....c...cooiviiiiiiinniieeeene e 25
3-4. Subregional potentiometric surface and groundwater flow direction in the vicinity of TA-V,
February-April 2000......cc.cccicieiiiviiieiiciiiiie et 31
3-5. Potentiometric surface at SNL/NM TA-V, September 2003........cccoommmniemnirnininiinene 33
3-6. Water-level measurements in TA-V wells during 1993-2000. ... 34
3-7. Distribution of TCE in groundwater at SNL/NM TA-V, May 2003. .......ccccooniniivininnnnnnn. 42
3-8. TCE concentrations over time at LWDS-MW 1. ... 43
3-9. TCE concentrations over time at selected TA-V Wells.....coooiiimninne 43
3-10. Well completions, depth to water (ft bgs) reported in September 2003 and TCE
concentrations (Lg/L) reported in August 2003, ......cooiiiniiiei 44
3-11. PCE concentrations over time at TAV-MW7. ..o 45
3-12. Nitrate concentrations over time in LWDS-MW 1. ... 46
3-13. Nitrate concentrations over time at AVN-1 and AVN-2. ..o 46
3-14. Nitrate concentrations over time at TAV-MWS5. ..o 47
3-15. Distribution of chloride in groundwater at SNL/NM TA-V, May 2003...........cccooverinnncn. 49
4-1. Key elements of the current conceptual model of contaminant transport at SNL/NM TA-V.
............................................................................................................................................... 54



Tables

Table 1-1. Characterization requirements established in the Compliance Order on Consent and
correlation of these requirements to sections within the TA-V Current Conceptual Model. 11

Table 3-1. Wastewater disposal history at TA-V. ..o 25

Table 3-2. Summary of hydraulic properties of the Santa Fe Group aquifer at TA-V. ............. 29

Table 3-3. Data for potential source terms of TCE and Nitrate in the TA-V study area. ............ 36

Table 3-4. Average chloride and sulfate concentrations at TA-V monitoring wells. .................. 50

Table 3-5. Total organic carbon data. ........ccccoeeireeriineiiiiiiniiiceeeer et 50

Table 3-6. TA-V sampling IOCAIONS. ...ccccerierreiriiiiiiieiie ittt s s e sene 51
6

P 1 ¢ 1

3




Acronyms

AOC
ARG
bgs
CME
COA
CoC
COOC
DO
DOE
EPA
ER

ft/min

area of concern

ancestral Rio Grande

below ground surface
Corrective Measures Evaluation
City of Albuquerque
contaminant of concern
Compliance Order on Consent
dissolved oxygen

U.S. Department of Energy
Environmental Protection Agency
environmental restoration

feet per minute

feet per year

gallons per minute

Kirtland Air Force Base

Liquid Waste Disposal System
maximum contaminant level

method detection limit

" No Further Action

New Mexico Environment Department
oxidation reduction potential
tetrachloroethene

parts per billion by volume

parts per million by volume

Sandia Engineering Reactor Facility
Sandia National Laboratories/New Mexico
Solid Waste Management Unit
technical area

trichloroethene

total organic carbon

volatile organic compound



1.0 INTRODUCTION

Sandia National Laboratories/New Mexico (SNL/NM) is located on Kirtland Air Force Base
(KAFB), south of Albuquerque, New Mexico (Figure 1-1). SNL/NM operates five Technical
Areas (TAs) (i.e., TA-I, TA-II, TA-III, TA-IV, and TA-V). TA-V is a secured research and
testing area that covers approximately 35 acres in the central part of KAFB. This area has been
operating since the 1960s.

In Section IV.C of the Draft Final Compliance Order on Consent issued to the Department of
Energy and Sandia National Laboratories (NMED 2003), the New Mexico Environment
Department (NMED) identified TA-V as an area with groundwater contamination:

TA-V is located in the northeastern corner of TA-III, in the southwestern part of
Kirtland Air Force Base. [Trichloroethene] TCE has been detected in water
samples from some monitoring wells screened in the regional aquifer in and
around TA-V since 1993. Also, nitrate, a contaminant from septic system
effluent, has been detected above state drinking water and groundwater standards.
TCE levels have ranged as high as 23 pg/L, and nitrate has ranged as high as

16.3 mg/L.

In addition, tetrachloroethene (PCE) has been detected in several water samples from one well
at concentrations up to 7.5 ug/L. The U.S. Environmental Protection Agency (EPA) drinking
water maximum contaminant level (MCL) is 5 pug/L for both TCE and PCE in groundwater
(40 CFR 141.61). The nitrate MCL is 10 mg/L (as nitrogen) (40 CFR 141.62).

Also in Section IV.C of the Draft Final Compliance Order on Consent, NMED requires a
Corrective Measures Evaluation (CME) of TA-V groundwater contamination. Evaluation of
remedial alternatives for contaminants of concern (COCs) in groundwater at TA-V requires a
current conceptual model of groundwater flow and contaminant transport. This conceptual
model will provide the basis for a technically defensible evaluation that will be developed and
documented in the CME.

1.1 Background

TA-V facilities are designed to test radiation effects on components. These facilities include
large electron beam accelerators, three research reactors in two reactor facilities, an intense
gamma irradiation facility, and a hot-cell facility. Historically, wastewater containing

contaminants derived from these facilities was disposed to drainfields, seepage pits, and unlined

ponds at TA-V.

Numerous subsurface investigations have been conducted in conjunction with surface
remediation activities at TA-V. These investigations have resulted in a substantial body of
information available in a series of publications and other data sources concerning elements of
conceptual models of contaminant release and transport through the vadose zone and Santa Fe
Group aquifer. These studies are tabulated in Appendix A of this report.
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3.3 Distribution of Contaminants in the Subsurface at TA-V

The section describes the source term and release, and contaminant distribution in the vadose
zone and aquifer. This section also discusses the adequacy of the existing groundwater
monitoring network to define the distribution and transport of contaminants at TA-V. COCs in
groundwater at TA-V include TCE, PCE, and nitrate. These contaminants have been identified
as COCs because they have been detected above MCLs in water samples from monitoring wells.

3.3.1 Contaminant Source Term and Release

Technical experts at SNL/NM identified and evaluated potential sources of TCE and nitrate at
TA-V. Information, including period of use, types of water, and process-knowledge summary, is
compiled in Table 3-3. These potential sources were ranked as high, medium, low, or none
based on the location of the source term with respect to contaminated groundwater. Based on
this analysis, the LWDS drainfield (SWMU 5) and LWDS holding tanks (SWMU 52) are
identified as TCE source locations of high concern. These facilities are described in detail in
Section 3.2.1.1. The LWDS surface impoundments (SWMU 4), TA-V seepage pits (SWMU
275), Area of Concern (AOC) Drain and Septic Systems (DSS) 1104 — Building 6595 seepage
pit, and AOC DSS 1113 — Building 6597 drywell are identified as TCE source term locations of
medium concern.

No potential sources of nitrate at TA-V were determined to be of high concern (Table 3-3). The
TA-V seepage pits, AOC DSS 1014 (consisting of the former T-12, T-42, and T-43 septic
systems), AOC DSS 1015 (consisting of the former MO 231-234 septic system), and AOC DSS
1072 (consisting of Building T-52 and Former Building 6500 septic system), are identified as
nitrate source locations of medium concern. The type of water released at all of these medium
nitrate concern sites included septic water.

Documentation of historical use and disposal of chemicals at TA-V is limited. Industrial
solvents were used in conjunction with operations and activities at TA-V machine shops and
chemistry laboratories. Wastewater from these facilities was drained to the seepage pits and to
the LWDS (SNL/NM 1999). Concentrations of TCE have been measured in sludges in the
LWDS holding tanks (SWMU 52) that were used to distribute wastewater to the LWDS
drainfield and LWDS surface impoundments (SNL/NM 1999). Although the amount of solvents
that may have been disposed is not documented, solvent disposal was eliminated in the early
1980s when guidance about appropriate disposal methods was provided (SNL/NM 1999).
Contaminant releases through wastewater and descriptions of facilities that discharged
wastewater are discussed in Section 3.2.1.1. Amounts of wastewater discharge at TA-V are
documented in Table 3-1 and Figure 3-3.

Subsurface data collected during TA-V drilling activities and other information do not support
the existence of a secondary source of contamination within the vadose zone. Subsurface
information is explained in additional detail in Section 3.3.3 and is summarized below:
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Table 3-3.

Data for potential source terms of TCE and Nitrate in the TA-V study area.

Potential TCE ®® Nitrate Years of Type of Summary of Process Knowledge
Source Concern Concern Use Water
SWMU 4 - LWDS Medium Low 1967 - 1971 High volume The LWDS was used for the disposal of reactor cooling process water
Surface waste water from the SERF and support facilities. The unlined surface impoundments
Impoundments from cooling (SWMU 4) received approximately 12.6 M gal, and were constructed after
system the Drainfield (SWMU 5) became inoperable. Waste water was monitored
for radionuclides but not chemical constituents. Groundwater monitoring
analytical data suggests a distal TCE source, therefore, a medium TCE
concern is warranted.
SWMU 5 - LWDS High Low 1963 — 1967 High volume | The LWDS was used for the disposal of reactor cooling process water
Drainfield waste water from the SERF and support facilities. The drainfield (SWMU 5) received
from cooling approximately 6.4 M gal before it collapsed in 1967. Waste water was
system monitored for radionuclides but not chemical constituents. Groundwater
monitoring analytical data suggests a proximal TCE source; therefore, a
high TCE concern is warranted.
SWMU 36 - None None 1968 — 1989 None Transformer oil was used as an electrical insulating medium for radiation-
HERMES Oil Spill effects testing operations associated with the HERMES Il facility. Mineral
oil was stored in five 35,000-gal USTs in a closed-loop system. The 15-ft
diameter tanks had a vent and were connected in parailel with 8-in. piping.
Spilis occurred when unregulated flow of oil would discharge through the
vent. Releases of up to 1,600 gal of mineral oil were documented. The
USTs and associated piping were removed and the excavated pit had
extensive TPH soil contamination. An NFA for SWMU 36 was approved
by NMED in November 2001.
SWMU 37 - None None 1978 — 1989 None Surface releases of transformer oil in SWMU 37 were in the form of leaks
PROTO Oil Spill that occurred as a result of tank vent overflow from the associated USTs
(SWMU 155). There were two reported surface spills of approximately100
gal each at a former trailer near the tanks. Potential surface spilis of TPH
from the PROTO | facility were investigated and no contamination above
background was found.
SWMU 52 - LWDS High Low 1963 — 1971 High volume | The LWDS was used for the disposal of cooling process water from the
Holding Tanks waste water SERF. A set of three holding tanks with associated pumping system
from cooling (SWMU 52) serviced the LWDS Drainfield (SWMU 5) then the LWDS
system Surface Impoundments (SWMU 4). Waste water was monitored for
radionuclides but not chemical constituents. Groundwater monitoring
analytical data suggests a proximal TCE source; therefore a high TCE
concern is warranted.
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Table 3-3. (Continued).
Potential TCE P® | Nitrate Years of Type of Summary of Process Knowledge
Source Concern Concern Use Water

SWMU 155 - Bidg None None 1978 - 1989 None The PROTO USTs contained transformer oils and were removed and a

6597 25,000 gai UST investigation was conducted. Undocumented spills occurred during

Tank the transfer of oil from the building to the USTs. The tanks were
excavated and soil samples from beneath the tanks did not exceed 100
ppm of TPH.

SWMU 174 - Bldg None None 1961 — 1990 None A 560-gal fuel oil UST was removed. Subsequent soil sampling revealed

6581 UST TPH levels of less than 25 ppm and SWMU 174 was dropped from the
RCRA Permit list.

SWMU 175 - Bldg None None 1978 - 1990 None A 5,000-gal fuel oil UST was removed. Subsequent soil sampling

6588 UST revealed TPH leveis of less than 25 ppm and SWMU 175 dropped from
the RCRA Permit list.

SWMU 181 - Bidg None None 1976 — 1991 None 600-gal fuel oil UST removed. Subsequent soil sampling revealed TPH

6500 UST levels of less than 25 ppm and SWMU 181 dropped from the RCRA Permit
list.

SWMU 196 - Bldg None None 1978 — 1989 Minor The cistern is a concrete-walled cylinder, 25 ft by 28 ft with no concrete

6597 Cistern waste/storm base (open at bottom). Designed as a temporary storage container for

water transformer oil from the PROTO | facility. Occasional, small quantities

(5 gal per week) of transformer oil contaminated with water were
discharged into the cistern. Waste oil was routinely removed from the
cistern for offsite disposal. Residuai waste oil remains in the soil beneath
the cistern.

SWMU 275 - TA-V Medium Medium Early 1960s High volume | Two septic tanks and six seepage pits associated with numerous TA-V

Seepage Pits - 1992 waste/ septic/ | buildings received 3 to 5 K gal of water per day. In 1992 TA-V buildings

process water | were connected to the COA sanitary sewer system. Groundwater

monitoring analytical data suggests a distal TCE source; therefore a
medium TCE concern is warranted.

AOC DSS 1014 - Low Medium Unknown — Septic water | Single septic tank and seepage pit that serviced 3 temporary buildings.

Former T-12, T-42 1992 Abandoned in the early 1990s when COA sanitary sewer system came on

and T-43 Septic line.

System

AOC DSS 1015 - Low Medium Unknown — Septic water | Single septic tank and drainfield that serviced 4 MOs. Abandoned in the

Former MO 231- 1992 early 1990s when COA sanitary sewer system came on line.

234 Septic System

AOC DSS 1072 - Low Medium Early 1960s Septic water Single septic tank and drainfield that serviced 1 MO and 1 smail

Bldg T-52 and - 1992 permanent building. Abandoned in the early 1990s when COA sanitary

Former Bldg. 6500
Septic System

sewer system came on line.




Table 3-3. (Continued).

Potential TCE ©® Nitrate Years of Type of Summary of Process Knowledge
Source Concern Concern Use Water
AOC DSS 1073 - Low Low 1962 — 1992 | Process water | Building 6580 housed chemistry labs and a machine shop with sink and
Bldg. 6580 fioor drains connected to the LWDS. Abandoned in the early 1990s when
Seepage Pit COA sanitary sewer system came on line.
AOC DSS 1098 - None Low Early 1960s Storm water Drywell or seepage pit that serviced a tall, metal emission stack. Currently
TA-V Plenum - 1992 connected to the sanitary sewer system.
Rooms Drywell
AOC DSS 1104 - Medium Low 1966 — 1992 | Process water | Abandoned in the early 1990s when COA sanitary sewer system came on
Bldg. 6595 line. Minor concentrations (below MDL) of PCE and TCE were found in
Seepage Pit DSS soil samples.
AOC DSS 1105 - Low Low Unknown — Process water | Building 6596 was a machine shop. Drywell was a 10 ft x 10 ft x5 ft
Bldg. 6596 Drywell 1992 gravel-filled structure.
AOCDSS 1112 - None Low 1961 — 1992 Storm water 4 ft x 4 ft gravel-filled drywell piumbed to a sump/pit beneath the SPR.
Bldg. 6590 Reactor
Sump Drywell
) AOC DSS 1113 - Medium Low 1971 - 1992 | Process water | 4 ft x 4 ft x 2 ft gravel filled drywell from a floor drain in a small compressor
o Bldg. 6597 Drywell room. Mineral oil found in drywell and minor concentrations (below MDL)
of PCE were found in DSS soil samples.

Notes:
Bold denotes potential sources with the greatest level of concern.

specific buildings or facilities as sources of TCE.

5 and 52 have prompted a “high” TCE concern level.

1) Although no historic documentation exists, TCE was presumably used in buildings and facilities throughout TA-V. Undocumented use makes it impossible to further pinpoint

2) The geographic distribution of TCE in groundwater has aided investigators in justifying the level of TCE concern at specific SWMUs. Non-detect to low concentrations of TCE in
wells associated with SWMUs 4 and 275 have prompted a “medium” TCE concern level; whereas, medium to high (relatively) concentrations of TCE in wells associated with SWMUs

AOC = area of concern PCE = tetrachloroethene
COA = City of Albuquerque ppm = parts per million
DSS = Drain and Septic Systems RCRA = Resource Conservation and Recovery Act
gal = gallons SERF = Sandia Engineering Reactor Facility
HERMES = High Energy Radiation Megavolt Electron Source SPR = Sandia Pulse Reactor
LWDS = Liquid Waste Disposal System SWMU = Solid Waste Management Unit
MDL = method detection limit TCE = trichloroethene
MO = mobile office TPH = total petroleum hydrocarbons
M gal = million gallons usT = underground storage tank
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¢ Low TCE concentrations in vapor samples collected from sediments beneath contaminant
release areas indicated that no secondary source of TCE presently exists in the vadose
zone.

e No excess soil moisture is present in the vadose zone from wastewater disposal.

e Movement of water and contaminants through the vadose zone was rapid during the
seepage pit and LWDS disposals, and vadose-zone drainage occurred soon after cessation
of wastewater disposal.

e Solvent disposals were eliminated in the early 1980s, but wastewater disposal to the
seepage pits continued.

e Continued disposals flushed contaminants in the vadose zone into the aquifer.

The SNL/NM Environmental Restoration (ER) Project is separating surface contamination sites
from the underlying contaminated groundwater sites. The surface sites, such as the seepage plts
will be proposed as No Further Action (NFA) sites that are not potential sources of
contamination.

3.3.2 Contaminant Transport Through the Vadose Zone

Potential mechanisms of contaminant transport from TA-V sources through the vadose zone
include dissolved-phase transport in recharge water and subsurface vapor-phase transport.
Characterization to evaluate the presence of contaminants in the vadose zone consisted of
soil-vapor and soil-moisture sampling activities. Locations of investigations were based upon
potential source terms (Table 3-3).

Soil vapor studies were conducted as part of 1994 and 2001 drilling projects. Within the LWDS
drainfield, estimated quantities of TCE (4 parts per billion by volume [ppbv]), PCE (4 ppbv), and
benzene (7 to 15 ppbv) were detected in shallow borehole active soil vapor characterization
samples collected during 1994 (SNL/NM 1999). The potential of vadose zone contamination
was further investigated with the installation of wells TAV-MW6, TAV-MW7, TAV-MWS8, and
TAV-MW9 in March and April 2001. Results of soil and soil-vapor samples collected from the
shallow wells show no residual soil contamination in the vadose zone. Soil-vapor samples
collected at depth from the TAV-MW®6 borehole contained detectable TCE concentrations.
Twenty-six samples were collected between 20 and 500 ft bgs; estimated concentrations (J flag)
were detected in 10 samples. These concentrations, all less than 0.17 parts per million by
volume (ppmv), were from samples collected between 200 and 480 ft. A concentration of 0.2
ppmv was measured in the sample collected from 500 ft. The remaining sample results were
below the method detection limit (MDL) of 0.022 or 0.044 ppmv. Concentrations of TCE in all
eight samples collected from the TAV-MW8 borehole between 40 and 480 ft also were below
the MDLs for TCE. The detections of TCE in TAV-MW6 may be TCE contamination in the
lower part of the vadose zone, and TCE detected just above the surface of the groundwater may
be attributed to vapor-phase contamination originating from TCE that has equilibrated in the
groundwater (SNL/NM 2001b).
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Soil-moisture studies identified no continuing source of wastewater in the vadose zone beneath
the LWDS drainfield. Soil moisture in the TAV-MW6 borehole above the water table ranged
from 1.42 to 9.94% by weight. Well TAV-MW8 was drilled at a location that has not been
impacted by wastewater discharges to the subsurface. Soil moisture in the TAV-MW8 borehole
ranged from 4.16 to 12.6% by weight. Comparisons of soil-moisture data for TAV-MW6 and
TAV-MWS8 show that soil-moisture contents from both boreholes are generally similar, and that
TAV-MW6 does not contain anomalous amounts of soil moisture compared to the TAV-MW8
samples (SNL/NM 2001b).

In the vicinity of the TA-V seepage pits, concentrations of TCE (3 to 17 ppbv estimated and

25 ppbv), PCE (5 ppbv), benzene (9 to 19 ppbv), toluene (9 to 22 ppbv), and total xylene were
detected in shallow vadose-zone borehole soil vapor samples and from passive, surficial
characterization studies during 1994-1995. Vapor-phase TCE was detected at 44 ppbv at a depth
of 80 ft in borehole TAV-BH-01 (SNL/NM 1999). Solvent disposals to the seepage pits were
eliminated in the early 1980s (SNL/NM 1999), but wastewater disposal continued. Continued
disposal flushed vapor- and aqueous-phase concentrations of contaminants that may have been
present in the vadose zone into the aquifer.

Other surface contamination sites have been investigated at TA-V. Investigations included
surficial and subsurface passive and active vapor-phase sampling for contaminants.
Concentrations of TCE, methylene chloride, trichloroethane, benzene, and toluene
(concentrations are reported in the TA-III/V RFI [SNL/NM 1996]) were detected in shallow soil
samples collected at the Building 6597 cistern (SWMU 196). Subsequent investigations
revealed that these contaminants were not present at depth beneath the cistern. Based on these
investigations, it was concluded these surface contamination sites have not contributed to
groundwater contamination at TA-V (SNL/NM 1999).

Because TCE is volatile and the vapors are dense compared to the density of soil air, the physical
properties of TCE are conducive to vapor-phase transport. Vapor-phase transport is one
potential mechanism that may account for the presence of TCE in the aquifer. Three vadose
zone physical processes may have affected the vapor-phase migration of TCE to the aquifer.
These processes consist of (1) vaporization from the source, (2) vapor-phase transport to the
capillary fringe, and (3) dissolution into groundwater. Small concentrations of TCE that may
remain in the vadose zone from vapor-phase transport could provide a secondary source of
contamination. The absence of TCE in most vapor samples that were collected at depth indicates
that no secondary source of vapor-phase TCE remains at TA-V.

Absence of excess moisture in the vadose zone indicates that wastewater containing dissolved
TCE moved rapidly downward to the aquifer. Rapid drainage of wastewater and the flushing of
any contaminants beneath the seepage pits removed most of the dissolved TCE in the vadose
zone.

Nitrate occurs primarily in the aqueous phase in both the vadose zone and the aquifer. It is
typically not sorbed in the subsurface and for the most part does not exchange on sediment
surfaces in the vadose zone or groundwater. Therefore, any locally-derived nitrate was most
likely transported conservatively through the vadose zone with the initial disposed wastewater.
However, because nitrate concentrations were detected above MCLs in upgradient wells, these
nitrate detections are generally not considered to be derived from continuing local sources.
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