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1.0 INTRODUCTION

Sandia National Laboratories/New Mexico (SNL/NM} is proposing No Further Action {NFA)
status far Environmental Restoration (ER) Site 45 {the Liquid Discharge site), which is near the
northeastern comer of Technical Area (TA} 'V, ER Site 45 is listed in the Hazardous and Solid
Waste Amendment Module IV (U.S. Environmental Protection Agency [EPA] 1693} of the
SNL/NM Resource Conservation and Recovery Act (RCRA) Hazardous Waste Management
Facility Permit #NM5890110518 (EPA 1992). The SNLYNM ER Project manages ER Site 45
under Operable Unit {OU) 1309.

1.1 Description of ER Site 45

ER Site 45 covers 0.8 acre near the northeast corner of TA-IV and the southern apex of TA-II
(Figure 1-1). ER Site 45 is located along the northem rim of Tijeras Arroyo on fenced, industrial
land controlled by the U.S. Department of Energy (DOE). The topography is nearly flat, with an
elevation of approximately 5,400 feet (ft} above mean ssa level (amsl). The site is situated well
above the 100-year ficodplain. The active Tijeras Arroyo channel is located approximately
1,600 ft southeast of ER Site 45 at an elevation of about 5,350 ft amsl. No perennial surface
water bodies are present near ER Site 45; Tijeras Arroyo is sphemeral and typicaliy flows
several days per year. The surficial soif at ER Site 45 consists of Pleistocene-age Embudo
gravelly fine sandy loam that is underlain by Santa Fe Group sediments. ER Site 45 is defined
as being within the SNL/NM North Super Group area for purposes of evaluating background
levels of metals and radionuclides in soil {IT Corporation 1996). The depth to grouncdwatear at
ER Site 45 is approximately 300 ft. The vegstation consists of scattered grassses.

Environmental concern about ER Site 45 is based on the February 1985 discharge of water
from a tank truck. Additional details are presented in Sections 2.0 and 3.0.

12 No Further Action Basis

Review and analysis of all relevant data for ER Site 45 indicate that levels for the constituents
of concern {COC) at this site are less than applicable risk-assessmant action levels. Thus,

ER Site 45 is being proposed for an NFA decision based on confirmatory-sampling data
demonstrating that COCs that may have been released from this solid waste management unit
into the environment pose an acceptable level of risk under current and projected future land
use, per NFA Criterion 5 of the ER Document of Understanding {New Mexico Environment
Department [NMED] 1596).
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2.0 HISTORY OF ER SITE 45

ER Site 45 was identified in the Comprehensive Environmental Assessment and Response
Program (CEARF) (DOE 1987). The site was not mentioned in the RCRA Facility Assessment
{EFA 1987).

2.1 Historical Operations

A singte discharge of water led to the identification of ER Site 45 in the CEARP {DOE 1987). In
February of 1985, a SNL/NM employee observed that a tank truck was discharging about 500
to 1,000 gallons of brownish water onto the ground surface east of TA-1V (confidential interview
1893}). The employee asked the truck driver what he was doing; he replisd “discharging water.”
The tank truck did not have SNL/NM or military markings. The location of the discharge
appearad wet during February 12 to 15, 1985. No documents record that the tank truck was at
the site on more than one oceasion. No more water-disposal details are availabie in the
CEARP or any other documents. The precise location of the water discharge is not known:
however, the location is assumed to be within the "liquid-discharge area” as defined in

Section 3.2.10.2.

No hazardous chemicals or materials are known to have been disposed of at ER Site 45, The
SNL/NM ER Project has assumed that the potential COCs in soil consist of organic compounds
and RCRA metals. :

22 Previous Audits, Inspections, and Findings
Besides the CEARP, no other environmenta! data wera compiled before tha SNL/NM ER

Project was established. Therefore, Section 3.0 presents the additional erviranmental
information that has been subsequently compiled by the SNL/NM ER Project.
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3.0 EVALUATION OF RELEVANT EVIDENCE

Two recent reports are relevant to ER Site 45. First, SNL/NM has prepared Site Environmental
Reports on an annual basis since 1985; none of these 11 reports has identified environmental
concerns such as chemical reieases at or near ER Site 45 (SNL/NM 1996). Second, an
Envirorimental Assessment (EA) for Operation, Upgrades, and Modifications in SNI/NM
Technical Area IV was submitted fo various govemment agencies in 1996 {SNL/NM 1996b).
No envirenmaental concerns relevant to ER Site 45 were identifisd in the EA.

3.1 Unit Characteristics and Operating Practices

ER Site 45 covers 0.8 acre along the northem rim of Tijeras Amoyo. The original site boundary
shown on Figure 3-1 was inaccurate due to erronecus interpretation of aerial photography.
Digital mapping of asrial photographs by Ebert & Associates {1094) was used to revise the site

boundary. The boundary has also been modified to accommodate various construction projects
for TA-Il and TA-IV.

No TA-H aor TA-IV disposai or testing operations have occurred at ER Site 45. The 8uilding 904
Septic System (ER Site 48) from TA-Il cuts across ER Site 45. ER Site 48 has been proposed
for NFA.

Since ER Project activities began in 1993 at ER Site 45, several dozan fragments of concrete
rubble and metal debris have been present an the unpaved land surface outside the TA-IV
fence; no debris has been present inside the fence. No stained soil has been observed at
ER Site 45. More details are discussed balow.

3.2 Resuits of SNL/NM ER Project Sampling and Surveys
This section discusses the various types of environmental investigations that have bean
conducted at ER Site 45.
3.2.1 Summary of Prior Investigations
The following sources of information were used to evaluate ER Site 45
= Annual Site Environmental Reports from 1985 to the present
» SNL/NM Facilities Engineering drawings -

* Unexploded Ordnance and High Explosives (UXO/MHE) survay

= Radiological survey

ALT-GTPYSHL RAZD0-4 5, [T 3-1 01462 161.06.000 05112/97 515 AM
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+ Cultural-rescurces survey

+ Sensitive-speciss survey

» Aerial photography

* Geophysical survey

= Soil-vapor survey

= Scoping sampling

« TA-IVEA

= Review of photographs and field notes collected by SNL/NM ER staff
+ Confirmatory sampling at sewer-ling trench |

» Confirmatory sampling at liquid-discharge area

+ Confirmatory sampling at Area A and magnstic-anomaiy tranches.

322 UXO/HE Survey

In 1994, ER Site 45 was visually surveyed for UXO and HE material; none was found {SNL/NM
1994a).

3.23 Radiological Survey

In March of 1994, a surface gamma radistion survey was conducted by RUST Geotech inc. on
the liquid-discharge area site using an Eberline ESP-2 portable scaler, with an Eberine SPA-8
sodium-iodide detector. No radioactive anomalies (defined as more than 30 percent above
natural background) were detected {SNL/NM 1994b).

324 Cuttural-Resources Survay

A 100-percent coverage padestrian survey was conducted by an archaeologist in 1994. No
Cultural resources were evident in the vicinity of the site (Butler Service Group 1994),

3.2.5 Sensitive-Species Survey

Two biological surveys have been conducted at ER Site 45 {IT Corporation 1895). ER Site 45
i located along the northern rim of Tijeras Arroyo in the vicinity of TA-l, TA-), TA-1V,

Fennsylvania Avenue, a skeset range, Kirttand Air Force Base Landfill 8, and the Albuquergue
International Sunport. The vicinity of ER Site 45 has been significantly disturbed by
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construction activities; no undisturbed natural habitat remains. Vegstation is limited to
scattered ruderal plants. Sufficient food, water, and cover are not available to support wildlife.
No federaly-listed endangered or threatened species (plants or animals) or state-listed
andangered wildiife species (Group 1 or Group 2) are known to oceur within the vicinity of
TA-IV. No natural water badies or wetlands are present, and all surface-water flows are
intermittent, oceurring during periods of precipitation.

3.2.6 Aerial Photographic Interpretation

In 1994, a digitally enhanced, aerial-photograph interpretation repert was completed for

ER Site 45 (Ebert & Associates 1994). This report evaluated the scil disturbance activities that
had occurred from 1951 through 1988, as visible in sixteen sets of aerial phatographs taken
from 1951 to 1990. The lateral extent of the former disturbed areas is shown on Figurs 3-1.

Photographic enlargements were made from the original aerial photographic negatives to an
approximate scale of 1:2,400 {1 inch = 200 ft). Image processing was perfarmed to further
enhance subtle information inherent in the aerial photographs and 1o increase their photo-
interpretive value. The ER Site 45 area on each enlargement was digitally scanned, processed,
and filtered. No dumping or other activities occurred before 1951, From 1851 to 1988, zoil
disturbances were present. The disturbances included soil piles, blocky debris, and a
rectangular pit in western part of the site. This pit was identified as Area A by Ebert &
Associates (1994); Area A is now overlain by an asphalt parking lot.

To summarize, the aerial photography interpretation revealed that the site was used for cut-
and-fill operations. No water or other liquids were evident in the asrial photography (Ebert &
Associates 1984).

327 Geophysical Survey

In May of 1995, a geophysical (electromagnetic [EM] and magnetic) survey was conducted
across the unpaved ground surface of ER Site 45 from the TA-IV fence eastward to the
northern rim of the arroyo (Lamb Associates 1995). The surveyed area included the disturbed
areas that were identified in the aariai photography (Section 3.2.6). A grid of parallel east-west
traverses with a 5-ft spacing was used. The EM data were collected with a Geonics EM-61 at
g-inch intervals along each traverse and verified with a Schonstedt magnetic locator. The
combination of the EM and magnetic data revealed two buried, magnstic anomalies that could
be large enough to be buried drums and were not associated with the sewsr line. The data also
indicated several small anomalies that were related to surface objects, such as foundation
materials and sewer manholes. A third buried, magnetic anomaly aiso was tentatively
idantified. Confirmatory sampling was subseguently conducted at the three magnstic
anomalies (Section 3.2.10). .
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3.2.8 Scail-Vapor Sampling

In May ol 1955, scil vapo- at ER Sike 45 was sarmpied using Petrex™ passive sail-vspor
samplers (MERI 1995]. The sampla incations wera dased upon the agral phetograshy
interpretaion [(Bber and Assocktes 1994). Figure 3-2 depices tha ER Site 45 soil-vapor

samp ing locations including Petreo™ ocations o TAH! mvestigations (MERI 1999 Twsenty-
twa Petrex™ sample-s were burisc al a depth of approximately 1.5 ft bgl. Sampler 45-5yx-004
was uzed as a 3-day, time-cerias g5t The eothar 21 samplers hac a1 exposure petiad of

14 days. The Petrex™ samplers were subsequenly analvzed for votatike arganic comacunds
QY 2nd samivolat’e ot cortpourcs (SVDACr by Thermat Desorpiion -Mass
Speciromelry. No SVCCswere dolected. As shown in Table 3-1, bagxground (ave:s of
trichioroethylene (TCE), perchicrosthylene {PCE). and benzane, toluene, efindbenzene, and
xylenes {STEX) were detectad. Mo other VOCs were delected. With the Petrex™ technique,
TCE and PCE values b2 ow 100,000 total ion counts (tics) and BTEX values below 200,000 tics
wete considered 1o be representalive of “backoground concertrations. Such “background!
values ncrnally correspond ko levels that reprasent nondetsctable concenirations by standard
EPA analytical methocs (NERI 1994, NER| 1895}

3.2.9 Scoping Sarmpling

Scoping sampling was performed at ER Sile 45 i1 June 1285, Six hand-augersd boraholes
{45-GR-001 througn 45-GR-005} were sampled (Figure 3-2}, The sarmpling locations were
based en the results of 1he surdface geophysical survey (Section 3.2.7), a new aerial
photogiaphic interpretation (Section 3.2.65), and th2 seil-vapor campling resulis (Seclian 5.2 8).
The soit 3amiplas were enalp2ed o YOUs 3 REAA metais by EPA Metnods 824076260 anc
BOND. respedtively. T2 purpose of 18 sccping-sampling s9on mas ko obain peeliminary
anayteal data {5 support the EF 2ot site renking and pr oitize ton. Ne guslity sssuranss
{QAqL &ty oCrt-ol QC)8aMp &5 Acme collacted

Six san'f 183 (d5-GR.- C01-1-35 43-GRAOCE1-5-5, 43-GF XA -1-8-5, 45-GC -304-1-05,
£5-GR-005-" -85, and 45-Z R-006- {1 -3-51 ware colleckec aza deptte oF1ic 1 B R bekcwgro 1
Izv= "hgl). Thesampes wers analyzed or YO Ceby ihe o-site ER Chemiszy Laboratory
{ERCL) using EPA Menog 323078260,

Estimated “J' values [@ove he melhod detection limit bt below the pracical quantification
hmuti wears repcrted for acetons, 2-butanane (MEKE and 1,1,2 2-tet-achioroethans
(1.1,£,2-TGA). The highes: acelong value was 6.5 "J* micrcgrams per kilogram [ugrke) iparts
per bilian [ppb’). The highest vatues for MEK and 1,1,22-TCA were £.1 "J* and 1.0 =" Haka
(opb), réspectvely. Acexone and MEK are commen laboratory contaminanis‘aréacls [Bleyler
1688).

Twa v= Samples {see Table 3-2) weve analyzed for ROFA matas by ERCL. Onivore of the
gigh: RCRA metals was deteclad in the soil samples; barium had a maximurr concenbiation of

2340 pants per milloh (Epir} (miligrams per kilogran [MgAkg). Thres other melals {chromium,
lead, a1d mercuy) were reported with *J° qualije-s '

Faelve samples [45-GR-001-0-5-1, 43-GR-001-1-5-4, 45-GR-D02-0-5-2, 45-GiR-002-1-8 -4,
45-GR-003-0-5-2, 45-GR-003-1-8-4, £5-GR-004-0-5-2, 45-GR-004-1 -5-4., 45-5R-005-0-8.2,
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Table 3-1
VOCs in Soil-Vapor for Petrex™ Collectors at ER Site 45

Petrex™ Soil-Vapor

Sampler TCE, tics PCE, tics BTEX, tics Reference
TA2-5VX-385 112,632 4,630 48,974 NERI 1994
TA2-SVX-396 3,649 2,450 182,445 NERI| 1994
TAZ2-5VX-398 ND ND 25,323 NERI 1994
TA2-S5VX-528 34,886 8,355 18,0840 NERI 1994
TA2-SVX-529 16.701 24,668 27,1567 NERIi 1994
TA2-SVX-530 1,047 4,358 50,304 NERI 1994
TA2-SVX-580 ND ND 14,037 NERI 1994
TAZ-SVX-591 12,134 16,162 205,372 NERI 1994
TA2-SVX-605 3,872 7,405 115,813 NERI 1994
45-SVX-001 ND ND ND NERI 1995
45-SVX-002 ND ND ND NERI 1895
45-5VX-003 ND/ND ND/ND ND : NERI 1995
45-SVX-004 ND ND ND NERI 1995
45-SVX-005 ND ND ND NERI 1995
45-SVX-006 ND ND ND NERI 1995
45-SVX-007 ND ND ' ND NERI 1995
45-8VX-008 NA NA NA NERI 1995
45-SVX-009 ND ND ND NERI 1995
45-SVX-010 23,298 106,212 ND NER! 1995
45-SVX-011 ND/ND ND/ND ND NERI 1995
45-SVX-012 ND ND ND NERI 1895
45-5vX-013 ND ND ND NERI 1995
45-SVX-014 ND ND ND NERI 1995

NA - not applicable, sampler 45-SVX-008 was a 3-day, time-series test.

ND - VOCs not detected (<1,000 tics).

ND/ND - VOCs were not detected in either the primary collector wire or the duplicate collector wire.
tics - total ion counts.

Sources: NERI 1994 and NERI 1395

AL/T-97/WR/SNL:R4200-45.00C 3-7 309462.161.06.000 01197 10:05 AM




Jjebne puwy :enbuysa) udues

. "gISA[BUR [BONSNEIS 104 SUDIDEISP JUBIDHINSU JO 9SNEBI8Q PIRINI{LY JUN - ON

-y uoneopuenb [esovid Ul UBY) £68) Jo prepuels uone.qieo 1seubiy aUl BA0QR JAUYD €1 BNJBA PBRWLSA - T
0109 POUISIN VdT AQ S8 i poUlEW [BjAfeuy

1043 AoleoqeT (eonAjeuy

pUAGIEYoBq
DN DN N L'e2 ON o€ 86¢c 69 ofouy SBISfiL
punoibyoeq
dnosg Jedng
L L> e ZLl N 1> 002 Py |uMON WNFINS
T iG] 0 ol 0} oL 01 05w douoeisq
. UO|IBIIDD
o> ng- r430 rea rgi oL or2 05> wnuwixeyy
ol ne> L rvh ret e —ovZ 05> I CB/61/9 | G5 h-000-He Gy
oL OG> T oL= Gl> e 081 0g> ) 56/61/8 1-3 0 300-HD-5¥
01> Qo> 0> oL o1= oL> 0gl 05> 1 56/6 119 £-5+1-500-HE-G¥
oL e | co- 0L oL e 0z} 05> 50 G6/61/0 L-5-0-SOU-HEI S
Ul T z'o> ol e o) L2 05 i 6L/ | DS L ri0HUSH
o> g™ P ol oL o> vl 05> 50 S6/61/9 1-3 0 PO0-HD-S¥
o> ne> 20> I¥2 T ks 0ch 05> L G6/61/0 £-5-1-E00-HE-Gb
oL o5= 2'n=> ret el 01> 0alL s> 50 SB/EL/A 1-S-0-E0U-WO-Gt
0> 05> <0~ ral Tt DL> 0L} 05> i 56/6)/0 | € a -a00-lD-G
oL 05> | &0 > TES 01~ 8l 05> 50 Se/L0 | 1*5-0-Z00-HR-G¥
oL” o5= o ol B oL= nel 0§~ l S6/GL/9 £-5-1-100-HE-SY
04> 05 I ¥e0 ok LSS al> 081 056> 50 G&/61/9 -B-0- L0 HO S
JONIS wnue[ey | Andepn pee] wnjwoy) | Wijwees | wneg ojuasy Ciod W g adiles| JegunN CT THT
yideg ejdwes
{wdd) By “1oG U] UGHRALSIUDD

St 415 H3 2 peloe)io sejdwes 116§ Ul e[ejaly YHDY Joj siinsey Buldwes-Buidoog
Z-€ ®IgeL

3014E2.161.06.000 DOV 1/97 10:05 AM

3-8

AL GPAWFASN L RA200-45. DOC



45-GR-0056-1-5-4, 45-GR-006-0-S-2, and 45-GR-006-1-5-4) were analyzed for gamma emitting
radionuclides by SNL/NM Radiation Protection Sample Diagnostics Laboratory. The “0-S-1"
and “0-5-2" samples were collected at depths of 0 to 0.5 ft bgl. The “1-S-4" samples were
collected at 1 to 1.5 ft bgl. No anomalous gamma emitting radionuclides were identified in the
samples relative to the radionuclide background activity levels for SNL/NM soil (IT Corporation
1996), as modified during verbal discussions with representatives of NMED.

3.2.10 Confirmatory Sampling
Three phases of confirmatory soil sampling have been conducted at ER Site 45:
e Confirmatory sampling at the sewer-line trench
» Confirmatory sampling at the liquid-discharge area
» Confirmatory sampling at Area A and the magnetic-anomaly trenches
As shown in Table 3-3, a total of 100 soil samples were coliected at three areas (the sewer-line

trench, the liquid-discharge area, and the subsurface magnetic-anomalies). The field QA/QC
samples consisted of 5 duplicates, 1 soil-trip blank, and 4 rinsates.

Table 3-3
Number of ER Site 45 Confirmatory-Sampling Soil Samples Versus Analyte and Location
Sewer-Line | Liguid-Discharge | Area A and Magnetic-
Analyte Trench Area Anomaly Trenches Totals
VOCs 3 13 13 29
SVOCs 3 - - 3
HE compounds 3 - -- . 3
RCRA metals 3 36 15 54
Tritiurn 3 -~ -- 3
Gamma-emitting radionuclides 4 2 2 8
Grand Total 19 51 30 100

HE - High explosives.

RCRA - Resource Conservation and Recovery Act.
SVOC - Semivolatile organic compound.

VOC - Volatile organic compound.

The COCs for ER Site 45 are organic compounds (VOCs and SVOCs) and RCRA metals. As a
consarvative measure, the samples also were analyzed for HE, tritium, and other radionuclides.
Analysis for VOCs was by EPA Methad 8240, SVOCs by EPA Method 8270, RCRA metals by
EPA Methods 6010/7421/7471, HE compounds by EXP-USATHAMA/HPLC, tritium by EPA
Method 600-806.0, and other radionuciides by gamma spectroscopy.

Approximately 75 percent of the samples were analyzed on site at the two SNL/NM analytical
laboratories (the ERCL and the Radiation Protection Sample Diagnostics Laboratory). The
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remaining 25 percent of the samples were analyzed at off-site Contract Laboratory Program
laboratories (either Enseco-Quanterra, Core Laboratories, or TMA-Eberline).

Both laboratory and field QA/QC samples were coliected and analyzed to evaluate the validity
of the analytical data. Section 6.2 presents a summary of the laboratory QA/QC procedures for
each phass of the confirmatory sampling. The iaboratory QA/QC procedures varied between
the various analytical laboratories and included the use of method blanks, matrix spikes, matrix
spike duplicates, duplicate contrel samples, single control samples, spiked blanks, spiked blank
duplicate, laboratory control sampies (LCS), laboratory control sampile duplicates, replicates,
calibration blanks, and LCS recovery samples. The results of the QA/QC procedures also are
provided in Section 6.2. Field QA/QC samples are discussed with the results of each phase of
the confirmatory sampling.

Verification and validation of the analytical data were performed in accordance with the
SNL/NM procedure "Verification and Validation of Chemical and Radiochemical Data"

(TOP 94-03) (SNL/NM 1994c¢). The results are listed in Section 6.2. Original {aboratory reports
are available for review at the Environmental Operations Records Center in Building 6584.

3.2.10.1 Confirmatory Sampling at Sewer-Line Trench

In 1993, the TA-Il OU personne! collected soil samples from several sewer-line trenches at
TA-Il. The trenches were excavated so that the SNL/NM Facilities Engineering could connect
the TA-tl sewer lines to the City of Albuguerque sewer systemn (SNL/NM 1894b). One of the
trenches, Trench 7, was located near the northeast corner of ER Site 45 along the sewer line
from TA-Il Building 913 (Figure 3-3). On November 8, 1993, three soil samples (ER92002060,
ER92002061, ER92002062) were collected from Trench 7 as part of the characterization for
ER Site 48 (SNL/NM 1994d). The shallowest sample was collected at a depth of 0.5 ft b,
which is about 6.3 ft above the TA-I! sewer line. The second sample was collected immediatety
above the sewer line at a depth of 6.8 ft bgl. The third soil sample was collected immediately
beneath the sewer line at 7.5 ft bgl. No discolored soil was visible in the trench. The three soil
samples were analyzed by off-site laboratories for VOCs, SVOCs, HE compounds, RCRA
metals, and radionuclides. No VOCs or SVOCs were reported in excess of the respective
detection limits of 0.5 and 330 pg/kg (ppb). No detections above the quantification limit of

1 mg/kg {(ppm) were reported for the nine EPA Method 8330 HE compounds (octahydro-
1,3,5,7-tetranitro-1,3,5,7-tetrazocine [HMX], hexahydro-1,3,5-trinitro-1,3,5-trazine {RDX],
1,3,5-trinitrobenzene, 1,3-dinitrobenzene, nitrobenzene, 2,4,6-trinitrotoluene, 2,4-dinitrotoluene,
2 6-dinitrotoluene, and tetryl). Even though none of the HE compounds are COCs for

ER Site 45, they are listed here for completeness sake. Additional details from the TA-1l OU
are presented in the ER Site 48 NFA proposal.

All reported detections of RCRA metals and radionuclides in the sewer-line soil samples are
listed in Tables 3-4 and 3-5, respectively. Seven of the eight RCRA metals were detected, with
the remaining metal (selenium) having a "J" vaiue (Table 3-4). Gamma-emitting radionuclides
were analyzed by gamma spectroscopy. Three gamma emitters were detected (Table 3-5).
Radium-226 was reported at a maximum activity of 0.85 + 0.17 picocuries per gram (pCi/g}.
The maximum activities of thorium-232 and thorium-234 were 1.3 = 0.30 pCi/g and

1.2 + 0.68 pCi/g, respectively. Tritium was detected in one of the three scil samples at 400 +
190 pCi/L.. With a soil moisture content of 7.2 percent by weight, the equivalent tritium activity
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in soii is 0.029 pCi/g. The significance of the metal concentrations and radionuclide activities in
s0il is discussed in the risk-assessment discussion in Section 6.1.

3.210.1.1 uality A n ] | R

The field GA/QC sample for Trench 7 consisted of a soil trip blank; the tack of detectable VOCs
indicated that no sampling or handling problems affected the sampling results.

The laboratory QA/QC samples are listed in Section 6.2. All reported data were within QA/QC
control limits.,

32102 Confirmatory Sampling at the Liquid-Discharge Area

This phase of confirmatory sampling was conducted to evaluate the susbected discharge
location of the "brownish” water. The liquid-discharge area is defined by the aerial photography
as the ‘former disturbed area’ east of the TA-IV fence along the amoye rim (Figure 3-3).

On Qctober 18, 1995, ten locations (45-GR/BH-101 through 45-GR/BH-110C) were sampled with
a hand auger for VOCs and RCRA meials. The soil samples ware not analyzed for SVOCs
because no SVOCs had been detected in the Petrex™ sojl-vapor-samples or in soil samples
from the sewer-line trench. The samples were categorized as surface (0 to 0.5 ft bgl) and
subsurface (1 tc 1.5 ft bgl) soil. Thirty-two fractions {Table 3-6) were analyzed for RCRA
metals by the on-site ERCL. Six RCRA metals {arsenic, barium, lead, chromium, seleniumn, and
silver) were reported for the soil samples. All four arsenic concentrations {44 to 88 mg/kg
(ppm]) were "J" values. The maximum barium concentration was 240 mg/kg (ppm). The
maximum chromium and lead concentrations were 94 and 100 mg/kg {ppm), respectively. The
two selenium values of 49 and 51 mg/kg (ppm)} were "J* values. The maximum silver
concentration was 9.1 mg/kg {ppm). The significance of the metal concentrations is discussed
in the Risk Assessment Analysis (Section 6.1). Eleven of the thirty-two soil samples were
analyzed for VOCs by the on-site ERCL laboratory. No VOCs exceeded the various detaction
limits, which ranged from 1 tc 5 pg/kg (ppb). Two “J” values were reported. Sample 45-BH-
108-1-5-02 was raported with a value of 1.7 "J* pg/kg {ppb) for trichloroethene. Sample 45-BH-
108-1-5-02 was reported with 6.6 "J" pg/kg (ppb) for acetone.

Soil samples from four of the locations (GR/BH-104, GR/BH-105, GR/BH-103, and GR/BH-110)}
were analyzed by Core Laboratories. The samples were analyzed for VOCs and RCRA metais,
Two samples {45-BH-104-1-8-04 ang 45-BM-109-1-8-04) were analyzed for VOCs; no VOCs
were detected above the various defection limits, whicih ranged from 1 to 100 ug/kg (ppir). All
four samples {45-BH-104-1-5-03, 45-GR-105-0-55-02, 45-BH-109-1-5-03, and
45-GR-110-0-35-02) were analyzed for RCRA metals. Five RCRA metals (arsenic, barium,
chromium, lead, and mercury) were detected in the soil samples (Table 3-7). The maximum
arsenic concentration was 11 mg/kg (ppm). The maximum concentrations for barium and
chromium were 219 and 12 mg/kg (ppm), respectively. The concentrations for lead ranged
from 9 to 740 mg/kg {ppm). Mercury was detectad in two of the four samples at 0.70 and

2.19 mg/kg {(ppm). The significance of the metal concentrations is discussed in the Risk
Assessment Analysis (Section 6.1).
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Two soil samples (45-BH-104-1-S-05 and 45-BH-109-1 -5-05) were analyzed for gamma-
emitting radionuclides by the Radiation Protection Sample Diagnostics laboratory. No
anomalous gamma-emitting radionuclides were identified in the samples relative to background
activity levels for SNL/NM soil {IT Corporation 1996), as modified during verbal discussions with
representatives of NMED.

3.2.10.2.1 uality Assuran fi ntrol /

The field QA/QC samples consisted of four duplicates and two rinsates. The samples were
analyzed by the ERCL. Neither Sample 45-BH-106-1-S-01 nor its duplicate BH-106-1-SD-02
contained detectable concentrations of VOCs above the detection limits, which ranged from 1 to
5 pg/kg (ppb). Likewise, neither Sample 45-BH-106-1-S-02 nor its duplicate
45-BH-106-1-5D-02 contained detectable concentrations of VOCs. Two duplicates were
analyzed for RCRA metals {Table 3-6). The metal results were similar for BH-106-1-S-01
versus BH-106-1-SD-01 and for BH-106-1-5-02 versus BH-106-1-SD-02. The similarity of the
results for the VOCs and metals indicates that the field QA/QC procedures were adequate.

Two aqueous equipment-wash (rinsate) blanks were prepared following comptletion of soil
sampling and final eguipment decontamination. Rinsate sampie 45-RINSATE1-01 did

not contain RCRA metals above the detection limit of 0.01 and 0.50 mg/L (ppm). Rinsate
sample 45-RINSATE1-02 did not contain VOCs above the detection limit of 1 to 5 ug/kg (ppb).
These rinsate analyses indicated that the soil-sampling decontamination procedures were
adequate. The laboratory QA/QC samples are listed in Section 6.2. All reported data were
within QA/QC control limits. :

3.2.10.3 Confirmatory Sampling at Area A and Magnetic-Anomaly Excavations

This phase of confirmatory sampling occurred on October 23, 1995, and involved the collection
of soil samples at Area A and the magnetic-anomaly trenches.

3.2.10.3.1 onfirm mplin Area A

Two boreholes (45-BH-011 and 45-BH-012) were sampled with a GeoProbe™ to investigate
the Area A rectangular pit that was evident in a 1959 aerial photograph. This area is now
overlain by an asphalt parking lot. The two boreholes are shown on Figure 3-3. Borehole
45-8BH-011 was sampled to a depth of 16 ft bg! with soil samples being collected at depths of 1,
4,9, and 14 ft bgl. Soil samples at Borehole 45-BH-012 were collected at depths of 3 and

6 ft bgl. Borehole 45-BH-012 met refusal at & ft bgl and the GeoProbe™ was moved laterally
approximately 2 ft. Additional sampling was not attempted after refusal was again met at

6 ttbgl. The soil samples were analyzed for VOCs and RCRA metais. The soil samples wers
not analyzed for SVOCs because no SVOCs had been detected in the Petrex™ soil-vapor-
samples or in soil samples from the sewer-line trench.

The soil samples were field screened with a ThermoAnalytical Model 580 Photoionization

Detector (PID), which was calibrated with 100 mg/kg {(ppm) isobutylene. No VOCs or SVOCs
were detected in the soil samples.
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Nine soil samples from the two boreholes were analyzed by the ERCL for RCRA metals
(Table 3-8). Barium was reported at a maximum concentration of 310 mg/kg (ppm). Three
other metals were reported with "J" values. The maximum chromium concentration was
7.3 *J" mg/kg (ppm). The maximum lead and silver concentrations were 5.2 "J* and

2.3 "J" mg/kg (ppm), respectively.

Six soil samples (45-BH-011-1-8-02, 45-BH-011-9-8-02, 45-BH-011-14-5-02,
45-BH-012-1-8-02, 45-BH-012-4-8-02, and 45-BH-012-4-SD-02) were analyzed by the ERCL
for VOCs using EPA Method 8240/8260. None of the samples contained detectable
concentrations of VOCs with detection limits that ranged from 1 to 5 pg/kg (ppb).

Two soil samples (45-BH-011-1-S-04 and 45-BH-011-1-8-03) also were sent to Core
Laboratories for VOC and RCRA metals analyses. Sample 45-BH-011-1-S-04 did not contain
detectable VOCs above the detection limits, which ranged from 1 to 100 pg/kg (ppb). Sample
45-BH-011-1-8-03 contained detectable concentrations for four of the sight RCRA metals
(Table 3-8). Arsenic was detected at 10 mg/kg {ppm). Barium and chromium were detected at
176 and 12 mg/kg (ppm), respectively. Lead was detected at 6 mg/kg (ppm). The significance
of the metal concentrations is discussed in the Risk Assessment Analysis (Section 6.1).

One soil sample (45-BH-011-1-8-05) was analyzed for gamma-emitting radionuclides by the
Radiation Protection Sample Diagnostics laboratory. No anomalous gamma-emitting
radionuclides were identified in the sample relative to background activity levels for SNL/NM soil
(IT Corporation 1996), as modified during verbal discussions with representatives of NMED.

3.2.10.3.2 Confirmatory Sampling at and Magnetic-Anomaly Excavations

The locations of two “drum-size” magnetic anomalies and one smaller anomaly were
excavated. The trenches were dug with a backhoe, with each trench centered on the strongest
signal from the Schonstedt magnetic locator. Trenching began at three separate locations;
however, the second and third locations were enlarged into a single trench, which is shown on
Figure 3-3 as MAT-2. The resulting two trenches, MAT-1 and MAT-2, were dug to depths of 4
and 6 ft bgl, respectively. The dimensions of both MAT-1 and MAT-2 were approximately 7-ft
wide by 17-ft long. The depth of the trenches was based upon the response from the metal
detector; digging continued until all metal was removed from each excavation. As shown in
Table 3-10, the debris encountered in the trenches was limited to a depth of 3 ft bgl and
included metal scrap and concrete rubble. Even though a stesl drum ring was found in MAT-2,
no drums or other containers were present in either of the two trenches.

During the excavation operation, the soil and debris were scanned for organic compounds and
radiation. Organics were evaluated with a ThermoAnalytical Model 580 PID, which was
calibrated with 100 mg/kg {ppm) isobutytene. No VOCs or SVOCs were detected. The
radiation survey was conducted with an Eberline ESP-2 portable scaler with an Eberline SPA-8
sodium-iodide detector. No radiocactive anomalies (defined as more than 30 percent above
natural background) were detected. After soil samples were collected, the trenches were
subsequsently backfilled with the soil and debris.
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Dimensions, Contents, and Soil Samples for Magnetic-Anomaly Trenches

Table 3-10

Excavation
Size
(ft)

Excavation

Depth

Debris

Soil Sample
Locations

Sample
Depth

MAT-1

7 by 17

(tt bgl)
4

8-ft long, steel rebar

6-ft long, metal sheet
concrete blocks with metal
reinforcement

various metal wires
red-clay pipe

45-EX-013-3
45-EX-014-3

{ft bai)
3

MAT.2

7 by 17

6-ft long, 2-ft diameter culvert pipe
with 4 bolts through bottom
cubvert pipe filled with concrete
concrete rubble

metal grating

sheet metal

steel ring for 55-gal drum

metal scrap

45-EX-015-3
45-EX-016-3

bgl - Below ground level.

ft - feet.

Twelve soil-sampile fractions were collected from four locations (45-EX-013-3, 45-EX-014-3,
45-EX-015-3, and 45-EX-016-3). Each soil sample was collected below the debris layer at a
depth of 3 ft bgl using the backhoe bucket. The samples were analyzed for VOCs and RCRA

metals,

Four soil fractions (45-EX-013-03-5-01, 45-EX-013-03-SD-01, 45-EX-01 4-03-5-01, and

45-EX-016-03-8-01) were analyzed for RCRA metals by the on-site ERCL using EPA Method
6010 (Table 3-11). Four RCRA metals {barium, lead, chromium, and sitver) were reported for
the soil samples. The maximum barium and lead concentrations were 200 and 32 mg/kg
(ppm), respectively. The two reported chromium concentrations (6.1 and 5.4 mg/kg [ppm]))
were both "J* values. The three reported silver concentrations also were *J* values and ranged
from 1.8 to 2.5 mg/kg (ppm). The significance of the metal concentrations is discussed in the
Risk Assessment Analysis (Section 6.1).

Five soil fractions (45-EX-013-03-5-02, 45-EX-013-SD-02, 45-EX-014-3-5-01 .
45-EX-015-3-8-01, and 45-EX-016-3-5-02) were analyzed for VOCs by the on-site ERCL.

None of the samples contained VOCs above the method detection limits that range from 1 to
S ug/kg (ppb).

Two soil-sample fractions (45-EX-014-3-5-04 and 45-EX-014-3-S-03) also were sent to Core
Laboratories in Denver. Sample 45-EX-014-3-5-04 did not contain detectable VOCs above the

EPA Method 8240 detection limits, which ranged from 1 to 100 pg/kg (ppb). Sample

45-EX-014-3-5-03 contained detectabie concentrations for four of the gight RCRA metals
(Table 3-12). Arsenic was detected at 9 mg/kg (ppm). Barium and chromium were detected at
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143 and 8 mg/kg (ppm), respectively. Lead was detected at 59 mg/kg (ppm). The significance
of the metal concentrations is discussed in the Risk Assessment Analysis (Section 6.1).

Soil-sample fraction (45-EX-014-3-5-05) was analyzed for gamma-emitting radionuclides by the
Radiation Protection Sampie Diagnostics laboratory for gamma spectroscopy. No anomalous
gamma-emitting radionuclides were identified in the sample relative to background activity
levels for SNL/NM soil (IT Corporation 1996), as modified during verbal discussions with
representatives of NMED.

3.2.10.3.3 Quality Assurance / Quality Control Resulls

The fiekd QA/QC samples for the confirmatory sampling at Area A and the magnetic-anomaly
trenches consisted of duplicate and rinsate samples. Three duplicate samples
(45-EX-013-3-8D-01, 45-BH-012-4-SD-02, and 45-EX-013-3-SD-02) were analyzed by the
ERCL. The RCRA metal concentrations for sample 45-EX-013-3-5-01 and its duplicate
45-EX-013-3-SD-01 were similar (Table 3-11). Neither sample 45-8H-012-4-5-02 nor its
duplicate 45-BH-012-4-5D-02 contained detectable concentrations of VOCs for the detection
limits, which ranged from 1 to 5 pg’kg (ppb). Neither sample 45-EX-013-3-5-02 nor its
duplicate 45-EX-013-3-SD-02 contained detectable concentrations of VOCs for the detection
limits, which ranged from 1 to 5 pg/kg {ppb).

Two agueous squipment-wash {rinsate) blanks were prepared following completion of soil
sampling and final equipment decontamination. Rinsate sample 45-AINSATE2-01 did not
contain RCRA melals above the detection limils of 0.01 and 0.50 mg/L (ppm). Rinsate sample
45-RINSATE2-02 did not contain VOCs above the detection limits of 1 to 5 pg’kg (ppb). These
rinsate analyses indicated that the soil-sampling decontamination procedures were adequate.

The laboratory GA/QC samples are listed in Section 6.2. All reported data were within QA/QC
control limits.

3.2.1% Surmmary of Site-Specific Background Sampling

Site-specific (Tijeras Arroyo) background sampling was conducted in 1994 (SNL/NM 19986).
Twenty-four soil samples were collected along the northem rim of Tijeras Arroyo between
Pennsylvania Avenue and the Eubank Extension (Powerine Road). The samples were
collected to a maximum depth of 3 ft bgl. The calculated background values for these soil
samples are discussed in the Risk Assessment Report in Seclion €.1. Site-specific background
valugs were calculated for four of tha RCRA metals: arsenic, barium, cadmium, and lead. A
background value was not calculated for chromium because chromium-Vl was not a COC for
ER Site 45. Background values ware not calculated for mercury, selenium, anc silver because
100 few detectabie concentrations were reported for statistical analysis.

3.3 Gaps in Information

The SNL/NM ER Project has rectified the information gaps in the CEARF and RCRA Facility
Assessmeni by the completion of the items in Section 3.2.1.
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3.4 Risk Evaluation
3.4.1 Human Health Risk Assessment

ER Site 45 has been recommended for industrial land use. A complete discussion of the risk
assessment process, results, and uncertainties is provided in Section 6.1. Due to the presence
of several metals at concentrations greater than background levels, it was necessary to perform
a human health risk assessment analysis for the site. Besides metals, any VOCs or SVOCs
detected above their reporting limits and any radionuclides either detected above background
levels and/or the minimum detectable activity are included in this assessment. The risk
assessment process provides a quantitative evaluation of the potential adverse human health
effects caused by constituents in the site's soil. The Risk Assessment Report calculated the
Hazard Index and excess cancer risk for both and industrial and residential land-use settings.
The excess cancer risk for nonradiological and radiological COCs is not additive (EPA 1988).

In summary, the Hazard Index calculated for ER Site 45 nonradiclogical COCs is 0.3 for an
industrial land-use setting, which is less that the numerical standard of 1.0 suggested by risk
assessment guidance (EPA 1989). Incremental risk is determined by subtracting risk
associated with background from potential nonradiological COC risk. The incremental Hazard
Index is 0.32. The excess cancer risk from ER Site 45 nonradiological COCs is 6 x 10-5 for an
industrial land-use setting, which is within the acceptable risk range of 104 to 10°6 (EPA 1989).
The incremental excess cancer risk for ER Site 45 is 5.7 x 10-5. The incremental total effective
dose equivalent for radionuclides for an industrial land-use setting is 2 x 105 millirem per year,
which is well below the standard dose limit of 15 millirem per year (40CFR196 1994). The
incremental excess cancer risk for radionuclides is 8 x 10°10 for an industrial land-use scenario,
which is much less than risk values calculated due to naturally occurring radiation and from
intakes considered background concentration values.

3.4.2 Ecological Risk Assessment
A complete discussion of the ecological risk for ER Site 45 is provided in Section 6.1.

None of the VOCs or radiologicals posed an ecological risk. Seven of the eight RCRA metals
may potentially present ecological risks to one or more of the three indicator species. These
seven metals are: arsenic, barium, chromium, |lead, mercury, selenium, and silver. Howsever,
the conservative use of a single maximum concentration for each metal maybe unrealistic when
the maximum concentrations are compared to the total data set of 54 metal analyses.

For example, the lead and mercury values were not confirmed by independent analytical
laboratories. The maximum lead concentration of 740 mg/kg (ppm) reported by ERCL for
sample fraction 45-BH-109-1-S-03 was not confirmed by the two soil-sarnple fractions

which were analyzed by Core Laboratories; sample fractions 45-BH-109-1-S-01 and
45-BH-108-1-8-02 were both reported as nondetects (<0.20 mg/kg {ppm])). Mercury posed a
similar problem. The maximum mercury concentration aof 2.19 mg/kg (ppm) reported by
Core Laboratories for sample fraction 45-BH-104-1-S-03 was not confirmed by the two soil-

AL/7-97AWP/SNL:R4200-45.00C 3-25 301462.161.06.000 01397 11:50 AM




sample fractions which were analyzed by ERCL; sample fractions 45-BH-104-1-5-01 and
45-BH-104-1-5-02 were both reported as nondetects (<0.20 mg/kg [ppm])-

The use of barium at 310 mg/kg (ppm) maybe unrealistic. The maximum barium concentration
of 310 mg/kg (ppm) is close to the Tijeras Arroyo site-specific background value of 298 mg/kg
(ppm} and the North Super Group background of 200 mg/kg (ppm)}.

It is worth noting that the selenium values are suspect. The reporting of three 'J' values for
selenium was not confirmed by any detections in the other fifty-one samples.

The reported concentrations for arsenic, chromium, and silver at borehole BH-106 suggest that
resampling for subsequent analyses with lower detection limits maybe worthwhile.
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4.0 RATIONALE FOR NFA DECISION

Based on field investigation data and the human-health risk assessment analysis, an NFA is
being recommended for ER Site 45 for the following reasons:

+ Field surveys indicated that no radioactive or UXO/HE material was present.
* The soil at ER Site 45 has been sampled for all relevant COCs.

¢ No nonradiclogical or radiological COCs were present in soil at levels considered
hazardous to human health for an industrial land-use scenario.

Based on the evidence provided above, ER Site 45 is proposed for NFA acoordlng to
Criterion 5 of the ER Document of Understanding (NMED 1986).
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6.0 ANNEX

6.1 Risk Assessment Report

6.2 Summary of QA/QC Procedures and Results for Soil Samples
Collected at ER Site 45
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45: NT A Y

I. Site Description and History

Sandia National Laboratories/New Mexico (SNL/NM) Environmental Restoration (ER) Site 45,
the Liquid Discharge site, covers 0.8 acre near the northeast corner of Technical Area (TA) IV
and the southem apex of TA-ll. ER Site 45 is situated along the northem rim of Tijeras Arroyo
on fenced, industrial land controlied by the U.S. Department of Energy (DOE). The topography
is nearly flat and well above the 100-year floodplain. The active channel for Tijeras Arroyo is
located approximately 1,600 feet southeast of ER Site 45. No perennial surface water bodies
are present near ER Site 45. The depth to groundwater is approximatety 300 teet.

Environmental concern about ER Site 45 is based upon a single discharge of “brownish” water
from an unidentified tank truck in 1985. No hazardous chemicals or materials are known to
have been disposed of at ER Site 45. No stained soil has been observed at ER Site 45. The
SNU/NM ER Project has assumed that the potential constituents of concem (COC) in soil
consist of organic compounds and Resource Conservation and Recovery Act (RCRA) metals.

Two biological surveys have been conducted at ER Site 45; the vicinity of ER Site 45 has been
significantly disturbed by construction activities; no undisturbed natural habitat remains.
Vegetation is limited to scattered ruderal plants. Sufficient food, water, and cover are not
available to support wildlife. No federally-listed endangered or threatened species (plants or
animals) or state-listed endangered wildlife species (Group 1 or Group 2) are present. No
natural water bodies or wetlands are present, and all surface-water flows are intermittent,
occurring during periods of precipitation.

A digitally enhanced aerial photography report has been completed for ER Site 45. The aerial
photography interpretation revealed that the site previously contained sail piles and excavations
from cut-and-fill operations. No water or other liquids were evident in the aerial photography.

Numerous field surveys have been conducted at ER Site 45. The site has been visually
surveyed for unexploded ordnance and high explosives (HE) matenral; none was found. A
surface gamma radiation survey also has been conducted; no radioactive anomalies (defined
as more than 30 percent above natural background) were detected. A 100-percent coverage,
pedestrian survey was conducted by an archaeologist in 1994; no cultural resources were
evident in the vicinity of the site. Soil vapor at ER Site 45 has been sampled; no organic
contaminants were detected. A geophysical {(magnetic) survey has been conducted across the
unpaved ground surface of ER Site 45. Three subsurface anomalies were identified. The
anomalies were subsequently excavated; the metallic debris consisted of scrap metal, wires,
and cuivert pipes.

Confirmatory soil sampling has been conducted at three types of locations at ER Site 45: a

sewer-line trench, the liquid-discharge area, and subsurface magnetic-anomalies. Analytical
results from the confirnatory sampling were used in the following risk evaluation.
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1l. Human Health Risk Assessment Analysis

Risk assessment of this site includes a number of steps, which culminate in a quantitative
evaluation of the potential adverse human health effects caused by constituents located at the
site. The steps to be discussed in this section include:

Step 1. Site data are described that pravide information on the potential COCs, as well as the
relevant physical characteristics and properties of the site.

Step2. Potential pathways by which a representative population might be exposed to the COCs are
identified.

Step 3. The potential intake of these COCs by the representative poputation is calculated using a
tiered approach. The tiered approach includes screening steps, foliowed by potential intake
calculations and a discussion or evaluation of the uncertainty in those calculations. Potential
intake calculations are also applied to background screening data.

Step4. Data are described on the potential toxicity and cancer effects from exposure to the COCs
and associated background constituents and subsequent intake.

Step 5. Potential toxicity effects (specified as a Hazard index) and cancer risks are calculated for
nonradiological COCs and background. For radiological COCs, the incremental total
effective dose equivalent (TEDE) and incremental estimated cancer risk are calculated by
subtracting applicable background concentrations directly from maximum on-site
contaminant values. This background subtraction only occurs when a radiological COC
oceurs as contamination and exists as a natural background radionuclide.

Step 6. These values are compared with guidelines established by the U.S. Environmental
Protection Agency (EPA) and the DOE to determine whether further evaluation, and potential
site clean-up, is required. Nonradiclogical COC nsk values are also compared to
background risk so that an incremental risk may be calculated.

Step 7. Uncertainties in the previous steps are discussed.

.1 Step 1, Site Data

Site history and characterization activities are used o identify potential COCs. The
identification of COCs and the sampling to determine the concentration levels of those COCs
across the site are described in the ER Site 45 No Furthar Action (NFA) Proposal. In order to
provide conservatism in this risk assessment, the calculation uses only the maximum
concentration value of each COC determined for the entire site. Maximum concentrations
reported from the subsurface and surface samples were combined into a single table to provide
conservative risk calculations. Site-specific background data and the minimum sitewide upper
tolerance limit (UTL) or 95th percentile, as appropriate, were selected to provide the
background screen in Table 1, and the minimum value between the site-specific and sitewide
background concentration was used to calculate risk attributable to background in Table 6.
Chemicals that are essential nutrients, such as iron, magnesium, caicium, potassium, and
sodium, were not inciuded in this risk assessment (EPA 1989a). Both radioactive and
nonradioactive COCs are evaluated. The nonradicactive COCs evaluated are both metals and
organics.
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Nonradioactive COCs at ER Site 45 and Comparison to the

Table 1

Background Screening Values

09/14/97

Is maximum Is maximum
CcocC Ccoc
concentration concentration
less than or less than or
equal to the equal to the
Tijeras applicable SNL/NM applicable
Arroyo Tijeras Arroyo | 95th % SNL/NM
Maximum 95th % or background or UTL background
concentration | UTL Level screening Level screening
COC name (mm) (mg&g) value? (mm) value?
Arsenic 88 .J 5.9 No 4.4 No
Barium 310 298 - No 200 No
Cadmium 1.05™ 3.0 Yes <1 NA
Chromium, total” 94 NC NA NC NA
Lead 740 231 No 11.2 No
Mercury 2.19 NC NA <0.1~ No
Selenium 51J NC NA <ir No
Silver a1 NC NA <ih No

*“total chromium assumed to be chromium Vi (most conservative).
** goncentrations are assumed to be one-half of the detection limit.
NC - not calculated.

NA - not applicable.

J - estimated concentration.

A uncertainty due to detection limits.

.2 Step 2. Pathway ldentification

ER Site 45 has been designated with a future industrial land-use scenario (DOE and USAF
1985) (ses Appendix 1 for default exposure pathways and parameters). Because of the
location and the characteristics of the potential contaminants, the primary pathway for human
exposure for nonradiological COCs is considered to be soil ingestion. For radiological COCs,
the primary pathway for human exposure is inhatation for the industrial land-use scenario and
plant ingestion for the residential land-use scenario. The inhalation pathway for chemicals is

included because of the potential to inhale dust and volatiles. The soil ingestion pathway is also
included for radionuclides. No water pathways to the groundwater are considered because the
depth to groundwater at Site 45 is approximately 300 feet. Because of the lack of surface water
or other significant mechanisms for dermal contact, the dermal exposure pathway is considered
to not be significant. No intake routes through plant, meat, or milk ingestion are considered
appropriate for the industrial land-use scenario. However, plant uptake is considered for the
residential land-use scenario.
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PATHWAY IDENTIFICATION

Chemical Constituents Radionuclide Constituents
Soil ingestion Soil ingestion
inhalation (dust and volatiles) Inhalation {dust and volatiles)
Plant uptake (residential only) Plant uptake (residential only)

1.3 Steps 3-5. Calculation of Hazard Indices and Cancer Risks

Steps 3 through 5 are discussed in this section. These steps include the discussion of the
tiered approach in eliminating potential COCs from {urther consideration in the risk assessment
process and the calculation of intakes from all identified exposure pathways, the discussion of
the toxicity information, and the calculation of the hazard indices and cancer risks.

The risks from the COCs at ER Site 45 were evaluated using a tiered approach. First, the
maximum concentrations of nonradiological COCs were compared to Tijeras Arroyo-specific
background screening levels using 95th UTLs or percentile values (SNL/NM 1996). Maximum
COC concentrations reported from the subsurface and surface samples were combined into a
single table to provide conservative risk caiculations. If a maximum concentration of a
particular COC exceeded the Tijeras Arroyo-specific background screening leve! or if it was a
radiological COC, then the COC was compared to the SNL/NM background screening levei for
the SNL/NM North Super Group (IT Corporation 1996), as modified during verbal discussion
with representatives of New Mexico Environment Department {(NMED). The SNL/NM UTL
chosen for comparison was the minimum value when comparing surface and subsurface UTL
values. This procedure was implemented to ensure use of the most conservative value during
the comparison process and due to uncertainties associated with some sample depths. ifa
SNL/NM-spaecific screening level was not available for a constituent, then a background vaiue
was obtained, when possible, from the U.S. Geological Survey (USGS) National Uranium
Resource Evaluation program (USGS 1994). :

If any nonradiological COCs were above both the Tijeras Arroyo and SNL/NM background
screening levels or, as applicable, the USGS background value, all nonradiological COCs were
considered in further risk assessment analyses.

For radiological COCs that exceeded SNL/NM background screening levels, background values
were subtracted from the individual maximum radionuclide concentrations. Those that did not
exceed these background levels were not carried any further in the risk assessment. This
approach is consistent with DOE orders. Radioactive COCs that did not have a background
value and were detected above the analytical minimum detectable activity were carried through
the risk assessment at their maximum levels. This step is performed (rather than carry the
below-background radicactive COCs through the risk assessment and then perform a
background risk assessment to determine incremental TEDE and estimated cancer risk) to
prevent the “masking” of radiological contamination that may occur if on-site background
radiological COCs exist in concentrations sufficiently below the assigned background level.
When this “masking” occurs, the final incremental TEDE and estimated cancer risk are reduced
and, therefore, provide a nonconservative estimate of the potential impact on an on-site
receptor. This approach is also consistent with the regulatory approach (40 CFR Part 196
1994), which sets a TEDE limit to the on-site receptor in excess of background. The resultant
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radioactive COCs remaining after this step are referred to as background-adjusted radioactive
COCs.

Second, the remaining maximum concentration for each nonradiological COC was compared
with action levels caiculated using methods and equations promulgated in the proposed RCRA
Subpart S (40 CFR Part 264 1990) and Risk Assessment Guidance for Superfund (RAGS)
(EPA 198%2a) documentation. Accordingly, all calculations were based upon the assumption
that receptor doses from both toxic and potentially carcinogenic compounds result most
significantly from ingestion of contaminated soil. Because the samples were all taken from the
surface to 19 feet below the surface, this assumption is considered conservative. if there are
ten or fewer COCs and each has a maximum concentration less than one-tenth of the action
level, then the site wouid be judged to pose no significant health hazard to humans. If there are
more than ten COCs, the Subpart S screening procedure was skipped.

Third, hazard indices and risk due to carcinogenic effects were calculated using reasonable
maximum exposure (RME) methods and equations promulgated in RAGS (EPA 1989a). The
combined effects of all nonradiological COCs in the soils were calculated. The combined
effects of the COCs at their respective UTL or 95th-percentile background concentration in the
soils were also calculated. The most conservative background concentration between the
Tijeras Arroyo-specific and SNL/NM concentration {minimum value of the 85th UTL or
percentile concentration value, as applicable) was used in the risk calculation. For toxic
compounds, calculating combined effects was accomplished by summing the individual hazard
quotients for each compound into a total Hazard Index. This Hazard index is compared to the
recommended guideline of 1. For potentially carcinogenic compounds, the individual risks were
summed. The total risk was compared to the recommendsd acceptable risk range of 104 to
10°6. For the radioactive COCs, the incremental TEDE was calculated and the corresponding
incremental cancer risk estimated using DOE’'s RESRAD computer code.

I1.3.1 Comparison to Background and Action Levels

Nonradioactive ER Site 45 COCs are listed in Tabls 1; radioactive COCs are listed in Table 2.
Both tables show the associated 95th-percentile or UTL background levels (SNL/NM 1996;
IT Corporation 1996). '

Table 2
Radioactive COCs at ER Site 45 and Comparison to the Background Screening Values
SNL/NM
Maximum 95th % or | Is maximum COC concentration less than or equal
concentration | UTL Level | to the applicable SNL/NM background screening
COC name {pCig) (pClg) value?
H-3 0.03 NC ) No

NC - not calculated.

A background level for tritium is not applicable because this radionuclide does not occur
naturally or, when due to fallout, at levels detectable by common laboratory anatytical
instrumentation. The Tijeras Arroyo background levels have not yet been approved by the EPA
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or the NMED but are the result of statistical analyses of samples collected from background
areas within the Tijeras Arroyo. These background concentrations have been recalculated
from those used in the June 1995 NFA proposals. The values shown in Table 1 supersede the
background values described in an interim background study report (IT Corporation 1994). The
recalculated Tijeras Arroyo values were prepared using a more rigorous statistical approach
according to EPA guidance (EPA 1989b, 1992a, 1992b). The Tijeras Arroyo background
locations were not differentiated on the basis of depth because of the homogeneous nature of
the soil and the limited sampling depth of 0 to 36 inches.

As part of the IT Corporation (1996) SNL/NM study, background concentrations were calculated
for both the surface (0- to 6-inch depth) and subsurface (>6-inch depth) soils of the North Super
Group, which is defined as soils present in TA-l, TA-H, TA-IV, the northern rim of the Tijeras
Arroyo, and the northeastern portion of Kirtland Air Force Base (KAFB). The SNL/NM UTL
chosen for comparison was the minimum value when comparing surface and subsurface UTL
values, as modified during verbal discussion with representatives of the NMED. The SNL/NM
background ievels have not yet been approved by the EPA or the NMED but are the result of a
comprehensive study of joint SNL/NM and U.S. Air Force data for KAFB (IT Corporation 1996).

Several compounds have maximum measured values greater than background screening
levels. Therefore, all nonradiological COCs were retained for further analysis with the exception
of lead. The maximum concentration value for lead at Site 45 is 740 miliigrams per kilogram
{mg/kg). The EPA intentionally does not provide any toxicological data on lead, and therefore,
no risk parameter values can be calculated, However, EPA guidance for the screening value
for lead for an industrial land-use scenario is 2,000 mg/kg (EPA 1996a). The maximum
concentration value for lead at this site is less than this screening value, and tharefore, lead is
eliminated from further consideration in this risk assessment. Because organic compounds do
not have calculated background values, this screening step was skipped, and ali organics are
carried into the risk assessment analyses.

Because severa! nonradiological COCs had concentrations greater than their respective Tijeras
Arroyo-specific or SNL/NM background 95th percentile or UTL, the site fails the background
screening criteria, and all nonradiological COCs proceed to the proposed Subpart S action level
screening procedure. Because the ER Site 45 sample set had more than ten COCs that
continued past the first screening level {including organics that do not have background
screening values), the proposed Subpart S screening process was skipped. Ali remaining
nonradiological COCs must have a Hazard index value and cancer risk value calculated.

Radioactive contamination does not have predetermined action ievels analogous to proposed
Subpart S, and therefore, this step in the screening process is not performed for radionuclides.

I.3.2 Identification of Toxicological Parameters

Tables 3 and 4 show the COCs that have been retained in the risk assessment and the values
for the toxicological information available for those COCs. Dose conversion factors (DCF) used
in determining the incremental TEDE values for the individual pathways were the default values
provided in the RESRAD computer code as developed for the following:
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Tabie 3
Nonradioactive Toxicological Parameter Values for ER Site 45 COCs
RfD, RiDjnh SF, SFinh Cancer
COC name (mg/kg/d) (mg/kg/d) Confidence (kg-cimg) (kg-c/mg) Ciass *
Arsenic 0.0003 - M 1.5 15.1 A
Barium 0.07 0.000143 M - -- D
Cadmium 0.0005 Q.0000571 H - 6.3 B1
Chromium, total” 0.005 - L - 42 D
Mercury 0.0003 0.0000857 M - -- D
Selenium 0.005 - H - -~ D
Silver 0.005 - L - -- D
Acetone 0.1 - L - -- D
Trichloroethene 0.008 - -- 0.011 0.006 B2

RfD, - oral chronic reference dose in mg/kg-day.

RID,,, - inhalation chronic reference dose in mg/kg-day.

Confidence - L = low, M = medium, H = high.

SF, - oral slope factor in (mg/kg-day) .

SF,, - inhalation siope factor in (mg/kg-day)”.

A EPA weight-of-evidence classification system for carcinogenicity:
A - human carcinogen.
B1 - probable human carcinogen. Limited human data are available.
B2 - probable human carcinogen. Indicates sufficient evidence in animals and inadequate or no
evidence in humans.
C - possible human carcinogen.
D - not classifiable as to human carcinogenicity.

-- information not available.

* total chromium is assumed to be chromium VI {most conservative).

Table 4
Radiological Toxicological Parameter Values for ER Site 45 COCs

SF, SFinh SFyy Cancer
COC name (1/pCi) (1/pCl) (a/pCi-yr) Clags®
H-3 7.2E-14 9.6E-14 0 A

8F, - oral {ingestion) slope factor {risk/pCi).
SF,. - inhalation slope factor (risk/pCi).
SFey- external volume exposure slope factor (risk/yr per pCi/g).
~ EPA weight-of-evidence classification system for carcinogenicity:
A - human carcinogen.
B1 - probabie human carcinogen. Limited human data are available.
B2 - probable human carcinogen. Indicates sufficient evidence in animals and madequate or no
evidence in humans.
C - possible human carcinogen.
D - not classifiable as to human carcinogenicity.
E - evidence of noncarcinogenicity for humans.
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+ For ingestion and inhalation, DCFs are taken from Federal Guidance Report No. 11,
Limiting Values of Radionuclide Intake and Air Concentration and Dose Conversion
Factors for Inhalation, Submersion, and ingestion (EPA 1988a).

+ The DCFs for surface contamination (contamination on the surface of the site) were
taken from DOE/ER-0070, External Dose-Rate Conversion Factors for Calculation of
Dose to the Public (DOE 1988).

« The DCFs for volume contamination {exposure to contamination deaper than the
immediate surface of the site) were calculated using the methods discussed in Dose-
Rate Conversion Factors for External Exposure to Photon Emitters in Soil (Health
Physics 28:193-205) (Kocher 1983), and ANL/EAIS-8, Data Collection Handbook to
Support Modeling the Impacts of Radioactive Material in Soil (Yu et al. 1993a).

I1.3.3_Exposure Assessment and Risk Characterization

Section 11.3.3.1 describes the exposure assessment for this risk assessment. Section 11.3.3.2
provides the risk characterization, including the Hazard Index value and the excess cancer risk,
for both the potential nonradiological COCs and associated background for industrial and
residential land uses.

The incremental TEDE and incremental estimated cancer risk are provided for the background-
adjusted radiological COCs for industrial and residential iand uses.

1.3.3.1 Exposure Assessment

Appendix 1 shows the equations and parameter values used in the calculation of intake values
and the subsequent Hazard Index and excess cancer risk values for the individual exposure
pathways. The appendix shows the parameters for both industrial and residential land-use
scenarios. The equations are based upon RAGS (EPA 1889a). The parameters are based on
information from RAGS (EPA 1989a), as well as other EPA guidance documents, and reflect
the RME approach advocated by RAGS (EPA 198%a). For radionuclides, the coded equations
provided in the RESRAD computer code were used to estimate the excess dose and cancer
risk for the individual exposure pathways. Further discussion of this process is provided in
Manual for Implementing Residual Radicactive Material Standards Using RESRAD, Version 5.0
(Yu et al. 1993b).

Although the designated land-use scenario is industrial for this site, the risk and TEDE values
for a residential land-use scenario are also presented. These residential risk and TEDE values
are presented to only provide perspective of the potential for risk to human heaith under the
more restrictive land-use scenario.
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11.3.3.2 Risk Characterization

Table 5 shows that for the ER Site 45 nonradioactive COCs, the Hazard Index value is 0.3, and
the excess cancer risk is 6 x 10-3 for the designated industrial land-use scenario. The numbers
presented included exposure from soil ingestion and dust and volatile inhalation for the
nonradioactive COCs. Table 6 shows that assuming the maximum background concentrations
of the ER Site 45 associated nonradiologicai background constituents, the Hazard Index is
0.01, and the excess cancer risk is 3 x 106 for the designated industrial land-use scenario.

For the radioactive COCs, the TEDE for industrial land use is 2 x 105 millirem per year
{mrem/yr). In accordance with proposed EPA guidance, the guideline being utilized is an
excess TEDE of 15 mrem/yr (40 CFR Part 196 1994) for the probable land-use scenario
{industrial in this case); the calculated dose value for ER Site 45 for the industrial land use is
well below this guideline. The estimated excess cancer risk from radioactive COCs for
industrial land-use is 8 x 10-10,

For the residential land-use scenario, the Hazard Index value increases to 28, and the excess
cancer risk is 1 x 10-3. The numbers presented included exposure from soil ingestion, dust and
volatile inhalation, and plant uptake. Although the EPA (1991) generally recommends that
inhalation not be included in a residential land-use scenario, this pathway is included because
of the potential for soil in Albuguergue, New Mexico, to be eroded and, subsequently, for dust to
be present even in predominantly residential areas. Because of the nature of the local sail,
other exposure pathways are not considered (see Appendix 1). Table 6 also shows that for the
ER Site 45 associated nonradiological background constituents, the Hazard Index is 0.3, and
the excess cancer risk is 5 x 10-5.

For the radicactive COCs, the TEDE for residential land-use is 2 x 104 mrem/yr. In
accordance with proposed EPA guidance, the guideline being utilized is an excess TEDE of
75 mrem/yr (40 CFR Part 196 1994) for a complete loss of institutional controls (the residential
land-use scenario in this case); the calculated dose values for ER Site 45 for the residential
land-use scenario is well below this guideline. 1t should aiso be noted that, consistent with the
proposed guidance (40 CFR Part 196 1994), ER Site 45 should be eligible for unrestricted
radiological release, because the residential scenario resulted in an incremental TEDE to the
on-site receptor of less than 15 mrem/yr. The estimated excess cancer risk from radioactive
COCs for the residential land-use scenario is 6 x 109, The excess cancer risk from the
nonradioactive COCs and the radicactive COCs is not additive, as noted in RAGS (EPA
1989a).

1.4 Step 6, Comparison of Risk Values to Numerical Guidelines,

The risk assessment analyses considered the evaluation of the potential for adverse health
effects for both an industrial land-use scenario, which is the designated land-use scenario for
this site, and a residential land-use scenario.

AL/7-97/WP/SNL:R4200-45 ASK 6-11 301462 181.06.000 09/11/97 127 PM




RISK ASSESSMENT FOR ER SITE 45

09/11/97

Table 5
Nonradioactive Risk Assessment Values for ER Site 45 COCs
Maximum
concentration industrial Land-Use
COC Name (mg/kg) Seenario Reslidential Land-Use Scenario
Hazard Cancer Hazard Cancer
Index Risk index Risk
Arsenic 88 J 0.25 6E-5 5.03 1E-3
Barium 310 0.00 - 0.05 --
Cadmium 1.05" 0.00 4E-10 0.86 8E-10
Chromium, total” 94 0.02 3E-7 0.07 4E-7
Mercury 2.19 .01 - 3.77 --
Selenium 51J 0.01 - 17.94 --
Silver 9.1 0.00 - 0.38 -
Acetone 0.0066 J 0.00 - 0.00 --
Trichlorosthene 0.0017 J 0.00 4E-10 0.00 5E-9
TOTAL 0.3 6E-5 28 1E-3

-- information not available.
* total chromium assumed to be chromium Vi (most conservative).
J - estimated concentration.
“* concentrations are assumed to be one-half of the detection limit.

Table 6
Nonradioactive Risk Assessment Values for ER Site 45 Background Constituents
Background _
concentration Industrial Land-Use Residential Land-Use
Constituant Name {ma/kg) Scenario Scenario
Hazard Cancer Hazard Cancer
Index Risk index Risk
Arsanic 44 - 0.01 3E-6 0.25 5E-5
Barium 200 0.00 -- 0.03 -
Cadmium <1 - - - -
Chromium, total* NC - -- -- -
Mercury <.t - -- - -
Selenium <1 -- - -- -
Silver <1 -- -= -- -~
TOTAL 0.0 3E-6 0.3 5E-5

-- information not available.

J - estimated value.

* total chromium assumed to be chromium VI (consistent with Table 5).

NC - not calculated due to absence in SNL/NM background reports {IT Corporation 1996, SNL/NM 1996).
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For the industrial land-use scenario, the Hazard Index calculated is 0.3; this is much less than
the numerical guideline of 1 suggested in RAGS (EPA 1989a). The excess cancer risk is
estimated at 6 x 10°5. In RAGS, the EPA suggests that a range of values (106 to 104) be used
as the numerical guideiine; the value calculated for this site is in the middle of the suggested
acceptable risk range. This risk assessment also determined risks considering background
concentrations of the potential nonradiclogical COCs for both the industrial and residential land-
use scenarios. For the industrial land-use scenario, the Hazard Index is 0.01. The excess
cancer risk is estimated at 3 x 10-6. Incremental risk is determined by subtracting risk
associated with background from potential nonradiological COC risk. These numbers are not
rounded before the difference is determined and, therefore, may appear to be inconsistent with
numbers presented in tables and within the text. The incremental Hazard Index is 0.32, and the
incremental cancer risk is 5.7 x 105 for the industrial land-use scenario. These incremental risk
calculations indicate insignificant risk to human health from the COCs considering an industrial
land-use scenarioc.

For the radioactive components of the industrial land-use scenario, the calculated incremental
TEDE is 2 x 10> mrem/yr, which is significantly less than the numerical guideline of 15 mrem/yr
suggested in the draft EPA guidance. The excess cancer risk estimate is 8 x 10-19,

For the residential land-use scenario, the calculated Hazard Index is 28, which is greater than
the numerical guidance. The excess cancer risk is estimated at 1 x 10-2; this value is also
above the suggested acceptable risk range. The Hazard Index for associated background for
the residential land-use scenario is 0.3. The excess cancer risk is estimated at 5 x 10-5. Far the
residential land-use scenario, the incremental Hazard Index is 27.82, and the incremental
cancer risk is 9.5 x 10-4. These incremental risk calculations indicate significant contribution to
human health risk from the COCs considering a residential land-use scenario.

The incremental TEDE from the radioactive components is 2 x 10-4 mrem/yr, which is
significantly less than the numerical guideline of 75 mrem/yr suggested in the draft EPA
guidance. The associated cancer risk is 6 x 10°9,

1.5 Step 7 Uncertainty Discussion

The data used to characterize ER Site 45, the Liquid Discharge site, was based upon 100 soil
samples. This number of samples was desemed adequate to fully characterize the site. The soil
samples were collected at a sewer-line trench, the liquid-discharge area, and subsurface
magnetic anomalies. The field quality assurance (QA)/quality contrel (QC) sampies consisted
of five duplicates, one soil-trip blank, and four rinsates. Seventy-five percent were analyzed on
site, and twenty-five percent of the samples were analyzed by off-site Contract Laboratory
Program (CLP) laboratories.

The COCs for ER Site 45 are organic compounds and RCRA metals. As a conservative
measure, the soil and QA/QC samples have been anaiyzed for volatile organic compounds
(VOC) by EPA Method 8240, semivolatile organic compounds by EPA Method 8270, RCRA
metals by EPA Methods 6010/7421/7471, HE compounds by EXP-USATHAMA/HPLC, tritium
by EPA Method 600-806.0, and radioisotopes by gamma spectroscopy.
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The soil and QA/QC samples were sent to three off-site CLP laboratories. Enseco-Quanterra,
Core Laboratories, and TMA-Eberline. Soil samples were also analyzed on site at the
Environmental Restoration Chemistry Laboratory and the Radiation Protection Sample
Diagnostics Laboratory. These analytical data were determined to be adequate for risk
assessment purposes based upon laboratory and field QA/QC checks.

The conclusion from the risk assessment analysis is that the potential effects caused by
potential nonradiolegical COCs on human health are within the acceptable range compared to
established numerical guidelines for the industrial land-use scenario. Calcutated incremental
risk between potential nonradiological COCs and associated background indicate an acceptable
contribution of risk from nonradiological COCs when considering the industrial land-use
scenario.

For the radiclogical COCs, the conclusion from the risk assessment is that the potential effect
on human heaith for the industrial land-use scenario is well within the proposed guideline

(40 CFR Part 196 1994) and is a smal! fraction of the estimated 290 mrem/yr received due to
natural background (NCRP 1987).

The potential effects on human health for the nonradiological COCs are greater when
considering the residential land-use scenario. Incremental risk between potential
nonradiological COCs and associated background also indicate an increased contribution of
risk from the nonradiological COCs. The increased effects on human heaith are primarily the
result of including the plant uptake exposure pathway. Nonradiological constituents that posed
little to no risk considering an industrial land-use scenario (some of which are below
background screening levels) contribute a significant portion of the risk assaciated with the
residential land-use scenario. These constituents bioaccumulate in plants. Because

ER Site 45 is an industrial sits, the likelihood of significant plant uptake in this area is highly
unlikely, as is the likelihood that this site will be residential in the near future (DOE and USAF
1995). The uncertainty in this conclusion is considered to be smalil.

For the radiological COCs the conclusion from the risk assessment is that the potential effect on
human health for the residential land-use scenario is well within proposed guidelines (40 CFR
Part 196 1994) and is a small fraction of the estimated 290 mrem/yr received due to natural
background (NCRP 1987).

Because of the location, history of the site, and the future land-use {DOE and USAF 1995),
there is low uncertainty in the land-use scenario and the potentially affected populations that
were considered in making the risk assessment analysis. Because the COCs are found in
surface and near-surface soits {less than 20 feet below ground) and because of the location
and physical characteristics of the site, there is little uncertainty in the exposure pathways
relevant to the analysis.

An RME approach was used to calculate the risk assessment values, which means that the
parameter values used in the calculations were conservative and that the calculated intakes are
likely overestimates. Maximum measured values of the concentrations of the COCs and
minimum value af the 95th UTL or percentile concentration value, as applicable, of background
concentrations associated with the COCs were used to provide conservative results.
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Table 3 shows the uncertainties (confidence) in the nonradiological toxicological parameter
values. There is a mixture of estimated values and values from the Health Effects Assessment
Summary Tables (HEAST) (EPA 1996b) and Integrated Risk Information System (IRIS) (EPA
1988b, 1994, 1997a) databases. Where values are not provided, information is not available
from HEAST, RIS, or EPA regions. Because of the conservative nature of the RME approach,
the uncertainties in the toxicological values are not expected to be of high enough concem to
change the conclusion from the risk assessment analysis.

The risk assessment values are within the acceptable range for the industrial land-use scenario
compared to the established numerical guidelines. Though the residential land-use Hazard
Index and cancer risk are above the numerical guidslines, it has been determined that future
land use at this locality will not be residential (DOE and USAF 1996). The radiological
incremental TEDE is a very small fraction of estimated background TEDE for both the industrial
and residential land-use scenarios, and both are well within proposed guidelines (40 CFR

Part 196 1994). The overall uncertainty in all of the steps in the risk assessment process is
considered not significant with respect to the conclusion reached. '

1.6 Summary

ER Site 45, the Liquid Discharge site, had relatively minor soil contamination consisting of some
inorganic and organic nonradioactive compounds and radionuclides. Because of the location of
the site on KAFB, the designated industrial land-use scenario, and the nature of the
contamination, the potential exposure pathways identified for this site included soil ingestion
and dust and volatile inhalation for chemical constituents and soil ingestion, dust and volatile
inhalation, and direct gamma exposure for radionuclides. Plant uptake was included as an
exposure pathway for the residential land-use scenario.

Using conservative assumptions and employing an RME approach to the risk assessment, the
calculations show that for the industrial land-use scenario the Hazard Index (0.3) is significantly
less than the accepted numerical guidance from the EPA. The estimated cancer risk (6 x 10°5)
is in the middle of the suggested acceptable risk range. The incremental Hazard Index is 0.32,
and the incremental cancer risk is 5.7 x 10°5 for the industrial land-use scenario. Incremental
risk calculations indicate acceptable risk to human health from the COCs considerting an
industrial land-use scenario.

The incremental TEDE and carresponding estimated cancer risk from the radicactive
components are much less than EPA guidance values; the estimated incremental TEDE is

2 x 10°5 rem/yr for the industrial iand-use scenario. This value is much less than the numerical
guidance of 15 mrem/yr in draft EPA guidance. The corresponding estimated cancer risk value
is 8 x 10°10 for the industrial land-use scenario.

The uncertainties associated with the calculations are considered small relative to the

conservativeness of the risk assessment analysis. It is therefore concluded that this site does
not have significant potential to affect human health under an industrial land-use scenario.
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Ill. Ecological Risk Assessment

ill.1 |ntroduction

This section addresses the ecological risks associated with exposure to constituents of potential
ecological concarn (COPEC) in soils from SNU/NM ER Site 45. The ecological risk assessment
procass performed for this site is a screening-level assessment that follows the methodology
presented in IT Corporation (1997) and SNL/NM (1997). The methodoiogy was based upon
screening level guidance presented by the EPA (EPA 1992¢, 1996¢, 1997b) and by Wentsel et
al. (1996) and is consistent with a phased approach. This assessment utilizes conservatism in
the estimation of ecological risks; however, ecological relevance and professional judgment are
also incorporated as recommended by the EPA (1996¢) and Wentsel et al. (1996) to ensure
that the predicted exposures of selected eoologlcal receptors reasonably reflect those expected
to occur at the site. _

.2 Site Description and Ecological Pathways

ER Site 45 is located near the south corner of TA-ll, where fill material has been pushed over
the northern embankment of the Tijeras Arroyo, covering the original soil and vegetation. The
open channel from this site descends this slope and has deposited sediments at its base.
Complete ecological pathways may exist at this site through the exposure of plants and wildiite
to COPECs in surface and subsurface soil. Previous survey results (IT Corporation 1995) show
the vegetation in this area is dominated by ruderals on the slope and at the base, including four-
wing saltbush (Atriplex canescens), snakeweed (Gulierrezia sarothrae), and Russian thistle
(Salsola kali). The top of the slope is nearly barren due to disturbance. No sensitive species
were observed at this site, and none are expected to occur due to the degree of habitat
modification.

IN.3 Constituents of Potential Ecological Concemn

The COPECs at this site include RCRA metals and VOCs. Radiologicals are not COPECs for
ER Site 45; however they are used in this ecological risk assessment as a conservative
measure. Following the screening process used for the selection of potential COCs for the
human health risk assessment, the inorganic COCs were screened against background UTLs.
Seven inorganic analytes were identified as COPECs at Site 45: arsenic, barium, chromium,
lead, mercury, selenium, and silver. The YOCs of potential ecological concem were acetone
and trichloroethene. Chemicals that are essential nutrients, such as iron, magnesium, calcium,
potassium, and sodium, were not included in this risk assessment per EPA guidance (EPA
1989). Residual tritium was detected in soil; the maximum concentration for tritium is 0.03
picocuries per gram (pCi/g).
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1.4 Beceptors and Exposure Modeling

A nonspecific perennial plant was used as the receptor to represent plant species at the site.
Two wildiife receptors (deer mouse and burrowing owl) were used to represent wildlife use of
the site. Exposure modeling for the wildlife receptors was limited to the food ingestion pathway.
Inhalation and dermal contact were considered insignificant pathways with respect to ingestion
(Sample and Suter 1994). Drinking water was also considered an insignificant pathway
because of the lack of surface water at this sitse. The deer mouse was modeled as an omnivore
(50 percent of its diet is plants and SO percent is soil invertebrates), and the burrowing owl was
modeled as a strict predator on small mammals (100 percent of its diet is deer mice). Both
were modeled with soil ingestion comprising 2 percent of the total dietary intake. Table 7
presents the species-specific factors used in modeling exposures in the wildlife receptors.
Although home range is also included in this table, exposures for this screening-level
assessment were modsled using an area use factor of 1, implying that all food items and soil
ingested are from the site being investigated.

Table 7
Exposure Factors for Ecological Receptors at
Environmental Restoration Site 45,
Sandia National Laboratories, New Mexico

Body

Receptor Trophic welght Food intake Home range

species Class/Order ievel (kg)' rate (kgld)‘ Dletary Composition® (acres)
Deer Mouse Mammalia/ Omnivore 0.0239° 0.00372 Plants: 50% 0.27"
{Peromyscus Rodentia Invertebrates: 50%
maniculglus) {+ Sail at 2% of intake)
Burrowing owl Aves/ Camivore 0.155' 0.0173 Rodents: 100% a4 6%
{Speoiyto Strigiformes (+ Soil at 2% of intake)
cunicuian‘a?

Body weights are [n kilograrns wet weight.

®Food intake rates are estimated from the allomatric equations presented in Nagy (1987). Units are kilograms dry weight per day.
Dletary compositions are ganeralized for modeling purposes. Default soil intake value of 2 parcent of tood intake.

From Siiva and Downing {1995). _

*From EPA (1993), based on the average homa range measured in semi-arid shrubland in Idaho.

'From Dunning {(1993).
°From Haug et al. (1993).

The maximum measured COPEC concentrations from both surface and subsurface soil
samples were used to conservatively estimate potential exposures and risks to plants and
wildlife at this site.

Table 8 presents the transfer factors used in modeling the concentrations of nonradioactive

COPECSs through the food chain. Table 9 presents the maximum concentrations of
nonradioactive COPECs in soil, the derived concentrations in the various food-chain elements

and the modeled dietary exposures for each of wildlife receptor species.
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Table 8
Transfer Factors Used in Exposure Models for
Constituents of Potential Ecolegical Concern at
Environmental Restoration Site 45,
Sandia National Laboratories, New Mexico

Constituent of Potential Soil-to-Plant Soll-to-Invertebrate Food-to-Muscle
Ecological Concern Transfer Factor Transfer Factor Transfer Factor
Arsenic 4.00 x 107" 1.00 x 10°° 2.00x10°"
Barium 1.50x 107" 1.00 x 10°° 2.00x10*°
Chromiurn (Total) 4.00 x10°° 1.30x 107" 3.00x 10°°
Lead 9.00 x 10°° 4.00 x10*° 8.00x10™°
Mercury 1.00 x 10°° 1.00x10°" 250x10""
Selenium 5.00x10"° 1.00 x 10°° 1.00x10°°
Siiver 1.00x 10°° 2650x10"° © 5.00x10°°
Acetons 533 x10"’ 1.28x10'° 1.04 10"
Trichloroethene 1.05 x 10°' 1.80x10'° 1.16x 10°'

*From Baes et al. (1984).

"Default value.

“From NCRP {1989).

°From Stafford et al. {1991).

“From Ma (1982).

'From equations developed in Travis and Arms (1988).
°From equations developed in Cannell and Markwell {1990).

With regard to the radionuclides, the ecological receptors are exposed to radiation internally
from tritium only. Internal dose rates to the deer mouse and burrowing owl were approximated
using dose rate models from the Hanford Site Risk Assessment Methodology (DOE 1995).
Radionuclide-dependent data for the dose rate calculations were referenced from Baker and
Soldat (1992). The internal dose rate model assumes that absorbed energy data for the
radionuclides (Baker and Soldat 1992) are a function of the effective body radius of the
receptor. Any radionuclide present in the body of the receptor concentrates at the center of the
organism and contribute to a whole-body dose. The internal dose rate model assumes that the
deer mouse ingests tritium from soil and plants and that the burrowing owl ingests tritium from
soil and its diet of deer mice. A detailed description of the method to estimate radiation dose to
these receptors is presented in DOE (1995) and IT Corporation (1997).

1.4 Toxjcity Benchmarks

Benchmark toxicity values for the plant and wildiife receptors are presented in Table 10. For
plants, the benchmark soil concentrations are based on the lowest-observed-adverse-etffect
level (LOAEL). LOAELSs were not available in the literature for many of the organics. For
wildlife, the toxicity benchmarks are based on the no-observed-adverse-effect level (NOAEL)
for chronic oral exposure in a taxonomically similar test species. Insufficient toxicity information
was found to estimate the NOAELSs for silver and VOCs for birds. The benchmark used for
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Table 9
Media Concentrations (mg/kg)" for
Constituents of Potential Ecological Concern at
Environmental Restoration Site 45,
Sandia National Laboratories, New Mexico

Constituent of
Potential Sail Pliant Soil Deer Mouse
Ecological Concern (maximum) Foliage" Invertebrate” Tissues®
Arsenic 8.80 x 10’ 3.52 x 10° 8.80 x 10’ 2.97 x 10"
Barium 2.40 x 10° 3.60 x 10’ 240 x 10° 8.93 x 10”
Chramium (Total) 9.40 x 10 3.76 x 10° 1.22 x10' 9.25x 10"
Lead 7.40x 10° 6.66 x 10' 2.96x 10" 1.57 x 10"
Mercury 2.49x10° 2.19x10° 2.19x10° 1.75 x 10°
Selenium 5.10x 10’ 2.55x10' 510x 10’ © 1.23x10°
Silver 9.10 x 10° 9.10 x 10° 2.28 x 10° 9.17 x 10°%
Acetone 6.60 x 10° 3.52 x 10" 8.44 x 10° 7.09 x 10°
Trichloroethene 1.70 x 10° 1.79x 10° 3.05 x 107 5.87 x 10”7

*Milligrams per kilogram. All are based on dry weight of the media.
®Product of the soil concentration and the corresponding transfer factor.

“Product of the average concentration in food times the food-to-muscle transfer factor times
the wet weight-dry weight conversion factor of 3.125 (from EPA 1993).

exposure of terrestrial receptors to radiation was 0.1 rad/day. This value has been
recommended by the International Atomic Energy Agency (1992) for the protection of terrestrial
populations. Because piants and insects are less sensitive to radiation than vertebrates
{Whicker and Schultz 1982), the dose of 0.1 rad/day should also offer sufficient protection to
other components within the terrestrial habitat of Site 45.

1.5 Risk Characterization

The maximum soil concentrations or one-half the detection limits for the explosives and
estimated dietary exposures ware compared to plant and wildlife benchmark values,
respectively. The results of these comparisons are presented in Table 11. Hazard quotients
(HQ) are used to quantity the comparison with the benchmarks for plant and wildlife exposure.
Maximum soil concentrations for all inorganic COPECs except barium exceeded their
respective plant benchmark concentrations. Cadmium is within the background range. No
organic COPECs for which toxicity data could be found exceeded their respective plant
benchmark concentrations. For the deer mouse, HQs exceeded unity for arsenic (HQ = 55.5),
barium {(HQ = 2.11), mercury (HQ = 5.55) and selenium (HQ = 15.6). For the burrowing owl,
only the HQs for mercury (HQ = 31.2} and selenium (HQ = 3.37) exceeded unity. Tables 12
and 13 present the results of the internal dose rate models applied to tritium ingestion for each
receptor. The total radiation dose rate to the mouse was predicted to be 4.59 x 10-10 rad/day.
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Table 10
Toxicity Banchmarks for Ecological Receptors at
Environmental Restoration Site 45, Sandla National Laboratories, New Mexico

Mammallan NOAELS Avisn NOAELs
Conastituent of Test Deer Avian Test Burrowing

Potential Plant Mammalian Species Moues Test Speacies Owl
Ecological Concern | Benchmark’ | Test Species” | NOAEL’ NOAEL' | Species” NOAEL" NOAEL'
Arsenic 10 Lab mouse 0.126 0,133 Maliard 5.14 5.14
Barium 500 Lab raf® 5.1 9.98 Chicks 20.B 208
Chromium (Total) 1 Lah rat 2737 5354 Black Duck 1.0 1.0
Lead 50 Lab rat 8 167 American a.8s 385

kastrel
Mercury 0.3 Lab rat 0.032 0.0626 Mallard 0.0084 00064
Selenium 1 Lab rat 02 0.381 Screach 0.44 0.44
owl

Silvar 2 Lab raf 17.8" 348 - - —
Acatone e Lab rat 10 19.6 - — ——
Trichlorosthena o Lab mouse 0.7 0.741 —_ — —

“From Will and Suter (1985).

"From Sample et al. (1996), except where noted. Body waights {in kilograms) for no-observed-adverse-effect level (NOAEL)
conversion are: lab mouse, 0.030; lab rat, 0.350 {except where noted); and mink, 1.0.

"From Sample et al. (1996), except where noted,

“Based on NOAEL conversion methodology presented in Sample st al. {1996), using a deer mouse body weight of 0.239 kilograms
and a mammalian scaling factor of 0.25.

*From Sample et al. (1996).

'Based on NOAEL conversion methodology presented in Sample et al. {(1996). The avian scaling factor of 0.0 was used, making
the NOAEL independsnt of body weight.

*Body weight of 0.435 kg was used for NOAEL conversion (Sample et al. 1998).

"From EPA (1997a).

- designates insufficient toxicity data.
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Table 11
Comparisons to Toxicity Benchmarks for
Ecological Receptors at
Environmental Restoration Site 45,

Sandia National Laboratories, New Mexico

Constituent of Potential Plant Hazard Deer Mouse Burrowing Owl
Ecological Concern Guotient’ Hazard Quotlent Hazard Quotient

Arsenic 8.80 x 10’ 5.55 x 10" 4.46 x 107
Barium 480x10" 2.41x10° 2.62x10°
Chromium (Total) 9.40 x 10' 2.87 x 10 3.13x 10"
Lead 1.48 x 10° 6.26 x 10" 4.33 x 10"
Mercury 7.30 x 10’ 5.55 x 10° 3.12x 10’
Selenium 510 x 10' 1.56 x 10' 3.37 x 10°
Silver 4.55x 10° 2.62x 10" -0
Acetone — 1.74x10°
Trichloroethene - 3.40 x 10°

*Bold text indicates hazard quotient exceeds unity.
g designates insufficient toxicity data available for risk sstimation purposes.

Table 12
Internal and External Dose Rates for
Mice Exposed to Radionuclides at
Environmental Restoration Site 45,
Sandia National Laboratories, New Mexico

Maximum
Concentration internal Dose External Dose
Radionuclide (pCi/g) {rad/d) (racd/d) Total Dose (rad/d)
Tritium 0.03 459%x10" NA 459x10™"°

NA = Not Applicable. Tritium does not contribute to the external dose rate.

Table 13
Internal and External Dose Rates for
Owl Exposed to Radionuclides at
Environmental Restoration Site 45,
Sandia National Laboratories, New Mexico

Maximum
Concentration internal Doge External Dose
Radionuclide {pCi/g) (rad/d) {rad/d} Total Dose {rad/d)
Tritium 0.03 464x 10" NA 4.64x10"°

NA = Not Applicable. Tritium does not contribute to the external dose rate.
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The total dose rate 1o the burrowing owl was predicted to be 4.64 x 10-10 rad/day. The internat
dose rate, in this assessment, was the only contributor to the total dose rate. The dose rates
for the deer mouse and the burrowing owl are considerably less than the benchmark of 0.1
rad/day.

HL.6 Uncertainties

Many uncertainties are associated with the characterization of ecological risks at ER Site 45.
These uncertainties result in the use of assumptions in estimating risk that may lead to an
overestimation or underestimation of the true risk presented at a site. For this screening-level
risk assessment, assumptions are made that are more likely to overestimate risk rather than to
underestimate it. These conservative assumptions are used to be more protective of the
ecological resources potentially affected by the site. Conservatisms incorporated into this risk
assessment include the use of the maximum measured soil concentration or maximum
detection fimit to evaluate risk, the use of earthworm-based transfer factors or a default factor of
1.0 for modeling COPECs into soil invertebrates in the absence of insect data, and the use of
1.0 as the use factor for wildlife receptors regardless of seasonal use or home range size.
Uncertainties associated with the estimation of risk to ecological receptors following exposure to
tritium are primarily related to those inherent in the dose rate models and related exposure
parameters. The internal models are based upon the assumption that ingested radionuclides
are present at the center of a spherical-shaped receptor, forming a point source of radiation.
The receptor is assumed to be exposed uniformly from this source of radiation at the center and
receives a total-body dose. -

.7 Summary

Potential ecological risks were indicated for all three ecological receptors at ER Site 45;
however, the use of the maximum measured soll concentration or detection limit to evaluate risk
provided a conservative exposure scenario for the risk assessment and may not reflect actual
site conditions.

Maximum soil concentrations for all inorganic COPECs except barium exceeded their
respective plant benchmark concentrations. It is very likely that the risk results for the remaining
metals are driven by conservatisms in data analysis. The maximum value (88 J mg/kg} of
arsenic was found in only 1 out of 24 samples analyzed by the on-site laboratory. Nineteen of
these samples were nondetects (<26 mg/kg). Seven sampies analyzed by the off-site
laboratory ranged from 2.9 to 11 mg/kg, with an average of 8.1 mg/kg. Therefore, a realistic
maximum would be about 11 mg/kg for arsenic. The only HQ reiated to the maximum arsenic
concentration that exceeded unity would be for the mouse {(HQ=3) considering the incremental
risk above background. By using the average of the data set for barium, total chromium, lead,
mercury, and silver, the HQs for these metal would be less than 1. HQs for selenium are high
due 10 a J value (51 mg/kg and the ND was 50 mg/kg) of the on-site laboratory. The result of
the off-site laboratory for selenium were nondetects {<10 mg/kg).
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No organic COPECs (acetone and trichloroethene) for which toxicity data could be found
exceeded their respective plant benchmark concentrations. Based on these results, acetone
and trichloroethene can be justified for elimination as COPECs at ER Site 45.

No ecological risks were predicted from exposure to tritium at the site.
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Sandia National Laboratories Environmental Restoration Program

EXPOSURE PATHWAY DISCUSSION FOR CHEMICAL AND RADIONUCLIDE
CONTAMINATION

BACKGROUND

Sandia National Laboratories (SNL) proposes that a defaulit set of exposure routes and
associated default parameter values be developed for each future land-use designation being
considered for SNL/NM Environmental Restoration (ER) project sites. This default set of
exposure scenarios and parameter values would be invoked for risk assessments unless site-
specific information suggested other parameter values. Because many SNL/NM ER sites have
similar types of contamination and physical settings, SNL believes that the risk assessment
analyses at these sites can be similar. A default set of exposure scenarios and parameter
values will facilitate the risk assessments and subsequent review.

The default exposure routes and parameter values suggested are those that SNL views as
resulting in a Reasonable Maximum Exposure (RME) value. Subject to comments and
recommendations by the USEPA Region VI and NMED, SNL proposes that these default
exposure routes and parameter values be used in future risk assessments.

At SNL/NM, alt Environmental Restoration sites axist within the boundaries of the Kirtland AFB.
Approximately 157 potential waste and release sites have been identified where hazardous,
radiological, or mixed materials may have been released to the environment. Evaluation and
characterization activities have occurred at all of these sites to varying degrees. Among other
documents, the SNL/ER draft Environmental Assessment (DOE 1996) presents a summary of
the hydrogeology of the sites, the biclogical resources present and proposed land use
scenarios for the SNL/NM ER sites. At this time, all SNL/NM ER sites have been tentatively
designated for either industrial or recreational future land use. The NMED has also requested
that risk calculations be performed based on a residential land use scenario. All three land use
scenarios will be addressed in this document.

The SNL/NM ER project has screened the potential exposure routes and identified default
parameter values to be used for calculating potential intake and subsequent hazard index, risk
and dose values, EPA (EPA 1989a) provides a summary of exposure routes that could

potentially be of significance at a specific waste site. These potential exposure routes consist
of:

Ingestion of contaminated drinking water;

Ingestion of contaminated soil;

Ingestion of contaminated fish and shell fish;

Ingestion of contaminated fruits and vegetables:;

Ingestion of contaminated meat, eggs, and dairy products;
ingestion of contaminated surface water while swimming;

Dermal contact with chemicals in water:

Dermal contact with chemicals in soil; _
inhalation of airborne compounds (vapor phase or particulate), and;
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+ External exposure to penetrating radiation (immersion in contaminated air; immersion in
contaminated water and exposure from ground surfaces with photon-emitting
radionuclides).

Based on the location of the SNL ER sites and the characteristics of the surface and
subsurface at the sites, we have evaiuated these potential exposure routes for different land
use scenarios to determine which shouid be considered in risk assessment analyses (the last
exposure route is pertinent to radionuclides only). At SNL/NM ER sites, there does not
presently occur any consumption of fish, shell fish, fruits, vegetables, meat, eggs, or dairy
products that originate on-site. Additionally, no potential for swimming in surface water is
present due to the high-desert environmental conditions. As documented in the RESRAD
computer code manual (ANL 1993), risks resulting from immersion in contaminated air or water
are not significant compared to risks from other radiation exposure routes.

For the industrial and recreational land use scenarios, SNL/NM ER has therefore excluded the
following four potential exposure routes from further risk assessment evaluations at any
SNL/NM ER site:

» Ingestion of contaminated fish and shell fish;

« Ingestion of contaminated fruits and vegetables;

« Ingestion of contaminated meat, eggs, and dairy products; and
» Ingestion of contaminated surface water while swimming.

That part of the exposure pathway for radionuclides related to immersion in contaminated air or
water is also eliminated.

For the residential land-use scenario, we will include ingestion of contaminated fruits and
vegetables bacause of the potential for residential gardening.

Based on this evaluation, for future risk assessments, the exposure routes that will be
considered are shown in Table 1. Demal contact is included as a potential exposure pathway
in all land use scenarios. However, the potential for dermal exposure to inorganics is not
considered significant and will not be included. In general, the dermal exposure pathway is
generally considered to not be significant relative to water ingestion and soil ingestion pathways
but will be considered for organic components. Because of the lack of toxicological parameter
values for this pathway, the inclusion of this exposure pathway into risk assessment
calculations may not be possible and may be part of the uncertainty analysis for a site where
dermal contact is potentially applicable.

EQUATIONS AND DEFAULT PARAMETER VALUES FOR IDENTIFIED EXPOSURE
ROUTES

in general, SNL/NM expects that ingestion of compounds in drinking water and soil will be the
more significant exposure routes for chemicals; external exposure to radiation may also be
significant for radionuclides. All of the above routes will, however, be considered for their
appropriate land use scenarios. The general equations for calculating potential intakes via
these routes are shown below. The equations are from the Risk Assessment Guidance for
Superfund (RAGS): Volume 1 (EPA 1989a and 1991). These general equations also apply to
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Table 1. Exposure Pathways Considered for Varlous Land Use Scenarios
Industrial | Recreational | Residential |

Ingestion of contaminated
drinking water

Ingestion of contaminated
drinking water

Ingestion of contaminated
drinking water

Ingestion of contaminated
soil

Ingestion of contaminated
sail

Ingestion of contaminated
soil

Inhalation of airborne
compounds (vapor phase
or particulate)

Inhalation of airborne
compounds {(vapor phase
or particulate}

Inhalation of airborne
compounds (vapor phase
or particulate)

Dermal contact

Dermal contact

Dermal contact

External exposure to
penetrating radiation from
ground surfaces

External exposure to
penetrating radiation from
ground surfaces

Ingestion of fruits and
vegetables _

External exposure to
penetrating radiation from
ground surfaces

calculating potential intakes for radionuclides. A more in-depth discussion of the equations

used in performing radiological pathway analyses with the RESRAD code may be found in the
RESRAD Manual (ANL 1993). Also shown are the default values SNL/NM ER suggests for use
in Reasonable Maximum Exposure (RME) risk assessment caiculations for industrial,
recreational, and residential scenarios, based on EPA and other governmental agency
guidancs. The pathways and values for chemicai contaminants are discussed first, followed by
those tor radionuclide contaminants. RESRAD input parameters that are ieft as the default
values provided with the code are not discussed. Further information relating to these
parameters may be found in the RESRAD Manual (ANL 1993).

Generic Equation for Calculation of Risk Parameter Values

The equation used to calculate the risk parameter values (i.e., Hazard Quotient/Index, excess
cancer risk, or radiation total effective dose equivalent [dose]) is similar for all exposure
pathways and is given by:

Risk {or Dose) = Intake x Toxicity Effect (either carcinogenic, nancarcinogenic, or radiological)

= C x {CR x EFD/BW/AT) x Toxicity Effect (1)
where

Cc = contaminant concentration (site specific);

CR = contact rate for the exposure pathway:

EFD = exposure frequency and duration;

BW  =body weight of average exposure individual:

AT = time over which exposure is averaged.

The total risk/dose (either cancer risk or hazard index) is the sum of the risks/doses for all of
the site-specific exposure pathways and contaminants.
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The evaluation of the carcinogenic health hazard produces a quantitative estimate for excess
cancer risk resulting from the COCs present at the site. This estimate is evaluated for
determination of further action by comparison of the quantitative estimate with the potentially
acceptable risk range of 10 to 10°. The evaluation of the noncarcinogenic health hazard
produces a quantitative estimate (i.e., the Hazard Index) for the toxicity resulting from the COCs
present at the site. This estimate is evaluated for determination of further action by comparison
of this quantitative estimate with the EPA standard Hazard index of unity (1). The evaluation of
the health hazard due to radioactive compounds produces a quantitative estimate of doses
resulting from the COCs present at the site.

The specific equations used for the individual exposure pathways can be found in RAGS (EPA
1989a) and the RESRAD Manual (ANL 1993). Table 2 shows the defauit parameter values
suggested for used by SNL at ER sites, based on the selected iand use scenaric. References
are given at the end of the tabie indicating the source for the chosen parameter values. The
intention of SNL is to use default values that are consistent with regulatory guidance and
consistent with the BME approach. Therefore, the values chosen will, in general, provide a
conservative estimate of the actual risk parameter. These parameter values are suggested for
use for the various exposure pathways based on the assumption that a particular site has no
unusual characteristics that contradict the detault assumptions. For sites for whichthe
assumptions are not valid, the parameter values will be modified and documented.

Summary
SNL proposes the described default exposure routes and parameter values for use in risk

assessments at sites that have an industrial, recreational or residential future land-use
scenario. There are no current residential land-use designations at SNL ER sites, but this
scenario has been requested to be considered by the NMED. For sites designated as industrial
or recreational land-use, SNL will provide risk parameter values based on a residential land-use
scenario 1o indicate the effects of data uncertainty on risk value caiculations or in order to
potentially mitigate the need for institutional controls or restrictions on Sandia &R sites. The
parameter values are based on EPA guidance and supplemented by information from other
government sources. The values are generally consistent with those proposed by Los Alamos
National Laboratory, with a few minor variations. If these exposure routes and paramsters are
acceptable, SNL will use them in risk assessments for all sites where the assumptions are
consistent with site-specific conditions. All deviations will be documented.
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Table 2. Default Parameter Values for Various Land Use Scenarios

| Industrial || Recreational || Residential I

General Exposure
Parameters
Exposure frequency (d/y) b il -
Exposure duration (y) 30*° 30%° 30°°
Body weight (kg) 70*° 56*° 70 adult*®
15 child
Averaging Time {days)
for carcinogenic compounds 25550° 25550° 255507
(=70 y x 365 dfy)
for noncarcinogenic 10950 10950 10850
compounds
(=ED x 365 dfy)
Soil Ingestion Pathway
| _Ingestion rate 100 mg/d° 6.24 gh/* 114 mg-y/kg-d* |
Inhalation Pathway
Inhalation rate (m°/yr) 5000*° 146° 5475%°°
Volatilization factor {m°/kg) chemical chemical chemical specific
specific specific
Particulate emission factor 1.32E9° 1.32E9° 1.32E9°
(m*/kq)
Water Ingestion Pathway
Ingestion rate {L/d) 2" 2% 2%
Food Ingestion Pathway
|__Ingestion rate (kg/yr) NA NA 138>°
Fraction ingested NA NA 0.25¢
Dermal Pathway
Surface area in water (m°) o°e 2% 2°°
Surface area in soil (m°) 0.53°° 0.53™° 0.53"°
Permeability coefficient chemical chemical chemical specific
specific specific

*** The exposure frequencies for the land use scenarios are often integrated into the overall contact rate for specific
exposure pathways. When not included, the exposure frequency for the industrial land use scenario is 8 h/d for 250
diy: tor the recreational land use, a value of 2 hriwk for 52 widy is used (EPA 1989by); for a residential land use, all
contact rates are given per day for 350 diy. .
® RAGS, Vol 1, Part B (EPA 1991).
® Exposure Factors Handbook (EPA 1989b)
° EPA Region VI guidance.

For radionuclides, RESRAD (ANL 1993) is used for human health risk calculations; default parameters are
consistent with RESRAD guidance.
® Dermal Exposure Assessment (EPA 15992),

AL/T-G7/WP/SNL:R4200-45 ASK $-33 301462,161.06.000 02/11/97 1:27 PM




RISK ASSESSMENT FOR ER SITE 45 0911/97

References

ANL, 1993, Manual for Implementing Residual Radicactive Material Guidelines Using RESRAD,
Version 5.0, ANL/EAD/LD-2, Argonne National Laboratory, Argonne, IL.

DOE, 1996 Environmental Assessment of the Environmental Restoration Project at Sandia
National Laboratories/New Mexico, US. Dept. of Energy, Kirtland Area Office.

EPA, 1989a, Risk Assessment Guidance for Superfund, Volume |: Human Health Evaluation
Manual, EPA/540-1089/002, US Environmental Protection Agency, Office of Emergency and
Remedial Response, Washington, D.C.

EPA, 1989b, Exposure Factors Handbook, EPA/600/8-89/043, US Environmental Protection
Agency, Office of Health and Environmental Assessment, Washington, D.C.

EPA, 1991, Risk Assessment Guidance for Superfund, Volume I: Human Health Evaluation
Manual (Part B), EPA/S40/R-92/003, US Environmental Protection Agency, Office of
Emergency and Remedial Response, Washington, D.C.

EPA, 1992, Dermal Exposure Assessment: Principies and Applications, EPA/600/8-91/0118,
Office of Research and Development, Washington, D.C.

AL/7-97WP/SNL:R4200-45.R5K 6-34 301462.151.06.000 011/97 1:27 PM




Section 6.2
Summary of QA/QC Procedures and Results for
Soil Samples Collected at ER Site 45

AL/7-97TAWP/SNL:R4200-45.00C 6-35 | 31462.161.06.000 D9/11/97 1:34 PM




"G|QB) O PUO |8 SB|CU O} JBjaY

'SOD{ONUDIDE) JO S|9A8}

punaubinoeq jo Gupodas suipeqa y L
WM JUBLEISUCD BIBM SNSBI edIes By
"S@pFnucipel

J0 s18ae punoibyorq pajdejep

1yl AeAns LOGEIPE) BYBLING BU)

I JUBISIBUCD BlaM s nser apdwias ely)
TSI

DOV Ui sem eaooed Juediad
‘saplwes

S0 pue 'eje0)idng yueig pez)in
fﬁocuw_a BIdWES LofIel0lg UGHERIPEY

« | Adoosonosads vsunueb Aq wnoosz
pUB "W ‘WinuSyIn. "wnpog
o | ‘winijjewy ‘vopes ‘wnipe) 'wngpselod

'peEa) ‘Uod] | Bgod WNWOHLD
‘WNISAS 'WNLBS “RNLLISIY ‘Wnduews
» ‘turjupod jo sedojosioipa) ey |

vlLil
wewpedag
WN/FINS -
sasoubelq
a|dweg
uoRoe0id
LofRIpaY

[e10808 D00V B6/8/1L

yaual| eu)-1emes

{5"2-211-2v1) 5-29020026H3

‘PEIOU Biem sweagoid

0°806-009 powreN
vd3 AqQ wnppy ‘Adoosolpads

20T Wwedubis au isjsypeyo wueld Ag winiuein pue wnijey (5 2-2H1-ev1) 2902002643

ZAQ PUe LAQ PEIAWCD OWS WN/ING  » "Wnpoy ‘uopes ‘pesy 'Lpnwsiq (5°2-2H1-2v1) £-29020026H3

Sl WHpe] ‘WNLoAZ Wwinusyy {9'9-201-291) + 1902002643

DOVD UM SBM AIBACDE) JUBIBE  « ‘winjeseod 'uvay ‘wnpuouyo (10805 DOMY] :€6/9/1 4 (8'9-2H1L-ZV L) €-19020026H3

‘seydures g9 ‘WIS ‘Jeqod ‘umues Wnipuewe aupegs (5°0-2H1-Zv 1) +-09020026103

pue jueld lueliesy pezin euieqs YL - 'wnupoe jo sedojosiolpel @Yy « YL Youei | au|-lemes (5°0-£H1-2¥ L) €-000200264T

{828EE00TINS) }-6¥0ZD0Z6HD

THUe OiL

"BOOA (969EED0ING 'SOBEED0TINS

0} SJOBJAPUOU PeMOS JuBig dul-es BL]  « '‘YOBEE00TNS) 2-28020026H3

"PEIGU SJeM Sweiqoid “LLbL POLRSIY Yd3T AQ Aunduew pue (Z6BECOOINS) 1-20020026H3

S0/VD weoyiulils oU 'sIsydayD ‘12tL PURSN Yd3 Aq pee| 1deoxa (699S£00TINS "96ACE00TINS

ZAQ PUB LAQ PE|IMWICD ONS ANATNS  «| 010D POUION VA AQSBIBW YUDH  » ‘SBEEE00TINS) 2-19020026H3

S| DO/YD Ui alam Aiaacoal D 1dHYWYHLYSN {8BEEE00TINS) L-190200264T

uexad pue 'afieipae A0BIND0E 'Oy . -dX3Agspunodwo 3H [210B0S DOD/MY] (E6/a11 L (08BEE00TNS '298C000INS

'sadures (QSW/SW) SO0 pue 'Sas ‘0228 POUIOIN vd3 AASD0ONS - ‘9BEECO0ING) 2-0902002643

YUR|Q POWIBI POZRNN BUBIUBND-000SUT ‘OFZ8 POWIOW vd3 AQSO0A  » oJasu3 Lo, | Buy-1amag (6BECO0TINS} L-090200264H3
™ aiinsey PUe SBINPEIGI DOIVD SPOLISH PUS SeIATELY Kojoqe] DOV pue {e1qua)dde eieum G ekues W3

feanAeuy | ‘eieg Buydwes ‘uoyeoo BlBLLAGYR YIM) Jequiny oldweg

S 9lIS Y3 10} SHNSay pue s8unpadold DO/YD JO ABLIWNG

301482.161.08.000 05/11/97 1:40 PM

6-36

AL/7-97TAWP/SNL:R4200-45.00C




"a|gg] JO pus @ Sejou O) 1ajey

‘pejou

alem swagord DHOD ueayuBis ou
15130840 |LAQ POIILOD DIXS WIN/INS
"SI O0/YD

UM B1em ABACDA) JUBIIRY PUB (JdY
‘sejdues 0@s/ES PUB ADVSDT
"NuBlg poylal pez||in sqe eiog

Vb

POURIN Yd3 AQ Ainoiswl idasxa
0409 poyle vd3 4q sele yyaY
'0¥24 POUeW vd3 A SO0A

sqe 810D

[29820 D00MAdv]
‘G6/81LA01

wary ebieyosip-pinbny

{20-928¥20)20-55-0-01 | -HE-SF
(¥0-8:9920) +0-S-1-601-HO-5¢
(e0-8£0¥20) £0-5- 1-80L-HA-SF

(20-528¥20} 20-5S-0-501-HO-GF
(¥0-2268020) FO-S-1-+0)-HEA-SF
(£0-L28¥20) £0-5-1-vOL-HA-GP

sl

2O/¢0 WM SEM AI9A0DB) JUediay
‘sajdwes

S0 pue "ajeoydng ‘Nue)g pezjin
sosoube|q eidweg ucqoeiold uofiepey

‘Adoosonoeds ewwsB Aq whjuoosz
PUR "LURKLBIN “UNHUSLANI "WNUOLE
‘winen ‘uopel ‘wnipes wingselod
'ped| "uos] YEGD WRLUOIYD
‘WiNisal WnPes "Yinwsq ‘wnusiue
"wniupae jo sedojosiopes By

vLiL
lusunedag
KINFING
sopsoubeqy
ejdumg
uopoBjcld
uojejpey

2B060S DOOMY 'S6/6L79

waure Gupdwes-Buidoog

¥-8-1-900-4O-5¢
&-5-0-800-49-6¥
¥-5-1-G00-HO-SF
£-5-0-500-HO-Str
¥-5-1-#00-HE-S¢
£-S0-+00-HE-5F
¥-5-1-E00-HO-SF
2-S0EDO-HD-&F
+-5-1-2DD-HE-SF
S-85-D-200-HO-SF
¥-8-1-100-H9-5F
1-5-0-100-HO-5t

-aseyd Buirdwes-Buidoos sy jo ped se
paoajoa jou asam seitues oD PRl
“sHu] DOD

UL Bi8m AIQADOR] JUBDIBY PUB OdY
‘sepdwes uanRIg)ED PUB

‘eyea)dey "yuejg poyiay pezign 1013

‘0408 POUIBN Vd3 AQ SIJOW wHOH
"OFZB POUIBIN vd3 AQ SOOA

ToH3

260605 DOOMY
SB/12/9
[+60B0S DOOMY] 156/61/0

ease Buydures-budoog

5-5-1-800-HD-5¥
E-5-1-900-59-5+
L-5-0-900-HD-5¥
5-5-1-500-4D-SF
£-8-1-S00-HO-S¢
L-S-0-500-HD-5F
S-8-1-PO0-HD-SF
£-8-1-p00-HO-SF
1-8-0-+00-HO-SF
£-5-1-200-4O-S¥
5-5-1-€00-H9-S5¢
1-5-0-€00-U9-G¥
5-8-1-200-99-G¢
B-5-1-200-4D-5¥
1-5-0-200-59-S¢
§-5-1-100-HE-Sr
£-5-1-100-0D-S¥
L-8-0-100-HD-5¢

SliNSeY puB BINPB20IH DDNVD

SPOYION PUE SBIA[BUY

KioyeIoq8
[eopApaLry

ayec bujces pue UoiEIOT

{eqeoydde a1aum 1) e|iies B3
8]BUIAYE Y)wm) JeqlunN edwes

(PenuyuoD) S 8Ng HI 10 SHNSAY PUE SINPAICIH D0/VD 10 Alewwing

301462.161.06.000 0%/11/97 1:34 PM

6-37

ALT-97TWPISNL:R4200-45.DOC




‘iG] JO PUS 1B SAJ0U 0) J88Y

-ajenbape alem

sempesod usgBULEBIUCIaR Buydwes
-{I0S au) Jey) paIRINPU SPSA/BUR
SjBEUL a53Y L SDOA WElU0D

10U PP 20- L-3LVSNIY-G¥ etdwes
BlESUIY “SIEOW YIOY U[BIuUoS Jou
PP L0132 LYSNIY-S aidwes ejesu)y
‘uojBuwEuosap Jewdinbe [euy pue
Buydwes jos Jo uops Kdwod Bumo)o;

20-131YSNIG-5¥
H0-13LYSNIY-SF
SB[EETY

20-05-1-901-HG-S¢
£0-0S-1-901-HE-S¥
TEGEONG

Z0-5-1-D1 1-HE-S¥
1O0-8-1-011-HB-S¥
LO-S5-0-01 1-HED-SF
20-3-1-601-Ha-S5F
10-5-1-801-Ha-SF
LO-5S-0-601-HD-GF
c0-5-1-801-Ha-5F
L0-S-1-801-Ha-SF
13-85-0-801-HS-SF
e0-5-1-L01-Ha-5¢
LO-5-1-201-HA-S¥
10-S5-0-L01-HD-GF
20-5-1-901-HE-S¥
10-8-1-801-HB-S¥
10-55-0-901-HE-SF
<0-5-1-G01-HE-5F
10-5-4-50L-HE-SF
L0-58-0-SD1-HB-GF
e0-S-L-+01-Ha-5F
VO-S-L-POL-HB-SF
L0-85-0-40L-HO-SP
20-5-1€0L-Ha-S¥
LO-5-1-€0)-HE-5b
LO-S5-0-E0L-HD-5¢

pasedsid a:om syueiq {aresuu) 20-S-+-20i-HA-SY
ysem-juaiudinbe snoenbe omi ey . 10-5-|-ZDL-HA-GF
"SI 2ONVO 10-S5-0-201-HO-SP
UHAIM ©J6M AIOACDBI JUBDIB] PUB (dH  « [ 'DSZB/OFZB SDOUIBW Yd3 AG SD0OA » [¥B8B20S JODMY] §6/41/0! 20-5-1-101-HE-S%
'sepluIBS UoRBIGYES puwY “LiFL12P 0109 10-S-L-LOL-HE-5
‘eirydoy JUe(Q POUIBH POZINN DK . SPOYISY Vo3 AQ S[EjOW wHDY - 943 Baly elneyosip-pinbiy 10-55-0-101-HD-5¥ |

RNESY puv BINPEOOId DDVO SPOLRGY PUB SOIAEUY KioresoqET [83eC Bupdiies pUE UGHBO0T | (BIqeodde aloum ' s0wes B

(BIpAfeLry BIBUIGYE YIM) JBquInN Sjckueg
(panunuo) G NS HI 10} S} NSAY puB SAINPEJ0Id JO/YD JO frewiwng
{ {

301462.181.06.000 O911/97 1:34 PM

6-38

AL/7-9TANP/SNL:R4200-45.D0C




‘81081 4O pUI JE S8I0U O] Jayey

‘ajenhape eiom

sainpeaad uogeuLEUosep Buydwes
-I108 81 18y} pajeoput sesA|RuR
QJesUL 856Y] SOOA UEIL0D

10U pIP 20-231 YSNIY-G¥ etdwies
BGUY “SiEeW YHOY WBUO0T jou
PIP 10-Z3LYSN -G sjclues sjesuly
‘UopeuWELOoeD Juswdinbe puy pue
Bunduses |os Jo uogeiduod Gumo)ioy
pasedoud sum syueiqg (ejesup)
ysem-juauidinba snoanbe om) eyt

20-231YSNIg-S¥
L0-E21YSNIL-SF
"PIASUTH

c00S-e-E10-X3-5F
L0AS-E-E10-X3-5F
HEENRNE (pUBIT

<0qQS-#-ZL0-HE-SF
TSN ¥ ey

20-S-€-910-X3-6F
10-S-£-910-X3-GF
10-S-£-G10-X3-GP
ZO-S€-¥10-X3-SF
L0-5-E-¢10-XT-Gh
Z0-S-E-€10-X3-G¢
10-S€E£10-X3-5F
THUSH

AETRIUE -0 TR joS

<0-3-+21L0-Ha-S¥
10-5-+-210-HE-S¥
e0rS-1-210-HE-5F
LO-S-L-2L0rHE-SF
20-S-¢L-iL0rHB-SF
LO-S-+1-1 L0-HE-SF
£0-5-6-110-HE-SF
L0-8-6-i LO-HE-SF

s SOVO (86805 OOV :s6/£Z/01 10-S-vLLD-HE-SY
UiLiM 816 AIBA0OGI JUBDIEG PUB OdH | "0928/0¥28 EPOUIBIN Ydd AG SOOA  » 20-5-1-1L0-HO-S¥
‘eajdwes LAY RPLODDLOL0A 8ayouast Aewouy 10-S-1-LLO-HE-SF
uoneiqifed) pue ajesiidey pezin oKl . SPOUION ¥d3 AQ SEle WHOH  » 1083 ofaubeyy pue y eany YEay
FiLL
‘Adassospeds ewumn AQ wniuoonz waugtedsg
PUB "WrUBIN WHUeyIn. ‘wnpoy NNANS -
'SP DONO Um sem AIaA00el GO = | ‘winyiey) “uopes ‘wnipe) wiissejod soysoube)g [P0 D0OMY)
‘seydwsigs ‘pea| ‘usH) ‘JEGOD WNHUCIYD eidures 'GEBL0L
S0 pue ‘eyeadng “yue)g pezin "WNJS6S ‘WNWeD ‘WNWSIQ "wWAd1IBUe Lofoalold (S0-8£8¥20) 50-5-1-601-HE-G¥
(sapsoubeIq sdwes uooslold UCHEIPRY  « ‘wnjuoe o sedOloS|oPYS DYl . | UOjBIpEY Basy Bf.euds|p-pinbn {80-££9p20) 5O-8-1-¥0 |-HE-Gb
| ENSaY pUv eINpe30ly JOVD SPOUJSI PUE EB)ATeLY Kiqeoqe] [6iEQ Buidueg pu uoRBo0T | (RIgeondde oem 'Gf eiowes o3 |
: reapdeuy SJELLGIE i) J6QUINN Sichieg

(pPenujuoD) Gy BUS HI 10} SINSaY pue Seinpesdid HDVD 10 Arewwng

301462.161.06.000 08/11/97 1:34 PM

6-39

AL/T-8TAWPISNL R4200-45.D0C




sailweg jouo efiu)s - 505
ayeojdng »uerg payids - QgS
yuex payids - s

Q2UBISH(O LSS BAREEY - Odd
1019818 uopeziuoiiCyd - did

amodng piepuUmg 0UoD AlojeioqeT - 4SO

prepuRS [aau0g AojeioqeT - SO
uoREpIBAIONEIYLEA BIE] - AQ
sapdwes [oaueg elgadng - SOQ

uug) Apojsng jo WEYD / 1senbey sesieuy - SOOMY

PLLL
“Adagsonpeds pwwen A wnuconz juswpedeg
PUE ‘WNILBIN ‘WNUBYLns ‘Wnuoy) WINFINS - (#8820 DOOMY] (e0-LBBYZO0) SO-S-E-FLD-X3-SF
“SHWI HONO WUIM sEM ABA008! SO “wniijey) ‘uope) ‘WAIpe) ‘wsseiod sapsouBeiqg SE/EZ/0L | TRURIY AT SISUNE WTH 0%
‘sedures ‘pEe| U] ‘YBgOD LUAILCIYD sdweg
r 507 pue ‘ejed||dng *yue|g pez|in “WN{S82 WNND ‘YINWISI] ‘Wnpjawe UOK3a)0Id sayaual) Aewouy (€0-6/8¥20) SO-S-1- 1 LO-HA-SF
gsaubie|q sidwes woROBJOId UCHEIPEY ‘wnjuoe jo sedojosiopes 8yl o |  uoelpey ogauiey pue y vary FOOUGITY ¥ E5IY WOl 05
(20188120} YO-S-E-FLO-XD-5F
"pajou Bsam swegoud {L0-188F20) £0-S-E-¥10-X3-SF
20D weopubls ou sisppeyd SEYI0BT]
ZAQ pue LAQ palduica OWS WNINS Aol FEUEEI o (105
B D00 Ml [coBz0 DOOMY] S6/ET/I0L
UL 818M ALBAQDAN JUBABY PUB QdY powaiN vd3 Aq Auinsiew ydeoxe {(20-6.8¥20) PO-5-1-1 LO-HA-GF
'seidWwes 0E5/8S P 0SSO 0109 POYIBW vdI AQ S[EIOW YHOH  « seyoues] Ajewouy (10-6£8¥20) £O-S-1- 1 LO-HE-GY
HURIQ POUIe PIZIIRN SqET 2100 ‘0vZ8 POREW YdI AQSOOA o | sgenaio) ayeubiepy pue v eely EAOUERH ¥ EAIY 100 [0S
WINSoY PUB enNpessly JOVD SPOLIOW pUe Saeuy KIGIEIGGE] |616Q) DUIIWES PUE UOREJ0 | [01GE3IIIdE 61614 'Q| SIS W
feopAfeuy 81BUIBIE UIM) JequINN aKkuss

(pspniouog) Gp 8IS HA 10) S)NSBY PUE S3INPas0id DONVD 10 Alewwng

F01462.161.06.000 08/11/97 1:34 PM

6-40

AL/7-97/WP/SNL:R420045.000C






