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A Preliminary Human Health Risk Assessment for the Mixed Waste Landfill,
Sandia National Laboratories, Albuquerque, New Mexico

by

R. Johnson. D. Blunt. D. Tomasko. H. Hartmann. and A Chan

Abstract

The Mixed Waste Tandfill (MWL) at Sandia National Laboratories, Albuquerque.
New Mexico (SNL.NM) was used as a disposal fucility for radioactive and chemical
wastes for approximately thirty years. Over time, tritium in the form of witiated water
has proven the most mobile of contaminants, having reached depths in excess of 100
feet, and having spread laterally in the vadose zone beyond the confines of the MWL
fence line. This report presents a screening approach to evaluate the current and future
human health risks posed by tritium via transport to the water table. In addition. this
report places the human health risks posed by tritium in the context of risks posed by
other contaminants known to be present at the site, bused on sumpling evidence to date.
In the case of the MWL, a screening approach is utilized as an effective ol tor dem-
onstrating that tritium in groundwater poses minimal current or future human health
risks at this facility.

1 Introduction

The Department of Energy’s (DOE) various facilities include thousands of sites that have been
identified as potentially posing human health risks because of past environmental contamination.
Sandia National Laboratories, located in Albuquerque, New Mexico (SNL.NM). has more than 200
suchsites.  Fully characterizing the threats posed by all of these sites using traditional characterization
methodologies is an impractical approach. both in terms of the fiscal resources and time that would be
required. The danger of applying traditional characterization methodologies to these sites is that
inordinate attention may be paid to sites that pose little or no human health risk. while sites with
immediate human health risk concerns go unattended.

The EPA has recognized that human health risk concerns should be used to prioritize actions,
EPA guidance on the application of human health risk assessment techniques to site characterization
can be tound in the series "Risk Assessment Guidance for Superfund (RAGS) (EPA 1989a: 1991a-¢).
One difficulty in the application of Superfund health risk assessment procedures is the quantification
of uncertainty. A variety of approaches have been proposed for dealing with risk assessment
uncertainty, including explicit treatment of uncertainty through Monte Carlo procedures. While Mon-
te Carlo procedures are conceptually appealing, their proper application is even more data intensive
than deterministic risk assessment methodologies. and the results can be misleading if uncertainties
associated with model choice and assumed parameter probability distributions are not adequately



addressed.

The appreach demonsuated in this report relies on screening rechniques uppiied o
conmuminant tansport mechanisms, These screening technigues have been recommended by the ULS,
EPA us purt of the characterization process for sites regulated under the Resource Conservation and
Recovery Act (RORAY (EPA 1989b. 1990}, The objective of screening technigues is not to tully
quantity the probability distribution associated with the tinal risk assessment. but rather, where possi-
ble. to demonstrate that the probability of a particular pathway delivering contaminants that pose
human health risks above a pre-specitied threshold is highly unlikely. If. atan early stage of investiga-
tion and using very conservative assumptions on contaminant concentrations and transport
purameters, it can be demonstrated that significant human health risks are unlikelv, then lengthy and
costly tull-scale health risk assessments generally would not be necessary.  This report demonstrates
how a screening approach to human health risk assessments can be used to determine whether tritium
in the form of twitced water poses a significant current or future threat to the water table at the Mixed
Waste Landtill (MWL), at SNLNM. The screening approach is also used to address risks from other
contaminants, based on availuble informaton.

The work presented in this report was funded by the Department of Energy’s Office of
Technology Development through the Mixed Waste Landfill Integrated Demonstration. Graphics
contained in this report were generated using SitePlanner and Island Graphics software. Special
thinks are owed to the SNL,NM Environmental Restoration Project. Department 7585, without whose
cooperation and support this analysis could not have been completed.

2 Site History

Sandia National Laboratories occupies land within Kirtland Air Force Base (KAFB). located
along the southeastern edge of Albuquerque, New Mexico. The MWL is located in the north-central
portion of SNL.NM's Technical Area 3 (Figure 1). The 2.6 acre site (1.1 hectare) was established in
1939 as a disposal area for radioactive, mixed, and hazardous wastes generated by SNL.NM’s research
facilities. The landfill accepted low-level radioactive wastes, mixed wastes, and hazardous wastes
from 1959 through 1962, and low-level and mixed wastes from 1962 through December, 198%.
Wastes were placed in a series of pits and trenches within the landfill. These pits and trenches are now
backfilled and/or capped. Approximately 100,000 cubic feet of radioactive waste containing 6,300 Ci
of activity at the time of their disposal were deposited at the MWL (SNL 1993b).

The MWL consists of two disposal areas: the classified area and the unclassitied area (Figure
2). Low-level radioactive wastes. mixed wastes. and hazardous wastes have been disposed of in both
areas. The classified area is the oldest part of the MWL, Classified wastes (including materials which
by shape or content contained information important to national security) were buried in a series of
approximately 40 unlined pits. The classitied area pits were cylindrical or square. about 1.5 to 3 m (5
- 10 1t ) 1n width and 7.6 m (25 ft ) deep. Unclassified wastes were disposed of in seven trenches
occupying the major portion of the landfill. The unclassified area trenches were typically 10.6 m (35
ft) wide and 55 m (180 ft) long at the top. and between 4 and 7.6 m (13 and 25 ft) deep. Their exact
dimensions and location have not been determined.

Between 1959 and 1962, chemical wastes were disposed of in Pit [, located in the southeast
corner of the classified area. These wastes included acids, solvents such as trichloroethylene (TCE)
and carbon tetrachloride (CCly). and scintillation cocktails (typically toluene-based). Other wastes
disposed of in the classified area include uranium, thorium, enriched lithium, various radioactive
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sources. miscetaneous plutonivm contuminated wastes, and plutonium contaminated nuclear
weapons test debris. Several pits in the northeast corner of the clussitied area were used specificatly
for disposal of depleted uranium.

Starting in 1962, nonclassified waste disposal began in the unclassitied areuw of the MWL,
Early waste disposal occurred in the four northern trenches. and disposal from 1979 to 1988 occurred
in the three southern renches. Known waste disposal in the unclassified ared consisted mainly of
tritium, and radiologicully contaminated soil, debris, luboratory equipment. and lead. It is believed
that little or no hazardous wastes were disposed in the unclassified area since the Chemical Waste
Landfill (CWL) (Figure ) was established in 1962, specifically for the dispusal of hazardous wastes.

n 1967, approximately 270.000 gallons of coolant water from the Sandia Engineering Reactor
Facility (SERF) were disposed of in Trench D. The wench may have already contained waste at the
time. Approximately | Curie (Ci) of total radioactivity. mainly short-lived radionuclides. was
discharged into the wench with the coolant water.

All of the pits in the unclassified area were backfilled after their holding capacity was reached.
The depth of the backtill covers is not known. The last trench in the unclassitied area (Trench G) was
backfilled in May 1990. Four of the pits in the classified urea were covered with concrete, plywood
or steel cups und backfilled at the time of closing. The rest of the clussified areu pits were simply
backfilled.

3 Environmental Setting
3.1 Climatic

The closest source of meteorological information is a National Oceanic and Aunospheric
Administration (NOAA) meteorological station at the Albuquerque International Airport which is
located approximately four miles from the MWL, Albuquerque’s climate is designated as "arid conti-
nental”, churacterized by low precipitation. wide temperature extremes. frequent drying winds, heavy.
short rain showers. and erratic, seasonal distribution of rainfall. The average temperature in Albuquer-
que 1s 56 degrees Fahrenheit, with temperatures reaching 90 degrees an average of 63 days a year. The
air is normally dry. with average annual relative humidity around 44 percent. Half of the average
annual precipitation (8.4 inches) occurs during intense summer thunderstorms between July and
September. Potential evapotranspiration for the Albuquerque area is 30.9 inches. Actual evapotrans-
piration has been estimated at 95% of the annual rainfall (Thomson and Smith 1985). The average
annual wind speed for the Albuquerque area is 9 mph (4 m/s).

3.2 Soils

Soils in the vicinity of the MWL are of the Madurez Loamy Fine Sund Series. They are
derived from old alluvium modified by wind. Slopes are gentle, ranging from 1 to 5 percent. Madurez
Fine Sandy Loam soils are also prevalent. These soils are well drained with little runoff. Wind
erosion potential is moderate to severe, particularly if vegetation has been disturbed. Vegetation in the
area 18 sparse: the major types of vegetation include sage. tumbleweed. grass. and varieties of small
cactus.



3.3 Ceology

The MWL is locuted in the Rio Grande Vallev of the Mexican Highiand Subdivision of the
Basin und Range Phystographic Province. The Rio Grande Valley 1s u depressed linear feature that
extends from Celorado to Mexico. KAFB is located on the East Mesa of the Rio Grande Valleyv.
generally westof the Sandia and Manzano mountuns. The mesais a prominent physiographic feature
that appears as a level to gently sloping shelf extending from the Inner Vallev of the Rio Grande River
on the west to the Manzano Mountains to the east. The Inner Valley of the Rio Grande River is the
lowest point in terms of surtace elevation (4,900 ft above mean sea level). The mesa on which the site
is located averages about 5.400 feet above sea level.

The MWL is located on the Sandia-Manzano piedmont plain in a coarse-grained, marginal
portion of the Sante Fe Formation. The site is underlain by more than 500 feet of Pliocene deposits of
the Ceju Member of the Sante Fe Formation and younger materials. The Ceja Member consists of
sandy gravel and gravelly sand interbedded with tubular to lenticular lenses of buft colored clay. silt.
and sand that range in thickness from less than one foot to more than 40 feet. The MWL is underlain
by the Sante Fe Group deposits. Bedding is often of limited aerial extent. Caliche layers are common-
ly formed on subaerially exposed surfaces. Analysis of samples from MWL monitoring wells and soil
bores show little correlation of layers between wells and borings. The coarse-grained sediments near
the surfuce of the MWL generally grade to fine-grained sediments with depth.

Four major fault systems have been identified within the limits of KAFB (Figure 3). The
Sandia Fault (normal fault, down to the west with displacements of more than 2,700 ft) is thought to
cross KAFB. The influence of this fault on local groundwater movement is not presently well under-
stood, although it has been postulated that deposition of travertine in the fuult may severely limit
westward migration of groundwater (Engineering Science 1981). The location of the Sandia Fault in
the vicinity of the MWL is approximately one mile northeast of the site.

¥

3.4 Ground Water Hydrology

KAFB lies within the limits of the Rio Grande underground water basin. The principal aquiter
of the Rio Grande Basin and KAFB has been termed the "valley fill" (Engineering Science 1981). The
valley fill is comprised of unconsolidated and semi-consolidated sands, gravels, silts, and clays of the
’liocene Sante Fe Formation, alluvial fan deposits associated with upland area erosion, and valley
alluvium, associated with stream development. Groundwater exists in the valley fill in an unconfined
state. Pumping of Albuquerque City wells has produced a significant lowering of the groundwater
table. The underlying valley fill aquifer is the sole source for the City of Albuquerque’s public water
supplies.

KAFB obtains water from a system of twelve wells screened in the valley fill deposits and by
purchasing additional supplies from the City of Albuquerque. Well locations are shown in Figure 4.
Static water levels recorded in base wells west of the Hubbell Springs Fault vary from 123 m (403 ft)
at Well 13 t0 177 m (380 ft) at Well 11. The closest drinking water well to the landfill is Well 10,
focated about 610 m (2,000 ft) northeast of the site. The depth of groundwater beneath the MWL is
about 140 m (460 ft): the direction of groundwater flow is to the west. There is no evidence of perched
groundwater beneath the site (SNL 1993b). Water levels beneath the MWL are declining at a rate of
about | ft/y because of extensive pumping of KAFB water supply wells to the northeast. The hydrau-
lic conductivity ot the saturated zone beneath the MWL is not known: however, the hydraulic
conductivity of the saturated zone at the Chemical Waste Landfill (CWL) located 1.9 mi southeast of
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the MWL hus been estimated to be 0.39 f/d tSNL 19493b),

The vadose zone beneath the MWL consists of unconsolidated to poorly conselidated alluvial
deposits. Water cun enter as infiltration. and exit either through evapouanspiration or recharge to the
underlying aquiter. Evidence of net recharge to the aquifer from rain water infilwation in the area of
the MWL is mixed. Soil sumples from the surfuce and subsurface of the MWL show water contents
ranging from negligible t 9% by volume. suggesting that vadose zone moisture is at or close to the
residual motsture content for these soils.

3

3.5 Surtace Water Hydrology

On KAFB, the Sandia-Manzano piedmont is dissected by two natural channels: Tijeras
Arroyo and Arroyo del Coyote (Figure 5). Tijeras Arroyo is a west-trending ephemeral stream that
has incised a steep-sided. flat-bottomed channel (arroyo) about 174 to 1/2 mile wide and 100 to 130 ft
deep. Arroyo del Coyote starts on the west tlank of the Manzano Mountains. and trends
north-northwest until joining the Tijeras Arroyo in the City of Albuguerque. Arroyo del Coyote is
about 100 to 400 ft wide and 4 to 20 tt deep. The MWL lies about 2 miles southwest of the Arroyo del
Coyote drainage. Surface drainage from SNL.INM is from east to west toward the Rio Grande River.
In the immediate vicinity of the MWL, there are no surface hydrologic features. Surface runoff from
the MWL flows generally toward the west with eventual evaporation or infiltration to the vadose zone.

3.6 Land Use and Demographics

The MWL is located within the boundaries of SNL.NM’s Technical Area 3, which is used for
test facilities (e.g., sled tracks, centrifuges, and a radiant heat facility). The MWL is secured with a
fence; security guards are present at the entrance to Technical Area 3 to limit access to the general
area. The nearest residential areas are the City of Albuquerque which is approximately four miles
west of the MWL and the Isleta Indian Pueblo, which is approximately four miles to the south.

4 Summary of Data Collected

Systematic sample collection and analysis programs have been conducted since 1969. The
following summary of past sampling programs and their findings is organized by contaminant type
(radiological or chemical) to facilitate the subsequent screening risk analyses presented in Sections 5
through 7.

4.1 Radiological Contaminant Investigations
4.1.1 Surface and Subsoil Investigations

1969 Subsurtace Soil Sampling at the MWL

Ten soil samples were collected from depths of 25 and 50 feet from five locations around the
MWL to assess radionuclide transport from the MWL. The samples were analyzed for gross beta
activity, total Sr. Cs-137, and gamma activity. Based on the results of these samples. Brewer (1973)
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concluced that there was no evidence of radionuclide migranon from the MWL The exact focations
o the sampling pomts and the row sample results are not available.

1979 Subsurfuce Soil Sampling at the MWL

that wus adjacent o pits within the classified wrea known o contun tritum (Simmons 1980). The
samples were analyzed for gross alpha. gross beta, total uranium and witium. All uranium and gross
alpha measurements were below the detection Iimit. The sample from a depth of 29 feet showed beta
activity that was 10 times higher than the mean of the total number of samples. Tritium values above
buckground were encountered in 25 of the 35 sumples. particularly for samples at depths greater than
I8 feet. The maximum value encountered was 389.000 pCi/L of extracted water at a depth of 23 feet.
Soil moisture content values and sotl densities for these samples are unavailable. The original data.
along with the exact location of the sampling pit. are also unavailable.

Thirty five sotl samples were collected at one footintervals from a pit dug to a depth of 35 feer

1981 Surface and Subsurface Soil Sampling at the MWL

In 1981, 226 surface and subsurface soil samples were collected and analyzed for gross alpha,
gross beta, tritium, gamma actvity, and moisture content (Millard et al. 1983). Samples were collect-
ed at 10 locations and one location on the perimeter of the landfill which served as a background
location. Samples were collected at the surface. and at increments of 2.5 feet thereafter to depths
greater than 75 feet. Tritium levels at the background location were below the method detection limit
(1.e.. 450 pCy/L). The maximum tritium concentration (351 pCV/L) was detected in surface soil located
adjacent to Pit 33 in the classitied area which was active at the time. Concentrations of tritium in
surface soil outside the disposal area ranged trom 1,000 to 121,000 pCi/L. Subsurfuace tritium concen-
trations from borings within the disposal area ranged from 3,000 to 139,000 pCi/L.. The original data,
along with the exuct location of the sampling points. are unavailable.

1982 Surface and Subsurface Soil Sampling at the MWL

In June, 100 surface soil samples were collected to determine the lateral extent of tritium
migration (Millard et al. 1983). Samples were collected at 5 cm depths at regular intervals along
transect locations along the perimeter of the tenced area, inside the unclassified area, inside the classi-
fied area. and adjacent to Pit 33 in the classified area. The study detected a maximum tritium
concentration of 3.3 pnCy/L. adjacent to Pit 33. The study estimated that the total inventory of tritium
within the classified area was 1180 uCi, with 96 percent of the total adjacent to Pit 33.

In July, four more soil borings were drilled at the MWL to a maximum depth of 27 m (90 ft).
Boring 1 was adjacent to Pit 33, while borings 2, 3, and 4 were located outside the classified area
cence. No detectable levels of tritium were found outside the boundaries of the classified area at any
depth. The original data and exact locations of the borings/sampling locations for both studies are
anavailable.

1989 Soil Sumples Obtained During Monitoring Well Installation

Following standard RCRA guidance. four groundwater monitoring wells were installed in
1988 and 1989 adiacent to the MWL (Figure 2) (Ecology and Environment, Inc. 1989). Three wells,
MWL-MWI. MWL-MW2 and MWL-MW3, were completed down gradient from the landfill. MWL-
BW 1 was completed up gradient and serves as the background reference well for the site. During well
installation, soil samples were collected at different depths for MW 1, MW3 and BW 1 and analyzed
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for tritium, gross beta. volatile and semi-volatile orgunic compounds. and camo aetiving. Volatile
and semi-volatile organics were not detected. and all rudionuchide measurements. inciuding tritium.
were at background levels.

1990 Surfuce and Subsurface Soil Sumples at the MWL

A total of 176 surfuce soil sumples were collected from a surveved grid system across the
landfill (SNL and EE 1990). Ten percent (i.e.. 17) of the sumples were randomly selected and
analyzed for gross alpha and gross beta. \\,chtfd gamma enutters. and tritium. Ten of these samples
had elevated tritium levels ranging from 7.000 to 390,000 pCi/L (Figure 6). Detection limits for
trinum analyses were not reported.

A total of 285 subsurface soil sumples were collected from 17 boreholes located around the
perimeter of the landfill and one (background) borehole located 150 m (500 fo) \‘nmth of the MWL
(mee 7). Soil sumples wese collected at 1.5 m (5 v intervals to a depth of 15 m (50 ft). and at 3 m

0 ft) intervals from 50 feet to o total depth of 30 to 46 m (100 - 130 ft). Five of the bm‘cs were angled
to u)llect samples from beneath the lundtill. All samples were analyzed for gross alpha. gross beta.
selected gamma emitters, and tritium. In addition, 20 samples were analyzed for isotopic uranium and
1sotopic plutonium. Results are reported in the Phase 1 RCRA Facility Investigation (SNL and EE
1990).

Results for radionuclide analyses. other than tritium. were all below the method detection
limit. Tritium was detected in samples from 14 of the 18 bores (detection limit of 2.000 pCi/L extract-
ed water). Figure 7 shows the maximum value of tritium encountered in each bore and the depth at
which it was seen. These values ranged up to 17 LCI/L encountered in bore SB-3 at a depth of 4.6 m
(15 ft). Since many of these bores lie outside the fence line of the MWL, lateral tritium migration has
obviously taken place, predominantly from the classified area. Figure § provides a profile view of the
vertical distribution of tritium encountered by four bores: SB-2, SB-3. SB-4. and SB-5. The
grey-shaded surface in this figure shows the logarithm of the tritium values observed. As is clear from
this figure, the bulk of the contamination lies near the surface. Of the 18 bores drilled. only one. SB-5,
encountered detectable tritium at depths greater than 100 feet. For this bore. the deepest detectable
tritium concentration was measured at a depth of 110 feet.

1993 Slant Bore Drilling

A slant bore MWL-MW4 was completed beneath the MWL in Murch 1993, with entry just
north of Trench D. The well was drilled to a total depth of 167 m (548 ft). and was screened in two
zones beneath Trench D. During drilling. subsurface soil samples were collected and analyzed for
potential contaminants. Appendix E contains the tritium results for these analyses. Figure 9 shows the
vertical distribution of the tritium results for extracted water, the vertical distribution of soil moisture
content for those samples with moisture content estimates, and the tritium values per liter of soil for
those samples with both moisture content values and tritium extracted water results. The maximum
value observed, 7.000 pCl/L. occurred within the top 11 m (35 ft) of soil. All subsequent
measurements were less than 1,000 pCi/L. Since water content for all samples with moisture content
values was less than 10% by volume. all samples had tritium concentrations less than 700 pCi/L of
soil.

1993 Tritium Surface Soil Sampling Program

In July, 102 surface soil samples were collected and analyzed for tritium. Figure 10 shows the
locations of the soil samples. Figure 10 also shows a grey-scale surface of the logarithm of tritium

~
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values observed pased on the sample results. Thesa values range trom less than 100 pCYL of sotl o
approximately one LCYL of soil. Assuming o conservative sotl density of 1.2 g/um:. this would
tunslate wless than 1 pCr/g to 830 pCi/g. Again. as previous studies have shown, the highest concen-
trutions of winum in surface soil are found in the classified arsa. with contamination extending out
bevond the MWL “ence line. A complete list of the witium soil sampling results is presentzd in
Appendin €

4.1.2 External Rudiation and Air Investigations

1990 Radiagon and VOC Walkover at the MWL

In 1990, a general radiation and VOC survey of the unclassitied area was completed. The
survey targeted ambient surface radiation and volatile organic vapors. and was conducted
approximately 1 meter above ground surface. For volatile organic compounds, no measurements
above background were obtained. Elevated radiation levels were detected along the north and east
fence line of the classified area (i.e.. 60 - 130 uR/hr), and along the fence line dividing the classified
and unclassified areas. One location at the west central border of the classified area had an exposure
rate of 5 mR/hr. The source of this radiation was thought to be associated with buried waste in pits
that had not vet been capped in the classitied area (SNL and EE 1990). Elevated exposure rates were
also detected in the southwest corner of the unclassitied area, which is used as a temporary
above-ground storage facility. Exposure rates ranged from 80 - 1,000 uR/hr.

1989-1990 Air Sumpling at the MWL

Air sampling for tritium vapor and radioactive particulates was conducted at several locations
in and around the MWL to determine fugitive emissions from the MWL (SNL and EE 1990). Sorbent
rubes were used to collect water vapor for tritium analysis, and cellulose tilters were used to collect
alrborne particulates for gross alpha and gross beta analysis. Air monitoring was also conducted
during soil sampling activities. All samples indicated activity at or below background levels.

1992 Air Monitoring Program

During the summer of 1992, a 16 week air-monitoring program was conducted to monitor for
fugitive VOC, particulate radionuclide and vapor-phase tritium emissions from the MWL, Tritium
flux measurements were taken from 15 locations spread across the landfill (Figure 11). Measured
values ranged from 41 to0 6,170 pCi/mz/hr. Maximum flux values were observed in and adjacent to the
classified area, an observation consistent with earlier surface and subsurface soil sampling results.
The PMI0 filter sumples were analyzed for beryllium, total uranium and plutonium. All particulate
measurements were below background (Radian Corp. 1992).

1992 Radiation Walk-Over Survey

A gamma survey of the northern portion of the unclassitied area was conducted 1in October,
1992, The walk-over was done with an Nal scintillator at a height of 1 m (3 ft). The survey consisted
of 10 background points southwest of the MWL, and 420 grid locations in the north unclassified area.
Exposure rate measurements ranged from 10 to 600 pR/hr. The highest measurements were located
on the boundary of the classified area and are believed to be associated with a buried reactor vessel in
the classified area. Figure 12 provides an indication of the spatial distribution of exposure rates. A
complete list of data generated by this survey can be found in Appendix B.
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1993 Trinum Flux Monitorine

In the tall of 1993, Radian Corporation completed a pussive soil gas monitoring program for
trittum and VOC tluxes at the MWL, A wotal of 27 sumpling locations were monitored tor ritium flux.
Their locations are shown in Figure {3, Of the 27 locations. 26 were selected to represent potential
tritium flux "hot-spots” based on past near-surtace witum sampling results. One focation was remote
from the MWL and was used as a background measurement. Observed values rangad from 100
pCi/mz/hr to 166.000 pCi/mz/hr. The distribution of tritium fluxes does in tuct show a strong correla-
tion with the tritium soil sample results shown in Figure 10, A complete list of data generated by the
Radian tritium sumpling is contained in Appendix F.

4.13 Groundwater Monitoring Program

Groundwater monitoring has been conducted at the MWL on a regular basis since September.
1990, Three down-gradient monitoring wells and one background location monitoring well were
installed in 1988 and 1989 (see Figure 2 for locations). The monitoring wells were sampled quarterly
from September 1990 to January 1992, und semiannually thereatter. Samples are analyzed tor
radionuclides including trittum. Trittum measurements for the monitoring wells adjacent to the MWL
have consistently yielded trittum values that are below detection limits. Detection limits for these
analyses range between 200 and 400 pCi/L. No elevated levels of other radionuclides have been
observed (SNL 1993a).

4.2 Chemical Contaminant Investigations

4.2.1 Soil Investigations

1990 Surface and Subsurface Soil Samples at the MWL

A total of 285 subsurface soil samples were collected from ¥ bore holes. Seventeen bore
holes were Jocated around the perimeter of the landfill and one (background) wus located 500 feet
south of the MWL (Figure 7). Soil samples were collected at 5 foot intervals to a depth of 50 feet. and
at 10 foot intervals from 50 feet to a total depth of 100 to 150 feet. Five of the bores were angled to
collect samples from beneath the landfill. A total of 185 samples were analyzed for VOCs and SVOCs
on the EPA’s standard Target Compound List (TCL). and 70 sumples were analyzed for Target
Analyte List (TAL) metals. An photo-ionization detector was used to monitor saumples collected
during the bore hole drilling process---some volatile organics were detected. Levels of toluene. chlo-
roethane, methylene chloride, 1.2-dichloroethene, di-n-butyl phthalate und bis(2-ethylhexvliphthalate
up to 1.3 mg/kg were detected in some samples from bores adjacent to the landtill (ie., angled
boreholes SB-§, SB-10 and SB-17). Interpretation ot these values is ditficult. however. because
methylene chloride. acetone, toluene and bis(2-ethyvlhexyl)phthalate were also detected in background
samples at concentrations of up to 0.5 mg/kg, suggesting laboratory contamination.

In general, for the seventy subsurface soil samples from bore holes surrounding the landtill
analyzed for metals, the concentrations in landfill boreholes were within the range reported for the
background location (SNL and EE 1990). No surface soil samples were analyvzed for metals.
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Alr Investigations

Auvust-September 1993 Passive Soil Gas Survey by Quadrel Inc,

¥

A passive soil gus survey for VOCUs was conducted in two rounds by Quadrel Inc. (Quadrel
Services 19930, The first round was completed August 2. 1993: the second round was completed
September 200 1993, The classified area where samples were concentrated corresponded to inactive
burial pits where pust VOC disposal was suspected. Seventy-one and 22 collection devices were used
in the first and second sampling rounds. respectively. The collection devices were analyzed for VOCs
on the EPA’s standard TCL. Three additional compounds (isopropyl ether. dichloroethyne.
I.1.2-wrichlorotrifluoroethane) were also identified. The tollowing compounds were detected (number
in parentheses shows number of detections): acetone (&), 1.1-dichloroethene (1). dichloroethyne (12),
ethyl benzene (1). isopropyl ether (2). styrene (1), tetrachloroethene (63). toluene (17).

.1 I-trichlororethane (27). trichloroethene (46). 1.1.2- trichlorotrifluoroethane (9). and xylene (1).
Ficures 14 and 15 show the spatial distribution tfor tetrachloroethene and trichloroethene flux values.
espectively. Table 1 shows the range of flux levels for the 12 compounds detected.

The survey also included nine control samples. The purpose of these samples was to detect and
measure ambient-air contamination by exposing each control sample to an ambient-air volume equiv-
alent to that to which the field samples were also exposed. Methylene chloride was detected in a
control sample at a concentration higher than was found in site samples. and was therefore not consid-
ered to be due to contaminant flux from the MWL, Additionally. 1.1.2-trichlorotrifluoroethane was
detected in one control and acetone was detected in two controls. The highest level detected was
subtracted from each detected field sample value.

The tlux values are measures of vapor escaping the soil surface. The locations of detected
VOC tlux levels may not correspond spatially to the subsurface location of contamination because
vapor escaping the subsurface follows the path of least resistance which may not be directly vertical.
Also, although the flux measurements indicate the presence of VOCs, it 1s difficult to draw any corre-
lation between their values and the level of contamination present in the soil.

October 1993 Soil Gas Investigation by Radian Corp

Another soil gas survey for VOCs was conducted by Radian Corp. in October 1993 to confurm
the results of the August-September 1993 survey (Radian 1994). VOC flux measurements were
obtained from 10 sampling locations in and around the MWL (Figure 16). Location and analyte
selection was based on the results of the previous survey. Samples were analyzed for 21 different
VOCs, and additional chromatogram screening was done to determine whether other VOCs were
present at concentrations greater than 2 ppb (by volume). Table | shows the number of detections and
runge ot tlux levels for detected compounds.

Six compounds were detected in the Radian survey, two of which had not been detected in the
previous survey by Quadrel (i.e., benzene and methylene chloride). However, results were fairly
comparable to the previous survey, in that all compounds with the highest detection frequency in the
first survey were also detected in the second survey, and at comparable flux levels (e.g., the maximum
value for tetrachloroethene in the Quadrel survey was 400 ng/m~/min: the maximum in the Radian
survey was 1,000 ng/mz/min"). A background location 500 ft west of the northwest corner of the MWL
was also included in the survey; however, the location was subsequently found to have possible
contamination from recent construction activities and the data were, therefore, not considered
representative of background concentrations.



4.2.3 Groundwuter Investizations

Groundwuater sampling results for MWL are described in Sundia Annual Reports (SNL 1992
SNL 1993u). For calendar year 1991, quarterly samples were analyzed tor drinking water supply
parameters (metals. pesticides. herbicides. nitrate. colitorm bacteria, alpha activity. beta activity and
radium). groundwuater quality parameters (Cl Fe. Mn. Nu. sultate and phenols) and groundwater con-
tamination parameters (pH. SC, TOX, and total organic carbon [TOC]). Detected chemical
parameters included bartum, chromium, iron, manguanese. sodium. chloride. fluoride. nitrate,
phenolics, sulfate and TOC. Only TOC and phenolics were detected in amounts above the State of
New Mexico maximum contaminant levels (MCL). TOC wus detected in MW?2 and 1n the
background monitoring well at concentrations of 0.51 to 0.64 mg/L. as compared with an MCL of 0.50
mg/L. Phenolics were detected in the January and April sampling rounds at concentrations of 0.011
and 0.013 mg/L, respectively, as compared with an MCL of 0.005 mg/L. Phenolics were also detected
in the January method blank. Phenolics were not detected in the July and October sampling rounds.

For calendar year 1992, sampling frequency was lowered to semi-annually and annually for
various analyte groups. Detected parameters included calcium. bartum, magnesium, sodium, nickel,
iron, chromium. aluminum, mercury, chlonde, sulfate, and TOC. TOC was detected at a
concentration of 0.71 mg/L in MW-] and (.65 mg/L in MW-2. as compared with the MCL of 0.50
mg/L. The past presence of TOC in the background well at similar levels indicates that this screening
parameter probably does not indicate site-related contamination. Based on the results from these six
sampling rounds, there is no indication that groundwater beneath the MWL is contaminated (SNL
1993b). No other compounds exceeded state MCL levels.

5 Conceptual Model for the Mixed Waste Landfill

A conceptual site model for the MWL was developed to identify contaminant source areas,
potential release and transport mechanisms, environmental media of concern, potential human
receptors, and potential routes of exposure. The model was developed on the basis of current
understanding of the site and is depicted in Figure 17. Individual components of the model are
described below.

5.1 Contaminant Sources

For the MWL, the contaminant sources are radioactive and chemical wastes buried in the
landfill. The waste is estimated to extend to a depth of 7.6 m (25 ft). The MWL consists of two
distinct areas, the classified area where wastes containing information important to national security
were buried in pits, and the unclassified area where radioactive and chemical wastes were buried in a
series of seven trenches. Disposal activities in the unclassified area ceased in 1988, but a few ot the
pits in the classified area have only recently been closed and capped. The south side of the
unclassified area is currently being used for the temporary storage of containerized waste. Because of
the temporary nature of this waste storage. the containerized wastes are not considered in the concep-
tual site model.

A summary of the nature and extent of radioactive and chemical contaminants that are buried
in the MWL is presented below. The summary of radioactive contaminants is based on data from the
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Solid Waste Information Management System (SWIMS). a computerized database. Although records
contained in SWIMS are incomplete. it serves as the best source of information for the MWL (SNL

10930, Informaton about the contents nf the MWL was alse obtauinad from interviews with former

SNLNM emplovees (Peace [994),

Vo TN
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Radioactve Contwminants

Itis estimated that approximately 100,000 ft' (2.800 m’) of radioactive waste containing 6.300
Ci of activity were buried in the landfill. In the unda.\.\med area. buried wastes consist of contaminat-
ed equipment. decontamination materials, and miscellaneous solid wastes. A summary of the known
contents of each tranch is presented in Table 2. The specific contents of the classified area are not
known. Radioactive wastes contained in the pits are believed to include uranium, thorium. plutonium.
various leaky sources. and trittum, Large quantities of tritium were disposed of in the classitied wrea.
The major source of tritium 18 from neutron generator tubes.

In summary. by waste type, the following were believed to have been disposed of in the MWL:

Transuranic Wastes (TRU)
The SWIMS database indicates that about 50 ft* (1.4 m*) of TRU waste containing 1.2 mCi of
total activity was disposed at the MWL, Memoranda and Waste Management Site Plans from the

sarly 1970s indicate that the amount of TRU waste could be as high as 600 f (17 m’). The mujor
contaminants included in this waste category are Pu-238 and Pu-239.

Uranium and Thorium Wastes

Approximately 22,000 f* (620 m") of uranium and thorium wastes containing 10 Ci of activity
were disposed of in the MWL,

Fission-Product Wastes

An estimated 12,000 £ (340 m*) of fission product wastes contuining 410 Ci of activity were
disposed of in the MWL, A conservative estimate of the remaining activity based on Cs-137 and Sr-9
is 200 Ci.

Induced Activity Wastes

An estimated 54,000 ia (1,530 mg) of wastes containing 3,500 Ci of induced activity were
disposed of in the MWL. These wastes were the largest contributor both in volume and activity to the
MWL waste stream. Most induced activity wastes have a relatively short half-life, with the exception
of Co-60), Nickel-63. and Barium-133.

Trittum-Containing Wastes

An estimated 12,000 ft® (340 m’) of wastes containing 2,400 Ci of tritium were disposed of at
the MWL. This waste consisted primarily of contuminated equipment, dry solids, and minor amounts
of decontamination debris. In the classified area. tritium waste is believed to be associated with
neutron generator tubes.

Alpha-Emitting Wastes




Anestimuted 2.600 fr (74 m 7 contuining 6 Ci ot fow-level ulpha emitting wastes were
disposed of at the MWL, This waste consisted primarily of dry solids and smaller guantities of
contaminated equipment. decontamination debris. and miscellaneous waste.

N
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Chemical Contaminants

The types of chemical contaminants known to have been disposed in the MWL include acids,
solvents such as wichloroethylene (TCE) and carbon tetrachloride (CCLy. seintilfution cocktails (typ-
ically toluene-based). lead shielding. oils and petroleum products and beryllium (SNL 1993b). It is
believed that little or no hazardous wastes were disposed in the unclassified area subsequent to the
estublishment of the CWL in 1962, specifically tor the disposal of hazardous wastes.

5.2 Potential Releuse and Transport Mechanisms

Four potentially significant release and transport mechanisms were identified in the conceptual
site model. These mechanisms include infiltration and percolation. advection and volatilization.
animal burrowing, und biotic uptake. These mechanisms are discussed in sections 5.2.1 through 5.2.4.

Surface water transport of contaminants via run-otf is also possible, assuming that surface
contamination 1s present. Contaminants could be transported as particles carried by water, or
dissolved in the water itself. However, since infiltration is rapid in this wrid region and no nearby
surface water bodies are present, exposure to contaminated surface water 1s not a pathway of concern.
Therefore, the environmental medium of concern with respect to the runoft water migration pathway
is surface soil, and no surface water pathway is shown in the conceptual site model (Figure 17).

[t should be noted that if liquid containerized wastes are present in the MWL, potential
transport mechanisms may not yet have occurred. Migration could occur at some time in the future
when corrosion causes the containers of liquid to be breached. Information on wastes disposed in the
MWL is incomplete. Because the possibility of increased migration exists if liquid containerized
wastes are present, limited long term monitoring at the landfill will likely be needed (e.g.. semi-annual
measurement of flux rates).

5.2.1 Infiltration/Percolation

Vertical transport of contamination could occur by infiltration and percolation of precipitation
through the unsaturated zone to the water table and then laterally to water supply wells. Due to low
annual precipitation rates, high evapotrunspiration. the depth to groundwater (i.e.. 460 ft). and layers
of low permeability materials, vertical migration ot wastes 1s expected to be a very slow process. A
large portion of the buried waste is in solid form: the rate of dissolution and desorption of
contaminants would depend on the contaminant-specific distribution coefficient. Ky, which describes
the partitioning between the liquid and solid phases. Characterization data indicate that trittum, which
has a very low K4 (indicating high migration potential) has migrated verticully through the vadose
zone to a depth of atleast 33.5 m (110 ft). Other radionuclides that were disposed ot in the MWL (e.g.,
uranium and plutonium) have much higher Ky values. and hence would have a much lower rate of
vertical migration than tritium.

Based on the known disposal history and the results of the soil gas surveys and subsurface soil
analyses, several VOCs (e.¢.. benzene. tetrachloroethene toluene, 1,1.1-trichloroethane and
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tichloroethene ) have been determined to be present in the MWL, In gener

)

al. these VOCOs wre mobile
contuminants with fairty low Ky values.

522 Advection and Volathizaton

Volatile constituents contained in the buried waste, such as VOCs and tritium. could migrate
from the subsurface to the surface or laterally by advective forces: trunsport could occur in the liquid
or vapor phase. Tritium closely follows the reactions ot ordinary hydrogen: when tritium interucts
with water, it incorporates into the water molecule as tritiated water (HTO) and can move as water
vapor or liquid soil water. HTO behaves essentially like normal water. except it has a slightly lower
vapor pressure and concomitant higher boiling point (Jacobs 1968). VOCs can migrate as dissolved
constituents in liquid soil water or as free-phase organic vapor or liquid. Migration of volatile constit-
uents in the vapor phase is governed by gradients induced by ditferences in temperature. burometric
pressure. concentration, and density.

Characterization data indicate that tritium has migrated from the buried waste to surface soils
with lateral spreading that extends beyond the boundaries of the MWL. Concentrations of tritium in
soil moisture are elevated over most of the MWL | but are the highest in the classified area (Figure 10).
Trittlum flux measurements in air also indicate that the highest levels of tritium volatilizing from soil
are in the classified area (Figure 13).

Data from the various soil gas surveys conducted at the MWL show that tetrachloroethene in
surface soils has migrated past the boundaries of the unclassified area (Figure 14). Levels present
outside the unclassified area are much lower than those within the unclassified area. Additionally.
trichloroethene has been detected in surface soil gas at the southwestern boundary of the classified
area (Figure 15). Detections of other volatile organic compounds have generally been within the
landfill boundaries.

wn
o
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Animal Burrowing

Surface soil contamination via the activity of small burrowing animals was considered as a
potential transport mechanism in the conceptual site model. The trenches and pits have been
backfilled, but the cover depth is unknown. Prairie dogs are common in the area, and could burrow
into shallow subsurface soils and redistribute the waste to the surface. Any volatile wastes (e.g.,
witium and VOCs) would be expected to reach the surface soil only in small quantities by this mecha-
nism, where they would rapidly dissipate into the atmosphere. Therefore. this migration mechanism
would likely only be of concern with respect to semi-volatile organic constituents, metals. and
radionuclides other than tritium. To date, surface soil analyses for these constituents have not been
conducted.

524 Biotic Uptake of Contaminants

Biotic uptuke of contaminants was also considered as a potential transport mechanism in the
conceptual site model. Plants could take up contaminants from soil via their roots, or could become
contaminated through foliar deposition of resuspended particulates. Animals ingesting contaminated
soil or plants couid also accumulate contaminants in their tissues. To date. surface soil analyses have
only been conducted for tritium, so potential for contamination by foliar deposition is unknown.
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Absorption of HTO by plants is u Bikely transport mechanism at the MWL HTO 18 readily absorbed
by plants either trom root uptake or exchange of HTO vapor by plant ieaves. Although datu are

limited. bicaccumulation of the volatile orgunic compounds detected at MWL (e o retrachloroethylene
and trichloreethvienet is notexpected to be signiticant (ATSDR 19950y

3.3 Potential Receptors and Routes of Exposure

Currently the MWL 1s actively used for the temporary storage of containerized wuste and 1s
fenced to prevent unrestricted access. Under the current land-use. the most likely receptors are work-
ers or trespassers. The worker is involved with maintaining the unclassitied area where waste 1s
stored. The potential pathways of concern for this scenario include external gamma rradiation, inha-
lation of particulate or gaseous emissions, dermal absorption, and incidental ingestion of contaminated
particulates. The same pathways of concern would also apply for the trespasser. but the exposure
frequency and duration would be significantly less.

Under future land-use conditions. the receptor with the greatest potental for exposure would
be a resident at the site. For this receptor. possible significant exposure pathways include external
gamma irradiation, incidental ingestion of soil, inhalation of soil-derived particulates. inhalation of
soil-derived volatile contaminants and trittum vapor. ingestion of garden-grown produce, and
ingestion, inhalation and dermal contact with groundwater.

For this assessment, it was assumed that a limited degree ot institutional control would be
present tor the MWL over the long-term. Specifically, it was presumed that excavation at this small
site would not be allowed, since long-lived radionuclides are present in the pits and trenches. In
addition to the implausibility of excavation under actual future land use, exposure to buried wastes
could not be adequately addressed with existing data. Therefore, the future resident receptor was
presumed to reside immediately adjacent to the MWL, Inhalation exposures were assumed to be as
large as if the resident were located on the MWL, but no direct contact with buried wastes was
assumed. The resident was assumed to drill a well in the aquiter directly below the MWL, from which
all household water needs would be obtained.

6 Human Health Risk Assessment for Radiological Contaminants
6.1 Contaminants of Concern

Based on the data collected to date. the only confirmed radiological contaminant of concern at
the MWL is trittum. A large amount of data has been collected and analyzed which indicate
widespread tritium contamination in soil across the landfill and adjacent to the site boundary. Tritium
suil concentrations are the highest in the classified area; the maximum surface soil concentration
detected in 1993 was 1x10° pCi per liter of soil. Several boreholes on the perimeter of the MWL have
been drilled to measure tritium levels in subsurface soil. In general, the highest levels of tnitium were
measured in the uppermost 8 m (25 ft) of the soil column. Elevated levels of witium were detected to
a maximum depth of 34 m (110 ft) in a borehole located at the southeast corner of the classified area.
Data have also been collected to measure the rate at which tritiated water vapor is emitted from the
landfill. Elevated tritium flux rates have been measured over the entire site and east of the boundary.
The highest tritium flux rates were tound in the classitied area: flux rates measured on the perimeter,
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witside the MWL were fower by u fuctor of atfeast 30600 A cood correlation between tritum soi

ot

concentration and flus rare measurements wis found.

Other potential radiotogical contminants of concern in the MW are those believed to be

buried in the landrill based on information contained in historical recerds osee Secton 30,11 Poten-
tu! conmminants of concern buried in the trenches may include plutonium. uranium. thoriwm.
cesiur- 137, cobalt-6i nickel-63. and barium- 133, The avalable duta collected and analyzed for
rudionaclides in subsurface soil in the vicinity of the waste trenches and pits have not detected any
contamination other than tritium.  Groundwater data also indicate that leaching of contamination from
the MWL hus not occurred.  Data are required to investigate potential contamination in surface soil.

6.2 Exposure Assessment

The purpose of the cxposure assessment is to estimate the nature and magnitude of potential
exposures associated with the contuminated site. The components of this assessment include the
contaminants of concern. exposure setting, potential human exposure pathways. and the esumated
exposure point concentrations.

As identified in Section 6.1, the only confirmed radiological contaminant of concern for the
MWL is tritium. The potential exposure routes associated with tritium include inhalation. ingestion.
and dermal absorption. Several other radionuclides have been identified as potential contaminants of
concern (2.2, uranium. plutonium. thorium), but the available data indicate that waste is contained in
the trenches and pits, and has not migrated vertically. Surface soil data have not been collected to
measure levels of contaminants other than tritium. Potential exposure pathways associated with these
potential contaminants of concern include external irradiation, incidental ingestion of soil. ingestion
of groundwater. ingestion of contaminated food, and inhalation of contaminated particulates.

Elevated levels of external radiation have been measured at the MWL, although only the
unclassitied area has been surveyed. The highest level of external radiation was measured on the
western perimeter fenceline of the classified area. In 1993, the measured exposure level at the
fenceline was 600 LR/hr: the exposure rate decreased with distance from the fenceline. Meuasurements
taken in 1990, reported an exposure rate of 5 mR/hr in the same general location; however, the classi-
fied area wus still active at this time, and some of the pits may still have been open to the environment.
The muajor source of this radiation is thought to be associated with a buried reactor vessel in the
classified area which is covered with approximately 6 m (20 ft) of sand (Peace 1994). Surface soil
measurements for potential contaminants of concern. and a gamma survey of the classified urea are
necessary to discern the contribution from buried waste versus surtace contamination.  Elevated
exposure rates have also been measured in the temporary storage ared, located in the southwest corner
of the unclassified area. but are not included as part of the assessment because the structure is
temporary. For this assessment. preliminary dose estimates are presented for the external irradiation
pathway using the available exposure rate measurements collected to date. A comprehensive gamma
survey of the entire MWL, and surfuce soil data are required to fully assess this pathway.

The exposure setting at the MWL is described in Chapter 3. The MWL is situated in a remote
area within the KAFB and is fenced to restrict access to the site. The classified area is separately
fenced off from the unclassified area. Additionally, security guards are posted outside of Technical
Area 3 to restrict access by non-authorized personnel. Under current land-use conditions. the MWL
is inactive {i.e.. no longer accepts waste in either the unclassified or classified areas; all trenches and
pits are capped and sealed). Therefore, only limited personnel wre allowed into the area and only for
brief durations. The primary activities currently performed at the landfill are associated with the
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emporary storage area: ninmmal mainenanee actvites ey he conducted inthe other areas.

As described in Section 5030 the most likely current and tuture receptors for the site e o
worker and resident, respectively. Forthe worker scenario, the puthwuays of concern wee inhalation and
dermal absorption of vitium. and extemal tradiaton. Inhalation of wrberne particulates was not
considered because the limited amount of duta coliected indicate that radioactive particulate
emissions are below the detection limit. In addition. the lack of surtuce sotl data precludes modeling
the potential airborne emissions from the site. The potential pathwavs of concern for the future
resident include inhalation and absorption of trittum. external irradiaton. and imgestion of
groundwater. Inhalation of radioactive air particulutes was not assessed tor the same reason as tor the
worker scenario. Incidental ingestion of soil. and ingestion of contaminated tood also were not
assessed because surtace soil data have not been collected.

Conservative estimates of exposure time. exposure frequency. and exposure duration were
assumed for both the worker and resident. The on-site worker was assumed to spend 8 hours per day
at the site, 1 day per week over a 25-year period. These estimates are very conservative given the
actual conditions at the MWL, Under future land-use conditions. it was assumed that a resident would
construct a house adjacent the perimeter of the MWL. The resident was assumed to be present at their
residence 24 hours per day (23 hours indoors), 350 days per year. over 30 vears. These values are
recommended by the EPA for reasonable maximum residential exposures (EPA 1991¢). The method-
ology used to estimate exposure point concentrations for the air and groundwater pathway 1s discussed
below.

6.2.1 Air Pathway

A screening level assessment was performed to assess the potential health impacts from inhala-
tion and dermal absorption of tritiated vapor (i.e.. HTO). As a screening approach. the maximum
observed tritium flux measurement was used to estimate the exposure point concentration for the
worker and future resident. This should be an overestimate (i.e. conservative) because tritium flux

easurement locations were selected based on where tritium soil contamination existed. and there was
a good correlation between tritium concentrations in soil and trittum flux measurements.

The average concentration of tritium in air was estimated tfrom the measured tritium flux. using

the methodology documented in the RESRAD computer code (Yu etal. [993):

Chs= B 17x 10705 Flux - vA) / (Hpy - UD (1)
where:

Cys = average concentration of tritium in uir over a contuminated area of finite size

(pCi/m’).

3.17x 10® = unit conversion factor (yr/s).

0.5= time fraction wind 1s blowing toward receptor (dimensionless),

Flux = tritium flux from the contaminated area (pCi/m” -yr).

A= area of contaminated zone (mz‘J:

Hupx = height at which the tritiated water vapor is uniformly mixed (2 m): and

U= annual average wind speed (m/s).

/
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Rudicactive decay wis not constderad in this screening fevel approachs which would ov
3 [F-hife. The assumipuons used foreuch parametey

TN Cconce nrations since tritium has u
wre fisted i Table 3.

For the extzrnal irradintion pathway. the range of measured exposure rates reported in the [Y92
survey ol the unclussified area were used as the exposure point concentrations for both the worker and
resident. Because data are not available to determine the nature of the external radiaton (e.o.. burie

¢ surface contamination. specific radionuclides and activity concentrationsi, the pathway 1s presented
or comparutive purposes only. Additionally. the radiation field strength in the clussified arza has not
oeen measured.

—,

2.2 Groundwater Pathway

To date. groundwater data collected from monitoring wells located adjacent to the MWL do
not indicate any contamination from the MWL, To determine whether the MWL poses u future threat
to the groundwater, a tiered screening approach was used. Vertical transport of tritium was evaluated
because witium is the most mobile of the contaminants disposed of in the MWL, und because soil data
have indicated that both vertical and lateral migration of tritium has occurred. Transport of other
potential contuminants of concern could also be inferred from this analysis. The tiered upproach uses
suceessively more involved and detailed vadose zone fate and transport models to determine the
potential for tritium disposed of in the landfill to reach the water table at significant levels. For this
screening process. a significant fevel is indicated by a concentration higher than EPA’S maximum
contaminant level (MCL) for tritium in drinking water (i.e., 20,000 pCi/L). Ateach screening level, a
decision is made as to whether a significant human health risk is posed under conservative fate and
transport assumptions. If the answer is no. the analysis is stopped, and the pathway under evaluation
is determined to pose no significant threat. If the unswer is yes, then the screen is tuken to the next
level of analysis. If the conclusion at every screening level is that a potentially significant human
health risk is posed. then a decision must be made whether to accept that conclusion. or to collect
turther informaticn in the field that allows a more refined screen to be curried out. One ot the products
of a screening approach is the identification of what additional data would be necessary to refine the
risk screen further.

A tiered screening approach is an alternative to either a deterministic human health risk analy-
sis or a Monte Carlo-based human health risk analysis. In a deterministic analysis, the reasonable
maximum exposure from tritium based on available information would be calculated and compared to
the EPAs runge of acceptable incremental risks. regardless of the uncertainty associated with the
estimuate. The problem with deterministic risk estimates is that the uncertainty associated with the
estimate may be so large relative to the estimate that it renders the risk estimate meaningless. A
screening approach does not focus on the reasonable maximum exposure, but rather on plausible.
wOrst case transport scenarios, and the results compared to the EPA™s range of acceptable incremental
risks. If this test is passed, the deterministic test would be passed as well. In this sense a screening
approach is significantly more conservative than a traditional deterministic analysis.

Monte Carlo-bused risk analyses attempt to quantify the uncertainty associated with the risk
estimate by assigning probability density functions (pdfs) to model parameters and assumptions, and
then propagating the uncertainty through Monte Carlo simulations to derive a pdf for the final
estimate. While Monte Carlo analyses are attractive from a conceptual standpoint. they sutfer two
fundamental weaknesses. First. their data demands are significantly greater than a deterministic anal-
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yls sinee one requires the entre probabiitny density tunction tor cach mput parameter to the risk
model rather than just poitestimates. Secondiyv. the resuitng probabiliny density function tor the risk
astimate cun be misfeading if the uncertinties associated with mode! and input parameter pdf
selecuon are not addressed. Tiered screening approaches huve several advantoges relative to Monte
Carlo analyses, Firsts they focus on the pwrameter values ussoctated with worst case scenarios.,
fimiting the analysis to only the portions of the underlving model puranieter pdfs that we important o
the analysis. Secondly. by using several different analysis tiers with models becoming more complex
at each step. tiered screening unalyses can at leust partially address the issue of mode!l choice and
validity relative to the tinal risk estmate. Properly conducted Monte Carlo analvses provide
significantly more information than tiered screening analyses. but much it not most of this additnonal
information will have little bearing on the final question that needs answering: does the pathway of
concern contribute significantly to incremental human health risks?

First Tier Screen: Volumeuwic Estimations

The first tier screen for the possibility of transport of gitium vertically downward through the
unsaturated zone to the water table relies on simple volumetric calculations. Given the volume ot
reactor water known to be disposed, the depth to the water table. und the approxmmuate residual
moisture content of the vadose zone soils, one can determine the maximum penetration depth of the
reactor water as a function ot assumed lateral dispersion. For example. it one assumes that 270,000
gallons of reactor water were placed in trench Do and that the amount of water left behind as residual
moisture as the reactor water moves downward 1s one percent of total soil volume. then one can derive
a relationship between lateral spreading and total expected depth of penetration. as shown in Figure
18, If one assumes that the reactor water ponded in Trench D (35 feer wide by IR0 feet long, or 6.300
ft*) and then moved vertically downward with no lateral spreading. a total depth ot penetration would
be approximately 570 feet, or to the water tuble.

This analysis neglects the time it would take for the reactor water to reach the water table.
Given the relatively short half life of tritium, by the time the witiated water encountered the saturated
zone, sufficient half lives might have passed so that the level of activity was below the level of
concern. This analysis also neglects the effects of lateral spreading. which would occur via both
capillary action and the tendency of water in the vadose zone to pool at stratigraphic layer intertaces.
For example, if the reactor water pulse spread laterally to twice the extent of the original interior
dimensions of the pit, the depth of penetration would be cut by a factor of four. to only 140 teet. The
effects of evapotranspiration are also neglected. Evapotranspiration ot the reactor water would have
reduced the volume of water available for downward migration, limiting the downward penetration.
Finally, this analysis neglects the effects ot natural recharge occurring at the site. which would have a
tendency to accelerate the downward movement of the tritium. However, with eftective rechurge rates
less than (1.5 inches per year, the contribution of recharge to downward tritium mobility would be
negligible. The conclusion of this brief analysis is that it is possible that the reactor pulse would arrive
at the water table. but not likely.

Second Tier Screen: One-Dimensional Analvucal Modeline

The conclusion of the firstter screen is that itis possible but unlikely that tritiated water would
reach the water table as a result of acuvities at the MWL, The second tier screen of the evaluation was
conducted using a one dimensional analytical solution to the partial differential equation that describes
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e i dependent fate and wunsport of o rzacitve compound moving vertcady along a
Cne-dimensional path while undergoing sorpiion. dispersion. volatifization. and radivacuyve decuy.
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This partial differendal equation was first posed by Jury etal i P93 und has the form:
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where:

C = total concentration of uitium for all phases i the soil:

D = effective ditfusion/dispersion coetficient:

R = retardation for the contaminant:

V= volumetric soil-water tlux: and

A= first-order rate constant for radioactive decay.

Assuming that the concentration of witium becomes zero as the depth ot the soil goes to infin-
itv, and that at the land’s surface the tritium concentration behaves as a step concentration. L.e.. ata
specified value during the infiltration of the reactor water and zero afterwards, then using Laplace
transtorm methodologies (Ditkin and Prudnikov 1967) u closed form analytical solution can be
obtained that expresses the concentration of tritium as a function of time and depth. Details about the
analytical solution and the assumptions behind its derivation can be found in Appendix A. Note that
this solution is inherently conservative (i.e.. will over predict tritium penetration) in that neglects
tateral dispersion of witium. However. it does allow for time dependent decay as the reactor pulse
moves downward. and so provides a more realistic evaluation of the probability that tritium transport-
ed by the reactor water will reach the water tuble than the first tier screen. The trade-off is that this
form of analysis is more complex and data intensive.

The analytical solution derived for equation (2) is sensitive to Cy, the initial concentration of
tritium at the time of disposal. D. the effective diffusion/dispersion coefficient for tritium’s vadose
zone transport, V., the assumed volumetric soil water flux for the system, and the initial length of time
over which the titium infiltration takes place. R is one in the case of tritium. and A for witium 1s
0.0563, with tritium’s half life equal to 12.3 years. A conservative screen at this stage assumes that C;
is 2.5x10° pCi/L (a1l 2,400 Ci of tritium disposed of at the site is mobilized by the reactor water rather
than the | Ci reported). that the infiltration time is 30 days, and that D (dispersivity) is scale dependent
and equal to 0.1 times the distance to the water tble (Lallemand-Barres and Peaudecert 1978). Under
these conservative assumptions. the remaining unknown is V. the assumed volumetric soil water flux
for the system. V is a proxy for saturated hydraulic conductivity.

The analytical solution to equation (2) requires an estimate for V. In reality, the hydraulic
conductivity for the vadose zone beneath the MWL is a function of moisture content. As moisture
content tulls beneath full saturation, as it would after the disposal of the reactor water as the reactor
water moved down through the vadose zone. the hydraulic conductivity is reduced to something
significantly less than its value for a saturated system. Figure 19 shows the results of a sensitivity
study where the maximum dimensionless concentrution of tritium at the water table is plotted as a
function of V. If the coolant water is assumed to contain the entire inventory of witium disposed at the
site, than the V required to produce a concentration equal to the Drinking Water Standard (20,000
pCi/L) at the water table is about 0.01 f/d. This velocity corresponds to the suturated hydraulic
conductivity of a silty loess (Freeze and Cherry 1979).

Assuming a V of 0.01 fi/d. the analytical solution predicts that the maximum tritium concentra-
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ton at the water twbie exceads the EPA Drinking Water Standard arrer about 37 vears, Atwer 27 vears
fcurrent statuss the an l' cal <olution moves the twittum pulse downward from the land™s surface andd
shows peak tritium concantrations at the depth of about [0 feoapproxinately L30T pCLY At the
water tuble the current concentration would be about 730 pCi/l. Recall that Figure 8 shows the depth
distribution of titium as measured down seveiul bores at the MWL with maximum penetration at
around 120 reetand maximum concenrations atdepths of 20 o S0 reetand that current sample resuls
for the monitoring wells located at the MWL show no signs of witium above background. This
evidence would suggest that the actual vertical velocity for tritium since disposal has been less than
the 0.01 t/d required by the unalvucal solution for witum to pose an 2veniual threat to the water table.
A hydraulic conductivity of 0,01 frday i\' plausible for this site under saturated conditions, but
highly unlikely given that most of the downward movement of titium would have occurred under
unsaturated conditons, Given this fuct. along with the fuct that with this vadue for V the analytical
model appears to significantly over predict trittum penetration after 27 vears relative to what has been
actually observed. one would conclude that at this screening level the pathway trom the tritium point
of disposal to the water table would not contribute signiticantly to incremental risk. To verify this
finding, a final screen 1s conducted that provides for the most realistic tritium transport modeling
possible tor this site: a full three-dimensional. two phase tritium tlow and trunsport simulation.

Third Tier Screen: Three-Dimensional Two Phase Flow and Tritium Transport Modeling

A three-dimensional numerical transport model called TRACR3D (Travis and Birdsell 1990)
was used to evaluate the movement of tritium through the vadose zone beneath the MWL, TRACR3D
is a muld-purpose tlow and transport model originally developed at Los Alumos National Laboratory.
TRACR3D can be used to model transient or steady-state flow. saturated and vadose zone conditions,
and deformable, heterogeneous, sorptive porous media. TRACR3D allows for two phase tlow, with
mass transfer between phases. and multi-component flow. with mass transfer between components.
TRACR3D also allows the modeling of radivactive contaminants undergoing decay. TRACR3D
allows constitutive relationships in the vadose zone to be formulated either using the Brooks-Corey
model, the Mualem-van Genuchten model, or via user-supplied tables. TRACR3D solves its water
and/or air flow equations with an implicit finite difference scheme. and contaminant transport with an
implicit or semi-implicit scheme.

TRACR3D has several characteristics of particular interest to the MWL, TRACR3D is fully
three dimensional. TRACR3D is applicable to vadose zone conditions. TRACR3D allows for both
aqueous and vapor phase transport of contuminants. with mass trunsfer permissible between the
phases. Finally, TRACRA3D models radioactive decay. Several assumptions and simplitications were
made in applying TRACR3D to the MWL tritium transport problem. First. the MWL was divided into
four equal quadrants, centered on the middle of Trench D in the unclassified area. To reduce the
computational burden associated with three-dimensional two-phase numerical modeling. only one
quadrant (the northeast) was modeled. Second, it was assumed that there were homogeneous and
isotropic hydrogeologic conditions at the MWL, This is 4 conservative assumption since it is known
that there are layers of non-uniform materials beneath the MWL, In vadose zone aqueous phase
transport, boundaries between stratigraphic luyers function as barriers to flow. Their existence would
increase lateral movement of tritium. and reduce vertical penetration. Third. the trittum introduced
into the subsurtace beneath the MWL was assumed to be contained in one quarter of the 271.500
gallons of coolant wastewater from the Sundia Engineering Reuactor Facility (SERF). Asa
conservative estimate. the initial level of tritium was assumed to be 2,400 Ci of tritium, the total
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Ameunt of pitans estimated by the Sundia ER program as having been disposed o at the MWL rathe:

than the vne Cithought e have been contwned in the SERE coolunt waste wuter Ti IS ussumption
rransiates o an inital aqu ‘ous phase concentration of tritium "]Udl 2.34x 100 pCrL. Finally, the

-

third assumption was that there was no mass transter of witum from flu quumux nhase to the vapor
phase after the tmmductlun of the reactor coolant wastewater. “i hL\' iy also o conservative assumpuon
rom the standpoint of ineremental risks associated with tritium reaching the wuter table since any
ritum vapor loss would reduce the vertical penetrution of the remaining witum.

As a base case simulation m ritium transport beneath the MWL o variable spaced orthogonal
erid with 4.000 nodes (20x20x10) was used. Figure 20 shows the lateral location of the grid relative
w the MWL, The finest honznntul arid cell was 16 ft by 16 ft. The lateral grid spacing in both the
east-west und north-south directions was five 16 ft wide cells. ten 48 ft wide cells. and five 144 1t wide
cells. In the vertical direction. there were ten 46 ft thick lavers spanning from the ground surfuce to
the water table. There were five no flow boundaries, located at the four sides and the top, and one
constant heud boundary at the bottom. The total lateral extent of the grid was set so that the no tlow
boundaries at the sides would not affect the lateral migration of the tritiated reuctor water. Since
trench D was estimated to be approximately 180 ft long at the top. the tritium mtmduutmn was

modelled as a source that spanned five grid cells, with surface area equal to 1.280 ft*. Assuming that
the overall material beneath the MWL was a silty loess, the best-guess estimate of the saturated
permeability was 7x107 darey (equivalent to 0.0192 f/day for a saturated hydraulic conductivity)
(Freeze und Cherry 1979). The Muulem-van Genuchten option for defining the constitutive
relationships was used, with the parameters n set to 6 and o set to 0.02. Porosity was set to 0.27, and
the irreducible water content to 10% of the total porosity. The subsurface was assumed to be at
hydrostatic equilibrium initially.

Using the model parameters described in the base case, TRACR3D was used to estimate the
present vertical penetration of tritiated reactor water into the subsurfuce beneath the MWL. Twenty
seven vears after the introduction of the reactor water, which would reflect the present distribution of
rritium., tritium contamination reaches down to a maximum depth of 184 ftbelow ground surtace. with
a4 maximum concentration of 2.8x 10" pCY/L (Figure 21). The current depth of penetration as predicted
by TRACR3D is comparable to that encountered by the 18 bore holes completed in [990. However.
the muximum concentrations modeled are several orders of magnitude greater than observed,
reflecting the conservative nature of the TRACR3D assumptions about the initial uitium activity
introduced by the reactor coolunt water. After an additional 100 years. the tritium introduced by the
reactor coolant w atex travels haltway down the vadose zone to a depth uf 230 ft. with a maximum
concentration of 3.400 pCi/L (Figure 21), which is well below the 20.000 pCVL drinking water
standurd set by tht, EPA. The base case TRACR3D results support the .seu,md tier screening
conclusions: tritum trom the MWL will not reach the water table in concentrations sufficient to pose
a human health risk.

The values used by TRACR3D for the saturated hydraulic conductivity of the soils beneath the
MWTL. and their constitutive relationships were based on values for comparable soils reported in the
literature. A sensitivity analysis was performed on TRACR3D to explore the sensitivity of the results
to the base case assumptions. Four sets of sensitivity runs were completed: the first addressed differ-
ent values for the van Genuchten parameters n and ¢ which define the vadose zone constitutive
relationships: the second addressed a range of values for the assumed porosity: the third addressed a
range of values for the saturated hydraulic conductivity: and the last considered changes in the way the
reactor water was introduced into the MWL,

The first set of sensitivity analyses addressed the impact variations in the van Genuchten
parameters n and o hud on TRACR3D results. Variation of n between the values of 4 and § had littde
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effectowhile changes v the assumed value of o pmduccd stenificant changes i the penewation of
wittum beneath the MWL Increasiny o trom 002 o 0N resulted in un increased depth of penetrution
by the trituted reactor coolant water. After 37 vewrs. the tritated water plume reached haltway down
te the water tuble. with g maximum concentration or [90000 pCr/L. Atter 127 vears, the plume
extends almost 300 feet below the MWL s surfuce. with a maximunm concentration ot 650 pCi/L.
Although varving o did huve an impact on the depth ot pfmtr'mnn. e valoe

=

alth risk o the

considered increased penetration depth to the point whese wittum posed o hum:
wuter table.

The second set of sensitivity analvses addressed the impacts of poresity on the tritium penetra-
tion depth. These analyses revealed thut decreasing porosity led w increasing penetration. The range
of porosity values associated with unconsoliduted alluvial deposits ranges between .25 and 0.5, The
buse case porosity value ot 0.27 is on the conservative end of this range. Porosity values for sotls
beneath the MWL would have to be on the order ot 0.05 tor tritiated reactor water to reach the water
table with tritium concentrations that exceed the 20.000 pCy/L EPA drinking water standard. Porosity
values this small are associated with rock formations, and not with the alluvial layvers underlving the
MWL.

The third set of sensitivity analyses addressed the impact that changes in assumed saturated
hydraulic conductivity would have on the depth of trittum penetration. Saturated permeability values
were allowed to vary between 7x 107" darcy (0.0192 fv/day) to 7 darcy (19.2 ft/day). Not surprisingly.
increasing the saturated permeability muc‘:a\ed the depth of penetration tor tritium. Hmvever for
reactor water to reach the water table with tritium concentrations greater than the 20,000 pCi/L EPA
standard reguires a saturated permeability on the order of 7 darcy. which is in the range of gravels and
clean sands. A value of 7 darcy for a silty sand is highly unlikely. Anaggregated value of 7 darcy tor
the soils underneath the MWL is even more unlikely when the interbedded nature of the alluvial
deposits 1s considered.

Finally, the last set of sensitivity analvses addressed the impact that variations in the assumed
mode of coolant water disposal would have on trittum penetration depth. The buse case assumed that
the coolant water placed in Trench D uniformly infiltrated over the entire length of the trench. Asa
alternative scenario, TRACR3D was run with the infiltration of the coolant water concentrated on just
one of the 16 tt grid cells, or over only one tifth of the area assumed in the base case. f\ one cell
injection allows tritium to reach the water table with a maximum concentration of 3.300 pCi/L after
47 years, still significantly below the 20,000 pCi/L drinking water limit.

The conclusion from these sensitivity analyses is that it 1s highly unlikely that any trinum
introduced by the disposal of reactor coolant water would reach the water table at levels above the
drinking water standards. In each of the worst case scenurios considered in the sensitivity analyses
where tritiated reactor water did eventually reach the water table in significant concentrations. after 27
years from the disposal ume the bulk of the transport had already taken place (1e.. tritiated reactor
water had already reached depths of more than 300 ft with high concentrations ot tritium). Based on
data from soil bores completed at the MWL to date. this 1s obviously not the case.

6.3 Toxicity and Risk Assessment
6.3.1 Risk Factors Used tor the Assessment of Rudiological Effects

The potential health eftects associated with exposure to radioactive contaminants at the MWL

are expressed as the increased risk of cancer induction. In the first stage of the assessment. radiation
"2
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doses were caleulated using dose conversion tactors based on dosimeny models developed by the
fnternationa: Commission on Rudiotogical Protection {(ICRP). as reported by Yu et al. 1 1993), The
radiation dose estimates (Le. committed etfective dese equivalents) can be compuared to establishad
radiation proectoen standards and criteria. Health impacts, expressed in terms of the likelthood of
cancer induction. were obtained by multiplying the total effective dose equivalent by u risk factor of
6x 1T permrem. This risk fuctor is a lifetime average value, and wus used by the EPA in developing
revisions to the Natonal Emission Standards for Hazardous Au Pollutants (NESHAPS) for
rudionuclides under Saction 112 of the Clean Aw Act (EPA 1989d).

Estimated Doses and Risks

The committed etfective dose equivalent for the inhalation pathway was calculated using the
following equation:

CEDE = Cys - IR-ET-EF-ED - DCF

[F'S]

where:
CEDE = committed effective dose equivalent (mrem);
IR = inhalation rate (nf/hr):
ET = exposure time (hr):
EF = exposure trequency (hr/d):
ED = exposure duration (d/y);
DCFun = inhalation dose conversion factor for uitium (6.3x 10 mlem/pr)

Water vapor is also absorbed through the skin at approximately 50% of the inhalation rate of water
vapor (ICRP 1979-1982: Hamby 1993). Consistent with the RESRAD methodology, the dose trom
inhalation was multiplied by a factor of 1.5 to account for the dermal absorption of HTO vapor in air.
The assumptions for the parameters used in the worker and resident scenarios are listed in Table 3

For the external gamma irradiation pathway, the effective dose equivalent was calculated by

ultiplying the length of time an individual is exposed to a radiation tield strength by a DCF of 0.95
mrem/mR. For the future resident scenario, a shielding factor of 0.6 tor indoor exposures wis used to
account for attenuation by the walls and tloors (Yu et al. 1993).

The resulting doses and risks for the worker scenario are presented in Table 4. The estimated
dose from inhalation of tritium is 0.009 mrem/yr. and 0.23 mrem over the entire exposure duration.
The runge of estimated doses from external radiation 1s 3.8 to 230 mrem/yr. The total dose from

external radiation over the 25-year duration ranges from 95 to 3,700 mrem.

For the resident scenario, exposure point concentrations were based on on-site measurements.
The estimated dose from inhalation of tritium is 0.19 mrem per year, and 5.7 mrem over a lifetime.
The maximum dose from external radiation is estimated to be 3.4 rem/yr, and 102 rem over a lifetime.
Under any reasonable assumptions. it was demonstrated that the tritium contamination in the landfill
would decay before it reached the groundwater table. Therefore. the incremental risk of cancer induc-
tion to a resident at the site from ingestion of groundwater would be zero.

In summary, the predominant pathway for human health risk at the MWL is from external
radiation. The risks from inhalation of writtum to a worker or future resident are negligible under very
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conservative exposure ussumptions. Forcommparison, DOE orders it the annual dose tor
radiation worker to 3 rem/yvr. and 100 mrenyyr for members of the general public (USDOE 98N
19905 As 1s shown in this assessment. the potental dose 1o o worker at the MWL could exceed 3
rem/yr it 4 worker spent a significant amount of tme near the western tence line of the clussified arew.
To put the estmated risks from witiun in perspective. @ comparison with the annual risk from
background radiation wus made. The national average dose from buckground radiation is 0.3 rem/yvr
(NCRP 1987). The components that contribute to background radiation include cosmic radiation.
terrestrial radiation. radionuclides in the body. and inhalation of radon: approximately two-thirds of
the total dose is trom inhalation of radon. In comparison. the annual risk trom mhalation of tritum w
an on-site receptor is about 0.04% of the average annual risk from background radiation. The potential
for groundwater tritium contamination at the MWL was shown to be extremely low under any reason-
able assumptions. Hence. potential deterioration of Albuguerque’s drinking wuter aquiter trom the
MWL is not a concern. Additional sampling for tritium contumination at the MWL is unnecessary.

7 Human Health Risk Assessment for Chemical Contaminants
7.1 Contaminunts of Concern

Based on available information. the contaminants of concern for the MWL ure the volatile
organic compounds detected in the passive soil gas surveys. In this assessment. the risks from
exposure to volatile organic compounds only will be quantitatively assessed. Additionally. risk-bused
action levels for these and other substances will be presented to be used in screening and interpreting
addittonal field data as it becomes availuble (sse Section 8.0,

7.2 Exposure Assessment

For the volatile organic compounds (VOCSs), the only exposure route of concern for current
receptors s inhalation. Incidental ingestion or dermal absorption of these substances is unlikely,
because these substances volatilize rapidly from surtace soils. Additonally, ingestion of contaminat-
ed plants 1s not of concern for current exposure scenarios {e.g., no edible plants currently grown
on-site).

For exposure of future resident receptors to VOCs. it is assumed that long-term institutional
controls at the MWL prevent excavation of a house foundation within the trenches or pits. As for the
current receptors. the most plausible exposure route is inhalation of contaminants volatilizing from the
landfill surface. Contact with VOCs in surface soil would be minimal because of rapid volatilization.

To evaluate the potential for VOCs to infiltrate to the groundwater. a screening analysis was
conducted for the two VOCs detected most trequently and at the highest concentrations in the soil gas
surveys (i.e., tetrachloroethene (PCE) and trichloroethene (TCE)). The concentration at the source
area was assumed to be the solubility limit of the chemicals. The longest half lite of each chemical
reported in the literature reviewed was assumed. as well as a 30 year duration of the source. Under
these extremely conservative conditions. it was found that the maximum aqueous phase concentration
of either chemical that could reach the water table would be less than 1% of the solubility
concentration (i.e., a maximum concentration of 11,000 pg/L for TCE as compared with the MCL of
5 ug/L, and a maximum concentration of 1.500 wg/L tfor PCE as compared to the MCL of 5 gg/L).
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Mhese Mo mun concentrations woeuld present siznificant carcinogenic risks i the water were used for
Junian censumption, but the breakthrough time for TCE and PCE o reach the water tuble 1y 250 vears,
Altheuch the extremely conservative assumpuons made m this screening caleulanon make 1t likely
‘hat concentrations at the water table would be much lower thun 19 of the solubility limits. contmued
monitering is warranted to ascertain that infiloation to groundwater is not occurring. To date. neither
TCE or PCE nave been observed in sumples from MWL monitoring welis,

At the nearby chemical waste landfill (CWL). low Jevels of TCE have been detected 1n the
capillary tringe above the water table. and in the first few centimeters in the groundwater beneath the
site (23 ppb). This contamination is believed to be derived rrom the significant quantities of dense
non-agueous phase liquids (DNAPLS) disposed at the site. und vapor phase transport to the underlying
eroundwater. The quantity of DNAPLs disposed at the MWL is unknown, but likely much smaller
than that disposed at the CWL. TCE and PCE were not detected in MWL subsurtace soil sumples
obtained at depths of up to 150 ft (see Section 4.2.1), s0 no evidence of downward migration exists.
Theretora. it is not expected that vapor phase transport of TCE or PCE to the water table is occurring
at the MWL, However. monitoring should continue to contirm that TCE und/or PCE have not reached
the groundwater.

7.3 Toxicity and Risk Assessment

For this screening level assessment. ambient air concentrations of VOCS were calculated from
the maximum flux rates measured at the MWL in either the Quadrel Inc. or Radian Corp.
investigations. Better estimates of exposure would be provided by using long-term average flux
levels. Air concentrations were estimated using the same model as was applied to estimate tritium air
concentrations (Section 6.2.1). This model simply multiplies the flux rate by a dilution factor to attain
the air concentration estimate. and is equivalent to the use of the equation given to calculate soil-to-air
volatlizaton factors in EPA’s Risk Assessment Guidance for Superfund (EPA 1991a).

The estimated air concentrations of VOCs were compared with action levels calculated using
a risk-based methodology suggested for use in RCRA site investigations (EPA 1990). Toxicity refer-
ence levels for the contaminants of concern are obtained from EPA’s Integrated Risk Information
System (IR1S: EFA 19944) or Health Effects Assessment Summary Tables (HEAST: EPA 1994b).
These reference levels are exposure levels which would not be expected to result in any adverse effects
over a lifetime fo"‘ qys‘temic contaminants, or corresponding to an increased lifetime cancer risk of one
in one million ( ) for carcinogenic contaminants. The reference levels are converted 1o
concentrations in air by assuming the human receptor’s inhalation rate to be 20 m’ /dav body weight
to be 70 k. and exposure duration to be 70 years. These assumptions are appropriate for & worst case
residential exposure scenario. As a screening level approach, action levels for residential receptors are
sufficient to evaluate exposures at the MWL, since the future residential receptor would have higher
exposure levels thun either a current worker or trespasser (i.e.. the resident would spend more time at
the site). In tuct, the assumptions used would overestimate risk for the residential receptor, because
90% of the population resides in the same location for less than 30 yédl\ (EPA 1989). as opposed to
the 70 years assumed in calculating the action level. Additionally. the 20 m /dd) inhalation rate
assumes 24 hr/day occupancy at the site. which would be highly unliktlv.

Action levels could only be calculated for 5 of the 14 substances detected in the soil flux
surveys, because toxicity reference levels were not available for all substances. However. the
substances for which toxicity reference levels were available included those detected most often and
at the highest concentrations. Also. reference levels were available tor all the carcinogenic substances
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detected (e benzene. Ll-dichioroethene. methyvlene chioride. euachioroethene and
trichioroethene . Theretere. the most significant contuminants huve been addressed by the sereening
procedure.

Tuable 5 shows the results of the compurison of action fevels with estimated site air
concentrations of VOCs. In all cases. site concentrations were less than action levels indicating that
site comeentrations would not be associated with human health risks forany of the receptors of concern
(e, workers, trespassers. or residents). The concentration of methvlene chloride was closest to its
action level (1.0 mg/m’ vs. 2.2 me/m’ . or 43% 1. However. the methylene chionde concentration
reported i Table T wus suspect. becunse the substance was ulso detected in the backeround sumple.
and 15 @ common luboratory contaminant.

8 Data Gaps for Radioactive and Chemical Parameters

Surface soil samples at the MWL have not been analvzed for either radioactive or chemical
contaminants. Such sampling and analysis is needed to determine whether radionuclides, metals or
semi-volatile compounds are present at elevated levels in surface soil. because contact with
contaminants present in surface soils is a potential exposure route under both current and future expo-
sure scenarios. Since all trenches and pits have been backfilled, it is unlikely that surface
contamination is present. However, confirmation of this assumption is needed. If contamination is
tound in surface soil, incidentul ingestion of soil, inhalation of contuminated particulates. ingestion ot
contaminated food, and dermal contact should be re-evaluated. In addition, the classified area has not
yet been surveyed for external radiation. This is necessary to refine the risk estimates for the external
irradiation pathway.

Table 6 provides risk-based action levels for typical chemical contaminants found at hazardous
waste sites. The action levels apply for soil, water and air. and are calculated for both carcenogenic
and toxic effects using the methods specitied in guidance for RCRA investications (EPA 1990). The
lowest action level for each medium would be used for the initial evaluation of levels measured in site
samples. Table 7 provides a list of action levels tor radionuclides in soil that can be used to evaluate
future surface soil data. The list contains potential radioactive contaminants of concern tor the MWL,
These action levels were developed for soils at the Los Alamos National Laboratory (DOE 1993), The
levels were derived using the RESRAD computer code. assuming a residential scenario and input data
that typity the range of soil properties encountered at Los Alamos. These levels can be used as field
based screening action levels at the MWL, In order to use these levels. adequate characterization of
background radionuclide levels in soils is required. Generally. if all constituent levels in soil. water.
or air are found to be less than the action levels. then those levels may be considered insignificant. and
no turther remedial investigation or action should be required for the area. If levels are found to
exceed action levels listed in these tables. then site-specific fuctors should be used to assess the
associated risks. Because of the positive identification of PCE and TCE in soil gas surveys. continued
monitoring of groundwater, surfuce and/or subsurface vapor monitoring for these contaminants would
be prudent.

The soil action levels presented in Tables 6 and 7 can also be used to assess the risk associated
with these contaminants in subsurface soil, if samples are obtained trom the trenches or pits in the
future. However, excavation of the pits and trenches (uand therefore direct contact with the
contaminants) is considered highly unlikely. and the low probubility of future excavation is unlikely
to wurrant the risks to workers associated with sumpling areas where radiological sources are known
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Table |

August-September 1993 Survey (Quadrel. Inc

Number of

Compound Detections
Acetone 8
I.1-Dichloroethene |
Dichloroethyne 12
Ethyl Benzene I
Isopropyl Ether 2
Styrene |
Tetrachloroethene 63
Toluene 17
1,1,1-Trichloroethane 27
Trichloroethene 46
1,1.2-Trichlorotrifluoroethane 9
Xylene (total) 1

October 1993 Survey (Radian Corp.)

Number of

Compound Detections
Acetone (b)
Benzene® 9
Methylene Chloride® 9
Tetrachloroethene

Toluene 7

1.1, 1-Trichloroethane 6
Trichloroethene 4

“Flux and background values rounded to two significant figures.

VOC Flux Levels Detected at the Mixed Waste Landfill

Flux Range”
(ng/m~/min)

(b)

8.3-30
1100-4800
25-1000
8.3-52
5.0-100
84100

®Data not available---not an analyte of primary concern (Radian 1994).

‘Denotes a compound not detected in the previous survey by Quadrel Inc.

ND denotes not detected.

3
(98]

Flux Range”

mg/m~/min)

0. 40-17
.3
(.90-100
1.2
{(1.90-36
1.0
(1L80-400

Background®

n .
(ng/m~/min)



Table 2 Known Contents of Unclassified Area Trenches at the MWL
]‘r:nch A (1902 o 1966)
C wpul-60 (Co-600 contaminated lead (b bricks and cindzr blocks.

Large UL.;LJLU\,\ of trigum.

]"rr‘nch B (1969 to 1975)
* Low specitic actvity waste (e.g.. HEPA filters. puper and plastic trash).
Contaminated Pb.
* Sluinles,\‘—steel shell from Sandia Engineering Reactor Facility (SERF).
5000 gal (19.000 L) of water to extinguish a fire in trench B (June 1975).

Trench C (1975 t¢ 1979)
* 210 3 tons of Pb contaminated with uranyl nitrate.

Trench D (1966 to 1969)
* Tons of contaminated equipment from the Nevada Test Site.
* Components of laboratory that used Pu.
® 271500 gal of SERF primary coolant water containing about 1 Ci of total activity.

Trench E (1979t 1986)

* 3,000 13 of waste containing 20 Ci of fission products and alpha emitters from the Lovelace
Inhalation Toxicology Research Institute. Waste comprised of contaminated laboratory
equipment, biological waste, and possibly empty transuranic drums,

10,000 Ibs of soil contaminated with depleted uranium.
* A 23-Ci Co-60 source.,

* 20,000 1b of soil contaminated with Cs-137.

* A truck trailer contaminated with Cs-137.

Trench F (1986 to 1987)
* 6 lurge spent fuel shipping casks and equipment totaling 364,000 Ibs, contaminated with fission

products.
Trench G (1987 to 198%)

* 5 Polaris missile sections contaminated with Th.
* Construction materials from the Sandia Pulsed Reactor (SPR).

Source: SNL. Phase II RFI Work Plan 1993b
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Tabie 3 Summary of Input Parameters for the Radiological Assessment

Scenario
Parameter Uinits Worker  Restdent
Flux pCi/mz-yr 15x10”  Laxt”
Area (A) m” 10,070 10.070
Wind Speed (U) m/s 4 4
Inhalation Rate (IR) m/hr 2.1 0.8
Exposure Time (ET) hr 8 24
Exposure Frequency d/y 50 350
Exposure Duration y 25 30

8]
n



Tabie 4 Summary of Radiological Doses and Risks for the Mixed Waste Landfill

Scenaro

Exposure Pathway

Dose (mrem)”

Cwrcinogenic Risk

Waorker

Eesident

External Radiation
Inhalation of tritium

Extemnal Radiation

Inhalation of tritium

3,400 - 102.000

wn
~]

6x 107 - 3x107

ixio

“Based on a 23-yr exposure duration for the worker and a 30-yr exposure duration for the resident.



Table 5 Comparison of Modeled Site Air Concentrations of VOC™s with Action Levels

Max Flux Stte Concengation Acuon Level
Chemical ng/myr mg/m’ me/m’
Acetone 8.94 3.54x10°
Benzene 15.77 6.25x 10" BRI
[,1-Dichloroethene 0.68 271107 Lox10™
Dichloroethyne 52.56 2.08x 107
Ethylbenzene 0.63 2.5x107
Isopropyl Ether 18.92 7.5x107"
Methylene Chloride 2522.88 Lox107 2.20x10°
Styrene 0.53 2.08x 10
Tetrachloroethene 525.60 2.08x 107 L80x 107
Toluene 27.33 108X 107
I,1,1-Trichloroethane 52.36 2.08x107
Trichloroethene 173.45 OGRTx 1 5.80x 107
I,1,2-Trichlorotritluoroethane 0.63 2.5x107
Xylene 0.42 La7x107

“Site Concentration = 3.17x10™ - 0.5 - Flux - sgri{AYHy - U

where
A= area of contaminated zone (10.000 m:)
Hpix = height at ehich the water vapor is uniformly mixed (2 m tor human inhalation
pathway)
U= annual average wind speed (2 m/s)
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Table 7 Radionuclide Screening Action Levels for MWL Soils

Radionuchide Screening Action Level

(pCi/g dry soth

Amertciuin-24H 22
Cesium-134 )
Cesium-137 4.0
Cobalt-60 0.9
Plutonium-238 27
Plutonium-239 24
Radium-226 0.73"
Radium-228 1.6"
Strontium-90 8.9
Thorium-230 10*
Thorium-232 (88"
Uranium-233 86
Uranium-234 86
Uranium-235 1%
Depleted Uranium 59°
Natural Uranium 66"

‘Generic limits for Ra-226, Ra-228, Th-230 and Th-232 are set in DOE Order 5400.5 at 5 pCi/g
averaged over the uppermost 15 cm of soil, and 15 pCi/g averaged over each additional 15-cm
interval. The more conservative derived screening action levels are to be used for screening purposes
only.

b~ . . . . .
Calculated assuming the following isotopic abundances:

Natural Uranium (%) Depeleted Uranium (%)
U-234 0.0057 0.0003
U-235 0.7204 0.2500
U-238 99.2739 99.7500

Source: DOE 1993
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Appendix A
Methodology for 1D Analvtical Solution

The concentration of tritium at the water tuble beneath the MWL cun be estimated by solving
he felfowing, generul purpose partial differential equation used to describe the time dependent fate
and transport of 4 reactive compound moving vertically along a one-dimensional path while undergo-
myg sorption. dispersion. volatilization. und radioactive decay (Jury et al. 19832 Jury et al. 1990

JC  DoC  VoC

o~ Roz  Roz s (+)
where:

C = total concentration of trittum for all phases in the soil:

D= effective ditfusion/dispersion coefficient:

R = retardation for the contaminant:

V = volumetric soil-water flux: and

A= first-order rate constant for radioactive decay.

C, the total writiun: concentration for all phases, is composed ot

C=pCs + 0,C +aC, (3
where:

a= air-filled porosity of the porous medium:

C, = gaseous phase concentration;

Cy = liguid phase concentration;

C, = sorbed phase concentration:

Ppp =  bulk density of the porous medium, and

b = water-filled porosity of the porous medium.

D, the effective diffusion/dispersion coetficient, is also composed of two parts:

D=D+D, (6)
where:

D= liguid diffusion/dispersion coetficient. and

D, = gaseous phase diffusion/dispersion coefficient.

R, the retardation coefticient, is defined as:

R = thd + d,)w +aKy

-
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Ry = muss distribution coetticient between sorbed solid phuse and Higuid phase. and

K. = dimensionless Henry's constant,

The first-order rate constant for cadicactve decav. Ao s related o the halt-Hie of titium by the
exprassion:

where T 1s trittum’s radioactive halt-lite. 12.3 vears.
To caleulate the gaseous diffusion coetficient, Dy. from the pure air diffusion coetficient. D,
the Millington and Quirk (1961) expression is used:

The liquid diffusion/dispersion coefficient. Dy. is assumed to be advection dominated
{diffusion is small compared to dispersion) and scale dependent:

D] = oV (10)
where:

oy = 0.1L

L = distance from point of release to water table. and

V= volumetric soil water tlux.

For the vadose zone. the volumetric soil water tlux is. in general, time dependent and a
complex function of the moisture content of the soil. For simplicity, the Green-Amp theory (Green
and Ampt 1911) is often invoked, and for long-time infiltration events. it is often assumed to be equal
to the saturated hydraulic conductivity of the least permeable soil horizon (Freeze and Cherry 1979).

Equation (4) is subject to two boundary conditions: (1) as the depth of the soil goes to infinity.
the tritium concentration goes to zero: and (2) at the land surface. the concentration behaves as a
unit-step function in time (Hildebrand 1976). The iniual concentration, C(z=0. t=0). 1s given by the
concentration of tritium in the disposed water. In addition to the initial tritium concentration at the
land surface, the length of the time the initial concentration is applied is required. This time is
obtained from the infiltration time of the ponded reactor water in trench D (approximately 30 days).

The solution to equation (4) for the specified boundary conditions can be obtained by using
standard Laplace transform methodologies (Ditkin and Prudnikov 1967). In closed form. the solution
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where H is the Heaviside tunction (Hildebrand 1976). such that
H{t- At) = fort< At (12

=1 fortz At

and erte is the complementuary error function (Hildebrand 1976).

For this study, a numerical procedure was implemented to calculate the maximum tritium
concentration at the water table using Equation 8, as well as the concentration at the water table after
o duration equal to the elapsed time since the disposal. Because equation (11) calculates the total
concentration for all three phases of tritium. equation (1 1) is solved for the aqueous phase to give the

liquid concentration at the water table.
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External Gamma Radiation Survey Data, 1992
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External Gamma Radiation Survey Data, 199
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Appendix C
Surface Soil Tritium Data for the Mixed Waste Landfill
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ER920021236 07 /12 793 2540 50 1.0 TNIA L Eberline 505 64
ERY2002137 07712793 200 -50 2319 22 TMA Eberline A3L01S
ERU2002138 07712793 150 =50 8T8 2.2 TN CEberline 142732
ERY20021239 07,/12/42 150 =50 18000 0496 ORNL 1728
ERY2002140 37 /12793 0 =50 [BIRN 24 TNA “Eberline 1den6d
ERY2002141 07 /12793 450 0 9145 2.5 TMA/Eberline 228625
ER92002142 07/12/93 350 0 4/303 1.8 TMA/Eberline 835.074
ER92002142 07712793 00 0 544285 1.8 TMA /Eberline u7u7 13
ERY2002144 07/12/93 260 { 10338940 1.5 TMA /Eberline 135841
ERO2002145 07/12,/93 250 -10 74686 3.2 TMA /Eberline 238005
ER92002146  07/13/93 230 0 110000 3.8 TMA 7Eberline 1180
ER92002147 (7713793 200 0 130000 42 TNMA 7Eberline 3460
ER92002148  07/13/93 154 -10 20000 u.3 TMA Eberline 1860
ER92002149 07 /13792 150 0 30006 6.9 TAA “Eberline 2070
ERU2002150  (7/13/93 100 -0 15006 4.5 TMA /Eberline 2025
ER92002151 07/13/92 50 0 7000 8.1 TMA /Eberline 1377
ERY2002132 07/13497 0 0 3900 6.1 TMA/Eberline is0Y
ER9Y2002153 07/13/97 =50 0] 4500 %6 TMA T berline 87
ER92002154 07/13/93 -50 0 4770 SR ORNL 28147
ERG2002155 0771393 400 50 7600 6.7 TMA/Eberline 5002
ERG2002156 07/13/U3 350 S0 22000 TMA/Eberline 148
ER92002157 (7/13/93 300 S0 96000 T™MA/Eberline HURS
ER21009258 07/13/93 450 100 20000 TMA/Eberline 3683
ER92002159 07/13/93 31350 1901 22000 Ty A Eberline 2684
ER92002160 (7/13793 200 100 220000 TMA/Eherline 17160
ER92002161 07713793 400 150 17000 TMA/Eberline 527
ERY2002162 07/13/93 3350 150 18000 TMA/Eberline 260
ERYV2002163 (O7/13/93 350 150 19700 2" ORNL 4393
ER92002164 07/13/92 300 150 1600000 41 TMA/EDberline 65600
ERG2002163 07/14/62 450 200 2953 S TMA/Eberline 201.70%
ERY2002166 07/14/93 250 200 10400 4.4 TMAEberline 437.6
ERO2002167 07/14/92 200 200 537400 .M TMAEherline 15607.2
ERO2002168 07/14/93 260 215 $1211 4.2 TMA/Eberline 4087
ERV2002169 07/14/93 230 218 32277 4 TNA Ebertine 209508
ERY2002170 07/14/972 200 215 TH76 A TMA/Eberline 37UR.2N
ERO2002171 07/14/03 400 230 1633 36 TMA/Eberline 166.86
ERG2002172 O7/14/93 250 230 U287 2.6 TMAEberline 134332
ERO2002177 0771493 200 250 9l7s 4.1 TMATberline 376478
ERO2002174 07/14/93 250 250 12193 2.7 TVMA/Eberline 320211
ER92002175 0711493 200 250 12264 1.3 TMA/Eberline 173.006
ERO2002176 0771493 300 300 3617 2.6 TMA/Eberline 146,042
ERV2002177 0771497 300 200 3460 0.4 ORNL L
ERV200217 07/14/93 250 300 2299 44 TMA Eberline 101.136
LERO2002179 07/14/93 210 341 2364 32 TMA/Eberline 117.612
ERY2002180 07/14/G3 200 206 432% R TNA/EDberhine 134168
ERO20021%1 0714973 250 350 1658 R TMAEberline 64,662
ERY2002182 07/14/93 200 350 5786 22 TMAVEberline 127.202



Appendix C t{cont.)
Surface Soil Tritium Data for the Mixed Waste Landfill

srittum por liter tritivm por ficer
extracted water soll moist. Gf soil
Coor veonr i L i Laboratory o

ViR 200 404 ERR 2.4 TMA/Eberline Lo2nz

nT4ieR 130 440 2500 14 TNAEberline S&LO6H

[SRFANTER 106 430 18es 27 TNAEberline ERRVIN
TRE200Z a6 0714/93 1o 430 1180 151 ORNL 17518
“Ru200Z187 071463 S 430 2366 26 TMAEDberline 667 1s
ERO2002188 07/14/02 0 430 1328 2.8 TMA/Eberline 3704
ERU20021 K50 07/14/03 0] 375 43726 2.8 TMA Eberline 128037
EROZ002100 02004407 §] 300 2GR 1.9 TN A/ EDerline 60762
ER9200219] 0771497 0 225 3241 2.9 TMA/Ebertine [52.429
ERO20027192 07/14/02 0 150 14760 2.1 TMA/Eberline 300,06
LRU20C2197R 0771462 0 75 25217 1.8 TMAEberline 433,006
EROZOG2TV4 0771493 2030 50 186094 1.1 T™MA/TDberline 205693
ERG2002103 0771493 130 50 27290 2.6 TMA/Eberline T4 34
ERO2002196 07/14/03 18] 30 30437 t5 TMMA/Eberline 456,555
TRO2002:97 071403 30 50 25073 2.3 TMAEberline 645,674
ERO2002 [0k 07/ 403 180 75 73552 2.8 TMA/Eberline 2059.46
ERG2002:99 D7/14/03 S0 75 41023 32 TMA/Eberline 121274
ER92002200 TI1493 200 100 2RIRTO0 2.1 TMA/Eberline 39614
ERVZ002201 0715793 130 100 75243 2.1 TMA/Eberline 15801
ERO2002202 U7/ER/92 130 100 32200 0.58 ORNL [%6.76
ERU20022072 07/15/07 30 160 146512 24 TMA/Eberline 3516.29
ERY2002204 07/15/92 180 130 640099 2.8 TMA/Eberline 17948
ER92002205 07/13/93 80 130 182436 2.4 TMA/Eberline 4402.46
ERO2002206 07/15/93 200 150 19239700 1.5 TMA/Eberline 2RES45
ERO2002207 07/15/03 180 180 88627 2 TMA/Eberline 1772.54
ER92002208 07/13/93 1320 160 41109 2.9 TMA/Eberline 1192.16
ERO2002208 07/15/93 30 160 241826 2.5 TMA/Eberline 6045.65
ER92002210 07/15/93 180 240 7626 2.6 T™MA/EDberline 148276
ERG2002211 0771597 110 240 7229 2.2 TMA/Eberline 159.03%
ER92002212 07/15/93 110 240 5410 2.15 ORNL 116315
ERG2002213 30 240 T208 1.9 TMA/Eberline 136,952
ER92002214 180 300 2846 3.8 TMA/Eberline 108148
ERO2002215 110 300 4008 2.5 TMA/Eberline 100.2
ER92002216 30 300 1519 2.5 TMA/Eberline 37.975
ER92002217 07/15/93 180 360 2155 2.2 TMA/Eberline 47.41
ERG200221% 077/15/93 110 360 1757 2.5 TMA/Eberline 43,025
ERSZ002219 O7/15/03 30 360 2688 21 TMAEDbzrline RISEY
ERO2004565 07/16/493 260 S0 123043 2.5 TMA/Eberline 320857
ERQ2004566 07/16/93 220 S0 498152 2.8 TMA/Eberline 139483
ERO2004567 07/16/03 230 S0 2130006 ().XO ORNL 27046
ERO2004568 O7/16/03 260 100 2341820 22 TMA/Eberline [O852K
ERU2004569 077167923 230 100 72067350 23 TMA/Eberline 170125
ERG2004570 07/16/93 260 150 KHS154 2.3 TMA/Eberline 203585
ERO2004571 07/16/92 260 150 123000 1.1 ORNL 3663
ERO2004572 07/16/03 220 150 Q655080 2.1 TMA/Eberline 202757
ERO2004573 07/16/93 250 103 11855840 2.8 TMA/Eberline 332026
ERO200+4574 07716/93 242 110 2233250 2.5 TMA/Eberline 558312
ERG2004578 07/16/93 255 110 20388400 2.8 TMA/Eberline 1102870
ERG2004376 07/16/93 250 113 2070540 22 TMATberline 65332
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Appendix E
Tritium Data for Soil Cuttings from MWL-MW4

tritum per liter
pth From  Depth To - exuvacted water  “omoisture

Sample no. Date Collected (t%t (teet) (pCi/Ly content
110293-08 11/02/93 () 8 SO00 NS
110293-11 [1/02/93 0 8 [ LOG00 6.4
H10293-09 [1/02/93 0 by 8700 7.1
110293-10 11/02/93 0 8 49000 6.6
110293-03 11/02/93 0 35 7000 [N
110293-05 11/02/93 35 50 620 1.6
110293-07 1 1/02/93 50 57 540 1.7
[10293-06 11/02/93 57 70 700 L.y
110293-01 11/02/93 70 78 790 2.3
110293-04 11/02/93 78 93 430 3.2
110293-02 11/02/93 93 103 430 2.4
011810 12/21/93 103 120 520 2.2
0118 12/21/93 120 135 720 34
011812 12/21/93 135 139 590 3.1
011813 12/21/93 139 165 360 3.3
011814 12/21/93 165 170 390 2.7
011815 12/21/93 170 180 8§70 2.7
011816 12/21/93 180 192 670 4
011817 12/21/93 192 165 160 2.4
SNLAO14501 200 211 510

SNLA0 14502 211 223 350
SNLA014503 223 238 250
SNLAO14504 238 246 140
SNLAO14505 246 250 320
SNLAO14507 2359 269 370
SNLAO14508 269 277 290
SNLAO14509 277 284 230
SNLAO14510 284 290 100

SNLAOI4511 290 298 390
SNLAO14512 298 312 390
SNLAO14513 312 320 310
SNLAO14514 320 327 450
SNLAQO14515 327 342 240
SNLAO14516 342 352 260

SNLAO14517 352 360 480
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Sumple no.
SNLAUT4518
SNLAUIIS1Y
SNLAO14520
SNLAO1452
SNLAO145

1
22
SNLAO14523

Date Collected

Appendix E (cont.)
Tritium Data for Soil Cuttings from MWL-MW4

Depth From

{feet)

360

0 Tl L fuo LD
o

81

tritum per lier

Depth To

(feet) (pCi/L)
370 450
378 220
383 360
390 440
394 410
400 760)

extracted water

Cemuoisture

content



TF93-1
TF93-2
TF93-3
TF93-4
TF93-5
TF93-6
TF93-7
TF93-8
TF93-9
TF93-10
TF93-11
TF93-12
TF93-13
TF93-14
TF93-15
TF93-16
TF93-17
TF93-18
TF93-19
TF93-20
TF93-21
TF93-22
TF93-23
TF93-24
TF93-25
TF93-26
TF93-27

Appendix F
Tritium Flux Monitoring Data, Fall 1993

§

e~

Flux

2

pCi/m=/hr)
132
1580
210
1600
12100
978
498
858
141000
126
1310
786
1180
3810
4290
167000
6870
9460
1300
1060
324
1610
166000
1670
4250
1020

336
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