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Abstract: The Texas Low-Level Radioactive Waste Disposal Authority is
completing two years of detailed on-site suitability studies of a potential low-
level radioactive waste disposal site in Hudspeth County, Texas. The data
from these studies have been used to estimate site specific parameters needed
to do a performance assessment of the site. The radiological impacts of the
site have been analyzed as required for a license application. The approach
adopted for the performance assessment was to use simplified and yet
conservative assumptions with regard to releases, radionuclide transport, and
dose calculations. The methodologies employed in the performance assess-
ment are reviewed in the paper.

Rather than rely on a single computer code, a modular approach to the
performance assessment was selected. The HELP code was used to calculate
the ii/il [ration rate through the trench covers and the amount of leachate
release^ from this arid site. Individual pathway analyses used spreadsheet
calculations. These calculations were compared with those from other com-
puter models including CRRIS, INGDOS, PATHRAE, and MICROSHIELD©,
and found to yield conservative estimates of the effective whole body dose.
The computer codes used were selected on the basis of availability,
applicability and completeness for this potential disposal site.

The greatest difficulty in performing the radiological assessment of the
site was the selection of reasonable source terms for release into the envi-
ronment. A surface water pathway is unreasonable for the site. Though also
unlikely, the groundwater pathway with exposure through a site boundary
well was found to yield the largest calculated dose. The more likely pathway
including transport of leachate from the facility through the unsaturated zone
and returning to the ground surface yields small doses. All calculated doses
associated with normal releases of radioactivity are below the regulatory
limits.
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Introduction

The Texas Low-Level Radioactive Waste Disposal Authority has
developed plans for a low-level radioactive waste disposal facility. The Texas
Low-Level Radioactive Waste Disposal Facility is expected to have a capacity
of 60,000 ft3 of waste per year over its operational lifetime of 30 years.
Approximately two-thirds of the total waste volume to be disposed of will be
from pressurized water reactor plants operated in the state. The remaining
one-third of the waste will come from industrial and institutional sources,
and site decommissioning. Waste from decommissioning and decontamina-
tion of the disposal facility will be disposed of on site and can be
accommodated within the 1,800,000 ft3 capacity for which the facility is
designed.

This paper reports on the performance assessment methodology for the
Texas facility. After a review of the site characteristics, the approach adopted
for the performance assessment is described and the methodologies for
exposure pathway analysis are discussed.

Site Characterization

The proposed Texas site for disposal of low-level radioactive waste is
within the Hueco Bolson, located in the Chihuahuan desert of West Texas,
approximately 40 miles southeast of El Paso and 15 miles north of the Rio
Grande. The Hueco Bolson is a large basin within the Chihuahuan desert on
the eastern portion of the Basin and Range structural province. Fine-grained
lacustrine and fluvial sediments were deposited in the Hueco Bolson over a
basement of mostly Cretaceous shallow-marine strata. The term "bolson" is
used to describe closed basins with centripetal drainage. The Hueco Bolson
has been filled with detrital materials washed in from adjacent mountains.
Individual strata within bolsons range in thickness up to 100 ft and are
typically composed of poorly sorted sediment. Cretaceous and older rocks are
exposed on the Diablo Plateau north of the site^.

The site is located on an alluvial plain characterized by gentle slope (<1
to 1.5 percent) having dendritic drainage patterns. The area is well vegetated
and includes drought-tolerant grasses, cacti, and spiny shrubs. The surface
soils consist of coarse gravel and sands. The drainage channels in the study
area are not well defined. Bed materials in the channels are sand and fine
gravel.

Rainfall events in West Texas are typically localized storms causing
high-intensity rainfall in a small area: adjacent subbasins may receive little
precipitation. Historical rainfall data from stations located in Hudspeth and
El Paso Counties have been compiled by the Department of Meteorology at
Texas A&M University for the 1859-1989 period. In addition, site-specific
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rainfall data has been gathered at four stations within the study area. This
data has been used to estimate the yearly rainfall amount and its variability,
as well as the extreme events such as the 100-yr return frequency storm. Data
from Fort Hancock, Texas, for the 1966-1987 period show a mean annual
temperature of 62 F, ranging from a monthly average low of 42 F in December
to a monthly average high of 82 F. The average annual precipitation is 11
inches, ranging from a monthly average low of 0.28 inches in March and
April to a monthly average high of 2.30 inches in September.

Groundwater in the area of the site is found at depths of 500 ft and 600
ft in bolson silt and sand and Cretaceous limestone, respectively. The com-
posite potentiometric surface shows a regional hydraulic gradient from the
Diablo Flateau to the northeast of the site toward the Rio Grande to the
southwest, representing regional recharge and discharge areas, respectively.
This general regional gradient is disrupted south of the site by the Campo
Grande fault, which acts as a high permeability media north of the fault, and a
low-permeability zone for groundwater flow toward the Rio Grande south of
the fault. Groundwater flow is directed toward the southwest around this
low-permeability zone, before it again turns toward the Rio Grande. Trans-
missivities and permeabilities have been estimated from pumping tests,
while porosities have been determined from compensated neutron and litho-
density geophysical logs of the pumping-test intervals. Trr.nsmissivities
from the bolson and Cretaceous strata range from 0.2 to 290 ft2/d; corre-
sponding permeabilities range from 0.0016 to 2.8 ft/d. Poros'ties range from
2.5 to 25 percent, with lower values found in the Cretaceous strata.W

Groundwater flow in the vicinity of the site has been modeled.
Mullican and Senger(1> show that travel times calculated along a flow path
from the central part of the Diablo Plateau to the study area, for a distance of
9.6 km, range from 204 to 2,040 yr, assuming effective porosities of 2.5 and 25
percent, respectively. However, the gradient along this flow path is very
large, with the potentiometric surface falling by more than 2,500 ft over a
distance of 3 miles. Beneath the proposed site the gradient is more on the
order of 0.001 to 0.01. With a gradient of 0.01 and a hydraulic conductivity of
1.5 ft/d and effective porosity of 0.15, an upper estimate of the seepage velouty
beneath the site is 0.1 ft/d or 36 ft/yr. Evidence that this is a high estimate of
the seepage velocity is provided by the calculated carbon-14 age from a well
located on the proposed site, which is 28,000 years.*2* Carbon-14 ages from
wells on the Diablo Plateau, representing the recharge area, range from less
than 1,000 yr, indicating recent recharge, to as much as 13,000 yr.

The unsaturated zone consists of approximately 40 to 50 ft of alluvial
silt, sand and gravel underlain by 460 ft of lacustrine and fluvial clay, silt, and
fine sand. A discontinuous layer of caliche occurs at a depth of approximately
6 ft. Physical and chemical approaches were used to evaluate moisture
movement in the unsaturated zone. Physical methods include monitoring
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moisture content with a neutron probe and monitoring water potential with
psychrometers. Chemical tracers such as bomb 36C1 were used to evaluate
recharge rates over a longer period (approximately 30 yrs). The lack of tem-
poral variations in moisture content and the low water potentials indicate
that water movement through the unsaturated zone is minimal and is
primarily restricted to upward vapor movement, probably controlled by
evapo transpiration^).

Volumetric water contents range from approximately 3% to 17% in the
surficial sediments to a depth of about 40 ft, with an average water content of
about 10%. This represents approximately 10 to 20% saturation. Between 40
and 80 ft, the water content varies from 15 to 30%, and drops to about 1%
within a sand unit at a depth of 90 ft. The deeper clay units below 100 ft are
nea*- saturation with volumetric water contents of about 30%(3).

As shown in Figure 1, water potentials generally increase with depth,
with values ranging from -1 to -150 bars. During the summer, samples from
one borehole exhibit water potentials that range from -160 bars near the
surface to -15 bars at 30 ft depth. Similar water potentials were recorded in
samples from two other boreholes (-120 to -30 bars, and -120 to -10 bars). The
hydraulic gradient is steepest near the ground surface, approximately -15
bars/ft, and indicates that there is a potential for upward movement of water.
Following a rainfall event, water potentials near the surface are close to zero
and decrease to -120 bars within 5 ft. During the winter, the range in water
potentials is smaller (-20 to - 80 bars), but still show increasing values with
depth to about 30 ft. Below 30 ft, the gradient is small(3>.

Natural infiltration rates have been estimated from chemical tracers.
Using bomb 36C1 measurements, Scanlon et alM) estimate that the average
annual infiltration rate is than 0.06 inches, which represents approximately
0.5% of the mean annual precipitation. They have found that the peak bomb
Cl has reached a depth of 1.6 feet after approximately 30 years. Based on the
peak tritium depth, they estimate an infiltration rate of 0.3 inches per year.
However, the deeper penetration of 3H relative to 36C1 is attributed to down-
ward vapor transport controlled by summer temperature gradients. Finally,
infiltration rates based on chloride mass balance ranged from 0.0004 to 0.04
inches per year. Extrapolating from the 36C1 value, which is probably the
most reliable, it would take in excess of 9,000 years for this peak to reach the
water table at about 500 ft below ground surface. However, Scanlon et al. note
that 36C1 data represents infiltration above maximum root depth, and
therefore does not account for some of the water lost to evapotranspiration.
Recharge rates derived from this method are consequently conservatively
estimated. Alternately, if one assumes plug flow and an average volumetric
water content of 0.20 from the ground surface to the water table, then the
travel time to the water table may be estimated by time = 500 ft x 12 in/ft x
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0.20/0.06 in/yr = 20,000 yrs. The chloride mass balance approach suggests
vadose zone water ages in excess of 10,000 years within the upper 20 ft of the
soil profile.<4)

WATER POTENTIAL (BARS)

H

Figure 1: Total Water Potential from Access Tubes

Performance Assessment for the Texas Site

10 CFR Part 61.41 establishes exposure limits to members of the general
population from releases of radioactivity to the general environment from
land disposal facilities. 10 CFR Part 61.13(a) requires pathways analyzed in
demonstrating protection of the general population must include air, soil,
groundwater, surface water, plant uptake, and exhumation by burrowing
animals. Although the 10 CFR Part 61.41 radiological limits are applicable
during the operational and post-operational periods, the analyses used to
demonstrate compliance with 10 CFR Part 61.41 after permanent facility
closure is commonly called a performance assessment.

The NRC has developed a performance assessment methodology for
low-level waste facilities involving a five-step program.^) The first two steps
in the methodology were identification of pathways of potential application
in a low-level waste performance assessment, and screening of those
pathways to identify which are of primary importance. The third step was to
identify models that can be used to assess the pathways. The fourth and fifth
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steps in the NRC methodology were to select computer codes that implement
the methodology and to acquire, implement, and assess the computer codes.

Potential exposure pathways are suggested in NUREG-1199^6^
as well as in the NRC methodology(5). With information from the site
characterization investigations and the preliminary design of the facility, the
screening of the pathways was carries out with most pathways eliminated and
additional pathways being suggested. In particular, the total water potential
distribution shown in Figure 1 suggests that leachate which may escape from
the facility could migrate back to the ground surface. This leads to what are
considered the normal release pathways, which are outlined in Figure 2.

INFILTRATION
AND

LEACHATE
GENFRATION

t
VADOSE

ZONE
TRANSPORT

TO THE
GROUND
SURFACE

DIRECT RADIATION
FROM SOIL

PLANT UPTAKE AND
BIOLOGICAL PATHWAYS

TRANSPORT
TO THE

ATMOSPHERE

INHALATION AND
CLOUD IMMERSION

•
SOIL AND PLANT

DEPOSITION
UPTAKE AND

BIOLOGICAL PATHWAYS

Figure 2: Normal Release Pathways

In addition to the normal release pathways, the performance assess-
ment also considered groundwater pathways and an intruder-drilling
scenario. The groundwater pathways assume that leachate migrating from
the facility enters the groundwater aquifer and then migrates laterally to the
site boundary where the contaminated water is captured by a well. The
groundwater exposure pathway assumes that well-water is used for human
and livestock ingestion. Further, it is assumed that all of the ingested meat
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and milk is produced on site with well-water, and that all of the human
drinking water comes from the well.

The intruder-drilling scenario is described in the 10 CFR Part 61
IMPACTS Methodology. <8> According to this scenario, at the end of the insti-
tutional control period, an inadvertent intruder decides to have a house built
on the facility and he must first install a well to secure an adequate supply of
water to meet his living needs. In placing the well, the drilling company is
assumed to drill through the Class B/C waste disposal trenches, bringing ion
exchange resin (XRESIN) mixed with drill cuttings and mud to the ground
surface. The cuttings settle out in the "mud pit" and the drilling crew is
exposed to direct gamma radiation from the waste contained in the mud pit.
Inhalation impacts are discounted because of the liquid nature of the
contaminated mud.

In identifying models for use in the performance assessment, the
approach adopted was to use simplified and yet conservative assumptions
with regard to releases of radioactivity, radionuclide transport, and dose
calculations. Rather than rely on a single computer code, a modular approach
to the performance assessment was selected. The HELPW code was used to
calculate the infiltration rate through the trench covers and the amount of
leachate released from this arid site. Individual pathway analyses used
spreadsheet calculations. These calculations were compared with those from
other computer models including CRRIS*10*, INGDOS<n>, PATHRAE<12>, and
MICROSHIELD©<13>.

The HELP computer model(9) was used to estimate the quantity of
water percolating through the cover system of the waste disposal trenches.
The solar radiation conditions for El Paso were used along with the mean
monthly temperature and rainfall for Fort Hancock. The cover systems for
the Class A and Class B/C trenches are similar and are composed of an upper
layer of native loam soil which will be used to support a poor grass cover for
soil stabilization. Beneath the loam layer is a layer of sand and gravel which
acts as a particle filter, and a layer of riprap which serves for wind control and
as an intrusion barrier. Beneath the riprap are geotextile and native backfill
for mass, a layer of clay which serves as a moisture barrier, and gravely sand
to minimize clzy migration. The total thickness of the cover system is 17 feet.
Design values of clay permeabilities and default values for other layers were
used. Further, it was assumed that poor grass vegetation could not be
maintained on the cover system. Analyses of the cover system using the
HELP computer code for bare soil surface conditions show a percolation value
of 0.411 in/yr. This value reflects the average percolation rate from the base
of the liner system over a 20-year period with the soil layers initially having a
water content near field capacity. If the cover is revegetated then the
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percolation rate is reduced to 0.078 in/yr. The higher value is used in the
performance assessment to calculate the rate of leachate generation.

The release rate of radionuclides from the facility has been modeled for
a period of time extending from closure of the waste facility to approximately
1,000 years beyond the estimated failure time of the concrete vaults. The
1,000-year analysis period was chosen based on the use of a 1,000-year analysis
period by the U.S. Environmental Protection Agency for calculation of
impacts to individual members of the public resulting from its general
environmental standard for low-level waste management and disposal
facilities. The modular concrete canisters for the Class A and Class B/C waste
streams have a design life of 200 years. Further, the waste form for Class B/C
waste is required by the NRC to prevent leakage for a period of at least 300
years. For the safety assessment it is assumed that the canisters fail
completely after 100 years and that the required waste form for the Class B/C
waste fails completely after 300 years. Before these times it is assumed that
there is no routine release of radioactivity. Using these assumptions, a
simulation period of 1,500 years was chosen for all analyses. The calculated
doses for longer times are also noted for critical nuclides.

Details of model development for the normal release pathways are
presented in Charbeneau, et al, 1990.*14) All calculations of radionuclide
releases, environmental transport, and doses are performed on spreadsheets.
Dose conversion factors for inhalation and ingestion are taken from EPA<15>,
while dose conversion factors for immersion, areal gamma and volume
gamma, along with transfer factors, are taken from the NRC's IMPACTS
methodology^). The resulting dose calculations were compared with those
from other computer models and found to yield conservative estimates of the
effective whole body dose. For example, the ingestion doses to man were
calculated to be 0.7 mrem/yr using the spreadsheets, while PATHRAE
calculates a dose of 0.09 mrem/yr, INGDOS a dose of 0.03 mrem/yr, and
CRRIS a dose of 0.003 mrem/yr. Generally, we have found that the more
comprehensive and complete computer models yield doses which are smaller
by at least an order of magnitude, and we have concluded that our
spreadsheet models are quite conservative.

Summary and Conclusions

Radionuclide release and transport under various conditions have
been modeled and the resulting doses to humans have been calculated. The
approach for the assessment has been to use simple models with conservative
and yet reasonable assumptions with regard to pathways. Table 1 summarizes
the results of tho calculations. Peak radionuclide doses and times are given
for each pathway and receptor location analyzed.
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TABLE 1
SUMMARY OF MAXIMUM DOSES BY PATHWAY

Pathway

Vadose Zone - External Gamma
Vadose Zone - Food - Ingestion
Vadose Zone - Atmosphere
Groundwater to well
Intruder-Drilling

Receptor Location

Onsite
Onsite
Onsite
3000 ft from site
Onsite

Peak Dosea

(mrem/yr)

7.1E-06
7.4E-01
5.3E-02
1.74E+01
2.51E-00

Timeb

(yr)

500
500

+1500
2700

100

a 50-year committed effective dose equivalent
" years after site closure

Dose projections based on these simulations indicate compliance with
the limits specified in 10 CFR Part 61. The effective dose equivalent must not
exceed 25 mrem/yr. In addition, the dose to the thyroid must not exceed 75
mrem/yr and the dose to any other organ must not exceed 25 mrem/yr. The
maximum dose rate from the contaminated well water is 17.4 mrem/yr
whole body due to 14C (13.0 mrem/yr), 36C1 (4.2 mrem/yr), and "Tc (0.2
mrem/yr). The dose rate for the intruder-drilling scenario is 2.51 mrem/yr,
due primarily to 137Cs. However, both of these scenario are unlikely. Dose
rates from the remaining exposure pathways are less than 0.8 mrem/yr. All
of these doses are below the dose limits prescribed by current regulations.
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