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Il
ataneous. The subsided unit geometry is assumed to match that described in
! for the duration of the compliance period. The subsidence unit will allow
[k -ecipitation and runoff from the tributary drainage area, to occur.

T'ties of PAs and CAs
1,000-year compliance period; 1,000-year assessment period; no
. doses calculated beyond the requirement beyond 1,000 years
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informational purposes P
miste All waste disposed in the RWMS Al sources inteéﬁ%with the
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urces
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-man Intruder
|
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mary of Adopte ‘ormance Objectives for the Postinstitutional Control Period
riod  Pathway  Compliance Point Performance Objective

All Pathways 100 m from the Area 3 25 mrem/yr
RWMS Boundary

Atmospheric Pathway 100 m from the Area 3 10 mrem/yr

(excluding radon) RWMS Boundary

Radon Flux Density Waste Cell Cap 20 pCi/ m%s

Groundwater Uppermost Alluvial Meet state of Nevada
Aquifer Drinking Water Standards
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Table 1.3 Summary of Adopted PA Performance Objectives for Inadvertent Human Intruders

Compliance Iii‘t_e‘,.rval’::ﬂ; ’ ~  Performance Objective
‘ Acute 500 mrem
Postinstitutional control All pathways
Chronic 100 mrem/yr

Table 1.4 Summary of Adopted Objectives for CA

Objective

thway

100 m from the
Pre- and postinstitutional control ~ Area 3 RWMS All pathways 100 mrem/yr
Boundary

1-8 Performance Assessment/Composite Analysis
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ed the rooting depths of Mojave Desert or Transitional Desert

tudies have found that plant roots in NTS desert communities are
urface. This is likely an adaptation to maximize the capture of

/., 1995). Wallace and Romney (1972) described the root systems
d from a wash in Rock Valley on the NTS and reported a maximum
I(cm) (66 in.) for creosote bush, which currently does not occur at

: deepest rooting plant occurring at the site, had a rooting depth of
yrted maximum root depth for individual plants appears in

(1980) excavated the root systems of several Mojave Desert species
§ the roots to be distributed in the top 50 cm (20 in.), except for

I adscale. Less than 2 percent of the roots of these species were found

atley (1969) reported that winter annuals root in the top 20 cm
ﬁ . (1984) surveyed the rooting depths of plants at a gﬁ%slew

PR3

nean rooting depth reported for species that occur at theArea 3
ly 400 cm (160 in.) for fourwing saltbush. They report that for three
sent or more of the specimens rooted at depths less than 457 cm

is low in these desert communities. ter annual standing

s the production of a single growing seasSon, can vary from 0 to
alue of 90 kg ha™' has been recorded for the NTS (Beatley, 1969).
72) found that perennial shrubs produced the greatest biomass in

lyear study period. Their estimates of primary productivity as the
standard deviation

yorted aboveground net primary productivity of perennials in Rock
d 436 kgha™'.

si t fraction of standing biomass and net primary
f hethiyory are generally low in desert environments, suggesting
.|| of plant’biomass becomes soil detritus each year (Strojan et al.,

79) estimated that dry litter fall from perennial shrubs in Rock

’k 1terval was 217 + 141 kg ha'yr'. Total dry litter fall, including
t | be 362 + 237 kg ha™! yr'! (Strojan et al., 1979). Annual litter fall
oveground biomass among perennial species ranged from 7 to
" 1979). Annual litter fall was estimated to be from 81 to 99 percent
activity (Strojan et al., 1979).
nial plants appear to be capable of rooting directly in waste. The
' annual root biomass is expected in the upper 50 to 100 cm (20 to
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Mesozoic thrust faulting. Most thrust plates at the NTS were transported eastward with dis-
placements on the order of 10 km (6 mi) (Orkild, 1983). In Miocene to Quaternary times,
these Paleozoic rocks and the overlying volcanic units were disrupted by large-scale
extensional block-faulting, the primary cause of the present Basin and Range topography.

Bechtel Nevada (1996b) has produced a west-east cross section showing the structural setting
of Yucca Flat. Some of the faults identified in BN (1996b) can be projected to the surface
and correlated with crack trends on composite postshot surface effects maps (U.S. Geological
Survey [USGS], 1990). Many of these “younger” faults (e.g., Yucca Fault) displace features
such as the tops of zeolitization (Drellack, 1995) or internal bedding within the deeper
alluvium (Elwood et al., 1985). Other faults, considered “older,” are not readily discernable
on either surface effects maps or the top of zeolitization contour maps. Most gfthe displace-
ment on these faults is dip-slip. However, a right-lateral strike-slip compou%;notion has
been documented (Ferguson, 1981). Vertical displacement on these normal fauligranges
from approximately 610 m (2,000 ft) on the main basin-forming faults, to less than 15 m

(50 ft) on the lesser faults.

The principle basin-forming faults in Yucca Flat are the Yuc Carpetbag Faults, both
east-dipping, moderately high-angle normal faults (Figure 2. The Yucca Fault is located
in the east-central portion of the basin, trending north-south and €tending through the valley.
The Carpetbag Fault, also striking north-south, is located in the western part of the valley.
Toward the south, the Carpetbag Fault steps eastward in an en echelon fashion, becoming the
Topgallant Fault. The Carpetbag Fault represents the eastern side of a large north/south-
trending buried horst of Paleozoic carbonate r o referred to as the “Gravity High”).
This horst separates the large main basin on the'gast from several smaller subbasins on the
west.

Age estimates for these youngest faults have appeared in several studies (Knauss, 1981;
Shroba et al., 1988). Knaus brackets the age of the last natural movement along the
Carpetbag Fault between 37 a and along the Yucca Fault at less than 35 ka.

The Area 3 RWMS is located on a structural block that is bounded on the east by the west-
dipping Area 3 Fault and on the west by the east-dipping Yucca Fault. The nearest known
fault to the Area=3.RWMS passes through the eastern margin of the facility and is called the
Area 3 Faulroj ected surface trace of this fault is assumed to follow a minor, but
persistent, trepostshot surface fractures. It is unclear if the Area 3 Fault is an actual
tectonic feature reactivated by underground nuclear testing, or if it is purely a shot-induced
feature. Bechtel Nevada (1996b) undertook a literature review to determine when the Area 3
Fault was first described and how historical reports have considered the feature. In addition,
trenches were excavated that cross the trend of the Area 3 Fault to determine if tectonic
movement is discernable in the shallow subsurface.

The Area 3 Fault was first named and mapped by Williams et al. (1963) as a zone of surface
cracking caused by the BILBY and BANDICOOT events. Some of the fractures showed up
to 15 cm (6 in.) of offset. The predominant sense of motion for fractures with offset was

2-12 Performance Assessment/Composite Analysis
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I-. Yucca Flat lies within the Ash Meadows groundwater subbasin.
aquifer within this subbasin is the only subsurface pathway by

the Yucca Flat basin. Groundwater flows south from Yucca Flat
1en southwest toward downgradient areas (primarily Ash

tflows are small because inflows to Yucca Flat are limited by

he basin. The total inflow to the lower carbonate-rock aquifer
teral sources is estimated to be about 300,000 m*/yr (250 acre-
srcent of the total 430,000 m*/yr (350 acre-ft/yr) inflow to the lower
1ieath Yucca Flat calculated by Winograd and Thordarson (1975).
eath Yucca Flat of 430,000 m*/yr (350 acre-ft/yr) comprises less
utflow at the Ash Meadows discharge area, estimated to be about
\cre-ft/yr) (Winograd and Thordarson, 1975).

wer carbonate-rock aquifer indicate that the gradiéézarly flat
ai]) between Yucca and Frenchman Flats and down to the dis-

{vs. This flat gradient is an indication of a high degree of hydraulic
LiLer, which is probably a result of a high fracture (secondary)

uity does not necessarily imply unj ity of flow properties.

sath the NTS passes through a com geologic framework whose

numerous factors including stratigrapliic age, lithologic
1 geometry (Laczniak et al., 1996).
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quifer and confining ugjts). The alluvium unit is variably cemented
'Lsorted deposits of gravel and sand having high interstitial porosity
aquifer is a welded tuff and is characterized by high fracture
ats of saturated hydraulic conductivity of seven welded tuff
day (0.30 to 5.61 ft/day) (Rehfeldt et al., 1995). The tuff
zed<as a bedded, nonwelded tuff that has been altered to zeolite
volcanic reactions with groundwater, resulting in decreased rock
nts of saturated hydraulic conductivity of 34 zeolitized tuff
to 0.02 m/day (7e-6 to 0.07 ft/day) (Winograd and Thordarson,
tng unit is present only in the western part of Yucca Flat and does
3 RWMS.

eptualizations of the regional groundwater flow systems and

ystems are believed to be somewhat understood for the NTS (with

basin boundary locations, and lateral flow into and across sub-

L systems at smaller scales are poorly understood. The mechanical
l1derground testing on the local groundwater flow system beneath

' own, although groundwater mounding and fracturing are

of testing. In addition, chemical reactions between groundwater
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All historical earthquakes within Yucca Flat had magnitudes below 3.0. The largest
earthquake recorded on the NTS (magnitude 5.6) occurred at Little Skull Mountain, approxi-
mately 40 km (25 mi) southwest of the Area 3 RWMS, on June 29, 1992. In August 1971, a
magnitude 4.3 earthquake occurred along the Cane Spring fault, approximately 15 m (9.5 mi)
south of the RWMS. These earthquakes caused no surface displacement.

The Area 3 RWMS makes limited use of engineered structures, making the site less
vulnerable to earthquake damage than an aboveground facility or a facility using engineered
belowground vaults. Barring a major earthquake centered on the Area 3 RWMS, only limited
compaction, caused by the consolidation of alluvium, might be expected. Large events have
large return times. Events are highly unlikely to be centered on the Area 3 RWMS.

Together, these issues make it highly improbable that seismic activity will compromise the
integrity of the RWMS. %

2.1.6.2 Volcanism

No post-Miocene silicic volcanic centers are present in the southwest Nevada volcanic field,
a large volcanic field that covers a region encompassing the NTS (Byers et al., 1989; Sawyer
et al., 1994). The only silicic volcanic centers of Pliocene a; ounger within a 100-km
radius (62 mi) of the Area 3 RWMS are located in the Mount son area southwest of
Goldfield, and in the Funeral Mountains of southwest Death Valley (Crowe et al., 1995).

The hazards of future silicic volcanism for the NTS region are negligible (Crowe et al., 1995;
Geomatrix, 1996). There has been no silicic volcanism in the NTS region for the last 8.5 Ma.

Post-Miocene basaltic volcanism in the NTS s; divided into two episodes (Crowe,
1990): (1) large-volume basaltic volcanic centers that are spatially and temporally associated
with the waning phase of silicic volcanism (basalt of the silicic episode); and (2) small-
volume, spatially scattered basalt centers that postdate silicic volcanism (post-caldera basalt).
The latter episode of basaltic volcanism is subdivided into two cycles, including late Miocene
basalt centers that occur in tgd north-center of the NTS; and Pliocene and Quaternary
basalt centers that occur mostly=in the southwest part of the NTS region with one 3.0 Ma
center (basalt of Buckboard Mesx) present in the northeast part of the Timber Mountain
caldera (Crowe et al., 1995). The youngest basaltic volcanic center in the NTS region is the

0.07 Ma basalt of Lathrop Wells, located approximately 5 km (3 mi) south of the southwest

corner of the Crowe et al., 1997).
There are no iocene basaltic volcanic centers in the vicinity of the Area 3 RWMS.

The youngest basalt within Yucca Flat is the basalt of Yucca Flat (8.1 Ma), found at a depth
0f 226 to 308 m (740 to 1,010 ft) in drillhole UE1h, located about 1.5 km (1 mi) southwest of
the Area 3 RWMS (Marvin et al., 1989). The closest basalt centers exposed at the surface
near the Area 3 RWMS are the basalt of Paiute Ridge (8.6 Ma), located approximately 6 km
(4 mi) northeast of the Area 3 RWMS (Ratcliff ez al., 1994); and the basalt of Nye Canyon
(7.3 to 7.4 Ma), located approximately 19 km (12 mi) southeast of the Area 3 RWMS (Crowe
et al. 1997). A probabilistic assessment of the hazards of future basaltic volcanism (proba-
bilistic volcanic hazard assessment) has been conducted for the Yucca Mountain site, an area
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"Dak Spring, to the far north end of the basin, and Mine

fjpe basin, lie within Yucca Flat. The Wahmonie and Calico

vest of Yucca Flat, respectively.

ring District. Potentially economic mineral deposits may
LCommercial tungsten mining occurred in the Oak Spring
arly 1960s. Hence, the NTS region is considered to have
ce of tungsten skarn deposits (Science Applications
esearch Institute [SAIC/DRI], 1991). Molybdenum is
M, 1979). Iron is present; however, the respyrce potential
£°St volcanic rocks and alluvial basins in%%l;s region.
ite deposits in the region suggests a low to moderate
ccurs in veins associated with quartz and mercury,
Barite veins at the NTS are small and impure; they are
- barite resource. Although fluorite is present in the

e occurrence. However, i urce potential is thought
1991).

is low in southern Nye County (Garside et al.,1988;
'Let:sents simplified views of this potential, based on source

T

t and Carls 8; Harris et al., 1980) and reported

dyes in southern Nye County and the NTS
, tar sand, nor oil shale. However, a recent evaluation of
s a “cautiously optimistic view of the hydrocarbon poten-
-ea (Trexler et al., 1996). Trexler et al. (1996) found that
vide potential reservoir spaces and that the thermal history
ocarbon.

as been limited. Prior to 1953, when the Nevada Oil and
5 created, information concerning drilling is incomplete.
zh November 1992, approximately 650 hydrocarbon wells
Llighest concentration of these wells is in the Railroad
unty (Figure 2.24).

. discovered in Railroad Valley. Productive areas of these
re than 10.4 km? (less than 1.0 to more than 4.0 mi?).
pproximately 1,220 to 2,130 m (4,000 to 7,000 ft)
on from these fields is found in structural traps or a
hic traps. Producing formations include Paleozoic

Tertiary volcanics. The only oil production in Nevada

lackburn Field. The Blackburn Field, discovered in 1982,
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Table 2.3 Contaminated Soils Areas Within Yucca Flat (McArthur, 1991)

G _ Distance from

Area A __ theRWMS
r‘elﬂ:iRégvioii»:»,;.v Sy (ftz) S (m? ft) ¢ (mi) (m)
1 |GALILEO 4.80 1.34e+08 1.24e+0 664588 838780 44 7005
HORNET 5.70 1.59e+08 1.48¢+07 673500 847000 33 5244
S. Yucca 7.60 2.12e+08 1.97e+07 673500 834000 2.7 4364
Unsurveyed 8.40 2.34e+08  2.18¢+07 673500 830000 3.0 4771
2 |WHITNEY 2.70 7.53e+07  6.99¢e+06 660103 869823 8.1 13032
SHASTA 4.90 1.37e+08 1.27e+07 663323 866030 7.2 11515
DIABLO 4.00 1.12e+08 1.04e+07 662634 874146 8.5 13625
SEDAN 6.10 1.70e+08 1.58e+07 677375 876375 7 12392
3 |HORNET 8.50 2.37e+08  2.20e+07 688500 837000 0.2 305
S. Yucca 4.60 1.28e+08 1.19e+07 685500 823080 2.7 4286
Unsurveyed 19.20 5.35¢e+08  4.97e+07 700560 839000 2.5 4027
4 |KEPLER 9.70 2.70e+08 2.51e+07 664462 854233 5.4 8769
QUAY 5.20 1.45e+08 1.35e+07 675000 000 3.8 6189
Unsurveyed 1.10 3.07e+07  2.85e+06 654140 4000 7.1 11412
7 |QUAY 6.70 1.87e+08 1.74e+07 687500 000 2.7 4267
Unsurveyed 12.60 3.51e+t08  3.26e+07 696030 853000 34 5527
8 |BANEBERRY 5.20 1.45¢+08 1.35e+07 665000 882500 9.6 15471
SMOKY 3.30 9.20e+07  8.55e+06 674250 887750 9.9 15987
Unsurveyed 5.40 1.51e+08 1.40 74250 898330 11.9 19125
9 |WILSON 7.50 2.09e+08 1.94e 682500 869000 6.1 9872
Unsurveyed 12.50 3.48e+08  3.24e+07 693060 869000 6.2 9900
10 |SEDAN 7.70 2.15e+08 1.99¢+07 681000 884000 9.0 14462
Unsurveyed 12.30 3.19¢e+07 691560 884000 8.9 14379
15 [Yucca Flat 4.30 1.11e+07 684500 894350 10.9 17504
17 [Yucca Flat 11.20 2.90e+07 644750 850000 8.5 13619
6 |IS. Yucca 32.30 8.37e+07 675000 800000 7.4 11904

Plutonium

11 [Valley 3.37 9.40e+07  8.73e+06 705000 809000 6.3 10064
PIN S 0.56 1.57e+07 1.46e+06 706000 777000 11.9 19138
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2 the U-3ah/at and U-3bh inventory at closure, the assumptions made, and the
of inventory uncertainty are summarized in Section 2.5, “Waste Inventory.” The
ormation is provided in Appendix 2.

All-Pathways Analysis

1tory considered in the all-pathways analysis includes the entire inventory estimated
Vat at closure (Table 2.7). A portion of this inventory was disposed in U-3bh during
n of the PA. This analysis assumes that the entire inventory is in these two units.
nuclide concentration is assumed to be homogeneous throughout the disposal unit.
ling purposes, the inventory is divided into volatile and nonvolatile radionuclides.
lides considered to be exclusively volatile are *Ar, #Kr, '*Rn, *°Rn, and ***Rn.

se and transport of radon isotopes are not estimated for the all-pathways analysis
DOE guidance (DOE, 1996a). Tritium and "C are assumed to be %in volatile
blatile forms. As the partitioning of *H and C between volatile and noavolatile
inknown, it is conservatively assumed that the full inventory of *H and “C is

for release in both a volatile and nonvolatile form. The volatile forms of *H and *C
ed to be tritiated water (HTO) and CO,, respectively. .Assuming volatile *H is

s HTO is conservative because the dose from this forix js significantly higher than
lemental form. Carbon dioxide is the expected fo volatile "C given the dry
itions at the site. All other radionuclides are assumed t& be present in nonvolatile

r dosimetry purposes, nonvolatile radionuclides are assumed to be in a form with
dose factor (DF) with some important exceptions. Strontium is assumed to be

a form other than SrTiO,. Chlorine.s.assumed to be present as the chloride anion
1is is the most common environmen . Thorium and plutonium are assumed
ent in oxide forms based on informatign provided by generators.

of waste forms disposed in U-3ah/at and U-3bh are known, but their quantitative
s are poorly known. Common waste forms on a volume basis are believed to
hil, construction de, a@}.‘

yand compactible trash. Because quantitative information

z g, simple conservative assumptions are made. The
init is assumed to be filted with a single homogeneous waste form with conservative
ide release properties. All radionuclides are assumed to be immediately available
E- Waste form and containers are not assumed to retard release. Nonvolatile
ides areg sumed to be adsorbed onto a soil-like material. All volatile radionu-
are assumed to be available for immediate release to the air-filled pore
)latil [1'is assumed to be released to the air-filled pore space as HTO. The
ctivity of water vapor in the air-filled waste pore space is assumed to be equivalent
cific activity of waste pore water.

h/at disposal unit was formed from two adjacent subsidence craters. Waste

5 are expected to be disposed on seven tiers separated with clean 1-m (3-ft) soil

s of August 1997, all disposals in U-3bh had consisted of uncontainerized soils.
>ptual model makes no distinctions between the U-3ah/at and U-3bh disposal units.
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3.2.1.1 All-Pathways Analysis
Release and transport models were developed for the nonvolatile and volatile source term.

Nonvolatile Radionuclides. Processes expected to transport the nonvolatile radionuclide
source term to the accessible environment are:

» Advection and diffusion of solutes in soil pore water;

Uptake, translocation, and senescence of plants rooted in the waste and cap soil;
Physical transport of waste by animals burrowing into the waste and cap soil; and
* - Resuspension and erosion of cap soil.

pathwayj, is also ruled out in this assessment, since there are no sources of s € water near
the Area 3 RWMS that are likely ever to be used as sources of drinking water. PA
scenarios are limited to features, events, and processes that are currently occurring or have
occurred in the past. Current residents of southern Nevada obtain their drinking water from
the Colorado River, its tributaries, or groundwater. Native Americans have used the
Colorado River, its tributaries, springs and seeps, sandstone ﬁ ks, and flooded playas as
sources of drinking water. With the exception of playas, thesessdurces do not exist near the
Area 3 RWMS. Yucca Flat playa collects storm runoff several tithes a year, but the water
either evaporates or infiltrates shortly after the storms. Therefore, the playa cannot be con-
sidered a sustained source of water. There is also no evidence that runoff has been or is being
collected in cisterns in alluvial valleys in this area,
T

The release and transport conceptual model asstighes that the site is subsided throughout the
compliance period. Two limiting cases are analyzed separately. In the first, the upward
pathway is maximized. For this case, the current climatic conditions of high evapotranspira-
tion and low precipitation are ed to prevail in the future. Under these conditions, all
precipitation infiltrating into¢ isppsal unit returns to the atmosphere as evapotranspiration
and no recharge occurs. Advestign of solutes is assumed to be upwards in this case and
corresponds to the undisturbed conditions, where the upward hydraulic gradients are the
strongest. However, effects of subsidence are reflected in increased soil water content and
formation of cracks, both of which affect transport of radionuclides. In the second case, the
downward é‘@ is maximized by assuming that runoff-producing precipitation events
cause runof; @ e tributary drainage area to pond in the depression formed in the sub-

These ponding episodes will cause enhanced infiltration that would alter

The surface water pathway as the secondary source of contaminants and, as %osure

sided closure cap’
the soils moisture and result in possible recharge of groundwater which lies about 490 m
(1,600 ft) below the facility floor. The hypothetical severity of the assumed ponding and the
consequent advance of the wetting front toward groundwater bounds the observed wetting of
the soil column resulting from historical infiltration episodes in the craters where the waste is
emplaced. Hydrologic screening analyses of assumed ponding episodes described in
Appendix 1 indicate that the travel time to the uppermost aquifer is likely to be greater than
the 1,000-year compliance period. This rules out further consideration of the downward
pathway.
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occurrence of any agriculture at this site is a very low probability event. The concentrations
of actinides in surface soils at the HORNET GZ are based on in situ measurements and soil
sampling and are believed to be reasonably accurate.

The results are likely to be very sensitive to assumptions concerning land use or land use
controls. The UGTA source is a possible contributor to the dose, which has not been
assessed. However the dose from the UGTA source should be zero as long as land use
controls affecting groundwater access are effective. The land use assumed for Yucca Flat
represents a conservative bounding estimate. The TEDE may increase in the period of
institutional control is shorter than 250 years. All credible alternative land uses would most
likely result in much lower doses. The mean TEDE at 100 years is estimated to be only

4 mrem/yr, still significantly less than the 30 mrem/yr dose constraint. Consepgative
assumptions in the land use scenario include: %}

e There is no remediation of Soil Sites in Yucca Flat or Plutonium Valley.
e There is no access control after 250 years. The MOP is assumed to have access to Yucca

Flat.
e The MOP constructs a permanent residence in Yucca Flat. vicinity of the site.
The MOP engages in noncommercial agriculture.

Parameter uncertainty in the TEDE from the residual soil contamination area is investigated
by Monte Carlo simulation, varying the parameters considered in the sensitivity analysis
above (Figure 4.16). At 250 years, the 95th p tile TEDE is estimated to be 5 mrem/yr.
The maximum simulated value was 8 mrem/y%efore, there is a very high probability
using a conservative bounding land use option that the TEDE is less than the 30 mrem/yr
options analysis dose limit. The 95th percentile TEDE decreases to 2 mrem/yr by 1,000
years. The maximum simulated value at 1,000 years was 3 mrem/yr. All realizations at
1,000 years are below the 30 marem/yr limit triggering the options analysis. All results are
significantly less than the 1 l@ em#yr performance objective. There is reasonable assurance
that the CA performance obje s can be met assuming that access to Yucca Flat ground-
water is restricted.
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Sully

! Soil Science, University of California, Davis — 1984
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hnd transport modeling. é

\E. Barker
Statistics, Florida State University — 1979 %

Statistics, Florida State University — 1976
Mathematics, University of Kentucky — 1975

=nce Barker joined Reynolds Electrical & Engineering Co., Inc., in 1989 and
I[ﬁued with BN in 1996 as the Principal Applied Statistician. His statistical
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Geology, University of Alaska — 1990
Geglogy, University of Alaska — 1979
plogy, California State University, Long Beach — 1974
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The basins of the NTS are extremely arid and are characterized by very low humidity,
particularly during summer. Daily average relative humidity at the RWMS during 1996 is
shown in Figure Al.11. Daily average values ranged from a minimum of 11 percent during
spring and summer months to a maximum of 94 percent during December.

In the basins of the NTS, evaporation occurs only at potential rates following significant
precipitation events. Evaporation from soil occurs in two stages (Jury et al., 1991).
Following a precipitation event, the surface of the soil is wet and the rate of evaporation is
limited by the meteorological conditions. During this constant-rate stage, water can be
supplied to the surface from the soil below at a rate corresponding to the maximum rate of
loss determined by the available energy, wind speed, and relative humidity. As the soil dries,
the resistance to the movement of water to the surface layer increases and the rage of evapo-
ration progressively decreases. This falling rate-stage of evaporation is cm%by the soil
properties.

Evaporation from plants, referred to as transpiration, is further influenced by physical and
morphological characteristics of the plant canopy (Campbell, 1986). Evapotranspiration is
the combined loss of water due to evaporation from the soil and transpiration from
the plants.

Actual evapotranspiration and bare soil evaporation were measured using precision weighing
lysimeters in Frenchman Flat, an alluvial basin on the NTS 22.4 km (13.9 mi) from the

Area 3 RWMS. These lysimeters each consistaf a soil tank, 2 m by 4 m (6.6 ft by 13.1 ft) in
cross-section and 2 m (6.6 ft) deep, supported itive scale, and equipped with
electronic load cells and data acquisition systenis\for the continuous measurement of evapo-
transpiration. One lysimeter has been planted with native plant species in the approximate
density of the surrounding desert landscape, while the second lysimeter has a bare soil
surface. Figure A1.12 depicts the amount of water stored in each lysimeter and recorded
precipitation from Decembe ough April 1997. The amount of stored water
increased following precipitatiqR events during the winter of 1994-1995. Beginning in April
1995, the bare soil lysimeter shows a gradual loss in water caused by evaporation. A more
rapid loss is seen in the vegetated lysimeter as the plants began to transpire in the spring.
These results demonstrate the large influence of plants on water movement in the upper few
aflovium. In April, May, June, and July 1995, transpiration estimated from the

N

Stweelhare and vegetated lysimeter measurements was 60, 67, 61, and

51 percent, respegfively, of the total water loss for each month.

Seasonal changes in temperature at the land surface create vertical temperature gradients in
the alluvium. Daily average temperatures at 10-cm (4-in.) and 170-cm (67-in.) depths for
Frenchman Flat are shown in Figure A1.13. Temperature gradients induce the movement of
water vapor from warm soil to cold soil. On a seasonal basis, these gradients lead to the
transport of water vapor upward during the winter and downward during the summer.
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Figure A1.7 Monthly Maximum, Minimum, and Mean Air Temperatures at Yucca Flat for the Period
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Figure A1.13  Soil Temperature Recorded at 0900 hr Daily at 10- and 170-cm Depths in the Vegetated
Frenchman Flat Lysimeter

Performance Assessment/Composite Analysis

A1-41



m

'ment Site Nevada Test Site

1—0Oct-95

Y )

b 4
"

u—,-,EE 'ﬁ,

) ——

1-Sep-95

1—-Aug-95

A

1-Jul-95

A

j
1-Jun-95
Date

11

T
1-May-95

T
1-Apr-95

L

AMH\AAMA A A

1—Mar-95

1—Feb—-95

— U
130
150
170
20
10
0

\CADD\AREA_3\PA\FINAL\A_Precipitation _9/26/97

o Precipitation in the Vegetated Frenchman Flat

”

Performance Assessment/Composite Analysis




Management Site Nevada Test Site

— e - Undisturbed
U-3at/U-3b] Collapse Zones
2WrEINNNNesER RIS U-sbh co"apse Zone

T\

<
C

L

-

105 01 015 02 025 08 035 0.4
Volumetric Water Content (m® /m?)

Lumetric Water Contents with Depth for the Area 3 RWMS

/Composite Analysis A1-43




Area 3 Radioactive Waste Management Site Nevada Test Site

- = = . Jndisturbed

U-3at/U-3bl Collapse Zones

sapsassanRneRII N U-3bh CO"apSe Zone

0
1 “.//
- \\.5\
] \‘
20 ~
i \'u\ E
\ -
i N H
40 \ 3

J
LYTLLLITN

Depth (m)

60 >

1 1
()
_
>
5
.

A

~
o
QU

(0]

(e]
]
/‘\.

Water Potential (MPa)

Figure A.1.16 Average Matric Potential with Depth for Area 3 RWMS.

A1-44 Performance Assessment/Composite Analysis









Area 3 Radioactive Waste Management Site

Nevada Test Site

O
20-
40
60
80 ~O— U-3bh-C1
’ —&— U-36h-C2
100} s
-20 -15 -10 -5'\8 0
18 o
8 Osmow "'oo
0 <\>
20
40‘:
60
@0; —@— U-23bh-C1
] —h—  U-3bh-G2
11—
=120 -100 -80 -80 -40
0
SDgmow oo

A

Figure A1.19

Stable Isotope Concentrations in Pore Water with Depth for Crater U-3bh

Characterization Samples

Performance Assessment/Composite Analysis

A1-47



ve Waste Management Site

Nevada Test Site

Matric Potential (MPa)
.5-2-15-1-05005 115225

U-3bh-C1
—@— Tritium (pCi/L)

—4— Potential (MPa)

5
Lt 1]

A

i l T IINI'I

5-2-1
L1

-

L

0% 1x10° 1x10* 1x10° 1x10° %

Tritium Concentration (pCi/L)

)
5-1-05005 115 \; 2.5
L A

Matric Potential (MPa

|

U-3bh-C2
—o— Tritium (pCilL)

—— Potential (MPa)

T vy ooyt TT

02 1x10° 1x10* 1x10° 1x10°
Tritium Concentration {pCi/L}

Trees

‘ariation of Tritium Concentration and Matric Potential with Depth for
'haracterization Boreholes U-3bh-C1 and U-3bh-2

Performance Assessment/Composite Analysis



Area 3 Radioactive Waste Management Site

Nevada Test Site

0
Bottom of U-3bh crater Homogeneous Profile
40
E :
£ 80 .
3 '
[0)) .
Q ;
s () YT
—20yr
------ 100 yr
120
160 -t +
0.0 : 0.1 0.2 0.3

Volumetric Water Content (m*/m°)

Figure Al121  Simulated Water Content Profile in the U-3bh Collapse Zone Following Redistribution

with a Homogeneous Profile

Performance Assessment/Composite Analysis

A1-49






Area 3 Radioactive Waste Mang_gement Site Nevada Test Site

'40 T
} , A U-3bl-D2
. ]
-60 O U-3at-D1
] : <+ 5'%0 Mean
i l V U-3at-D2
-80- ' g U-3bh-C1
8 - 1
o ® U-3bh-C2
= _
o)
=
(7]
o)
(7}

18 0
8 OSMOW IOO

Figure A1.23 Stable Isotope Concentrations for Area 3 RWMS Characterization
Samples From Below 66 m Depth. The dashed lines indicate weighted
mean concentrations for winter precipitation in Frenchman Flat

Performance Assessment/Composite Analysis A1-51



Area 3 Radioactive Waste Management Site Nevada Test Site

— ==« |ndisturbed
U-3at/U-3bl Collapse Zones
v (J-3bh Collapse Zone

0

- l:,

1
b ~ —~

- N\
20 \\

- \ \ .‘

i ~
40

Depth (m)
(@)
(e ]

120 ] i v l L) Ll 1 T
-2 -1 0 1 2 3 4 5
Potential (MPa)

Figure A1.24  Average Total Potential with Depth for the Area 3 RWMS _
A1-52 Performance Assessment/Composite Analysis




Area 3 Radioactive Waste Management Site

Nevada Test Site

0 T
/ -
10 I
R J|
/ — ——— -~ ‘:
L//’ ___________________________
o J S NP T L LA
£ ——12hr
'*Cd. —==24hr
8‘ ------ 36 hr
—-—-48 hr
—--—=60hr 4
01 —721r £ Simulated Infiltration B
——=—84nhr £ 3 \
------ 96 hr & \\
g 2
g \
e
40 0 - - . . S — :
0 12 24 36 48 60 72 84 96 |
Time (hrs) )
50 : ; :
0 0.1 0.2 0.3

Volumetric Water Content (m*/m?)

04

Figure A1.25  Simulation of Infiltration of 4 m of Flood Water Into Subsided U-3ah/at Waste Cell

Performance Assessment/Composite Analysis

A1-53



Area 3 Radioactive Waste Management Site Nevada Test Site

0 1
100 :
——O0yrs
200 y 4 Steady-state recharge rate = 3.6 mm/yr ]
———50yrs 5 ’i'i e *—
£3
E || 500 yrs <
= . @ 2
?)_ 900 yrs g
(m] —--=1000 yrs g1
/4
300 ——1200 yrs 0+ : - : : ||
950 1000 1050 1100 1150 1200
Time (years)
400
Water Table
500 - : ;
0 0.1 0.2 0.3 04

Volumetric Water Content (m*/m?)

Figure A1.26  Simulation of Redistribution of 4 m of Flood Water Into Subsided U-3ah/at Waste Cell

A1-54 ' Performance Assessment/Composite Analysis



Appendix 2

Estimation of Inventory at Facility Closure















anagement Site Nevada Test Site

l1.e Forms _

.of the waste volume received at U-3ah/at from FY 1988 through
urces: the Waste Consolidation Project and the Fernald Environ-
ict (ONLO,; see Attachment B for waste generator codes). The

Ect accounts for approximately 21 percent of the waste volume
{gh FY 1995. Waste Consolidation Project activities for FY 1988
le (1988). In FY 1988 and FY 1989, 5 percent of the debris from
e debris from 12A was sent to U-3ah/at. Descriptions of sites 2B
sites generated only contaminated soils. Debris at site 2C was
is to be 97 percent soil, 2 percent concrete, and lesser amounts of
descriptions suggest that Waste Consolidation Project waste sent

tly contaminated soil.
Management Project has contributed approximately &4 percent of

in U-3ah/at through FY 1995. These wastes are contained in steel
ing in FY 1993, data base records began to include waste stream
t can be matched with descriptions ofavaste streams in generator
through FY 1995, 71 percent of LO waste volume shipped
as contaminated process area wastess€®NLO-000000001). In

ated process area wastes were describéd as contaminated scrap
rocesses. The waste stream is currently material generated in the
and waste stockpiled during previous operations. The waste
proportions): pla cardboard and paper trash, incinerator

Its, asphalt, floor sws, non-friable asbestos, refuse metal,
wood, ceramics, glas§idust collector bags, furnace cleanings, scrap
sonal protective equipment, compressed gas cylinders (valves
erosol cans.

am is the construction waste stream (ONLO-000000002),
20pcrcent of the ONLO waste volume. The construction waste
on debris from demolition, maintenance, or removal activities.
s (in unknown proportions): soil, rock, gravel, concrete, metal,
«er trash, asphalt, glass, floor tile, roofing material, and other non-
ling materials.

NLO waste can be estimated for FY 1993 through FY 1995 from
me and net mass. The volume weighted mean for the two waste
The range for both waste streams was from 0.20 to 0.38 g cm™.
treams have densities ranging from 0.2 (cardboard) to 7.8 (steel)
rials (asbestos, asphalt, concrete, glass, ceramics, rock, and soil)
s of 1 to 3 g em™. This is still substantially greater than the
uggesting that there is a significant potential for compaction of
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s than 1 percent of the volume

{VI, AMDM, BCLA, BGAT,

'f the volume. -
T

| The major radionuclide on an
The remainder of the activity is

MEFP (0.8 percent), and 20 other
“the activity.

for U-3ax/bl
ie inventory estimates.

10t support a long-lived parent
decay to negligi vels during

i radionuclides that desay to long-
lying by the ratio of the decay

€ progeny activity at the end of

reported as mixtures or suspected
ve

uclide Activity
=d as gross activity. The

e inferred from the source of the
throughout its operation from 34
>d on the NTS. In addition to gross
ixture of fission products, activa-

ities designated as MFP were
ource.

are not known in most cases. In

oduct of a scaling factor and some

cases, gross activity in fission

ecific gamma constant and the

‘arious specific gamma constants
exposure rate measurements.

» calculate the specific gamma

k> been partitioned among specific

bn for each source. The activity of
' as:

(A2.1)
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where
q; estimated activity of radionuclide j, Ci;
q = gross activity (or MFP) reported by generators, Ci;
£ = activity fraction of radionuclide j in source s, dimensionless; and
f . activity fraction of reference nuclide (or nuclides) in source s,

dimensionless.

In Equation A2.1, the activity of individual radionuclides is calculated as a fixed fraction of
the gross activity reported by the generator. The fixed fraction is the ratio of the activity
fraction of the radionuclide being estimated to the reference radionuclide. The42ference
radionuclide is the radionuclide that the generator assumed was present whe mating the
gross activity. Selection of an appropriate fraction requires an assumption abouthe radio-
nuclide composition of the source and an assumption that the reference radionuclide (or
nuclides) are the same as nuclides contributing to the activity q. For a mixed fission product
waste stream, the reference radionuclide (or nuclides) would typically be the radionuclides
contributing to the measured gamma exposure.

A2.4.3.2 Gross Activity Derived from Weapons Testi

Waste from 29 of the 34 sources of gross activity received at U-3ax/bl are known, suspected,
or assumed to be contaminated with mixed fission products from weapons testing

(Table A2.3). Combined, these generators confributed 3.0 x 10? Ci of gross activity to
U-3ax/bl, or approximately 98 percent of the t ss activity.

Ten sources (LFDD, LCAA, LCAB, LDNA, LLDN, LRYS, LRY10, LRY12, LRY13, and
LRY14) were involved with underground nuclear testing occurring simultaneously with
disposal at U-3ax/bl. Therefore~these generators are known to have generated wastes with
fission products a few weeks ths old at the time of assay. Some of the inventory
attributed to LCAB may be mix&d fission and activation products that originated at the
NRDS. Nevertheless, these wastes are assumed to contain a fission and activation products
characteristic of underground nuclear testing. Six generators (ASLN, LEGL, LEPC, LRY3,
LRYS8, and LRY9) are suspected to have produced wastes containing fresh fission products.
The generatognated ASLN, LEGL, and LEPC were all involved with nuclear testing,

but have oth sible radionuclide sources. No information could be developed for five
generators (20 l"?,; RY1,LRY15, LRY16, and CALA). Because waste streams derived from
nuclear testing are the most common in terms of both activity and volume, it was assumed
that any waste originating at the Area S RWMS would have most likely contained fission and
activation products. The specific source of the Argonne National Laboratory waste is
unknown. However, Argonne National Laboratory has had significant involvement with the
development of reactor technologies and it was assumed that these wastes were derived from
a fission source. The other three generators (200R, LRY15, LRY16) were quantitatively
insignificant. They were assumed to contain MFP because no other information was
available.
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tay constant of the reference isotope, yr';
fraction of the reference isotope, dimensionless; and
F the unreported isotope, g mole™".

> or two isotopes of uranium in uranium-bearing waste

D.8). Uranium-235 was the only nuclide reported by two

ttachment B for waste generator codes). Based on

hipments were corrected assuming a 93 percent enriched

bAA shipments were corrected with the same

v small activity involved and conservativeness of the

wvas assumed to be 2*U. Three generatorsshipped waste
. These shipments were assumed to be%cxd

=d as the reference. A third source, ONLO, assumed

The ONLO waste stream was corrected using the 22U
7 an isotopic ratio reported by the generator for

JE facilities may be recy from irradiated fuel (Rich
inium may be contaminated%vith fission and activation
h are Tc, 2°Pu and ?’Np (Rich et al., 1988). The only
+d enriched uranium in significant quantities is ONLO.
ed to confgin a constant fraction of **Tc and *"Np.
ecause ?;?”r minor source of this radionuclide.

e generator(\D. Rast, personal communication), the

[x 10™* and the 2’Np/***U ratio was assumed to be 1.7 x
vaste. These ratios represent the mean for wastes

95.

'd using Equation A2.1, where the gross activity was the
fraction for the reference radionuclide was set equal to
*Pu and 2°Pu. Activity fractions were as in Table A2.5.
the U-3ax/bl Disposal Unit
rlas obtained by summing all the revisions for gross
=s (Table A2.9). The total long-lived activity estimated
» Ci. The total activity reported in waste management
roximately equivalent to the 1.2 x 10° Ci estimated by
hource of the small discrepancy in activity between
e waste management records used in this report is
Tiew of the data base during FY 1996 may have caused
, in part, explain the discrepancy. The difference
» revised inventory is largely attributable to the con-
ure radionuclides with weak radiations such as *H. It
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vler natural or 5 percent enriched

'waste streams can contain depleted,
rted 2°U activities were assumed to
um waste stream. The reported 2*U

‘e stream. All shipments from

| The isotopic composition was

1clude a combination of various

1992 was assumed to be repre-

topic mixture. Waste streams

1m based on the generator’s

lepleted uranium.

stant fraction of ”T%:’Np.
unication), the *Tc/*Usgatio was
sumed to be 1.7 x 107 for all

e mean for wastes shipped from

ste with>°Pu as the only reported Pu
.065 Ci6f 2°Pu. The reported

ty of ?°Pu and *Pu. The shipments
pic composition in Table A2.5.

The activity of 2Pu was left

h/at Disposal Unit

ated as the sum of the data base

ns increase the inventory of

sed through FY 1995 increases from
inuclides by activity at the date of
cent), and uranium isotopes

Jisposal Unit

LWIS. These records indicate that
7,140 m’® of waste containing

rastes were predominately soil from
activity basis predominately of 2°Pu,
les are assumed to be completely

n place during disposal of this waste.

hated at future times using the
“roff, 1983). The disposal units
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Sensitivity

nty is difficult as few data are available. Generators provide an
ivity and volume with no accompanying statement of

‘be used to estimate uncertainty, such as a description of the

d and its assumptions or a description of the process generating
nilable. Generators often state that they prepare very conserva-
ory. This is probably correct for radionuclides that are routinely
in their facilities and processes, including nuclides such as H,

it are minor contaminants, difficult to measure, or insignificant to

s probably underestimated. This might include radionuclides
U, and Z'Np.

ates of Uncertainty
ces of uncertainty in the inventory estimated in thiseeport.
ty in the estimated concentrations include:

:s reported by the generator,
s reported by the generator,
teness of the records,

of future waste, and

of future waste.

dinty are poor or nonexistent. Yet it is
(D) cam

2 parameters affecting performance
ressed below by setting simple conservative

ainty has been ad
dgment.

e (OE/NV , 1992). Therefore, the true concentration of wastes
5 assumed to be between 0.1 and 10 times the reported value.

ed to compensate for some of the bias contributed by incomplete
e activity of individual radionuclides estimated from gross

ed on the physically reasonable range of errors expected for the
& is made here to assess uncertainty in the future waste concen-
sumed to have the same concentration and uncertainty as wastes

sociated with Gross Activity and MFP Revisions

nt of the volume of waste sent to the U-3ax/bl disposal unit and
‘o the U-3ah/at disposal unit was recorded as gross activity or
"dentity or activity of any specific radionuclide. These gross

|mposite Analysis A2-17
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activities have been converted to radionuclide activities as described earlier. The uncertainty
in these estimates can be bounded based on the physical reasonable limits of the waste
characterization method.

Elletson and Johnejack (1995) reported that generators estimated gross radioactivity from
exposure rate measurements. This is a common radioactive waste characterization method.
Various conversion factors, or gamma constants, are reported to have been used by gener-
ators, ranging from 0.3 to 0.1 Ci hr' R™' at 1 m (3 ft) (Elletson and Johnejack, 1995;
Takahashi, personal communication, 1996). Conservatively, assuming a point source
geometry, this implies a generator waste characterization model of

x|

where

= reported gross activity (or MFP activity )s£i;

= measured waste package exposure rate, Rr';
distance of package exposure rate measurement, m; and

= mixed fission product gamma constant, R m? hr™! Ci™\.

H a0

Combining Equation A2.6 with the equation used to estimate the revisions, Equation A2.1,
the activity of individual radionuclides derived from gross activity was estimated as:

= X fu (A2.7)

' JSor

A conservative range for g; has been estimated through a Monte Carlo simulation of
Equation A2,

Exposure rates typically be measured with an accuracy of 20 percent (National Council
on Radiation Protection [NCRP], 1992). The mean exposure rate was assumed to be the
reported gross activity times a gamma constant of 0.1 R m? hr'' Ci"'. The errors were
assumed to be normally distributed around the mean with a 95 percent confidence interval
being equal to the mean +20 percent. It is also assumed that technicians can reproduce the
distance of the measurement to within 20 percent. The mean measurement distance was
assumed to be 1 meter (m) (3 feet [ft]). Errors were assumed to be normally distributed about
the mean with a 95 percent confidence interval being equal to the mean +20 percent. It was
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become more sensitive to waste geometry and density. Estimates of fission product activity
in this Appendix become more conservative as the age of the fission products at the time of
characterization decreases. The potential to underestimate activity exists for waste
containing old fission products distributed through a large, dense waste form.

A2.8.3 Uncertainty in the Estimated U-3ax/bl Inventory

The U-3ax/bl inventory is dominated by activation products, fission products, and
unfissioned weapon components from nuclear tests. The activity in NTS weapons testing-
related waste streams is believed to have been estimated mostly from gamma exposure
measurements. Uncertainties introduced from this method can be used to estimate the
inventory uncertainty.

A2.8.3.1 Volatile Radionuclides

The volatile radionuclides *H, **Ar, and *Kr are assumed to be significantly overastimated.
These nuclides were estimated assuming no losses by volatilization. Wastes are lkely to lose
some fraction of volatile radionuclides prior to disposal. This is suspected to be particularly
true for the noble gases which may be overestimated by several orders of magnitude.

A2.8.3.2 Fission and Activation Products

A Monte Carlo analysis of the expected inventory for fission products characterized by gross
radiation measurements was described above. The U-3ax/bl fission product inventory is
about 10 percent old fission products derived from the Waste Consolidation Project and

90 percent fresh fission products. The estimated range of fission and activation product
inventory for U-3ax/bl is described in Table A Fission and activation product range is
assumed to be from 0.1 to 10 times the total inventory value.

A2.8.3.3 Actinides -

Most actinides present in U-3ax/bl will be activation products or unfissioned weapon
components from nuclear devi Actinide activity from these sources was scaled from
fission product activities and om the same problems noted above for activation
products. Wastes from the Wastg Consolidation Project may be enriched in unfissioned
actinides from low or negligible yield atmospheric tests. The same range of uncertainty was
assumed for actinides as for activation products.

A284 U inty in the Estimated U-3ah/at Inventory

The U-3ah/at inkeptory can be divided into four general waste streams: (1) *H from off-site
generators and apons tests, (2) fission and activation products from the Waste Consolida-
tion project, (3) uranium from Fernald, and (4) actinides from the cleanup of NTS
Pu-contaminated soil.

A2.8.4.1 Volatile Radionuclides

The inventory of *Ar and ¥Kr is probably overestimated by many orders of magnitude
because the primary source of these nuclides is old fission products from the Waste
Consolidation Project. Tritium is probably overestimated in the U-3ah/at inventory as in the

Performance Assessment/Composite Analysis A2-21






Nevada Test Site

1 |tory Report for the U-3ax/bl
/11432-193. Reynolds Electrical &

1in Surface Soil at Safety-Shot
way, and D. L. Wireman (eds.),
;\Ievada Applied Ecology Group,
Las Vegas, Nevada.

Management Consolidation Plan,
lectrical & Engineering Co., Inc.,

dation Plan, Fiscal é%[l

reering Co., Inc., Las Vegas, Nevada.

L Calibration of Survey Instruments

lof I
rt No
a, Mary

Radiation Fields and
12. National Council on
d.

Consolidation Plan Completion
nc., Las Vegas, Nevada.

' Radioactive Waste Consolidation
Engineering Co., Inc., Las Vegas,
4 User’s Manual. Grove 92-2.

from D. Rast to B. Moore,

983. Radioactive Waste
port Fiscal Year 1983. Reynolds
zvada.

Hation Plan, Completion Report
ring Co., Inc., Las Vegas, Nevada.

ation Plan, Completion Report

kering Co., Inc., Las Vegas, Nevada.

A2-23






Area 3 Radioactive Waste Management Site Nevada Test Site

Table A2.1 Borehole, Test, Date, Depth, and Crater Volume for Subsidence Craters Developed Into
the U-3ax/bl, U-3ah/at, and U-3bh Disposal Units

Crater Volume (m?

12/03/1961 363 2.5 % 10°

U-3ax PACA 05/07/1962 258  8.8x10
U-3bl !BOBAC 08/24/1962 195 A 1.4 x 10°
U-3at JERBOA 03/01/1963 301 2.5x10°
U-3bh HYRAX 09/14/1962 216 x 10°

Table A2.2 Generator, Gross Activity, and Volume of Waste Disposed in U-3ax/bl From 1969 to
' 1978, as Recorded in Waste Management Log Books

200R 200 Source Storage Building 2x10™ 2.8

ASLN Sandia National Laboratories, NTS Operations 2x10™ 0.11
LCAB Los Alamos National Laboratory, NT ions 2.3 x10? - 3.0x 10°
LEPC Environmental Protection Agency, Las Vggas 0.010 2.0
LEGL EG&G Atlas Facility, Las Vegas 3x107° 0.08
LEDD '?‘?Jnniz Ic\l:ztxir?;laelea ories (FOD/DoD), Area 12 13 23 x 10°
LCAA Lawrence Livermor&National Laboratory, Operations 0.053 73
LLDN Defense Nuclear Agency, Area 12 Tunnel Complex 0.023 4.7 x 10?
LRY1 éds Electrical & Engineering Co., Inc., Area 5 0.010 14
LRYS REE 0, Area 23 Laboratory 0.0030 23
LRY10 REECo, Area 12 Tunnel Complex 10 4.8 x 10%
LRY12 REECo, Area 2 Drill Yard 3x10™ 1.8
LRY13 REECo, Area 6 Salvage Yard 0.016 3.8 x 10?
LRY14 REECo, Health Physics Department 0.14 3.8 x 107
LRY15 No information available 0.051 57
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a 6 Decontamination Facility 0.011 1.7 x 10?

ste Consolidation Project, Site 1A 11 5.8 x 10?
éte Consolidation Project, Site 2A 1.0 x 10°° 19
ste Consolidation Project, Site 3C 2.0x10° 3.8x10%
te Consolidation Project, Site 3D 1.0 x 10°° 3.6 x 10?
[te Consolidation Project, Site 3E 1.0 x 10°° 54
te Consolidation Project, Site 4B 9.0 x 10°° 8.0 x 10°
ste Consolidation Project (Site Unknown) 1.3 3.0 x 10
a 3 RWMS, U-3ax/bl Disposal Unit 20 1.7 x 10*
a 3, U-3fi Borehole 0.018 9.9 x 10?
"a 9 and Tunnels 52x10™ 23
tional Laboratory, East 0012 27
ivity 3.0 x 10? 8.1 x 10

N
—\F:tivity Waste Sources Assumed to Be Contaminated with Transuranic
clides

eezer Faci@ 1.2x10* 0.14

J Storage Pad 2.8 x 1077 1.2 x 10*

lied Ecology Group, Area 23 Laboratory 0.055 9.9 x 102
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5ent/Composite Analysis A2-27
| 4







Nevada Test Site

4

payaLuy % €6

9861/LVDd

. (1D) A10juaAu] pap1o2ay

yOIXE8  0Ix6'S ,-0IxET €20 95°0 woo [ej0L

+0Ix6'T  SE€0°0 9%66°0 oney z661 A4 ¥$0 9€0°0 L861/07INO
0IXI'T  ,01x0¥ 9%66°0 oney zZ661A4 9000 8L61
v r : -LL61/OINO

° GOIXP'9  OIXL'E n paserdeq +0Ix0¥ 1861/2A91

m JOIx¥'8  0Ix6'} ,0IXT'S 6L61/TANT

o

g »0IX0T 21000 z100 Z861/1A91

[T}

m +0IX9'T  O0IXE6 01000 1861/1ANT

3]

m LOIXE] payoLIug % €6 s0Ix0'1 6L61/VVD1

A

m +0IXE'6 payoLIuy % €6 w0IXT'L 8861/1vDd

o 0IxEL payoLIug % €6 L861/LVDd

&l .01x0'8

9 :

3 _

(14

™}

1]

R

A.

8861 Ad U3NOAYL LL6T XA wouy yun fesodsiq [9/xec-1) 3y) u pasodsig s2d0)os] WNJUEI() 10] SUOISIAIY PUE AIOJUIAU PIPI0IIY

8TV 3lqeL

A2-29

Performance Assessment/Composite Analysis



2
%
2
$
S 6200 Olx €1 1200 501X 5§ , 01 1'6 ANy
= L60 650°0 88°0 V01X ¥'T 620°0 AN
16000 5-01x 8P ,-01x 08 08000 5 01% €€ ,-01% LT Zgs
01x 97T ¥z £z 01xTT 960°0 st o 1846
61 .l-.w"w‘v Ll 8L00°0 LSO g
LLO ££0°0 1L'0 ,-O1x €] $70°0 Nes
$900°0 ,-01x I'E 65000 501 €1 ,-01% 02 INgs
0z L80 61 004
970 €100 6L00°0 ),
6€0°0 01X 9°€ p€0'0 1100°0 oy
m $1°0 ¥10°0 €10 $400°0 Ve
|5 ¥€0°0 £ 01X ' 1€0°0 01X O] o
m. 501 0'9 4 01% 69 501x 8°S 01X 61 Vs
S £1°0 OIx €9 1o 07000 Oy
M $L0'0 1% ¥'S 01 €9 Tt OIx ' H
S
Q

Performance Assessment/Composite Analysis




A2-31

-‘v

Nevada Test Site

-0IxTT ULogr

5-01x 61 5-01x L'1 0-01x 09 4-01x LS OHog;

'L o L9 y-01x 69 (44 g,

6 §T0 01000 0£0 0y

120°0 : 98000 s-01xS°E b-0Ix I'y L
1 £50°0 L60 0¥00°0 €0 LU )
2 O1x TE v'e 8T 1% 8T o £6 S0 SOt .Im.
m 89000 5-01x €€ y-01% 6°S 09000 y-01x 0T S5t W
£ y-01% 61 0L ¥'S 6-0Ix L1 p-0Ix L] 5-01x 9'S It .w
. N1







Nevada Test Site

gement Site

01x99 LS or'o 01x 09 OIx8¥ 01x9°1 OIx €1 leoL
- 1% 1'€ 1D ss01D
v6 ddN

active Waste Mana

A2-33

Assessment/Composite Analysis




Area 3 Radioactive Waste Management Site Nevada Test Site

Table A2.10 Generators Disposing Waste in the U-3ah/at Disposal Unit From FY 1988 Through FY
1995 and the Volume and Activity Contributed

el Percent bf i
Percentof Total
. Total Activity -~ 'Volume

ALVI Inhalation Toxicology Research Institute <1 <1

AMDM  Mound Laboratories 25 <1
ASLL Sandia National Laboratories, Livermore, CA <1 <1
BCLA Lawrence Livermore National Laboratory, Livermore, CA 11 2
BGAT General Atomics, San Diego, CA <1 <1
BNRC Rocketdyne, Canoga Park, CA <1 <1
LCAA 16::::3; SLivermore National Laboratory, NTS <1 <1
LCAB Los Alamos National Laboratory, NTS Operations <1 <1
LDNI Defense Nuclear Agency, Area 12 Tunnel Complex <1 <1
LRYS REECo, Area 6 Decontamination Facility <1 <1
LRY7 REECo, Waste Management Consolidatign Project 60 21
LRYS REECo, Area 23 Laboratory <1 <1
ONLO Fernald Environmental Management Proje 2 74
USAA U.S. Army, Aberdeen Proving Ground, Aberdeen, MD <l <1

S
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2d)

~ Estimated

Mean Activity
Concentration
atClosure(Ci

)26 62 0.0060 7.8

[
2.6 x10°¢ 52x10°° 4.7 x10™"
0.0019 00037 33x10°
7
6.4 54 43 2.0 x 107 %0.0019
ted Inventory and Activity Concentration of Disposed in U-3ah/at at
Fe in 2013

at Closure (Ci

38 4.9 x 10? 0.0018
6.6 x 107 0.015 56x107"
3.1x10°® 3.1x10°® 7.0 x 1077 2.6x107"
1.7x10™* | 1.7 x 107 0.0039 14x 10"
7.2 %107 7.2 %107 0.016 59x10®
1.9 x 107 1.9 x 107 0.0043 1.6 x 107

0.0013 0.0013 0.037 1.4 x 107
6.2x10° 6.2 x10°° 45x107° 1.6 x 107"
32x10°° 32x107° 6.8x10™ 2.5x107°

0.0038 0.0038 0.089 32x107

0.10 0.10 1.2 44 %10

12 12 21 7.8 %107
43x107° 43x107° 9.9 x10™ 3.6x107°

0.0048 0.0048 0.070 26x1077
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Table A2.16 Estimated Confidence Intervals for Fission and Activation Product Inventory in the
U-3ax/bl and U-3ah/at Disposal Units

L :isz;Eséilﬁﬁ@d‘_95§§Péicéhtfftdhﬁ&5nce-EIﬁtﬁ;\?Eélﬁf'f&ﬁIhvent,dﬁ: (Ci)

. U ... fU;séh/_a"t -

1.1x 107 -2.8 x 10° 9.9 %107 - 1.4 x 107!

%Cl ,3.0%x102-75x 10" 2.6x107-3.7x 102
%0gr 1.7 x 10%- 5.4 x 10? 22x10°-2.6 x 10"
®Tc 59x107%-14x10" 5.7%107-6.6 x 107

Cs 2.8 x 10%- 6.7 x 107 2.8 x10°- 3.@0‘
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Attachment A
Waste Management Data Base and Low-Level Waste Inventory
System Table Structure
A.1  Waste Management Data Base
COMBUST

COMBUST_VIEW
COMBUST_BEFORE_VALIDATION

Name Null? Type

SHIPNO NOT NULL VARCHAR2(8) %
WASTE_CODE NOT NULL VARCHAR2(2)
GROSS_CUBIC_METERS NOT NULL NUMBER
PER_COM NOT NULL NUMBER(3)
GROSS_KILOGRAMS NOT NULL NUMBER
COMMENTS VARCHAR2(40)
CONTAINER

CONTAINER_VIEW
CONTAINER_BEFORE_VALIDATION

Name Null? Type

PACKAGE_ID NOT NULL VARCHAR?2(16)
DISPOSAL_DATE ;

CONTAINER_TYPE
ALPHA

NUMERIC X

TIER NUMBER(2)
LOCATION VARCHAR2(9)
NORTH_G VARCHAR2(6)
EAST GRI VARCHAR2(6)
D3

Name Null? Type
SHIPNO VARCHAR2(8)
LOCATION VARCHAR2(9)
FISCAL_YEAR NUMBER(2)
WASTE_CODE VARCHAR2(2)
NUCLIDE_CATEGORY VARCHAR2(1)
MIXED VARCHAR2(1)

Performance Assessment/Composite Analysis A2-A1
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TIER NUMBER(2)
ALPHA VARCHAR2(1)
NUMERIC NUMBER(2)
GENERATOR

GENERATOR_VIEW
GENERATOR_BEFORE VALIDATION

Name Null? Type

SHIPNO NOT NULL VARCHAR2(8) :
GENCOD NOT NULL VARCHAR2(4) é
OPERATION TYPE  NOT NULL VARCHAR2(]) <
GROSS_CUBIC_METERS NOT NULL NUMBER

FISCAL_YEAR NOT NULL NUMBER(2)

FISCAL_QTR NOT NULL NUMBER(1)

ARRIVAL_DATE NOT NULL DATE

GROSS_KILOGRAMS  NOT NULL NUMBER

BURIAL NOT NULL VARCHAR(])
NUCLIDE_CATEGORY NOT NULL VARCHAR2(1)

GENERATED NOT NULL VARCHAR2(1)

CURIES NOT NULL NUMBER

DRUMS NUMBER(4)

BOXES NUMBER(4)

NON_STAN NUMBER(4)

MIXED NOT NULL VARCHAR2(1)

MANIFEST NO VARCHAR2(S)

A.2 LWIS Tables

LWIS_CONATIONER_CTL

LWIS_CONEARSER_CTL

LWIS_CON R_CTL_VIEW

LWIS_CONTARNER

LWIS_CONTAINER_VIEW

Name Null? Type
CONTAINER_CODE NOT NULL NUMBER(3)
GROSS_CUBIC_METERS  NUMBER

CON_DESC VARCHAR2(40)
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CONCENTRATION 1 VARCHAR2(10)
CONCENTRATION_2 VARCHAR2(10)
CONCENTRATION 3 VARCHAR2(10)
SURFACE_DOSE NUMBER(9,5)
OFFSITE_MANIFEST NO VARCHAR2(15)
COMMENTS VARCHAR2(240)
WS_ID VARCHAR2(13)

MIXED_WASTE_NUC

MIXED_WASTE_NUC_VIEW

Name Null? Type é
SHIPMENT_NO NOT NULL VARCHARZ2(8)

PACKAGE_NO NOT NULL VARCHAR2(13)

NUCLIDE VARCHAR2(7)

CURIE NUMBER

v
<
Y
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vapor in pore spaces. This mechanism influences vapor flux in only the upper few meters of
the alluvium. Movement of air and water over the land surface results in erosion and
deposition of sediment.

A3.1.2 Hydrology of Crater Before Waste Emplacement

Water fluxes in the deep vadose zone are shown in Figure A3.2. The alluvium to a depth of
approximately 50 m (165 ft) shows increasing total potential with depth, indicating steady
upward flux of liquid water as the alluvium, distinguished by past wetter conditions, responds
to the current arid climate. The thickness of this zone will vary depending on soil properties
and topography. From a depth of 50 m (165 ft) to approximately 120 m (395 ft), the soil
water is static. Below 120 m (395 ft), the flow is directed downward, but the magnitude is
small because of the small size of the gradient. This steady downward flux is agsumed to be
typical of the alluvium, tuff aquifer, and tuff aquitard to the water table. Th er table, at a
depth of 492 m (1,614 ft), is in the tuff aquifer under the western portion of the S and
in the tuff aquitard under the eastern portion of the RWMS.

Craters within the Area 3 RWMS were formed by tests conducted in the early 1960s.
Because some of these craters have been open for over 30 years; significant runoff has
collected in them, leading to enhanced infiltration. Water fluxgsin the vadose zone below a
crater are depicted in Figure A3.3. Characterization studies havexietermined that the physical
and hydraulic properties of the upper 150 m (495 ft) of the collapse zone below the crater are
undifferentiated from those in the native alluvium. Comparison of properties of collapse
zone and native alluvium suggests that the collapse zone is neither more nor less homo-
geneous than the native alluvium. The enhanc tration has led to the development of a
zone of water content higher than background. {Fhe depth of this zone varies depending on
past precipitation events and the size of the catchment area for the particular crater. For
crater U-3bh, this zone extends from the bottom of the crater to a depth of approximately

80 m (265 ft) from the ground surface. The depth of wetting front movement in any indi-
vidual infiltration event vari ﬁ?! the magnitude of the precipitation event and the magni-
tude and frequency of past infitfatioh events. Stable isotope and tritium concentration
profiles suggest that there is a highly transient zone of thickness varying from 10 to 20 m
(33 to 66 ft) which has experienced a relatively high frequency of infiltration events. The
extent of this zone is indicated by a region of alternating depletion and enrichment of stable
isotopes with depth and the depths of the tritium concentration peaks. The approximately
40 m (130 ft %ﬁ this zone is characterized by higher water content which is slowly
redistributing. "W fthin this zone, the water flux is downward, with a small outward compo-
nent near the edges of the wetted region.

\/

Stable isotope concentrations from characterization of crater U-3bh show effects of
evaporation extending to as deep as 45 m (148.5 ft). This pattern is due not only to enrich-
ment resulting from evaporation, but also to the downward movement of enriched pore water
caused by intermittent infiltration events. The balance between infiltration and evaporation
in this zone is important. If infiltration increases because of an increase in runoff capture
following degradation of flood control structures or climate change, the depth of this zone
will increase. As the depth of this zone reaches approximately 120 m (395 ft), the downward
flux zone will be reached and a monotonic downward gradient will be established for flow
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A4.1.1.2 Burrowing Animal Rate Constants

The rate of removal of activity from the shallow waste compartment by animal burrowing is
assumed to be proportional to the rate of burrow excavation. The constant of proportionality
is the fraction of burrow volume assumed to be in the waste. The excavated waste is
assumed to be proportionally divided among the receiving soil compartments based on the
thickness of each layer. The rate of removal of activity from the shallow waste compartment
attributable to burrowing animal transport to shallow soils is calculated as:

dA C, M D, A X
2 _ 2" Y sz{ 4 ] (A42)
at P, Xy + X,
and the activity in the shallow waste compartment is given by: %
4, =C V1, (A4.3)
where
A, = activity in the shallow waste compartment, Ci;
C, = concentration of the shallow waste compartment, Ci/m’;
M, = burrow excavation rate, gyr/colony;
D, = colony density, colony/
A = disposal unit area, m?;
f, = fraction of animal burrow volume in shallow waste zone,
dimensionless;
p, = waste bulk density, g/m?;
X, = thickn deep soil layer, m;
X, = thickne allow soil layer, m; and
vV, = volume ofshallow waste compartment, m’.

Dividing Equatian A4.2 with Equation A4.3 gives the burrowing animal rate constant for

L)
transfer fromshallow waste to shallow soils as:
L/

i ] (Ad.4)

X3t X,

_ M, D, o2

pwx2

B

2,4

where
B,y = the burrowing animal transfer rate constant for transfer from the
shallow waste (2) to shallow soil (4), yr''; and,
X, = thickness of the shallow waste compartment, m.
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where
A, = activity in the deep soil compartment, Ci;
C = concentration in deep soil compartment, Ci/m’,
f, = fraction of root biomass in the deep soil compartment, dimensionless;
p = soil bulk density, g/m’; and
vV, = volume of the deep soil compartment, m’.

The rate of change of activity in the shallow waste compartment from plants transferring
activity to the deep soil compartment is given by:

dd, C,B._B Af,f é
2. 2 p o0 (A4.10)

dt pw B ab
where
f, = fraction of root biomass in the deep soil corhpartment, dimensionless.
Dividing the activity removal rate by the com ent activity gives the rate constants as:
R - Bj,v Bp f;2 1 + f;‘4
24 - T
07) Py Bab
Ry, = Bﬁ%ﬁ , I (Ad.11)
’ X3 P B,
R23 - Bj,v Bpj;'2-"l"3
N ’ Xy Py Bap
-
where
R,, = root uptake rate constant for transfer from the shallow waste
compartment (2) to the shallow soil compartment (4), yr'';
Ry, = root uptake rate constant for transfer from the deep soil compartment
(3) to the shallow soil compartment (4), yr''; and
R,; = root uptake rate constant for transfer from the shallow waste

compartment (2) to the deep soil compartment (3), yr'.
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Area 3 Radioactive Waste Management Site Nevada Test Site

The annual mean X/Q factor was estimated using the EPA CAPP88-PC (Ver. 1.0) computer
code (EPA, 1992). This is a Gaussian plume atmospheric dispersion model. The atmo-
spheric concentration at 100 m (330 ft) was used to estimate the TEDE for the community
scenarios and for the CA.

The atmospheric concentration directly over the cap was estimated assuming steady-state
mixing of the flux into a compartment. Assuming steady-state mixing into a zone above the
waste disposal site, the concentration of a gaseous radionuclide is given by:

J 1) V4
_ Y
C, J ® = U (A4.24)
where
C,;® = the atmospheric concentration of gaseous radionuclide j over
' the cap at time t, Ci/m’;
H = height of the mixing zone, m; an
U = annual mean wind speed, m/s.

The atmospheric concentration over the cap is used to estimate the TEDE to intruders.

Parameter Selection. Seven parameters in the \gas release model are evaluated as random
variables (Table A4.4). They are porosity; area of the cap as cracks; the waste concentration
of °H, C, **Ar, and **Kr; and the wind speed in intruder scenarios; or X/Q in scenarios for
the member of public. The only-parameter assumed to be affected by subsidence was the
water content and the formati6 JE cracks Higher water contents are assumed to reflect

The porosity data are total porosities for samples collected at boreholes at the Area 3 RWMS
(Bechtel Nevada, 1996a,b; 1997). The square of porosity was found to be normally

distributed (Anderson-Darling Statistic, p-value = 0.4). Porosity is calculated as the square
root of the tr. % ed random variable. The effect of cap water content on porosity was

ignored. Watery ¢l reduce the effective porosity and reduce the diffusive flux.

A conservative conceptual model of crack formation was assumed to be that 2-cm (0.8-in)
cracks formed every 30 cm (12 in) over the cap. This corresponds to a total area for open
cracks equal to approximately 10 percent of the cap. Crack area was assumed to vary
uniformly from 0 to 10 percent.

The waste concentrations are assumed to be triangularly distributed with a mode equal to the
inventory best estimate (see Appendix 2). The concentrations are assumed to range from 0.1
to 10 times the best estimate. The waste concentrations are assumed to be correlated with a
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Analytical solutions for the flux density equation and equation of continuity are available for
a two-layer problem if several assumptions are made. The solution assumes steady-state
conditions. Additional assumptions are that concentration and flux are continuous at the
waste-cap boundary, that concentration is zero at the air-cap boundary, that radon in the air-
filled pore space is in equilibrium with radon in the water-filled pore space, and that radon
production is negligible in the cap. There is the potential for radium from the waste to
accumulate in cap soil by the mechanisms described in Section A4.1. However, it can be
shown that the radon flux density from radium in the cap is small compared to the flux
density from the waste. Therefore, this source of radon flux density can be ignored. With
these assumptions, it can be shown that the flux density is given by (NRC, 1989):

2R, P, E, /%Dy e tanh{ A\

>
JR,, = e,Rn,w - S
A a A 2| o &
1+ |2 tanh x,, B w1 - |Ztanh| x, |—2 e Dene
ac De,Rn,w ac D e,Rn,
where
R, = concentration o in waste, pCi/g;
Pu = bulk density of waste, g/cm’;
E, = emanation coefficient of waste, dimensionless;
D. o, w = effective diffusion coefficient for radon in waste, m%s;
D, rnc = effective diffusion coefficient for radon in cap, m%/s;
Xy = ess of waste, m; and
X, ss of cap, m
The calculated parameters a,, and a, are given by:
5 |2
a € D 1-(1-k = (A4.29)
w w “e,Rnw *
E:M’
and
2
=¢ D 1-(1-k) O A4.30)
ac =& e,Rn,c 8— ( '
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Table A4.1 Geometric Mean Distribution Coefficients for Sandy Soil Type (from Yu et al., 1993)

: .*fpistribﬁt'ibh~,(36éfﬁcigi;t o

. i :  Distribution Coefficient
~ Element  (m%g '

(m’/kg)
H 0 Cs 0.28
C 0.005 Sm 0.245
cl . 00017 Eu 0.24!
K 0.015 Gd 0.24!
Ca 0.005 Ho 0.25
Co 0.06 Pb
Ni 0.4 Ra %
Sr 0.015 Ac 0.45
Zr 0.6 Th 3.2
Nb 0.16 Pa 0.55
Te 0.0001 U 0.035
Pd 0.055 Np 0.005
cd 0.08 Pu 0.55
Sn 0.13 Am 1.9
I 0.001 Cm 4

+ - from Kennedy and Strenge (1992)
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Table A4.5 Fixed Parameter Values for the Gaseous Radionuclide Release Model

4, 1Y) 0.0564 12le-4 2.58-3 0.0646 Kocher (1981)

D,;« (m%yr) 754 440 630 280 CRC (1981); Am. Inst. of Physics
. (1972)
D, ; \ (m?/yr) 498 290 416 185 After Culot (1976)
Cap Thickness, x (m) 3 Assumed Final Cap Thickness
Waste Thickness, x,, 7.7 U-3ah/at Area-Weigh ean Waste
(m) Thickness
Waste Thickness, x,, 6.4 U-3ax/bl Area-Weighted Mean Waste
(m) Thickness
Waste Thickness, x,, 6.8 U-3bh.Area-Weighted Mean Waste
(m) ;
Cap Area, A (m?) 34,820 Estimated U-3ah/at Surface Area
Cap Area, A (m?) 35,977 Estimated U-3ax/bl Surface Area
Cap Area, A (m?) 19,000 Estimated U-3bh Surface Area
Cap Mixing Cell 2 Minimum Height Occupied
Height, H (m)
Y

Table A4.6 Parameter Values l%n\dom Variables in the Radon Flux Density Model

' Parameter

Normal, (Mean)*: 0.141, s% 0.046, (Min.): 0.019,
(Max.)%: 0.30 (Bechtel Nevada, 1996a,b; 1997a)

Cap Porosity, €,

Waste Porosi m*/m® Uniform, Min.: 0.37, Max.: 0.67

Waste Bulk D w g/em’ Uniform, Min.: 0.28, Max.: 1.50

Waste Emanation dimensionles  Uniform, Min.: 0.05, Max.: 1.00 (Nazaroff, 1992)
Coefficient, E s

Volumetric Water Content, m*/m’ Norma;l, Mean: 0.15,s: 0.03 (Bechtel Nevada, 1996a,b;
0, 1997a
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Lons in five locations on the NTS (Yucca Flat,

Flat and Jackass Flats) could potentially interact

. The CA is limited to sources within Yucca Flat

" atest in Yucca Flat, due to both the location of the
e use for nuclear testing. Plutonium Valley, a small
cluded in the analysis.

radiation which exist within Yucca Flat are
: numerous sites of nuclear tests, both atmospheric

ntal Pathways %

:s released from multiple source areas to receptor
econdary source for radionuclides to be transported
ation or seepage. C inated soils (and possibly
sidered here) are thesghly sources with the potential

1e existence of perennial surface water features.
nediym-for multiple source term interaction exists.
srodus ial fan flooding, with water accumu-

ry lakeSor playas is evidence of past accumulation of
f the valleys. However, surface evaporation and
nding on the playa from occasional flooding is, at
water pathway is not a significant exposure pathway

way

Insport occurring during floods can cause interaction
areas. Flood waters can transport eroded soils
leposit these soils in playas, such as Yucca Flat

noff. Because most source inventory is associated

- associated radionuclides transported towards Yucca
e small erosion rates, no significant runoff-induced
areas is expected within the 1,000-year compliance
transport are not considered credible pathways.

waters beneath Yucca Flat are the contaminated
the Area 3 RWMS disposal cells.
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atmospheric tests have been contaminated. Plutonium, scattered by conventional explosives,
contaminated the GZs of the safety experiments. Other areas were contaminated from:

» Near-surface cratering tests that dispersed radioactive rock and soil about the GZ.
» Deeper underground tests which inadvertently vented radioactive material to the surface.

Atmospheric and underground tests (including cratering tests) performed in each of the NTS
Operational Areas appear in Table A6.1. The total activity on surface soils in the NTS

"(Table A6.1) is estimated at 2,368 Ci. The total Curie content of the areas in Yucca Flat
(shaded entries in Table A6.1) is 1,495 Ci, about 63 percent of the NTS total. These
estimates follow McArthur (1991).

Twenty-eight contaminated soils areas within the operational areas containedf Yucca Flat
are identified in McArthur (1991). Table A6.2 lists their areas, sizes, and approximate
distances from the Area 3 RWMS. The radionuclide inventory at each source area appears in
Table A6.3. The inventory was decay-corrected from the time of the surveys to January 1,
1990. Significant radionuclides for most areas include 2*' Am, 2Py, 2*Pu, Py, ©Co, *Cs,

%Sr, 52Ey, '**Eu, and '*Eu. é ;

Ten of the 28 areas in Table A6.2 account for 75 percent of the total activity (Table A6.4).
These areas, in descending activity order, are SEDAN (Area 10, accounting for about

22 percent of the total inventory); SMOKY (Area 2); WILSON (Area 9); HORNET (Area 3);
KEPLER (Area 4); QUAY (Area 7); Yucca Flat (Area 15); BANEBERRY (Area 8);
GALILEO (Area 1); and SHASTA (Area 2). Tabl=A6.5 shows the ordered distances of the
source areas. Fourteen areas are within about 1 00 m (6.3 mi) of the Area 3 RWMS. Their
total activity is 601.3 Ci, about 40 percent of the total for Yucca Flat.

A6.4.3.3 Source Area Emissions
The activity flux density fro e soil contamination areas is estimated as:

S

Ire™

J@) =

where
o) = the flux density at time t, Ci/m?s;
I = the inventory, Ci;
r = the resuspension rate, s™';
A = radiological decay constant, yr''; and
A the area of the soil contamination area, m?.
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Table A6.3 Radionuclide Inventory (Ci) at Contaminated Soils Areas

138 [Pu-239 | Pu-240 | Co-60 | Cs-1. u-152 |En-154|Eu-155

4 1| 28 4.8 72]  213]  22] o6

8.16] 204 0. 3.5 117 0 0 0

S. Yucca 12| 23] 472] 18] oa 1 1.5 0 0 0

Unsurveyed 07  13] 264 066 0. 1.1 1.6 of o 0

2 Whitney 0.4 14| 384 o096 16 4/ 12| 194] 07l o0a

Shasta 07 21| 424] 106 07 104 27 0.3 ol 03

Diablo 1| 271 448] 112] 04 9 18 0.4 ol o1

Sedan 08| 24| 52 13 07 53] 13.1 0 0 0

3 Homet 34| 23| 2168 542 1.8 85| 281l 244 11] 06

S. Yucca 02[ 0.1 1.2 03] o1 0.6 2 0 0

Unsurveyed 1 0.7 6.48 1.62 0.4 5 16.4 =\ 0 0

4  Kepler s8] 116 2784 696] 39] 108 14 137 09 02

Quay 04 01 24 06| 0. ARY 0 0 0

Unsurveyed 04| 08 2 05| 06 1.3 1.6 0 0 0

7 Quay 15 04| 896 224 21| 2. 61| 209] 24| 04

Unsurveyed 07 02| 392 098] 03] s 72 0 0 0

8  Baneberry 09| 07| 288] o072 89 26%h 66 0 0 0

Smoky 15.6 71 8s536] 2134] 2] 134] 174 6/ 04] 07

Unsurveyed 04/ 03] 1.84] o046l 42 98] 13.8 0 0 0

9  Wilson 3.6 19| 60.48] 15.12 1.5 71 133 31] 29 04

Unsurveyed 06| 03] 1088 2L 03 32 6.2 0 0 0

10 Sedan 18.4] 18.4] s0.88] 20937~247] 837 684 3] 42 6

Unsurveyed 1 | 424 1081 o6 16] 13.1 0 0 0

15  Yucca Flat 25| 21| 17.04]  426] 03 8.8 121 0 9 0

17 Yucca Flat 1.8 28] 9.04] 226 14 9.2 14 0 0 0

6 S.Yucca 17l 23] 672] 128] 04 3.3 5 0 0 0
Plutonium %5

11 Valley 33 51~ 23.2 5.8 0 04| 02 0 0 0

Pin Stripe of = 0 0 ol 02l 02 0 0 0
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Table A6.4 Total Inventory (Ci) at Contaminated Soils Areas

 Area .. ':Regi(jn i ©Total: L O i Ramk % cum
10 Sedan 3279 21.93 1 21.93
8 Smoky 169.0 11.30 2 33.23
9 Wilson 1372 9.17 3 42.40
3 Hornet 97.3 6.51 4 48.91
4 Kepler 95.0 6.35 5 55.26
7 Quay ' 56.8 3.80 6 59.06
15 Yucca Flat 56.1 3.75 7 62.81
8 Baneberry 47.1 3.15 8 65.96
1 Galileo 46.9 3.14 9 69.10
2 Shasta 46.8 3.13 10 72.23
2 Whitney 43.6 2.92 11 75.14
17 Yucca Flat 40.5 2.71 12 77.85
2 Diablo 372 249 13 80.34
10 Unsurveyed 37.0 247 1 82.81

Plutonium

11 Valley 334 2.23 85.05
3 Unsurveyed 31.6 2.11 87.16
8 Unsurveyed 30.8 2.06 17 89.22
2 Sedan 28.8 1.93 18 91.15
1 Homet 27.7 1.85 19 93.00
9 Unsurveyed 242 20 94.62
6 S. Yucca 21.7 45 21 96.07
7 Unsurveyed 16.6 11 22 97.18
1 S. Yucca 12.0 0.80 23 97.98
4 Quay 0.67 24 98.65
1 Unsurveyed 0.54 25 99.19
4 Unsurveyed . 0.48 26 99.67
3 S. Yucca 0.30 27 99.97
11 Pin Stripe 0.03 28 100.00

—TJotal 100

{5
v
%
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anked Distances of Source Areas From the Area 3 RWMS
Region: ’ Easting - Northing ‘Miles: Meters
[ 688500 837000 0.2 304.8
veyed 700560 839000 2.5 4027.1
687500 851000 2.7 4267.2
-ca 685500 823080 2.7 4286.4
cca 673500 834000 2.7 4364.1
'veyed ' 673500 830000 3.0 4770.9
ot 673500 847000 33 5244.0
-Lveyed 696030 853000 34 5526.6
675000 853000 3.8 6188.6
0 664588 838780 44 7004.6
664462 854233 54 8769.2
[x 682500 869000 6.1 9871.9
veyed 693060 869000 6.2 9899.7
ium Valley 705000 809000 6.3 10064.2
eyed 654140 854000 7.1 11412.3
1 663323 866030 7.2 11515.1
sca 675000 800000 7.4 11903.8
677375 876375 7.7 12391.9
ey 660103 869823 8.1 13031.6
. Flat 644750 850000 8.5 13619.4
D 662634 4146 8.5 13624.7
veyed 691560 884000 8.9 14379.0
681000 884000 9.0 14461.9
erry 665000 882500 9.6 15471.4
674250 887750 9.9 15987.1
{Flat 684500 894350 10.9 17504.2
veyed 674250 898330 11.9 19124.7
ripe 706000 777000 11.9 19137.6
ension Rates for Soil Contamination Areas in Yucca Flat

;  Resuspension Rate (s™)

~ Source

le-10
2e-14
2e-12

Shinn ez al. (1986) - 3 X Pu Valley Value

Shinn ez al. (1986) - 3 X Palanquin Value

Shinn et al. (1986) - 3 X Little Feller Value
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' Anndél iDeposition

 Rate at 1,000-Year

" :Postclosure (Ci/m?)
8.84e-18 4.86e-14
4.4e-21 2.34e-17
1.28e-69 2.87e-72
3.52e-27 .77e-23
2.95e-27 5e-23
3.18e-39 1.6e-35
7.71e-53 4.01e-49
16%- 8.83e-13
3.82e17 2.11e-13
2.81e-37 1.55e-33
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gaseous radionuclide concentration is the maximum concentration in air at 100 m (330 ft)
from the site boundary. The maximum concentration in air was estimated for the south
sector.

The TEDE for all pathways is given by:

M
TEDE®) = ). [ C () ( PDCF,, + PDCFgy; + PDCFg )
A | (A7.13)

+ Copa0f8) ( PDCFgy; + PDCF,; ) |

where %

TEDE(t) = annual total effective dose equivalent at time t, mrem/yr;

PDCFgy ; = pathway dose factor for radionucljde j for external exposures to
soil, mrem/yr per Ci/g soil; an

PDCFg ; = pathway dose factor for radionuctide j for soil ingestion,
mrem/yr per Ci/g soil.

The all-pathways TEDE is the sum of the dose4xom soil inhalation, external exposure,
inadvertent soil ingestion, gas inhalation, and ersion pathways. The soil and air
concentration are the concentrations at 100 m (330 ft) as described above.

The community scenario was also evaluated assuming the resident engages in small-scale
noncommercial agriculture. Water-dependent pathways are not included because results
indicate that radionuclide fro te will not reach the aquifer within 1,000 years and
contamination data from undexgrourd testing are not available. Residents of the rural
community with agriculture are eXposed to radioactivity released from the site through:

 Inhalation of resuspended soil particulates,

* Inhalation gfgaseous radionuclides,

« Immersiorgin gaseous radionuclides,

* External irradfation from radionuclides in soil,

» Inadvertent ingestion of soil,

» Ingestion of vegetables,

» Ingestion of beef and milk from range-fed cattle, and
* Ingestion of meat and eggs from range-fed poultry.

The TEDE from atmospheric pathways for the community scenario with agriculture is
calculated as in Equation A7.12. Parameters contributing to the PDCFs have been adjusted
to reflect exposure to higher levels of suspended particulates while cultivating a garden and
longer periods of time spent outdoors.

A7-12 Performance Assessment/Composite Analysis
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E from all pathways for the community with agriculture scenario is given by:

M
=Y [ C.(0 (PDCF,, + PDCFy, + PDCFy, + PDCF,; + PDCF,; )

i1 AGj D\>]
+ Cyy () ( PDCFgy, + PDCF,, )] &
DE(t) = annual total effective dose equivalent at time t, yr;
DCFy ; = pathway dose factor for radionuclide j for vegetable ingestion,
L mrem/yr per Ci/g soil; and
CFq,; = pathway dose factor for radionucljde j for animal product

ingestion, mrem/yr per Ci/g soi

.athways TEDE is the sum of the dose from soil inhalation, external exposure,
:nt soil ingestion, vegetable ingestion, animal product ingestion, gas inhalation, and

-w:rsion pathways. As before, the envirgnmental concentrations are those for the 100-

't) boundary.

l: Intruder Scenarios

der scenarios assume the same land use and exposure pathways as the community
with agriculture used for the members of the public. The intruder, however, is
to exhume waste o%‘i,;_r site and create a contaminated area. Two chronic intruder
were evaluated: thenfruder-agriculture and the postdrilling scenario. The
griculture scenario assuines the intruder excavates a basement at the site. The

g intruder scenario assumes that the intruder drills a water well through the waste.

-

=

[,enarlos the mtruder creates a surface contammatlon zone with the exhumed

der is assumed to be a member of a small rural community that commutes five days

y work at an off-site location. The intruder is assumed to be exposed to radioactivity
or exhumed from the site through:

tion of resuspended soil particulates,
tion of gaseous radionuclides,

'sion in gaseous radionuclides,

al irradiation from radionuclides in soil,
rtent ingestion of soil,

lon of vegetables,

ince Assessment/Composite Analysis A7-13
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°| + PDCF,;, + PDCF;, )
]

A
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(S1°LY)
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s the DF for a 0.15-m- (0.50-ft)-
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ile radionuclides are assumed to
ribed in Appendix 4.

0 square meters (m?)

house. The total volume

a®) (21,000 cubic feet [ft’]). The
2,500 m? (27,000 ft?). This area
.(NRC, 1981; Kennedy and

d over 2,500 m? (27,000 ft?)

e this is thicker than the zone

f the soil is assumed. The con-
of the shallow and deep soil
from each compartment as:
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x, C, () +x, C, (D
C, 0 = 22 L (A7.16)
x3 + x4

where
X; = thickness of the deep soil layer, m;
X4 = ‘thickness of shallow soil layer, m;
G0 = concentration of radionuclide j in the subsurface soil layer, Ci/g; and
C, ) = concentration of radionuclide j in the shallow soil layer, Ci/g.

The surface and subsurface soil concentrations of nonvolatile radionuclides are thg mean-
values estimated by the nonvolatile radionuclide release model (see Appendix 4). The
concentration of volatile radionuclides in air above the disposal site is estimated as described
in Appendix 4.

Intruder-agriculture scenarios are often analyzed for thinner capgwhere the intruder directly
contacts buried waste. To evaluate the effects of this event, the der-agriculture scenario
was analyzed assuming that the intruder excavates 0.6 m (1.9 ft) into the waste as assumed at
the Area 5 Radioactive Waste Management Site (RWMS) (Shott et al., 1998). This case is
analyzed as a sensitivity case requested by reviewers. It is a bounding case because it is
physically impossible. For this case, the con%d zone soil concentration was calculated

as:
x, C,(® +x, C, () + 0.6m C, (f)
C, ) = == L. 2 (A7.17)
x; +x, +0.6m
where
G0 = concentration of radionuclide j in the shallow waste compartment,

Ci/g.

The PostdrillingsIntruder Scenario. The postdrilling intruder scenario assumes that an
intruder drills a water well through the disposal site and creates a contaminated area with the
drill cuttings. The contaminated drill cuttings are assumed to be indistinguishable from soil.
The contaminated zone soil concentration is calculated as:

C, O mrie, f,

cC_.=C () +
L0 = C. 0 4D

(A7.18)
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Area 3 Radioactive Waste Management Site

Nevada Test Site

Table A7.2

Agricultural Pathway Parameters for Water-Independent Pathways

: Parameter CUnits o value Source
Gravimetric Moisture Content, S, g/s 0.13 Bechtel Nevada (1996a,b; 1997)
Leafy Plant Mass Loading, ML, , kg (dry) soil/kg (dry) plant 0.1 Martin and Bloom (1980)
Other Plant Mass Loading, ML, , ‘ kg (dry) soil/kg (dry) plant 0.01 Martin and Bloom (1980), Kennedy and

Strenge (1992)

Leafy Veg. Dry/Wet Ratio, W, kg (dry)/kg(wet) 0.2 Kennedy and Strenge (1992)
Other Veg. Dry/Wet Ratio, W, , kg (dry)/kg(wet) 0.25 Kennedy and Strenge (1992)
Fruit Dry/Wet Ratio, W, , kg (dry)/kg(wet) 0.18 Kennedy and Strenge (1992)
Grain Dry/Wet Ratio, W, , kg (dry)/kg(wet) 091 Kennedy an nge (1992)
Leafy Veg. Fraction H, f, , ' kg H/kg (wet) plant 0.1 Kennedy a};; g%gc (1992)
Other Veg. Fraction H, §; , kg H/kg (wet) plant 0.1 Kennedy and Stre:l/ge (1992)
Fruit Fraction H, £, , kg H/kg (wet) plant 0.1 Kennedy and Strenge (1992)
Grain Fraction H, £ , kg H/kg (wet) plant 0.068 59 A Kennedy and Strenge (1992)
Soil Fraction H, f; 4 kg H/kg wet soil 0.014 \% Gravimetric Water Content/9
Forage/Hay FractionC, £, kg C/kg (wet) forage 0.09 Kennedy and Strenge (1992)
Grain FractionC, f; , kg C/ kg (wet) grain 04 Kennedy and Strenge (1992)

Cattle Forage Consumption Rate, Q, kg (wet)/day AN 30 Martin and Bloom (1980)
Cattle Grain Consumption Rate, Q, kg (wet)/day % 3 Kennedy and Strenge (1992)
Cattle Hay Consumption Rate, Q, kg (wet)/day \3 14 Kennedy and Strenge (1992)

Fraction of Cattle Forage as Soil, Q kg (dry)soil/kg (dry) forage 0.063 Smith (1977)

Poultry Forage Consumption Rate, Q, N kg (wet)/day 0.13 Kennedy and Strenge (1992)
Poultry Grain Consumption Rate, Q, <§% kg (wet)/day 0.09 Kennedy and Strenge (1992)
Poultry Hay Consumption Rate, Q, \_é kg (wet)/day 0 Kennedy and Strenge (1992)
Fraction of Poultry Forage as Soil, Q kg (dry)soil/kg (dry) forage 0.1 Kennedy and Strenge (1992)
Days Cattle Consume Forage, t , days/yr 365.25 Kennedy and Strenge (1992)
Days Cattle @l@irain, " days/yr 365.25 Kennedy and Strenge (1992)
Days Cattle Co! Hay, ¢, days/yr 365.25 Kennedy and Strenge (1992)
Days Poultry Cons:lmc Forage, t ¢ days/yr 365.25 Kennedy and Strenge (1992)
Days Poultry Consume Grain, t;, days/yr 365.25 Kennedy and Strenge (1992)
Days Poultry Consume Hay, ., days/yr 365.25 Kennedy and Strenge (1992)

Fraction of Cattle Forage Intake Dimensionless 0.006 Richard-Haggard (1983)

Contaminated, X;
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s o #External:DF: . = :External DF
Ingestion'DF:

estion DF - (Sv/s per Bg/m’) (Sv/s per Bg/m’)

{SviBq): Cocn N Siem s Uniform

7.81¢-08 7.24¢-21 7.48¢-21
7.630e-18 7.66¢-08 2.14¢-21 2.15¢-21
7.720e-15 7.23¢-08 3.94¢-18 4.06e-18
5.010e-18 7.26¢-08 1.14e-21 1.15e-21
1.210e-15 7.25¢-08 6.36e-19 7.08e-19
1.040e-14 1.20¢-06 5.58¢-18 5.88¢-18
4.880¢-18 1.3de-08 8.07¢-22 8.10e-22
4.240e-18 1.40e-08 1.52e-21 1.58¢-21
4.750e-18 1.40e-08 7.84¢-22 7.85¢-22
7.250e-20 2.07e-10 3.15e-23 /4~ 3.16e-23
4.010e-18 1.33¢-08 6.85¢-29 ) 6.85¢-22
1.630e-14 1.70e-08 9.54e-18 B 1.09-17
8.180¢-16 9.84¢-07 2.34¢-19 2.34e-19
9.870e-15 9.80e-07 - 4.66¢-18 4.79-18
5.690¢-18 3.10¢-08 9.07¢-22 9.15¢-22
5.880e-15 6.79¢-07> 3.02¢-18 3.12¢-18
4.910¢-18 545600/ | 6.74e-22 6.74¢-:22
3.960e-15 1.01e-08\ 1.80e-18 1.82¢-18
4.460¢-18 1.00e-06 ¥ 6.22¢-22 6.22¢-22
1.600¢-14 9.24¢-07 9.22¢-18 9.96¢-18
3.390¢-18 3.68¢-06 470622 4.70e-22
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Nevada Test Site

tpearman Rank Correlation Coefficient)
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l'.!ke Home Grown (0.98)

e Home Grown (0.83), Outdoor/Indoor

ike Home Grown (0.85), Outdoor/Indoor

L L
|xkc Home Grown (0[5—7(

or (0.72), Indoor Océupaiyy (-0.58)

ke Home Grown (0.85), Sﬁdoorllndoor

ike Home Grown (0.77), Indoor
)

2 Home Grown (0.95)

%ﬁ(o.m), Ventilation Rates (0.58),

\dinz (0.64), Ventilation Rates (0.58),
44)

'ding (0.64), Ventilation Rates (0.58),
14)

'ding (0.64), Ventilation Rates (0.58),
14)
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4)
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ﬁe Home Grown (0.97)

, 'p,ke Home Grown (0.89)
e Home Grown (0.96)

e Home Grown (0.90)

e Home Grown (0.97)

e Home Grown (0.96)

e Home Grown (0.97)

e Home Grown (0.70), Indoor
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e Home Grown (0.97)
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Area 3 Radioactive Waste Management Site Nevada Test Site

Table A7.9 SDCFs for the HORNET GZ

S A o ‘f i rem[:y’pipe’r 3 R e 3
“Noclide: - “Mean SDCF unit below. - ‘Sensitive Parameters (Spearman Rank: Correlation Coefficient)
SDCFs for the HORNET GZ
“c 1.19¢10 4.85¢9 Ci/g soil Fraction of Animal Products Home Produced (0.82), Fraction of
Vegetable Intake Home Grown (0.55)
“Co 5.81el2 1.28e12 Ci/g soil Indoor Transmission Factor (0.77), Indoor Occupancy (-0.62)
%Sr+D 4.24¢ll 2.08¢el1 Ci/g soil Fraction of Vegetable Intake Home Grown (0.99)
*Tc 1.38ell 6.50e10 - Ci/g soil Fraction of Animal Products Home Produced (0.97)
168n+D 4.25¢12 " 9.34ell Ci/g soil Indoor Transmission Factor (0.76), Indoor Occupancy (-0.61)
121 1.45el1 5.61e10 Ci/g soil Fraction of Vegetable Intake Home Grown (0.98)
¥iCs+D 1.27el12 2.70el1 Ci/g soil Indoor Transmission Factor (0.77), Indoor Occupancy (-0.62)
S2Ey 2.50e12 5.52ell Ci/g soil Inadvertent Soil Ingestion Rate (1.00) .
$Ey 2.75¢12 6.06e11 Ci/g soil Indoor Transmission Factor (0.77), Indoor Occufpaficy (-0.62)
21%Ph+D 8.74ell 3.71ell Ci/g soil Fraction of Vegetable Intake Home Grown (0¥
26Ra+D 4.18¢12 8.83ell Ci/g soil Indoor Transmission Factor (0.76), Indoor Occupaﬁ;;})(-o.&)
2Ra+D 2.33e12 4.76e11 Ci/g soil Indoor Transmission Factor (0.75), Indoor Occupancy (-0.61)
PAc+D 2.10e12 6.14ell Ci/g soil Fraction of Vegetable Intake Home Grown (0.94)
2Th+D 3.72¢12 8.04ell Ci/g soil Indoor Transmission Factor (0.76), Indoor Occupancy (-0.62)
Th+D 9.44ell 2.03ell Ci/g soil Fraction of Vegetable Ig Home Grown (0.78), Indoor
Transmission Factor (4 lp@br Occupancy (-0.37)
BOTh 5.17¢10 2.24e10 Ci/g soil Fraction of Vegetable In&{ﬂome Grown (0.98)
232Th 2.52ell 1.11ell Ci/g soil Fraction of Vegetable Intak&-Flome Grown (0.98)
Blpg 9.45¢l11 4.18el1 Ci/g soil Fraction of Vegetable Intake Home Grown (0.99)
»y 4.97e10 1.88¢10 Ci/g soil Fraction of Vegetable Intake Home Grown (0.92), Fraction of Animal
Products Home Produced (0.36)
By 4.84el0 1.84¢10 Ci/g soil ion of Vegetable Intake Home Grown (0.92), Fraction of Animal
Pro ome Produced (0.36)
25U+D 3.17¢l1 6.15¢10 Ci/g soil | Indoof Transmission Factor (0.74), Indoor Occupancy (-0.60)
28U+D 9.28¢10 1.99¢10 Ci/g soil Fradton of Vegetable Intake Home Grown (0.77), Indoor
Transmission Factor (0.31)
By 4.58¢10 1.74e10 Ci/g soil Fraction of Vegetable Intake Home Grown (0.92), Fraction of Animal
Products Home Produced (0.36)
“INp+D 9.10el1 2.6%1 1/[‘ Ci/g soil Fraction of Vegetable Intake Home Grown (0.95)
B8py 1.11e10 5.01¢9 ﬂ%i/g soil Enrichment Factor (0.86), Fraction of Vegetables Home Grown
N (0.39)
B9py 1.18¢10 53469 Ci/g soil Enrichment Factor (0.86), Fraction of Vegetables Home Grown
(0.39)
Aopy 1.18¢10 5.34¢9 Ci/g soil Enrichment Factor (0.86), Fraction of Vegetables Home Grown
(0.39)
#ipy N\ 8.49¢7 Ci/g soil Enrichment Factor (0.88), Fraction of Vegetables Home Grown
- = (0.36)
2Am 3\{9}%{; 1.43el1 Ci/g soil Fraction of Vegetables Home Grown (0.99)
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