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1.0 Introduction

The Los Alamos National Laboratory (LANL or the Laboratory) generates radioactive waste as a
result of various activities. Operational waste is generated at the Laboratory from a wide variety
of research and development activities including nuclear weapons -development, energy
production, and medical research. Environmental restoration (ER) and decontamination and
decommissioning (D&D) waste is generated as contaminated sites and facilities at LANL
undergo cleanup or remediation. The majority of this waste is low-level radioactive waste (LLW)
and is disposed of at the Technical Area (TA) 54, Material Disposal Area (MDA) G.

U.S. Department of Energy (DOE) Order 435.1 (DOE, 2001a) requires that radioactive waste be
managed in a manner that protects worker and public health and safety, and the environment. To
comply with this order, DOE field sites must prepare and maintain site-specific radiological
performance assessments for LLW disposal facilities that accept waste after September 26, 1988.
Furthermore, composite analyses must be conducted for disposal facilities that receive waste
after September 26, 1988. The composite analysis accounts for cumulative impacts of all waste
that has been (or will be) disposed of at the facilities and other sources of radioactive material
that may interact with the disposal facilities.

In compliance with DOE Order 5820.2A (DOE, 1988a), the predecessor to Order 435.1, LANL
issued the MDA G performance assessment and composite analysis in 1997 (Hollis et al., 1997).
The 1997 analyses are being revised to incorporate new knowledge about the MDA G facility
and site, and to update the modeling approaches used to project the long-term performance of the
disposal facility. This report documents the evaluation of the long-term radiological impacts
associated with the disposal of radioactive waste at MDA G.

A radiological dose assessment is an integral part of the performance assessment and composite
analysis. It estimates the potential exposures that may be received by persons coming into
contact with the radioactive waste placed in the disposal facility. The projected doses are
compared to DOE performance objectives to assess facility compliance with Order 435.1, and
are used to develop waste acceptance criteria (WAC) for the disposal facility. Sections 1.1 and
1.2 discuss the DOE performance objectives for the protection of the public and groundwater
resources. Section 1.3 provides additional performance objectives that establish limits for
inadvertent intruders and the composite analysis. A series of exposure scenarios was used to
demonstrate compliance with the established performance objectives. These scenarios are
discussed in Section 2, which also describes the methods used to conduct the radiological dose
assessment for the MDA G performance assessment and composite analysis. The results of the
analyses that were conducted to estimate impacts for members of the public are presented and
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discussed in Section 3; Section 4 discusses the results of the intruder analysis. An evaluation of
the uncertainties associated with the projected impacts is provided in Section 5.

1.1 Public Protection Performance Objectives

In accordance with DOE Order 435.1 (DOE, 2001a), the long-term performance of an LLW
disposal facility is evaluated through a series of performance objectives. These criteria, provided
in DOE M 435.1 (DOE, 2001b), are designed to ensure the health and safety of the public,
protect groundwater resources, safeguard persons who may inadvertently intrude into the buried
waste, and maintain radiation doses from DOE facilities at levels that are as low as reasonably
achievable (ALARA).

The performance objectives pertinent to the protection of the public, as stated in DOE M 435.1
(DOE, 2001b), include the following:

¢ Dose to representative members of the public shall not exceed 25 mrem in a year total
effective dose equivalent from all exposure pathways, excluding the dose from radon
and its progeny in air.

¢ Dose to representative members of the public via the air pathway shall not exceed
10 mrem in a year total effective dose equivalent, excluding the dose from radon and
its progeny.

e Release of radon shall be less than an average flux of 20 pCi/m?/s at the surface of the
disposal facility. Alternatively, a limit of 0.5 pCi/L of radon in air may be applied at
the boundary of the facility.

The all pathways performance objective addresses exposures that may be received from any and
all modes of exposure, including exposures from airborne contaminants (except radon and its
progeny). Compliance with this performance objective is to be demonstrated over a period of
1,000 years following closure of the disposal facility, at the point of maximum exposure that is
accessible to members of the public. An evaluation of potential exposures beyond the period of
compliance is to be conducted to provide increased confidence in the long-term performance of
the disposal facility.

The air pathway performance objective is found in the National Emissions Standards for
Hazardous Air Pollutants (40 CFR 61, Subpart H [EPA, 2004]). It requires that exposures from
sources of airborne radioactivity at DOE facilities result in a dose of 10 mrem/yr or less,
excluding the contributions of radon and its progeny. Compliance with this criterion is to be
demonstrated at the point of maximum exposure that is accessible to members of the public for a
period of 1,000 years following facility closure.
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Releases of radon gas (i.e., Rn-220 and Rn-222) are subject to requirements in 40 CFR 61,
Subpart Q (EPA, 1989 [as amended in 2000]), which limit releases to an average flux of 20
pCi/m?/s at the surface of the disposal facility. An incremental increase in the air concentration
of radon of 0.5 pCi/L at the point of assessment may also be used to demonstrate compliance
with the radon performance objective. Compliance must be demonstrated for a period of 1,000
years following closure of the disposal facility.

1.2 Groundwater Protection Performance Objectives

The performance assessment must also include an evaluation of impacts to groundwater
resources (DOE, 2001b). Potential impacts to groundwater are to be assessed on a site-specific
basis in accordance with a hierarchical set of criteria. In general, these criteria require that the
LLW disposal site comply with any applicable state or local law, regulation, or other legally
applicable requirement for water resource protection. Potential impacts are to be evaluated at the
point of highest groundwater concentration outside of a 100 m (330 ft) buffer zone for a period
of 1,000 years following facility closure.

The performance objectives that were adopted to evaluate potential impacts to groundwater
resources at MDA G are based on the drinking water regulations of New Mexico (NMEIB,
2002). These regulations incorporate the requirements set forth in the Safe Drinking Water Act,
as codified in 40 CFR 141 (EPA, 2000). The standards in 40 CFR 141 that are relevant to the
radiological performance assessment and composite analysis include maximum concentration
limits for Ra-226, Ra-228, uranium, and gross alpha activity, as well as for beta particle and
photon radioactivity. The specific requirements, as stated in 40 CFR 141, include:

e 141.66(a) — The maximum contaminant level for combined radium-226 and radium-
228 is 5 pCi/L.

e 141.66(b) — The maximum contaminant level for gross alpha particle activity
(including radium-226 but excluding radon and uranium) is 15 pCi/L.

e 141.66(c) — The average annual concentration of beta particle and photon
radioactivity from man-made radionuclides in drinking water must not produce an
annual dose equivalent to the total body or any internal organ greater than 4 mrem/yr.

e 141.66(¢) — The maximum contaminant level for uranium is 30 mg/L (30 ppm).

The concentrations of radionuclides causing an annual dose equivalent of 4 mrem to the total
body or organ have been published in EPA (2002); these concentrations are summarized in
Table 1.
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Table 1

Derived Concentrations of Beta and Photon Emitters in Drinking

Water Yielding an Annual Total Body or Critical Organ Dose of 4 mrem/yr

Concentration Concentration Concentration
Radionuclide (pCilL) Radionuclide (pCilL) Radionuclide (pCillL)
Ag-105 3.0E+02 Co-58 3.0E+02 Hg-203 6.0E+01
Ag-110m 9.0E+01 Co-58m 9.0E+03 Ho-166 9.0E+01
Ag-111 1.0E+02 Co-60 1.0E+02 1-126 3.0E+00
As-73 1.0E+03 Cr-51 6.0E+03 1-129 1.0E+00
As-74 1.0E+02 Cs-131 2.0E+04 -131 3.0E+00
As-76 6.0E+01 Cs-134 8.0E+01 1-132 9.0E+01
As-77 2.0E+02 Cs-134m 2.0E+04 I-133 1.0E+01
Au-196 6.0E+02 Cs-135 9.0E+02 1-134 1.0E+02
Au-198 1.0E+02 Cs-136 8.0E+02 I-135 3.0E+01
Au-199 6.0E+02 Cs-137 2.0E+02 In-113m 3.0E+03
Ba-131 6.0E+02 Cu-64 9.0E+02 In-114m 6.0E+01
Ba-140 9,0E+01 Dy-165 1.0E+03 In-115 3.0E+02
Be-7 6.0E+03 Dy-166 1.0E+02 In-115m 1.0E+03
Bi-206 1.0E+02 Er-169 3.0E+02 Ir-190 6.0E+02
Bi-207 2.0E+02 Er-171 3.0E+02 Ir-192 1.0E+02
Bk-249 2.0E+03 Eu-152 2.0E+02 Ir-194 9.0E+01
Br-82 1.0E+02 Eu-154 6.0E+01 K-42 9.0E+02
C-14 2.0E+03 Eu-155 6.0E+02 La-140 6.0E+01
Ca45 1.0E+01 F-18 2.0E+03 Lu-177 3.0E+02
Ca47 8.0E+01 Fe-55 2.0E+03 Mn-52 9.0E+01
Cd-109 6.0E+02 Fe-59 2.0E+02 Mn-54 3.0E+02
Cd-115 9.0E+01 Ga-72 1.0E+02 Mn-56 3.0E+02
Cd-115m 9.0E+01 Gd-153 6.0E+02 Mo-99 6.0E+02
Ce-141 3.0E+02 Gd-159 2.0E+02 Na-22 4.0E+02
Ce-143 1.0E+02 Ge-71 6.0E+03 Na-24 6.0E+02
Ce-144 3.0E+01 H-3 2.0E+04 Nb-93m 1.0E+03
Cl-36 7.0E+02 Hf-181 2.0E+02 Nb-85 3.0E+02
Cl-38 1.0E+03 Hg-197 9.0E+02 Nb-97 3.0E+03
Co-57 1.0E+03 Hg-197m 6.0E+02 Nd-147 2.0E+02

Source: EPA, 2002
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Table 1 (Continued)
Derived Concentrations of Beta and Photon Emitters in Drinking
Water Yielding an Annual Total Body or Critical Organ Dose of 4 mrem/yr

Radionuclide

Concentration
(pCilL)

Radionuclide

Concentration
(pCilL)

Radionuclide

Concentration
(pCilL)

Nd-149

9.0E+02

Ru-106

3.0E+01

Te-129m

9.0E+01

Ni-59

3.0E+02

Ru-97

1.0E+03

Te-131m

2.0E+02

Ni-63

5.0E+01

S-35 (inorg.)

5.0E+02

Te-132

9.0E+01

Ni-65

3.0E+02

Sb-122

9.0E+01

TI-200

1.0E+03

Np-239

3.0E+02

Sb-124

6.0E+01

TI-201

9.0E+02

Os-185

2.0E+02

Sb-126

3.0E+02

T1-202

3.0E+02

Os-191

6.0E+02

Sc-46

1.0E+02

TI-204

3.0E+02

0s-191m

9.0E+03

Sc-47

3.0E+02

Tm-170

1.0E+02

0s-193

2.0E+02

Sc-48

8.0E+01

Tm-171

1.0E+03

P-32

3.0E+01

Se-75

9.0E+02

V-48

9.0E+01

Pa-230

6.0E+02

Si-31

3.0E+03

W-181

1.0E+03

Pa-233

3.0E+02

Sm-151

1.0E+03

W-185

3.0E+02

Pb-203

1.0E+03

Sm-153

2.0E+02

W-187

2.0E+02

Pd-103

9.0E+02

Sn-113

3.0E+02

Y-90

6.0E+01

Pd-109

3.0E+02

Sn-125

6.0E+01

Y-91

9.0E+01

Pm-147

6.0E+02

Sr-85

9.0E+02

Y-91m

9.0E+03

Pm-149

1.0E+02

Sr-85m

2.0E+04

Y-92

2.0E+02

Pr-142

9.0E+01

Sr-89

2.0E+01

Y-93

9.0E+01

Pr-143

1.0E+02

Sr-90

8.0E+00

Yb-175

3.0E+02

Pt-191

3.0E+02

Sr-91

2.0E+02

Zn-65

3.0E+02

Pt-193

3.0E+03

Sr-92

2.0E+02

Zn-69

6.0E+03

Pt-193m

3.0E+03

Ta182

1.0E+02

Zn-69m

2.0E+02

Pt-197

3.0E+02

Th-160

1.0E+02

2r-93

2.0E+03

Pt-197m

3.0E+03

Tc-96

- 3.0E+02

Z2r-95

2.0E+02

Pu-241

3.0E+02

Tc-96m

3.0E+04

2r-97

6.0E+01

Rb-86

6.0E+02

Te-97

6.0E+03

Yb-175

3.0E+02

Rb-87

3.0E+02

Tc-97m

1.0E+03

Zn-65

3.0E+02

Re-186

3.0E+02

Tc-99

9.0E+02

Zn-69

6.0E+03

Re-187

9.0E+03

Tc-99m

2.0E+04

Zn-69m

2.0E+02

Re-188

2.0E+02

Te-125m

6.0E+02

Zr-93

2.0E+03

Rh-103m

3.0E+04

Te-127

9.0E+02

Zr-95

2.0E+02

Rh-105

3.0E+02

Te-127m

2.0E+02

2r-97

6.0E+01

Source: EPA, 2002
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1.3 Inadvertent Intruder and Composite Analysis Performance Objectives

To satisfy DOE requirements for performance assessments, LANL is required to evaluate the
potential exposures received by persons who inadvertently intrude into the buried waste. As
discussed in more detail in Section 2.1, institutional controls over the disposal facility are
assumed to prevent intrusion from occurring for a minimum of 100 years after facility closure.
Projected intruder exposures are subject to chronic and acute dose limits of 100 and
500 mrem/yr, respectively, excluding contributions of radon in air. The results of the intruder
analysis are also to be used to develop limits or WAC for the disposal facility. Potential intruder
exposures are to be projected for a period of 1,000 years following closure of the disposal
facility.

The composite analysis accounts for the cumulative impacts of all waste that has been (or will
be) disposed of at MDA G and other sources of radioactivity at the Laboratory that may interact
with releases from the disposal facility. Like the performance assessment, the compliance period
for the composite analysis is 1,000 years following closure of the disposal facility. Potential
exposures are to be evaluated at the point(s) of maximum exposure accessible to members of the
public over this period.

The performance objective for the composite analysis is the DOE’s primary dose limit of
100 mrem/yr (DOE, 1993). A dose constraint of 30 mrem/yr is adopted to ensure that any
exposures received in conjunction with the disposal facility do not constitute an extraordinary
portion of the primary dose limit. If the doses projected for the composite analysis exceed the
primary dose limit, mitigating actions must be taken before the dose limit is exceeded. The air
pathway performance objective of 10 mrem/yr from all sources of airborne radioactivity at the
Laboratory and the radon flux performance objectives discussed in Section 1.1 also apply to the
composite analysis.

DOE also requires a demonstration that disposal is conducted in a manner that maintains releases
to the environment ALARA. This performance objective is not addressed in this report.
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20 Dose Assessment Methodology

The primary objective of the performance assessment and composite analysis modeling is to
estimate potential doses to persons exposed to contamination released from MDA G.
Assumptions made about these persons, or receptors, define the transport processes,
environmental media, and exposure pathways that must be addressed and, as such, dictate the
overall approach adopted for the dose assessment. Section 2.1 discusses the exposure pathways
and scenarios used in the dose assessment. The models and information used to estimate the
potential doses received by these receptors and the methods used to estimate WAC for the
disposal facility are discussed in Section 2.2. The approach adopted to estimate radon fluxes
from the disposal site is also described.

21 Human Exposure Pathways and Scenarios

The means through. which humans may be exposed to radioactive materials are called exposure.
pathways. Each exposure pathway includes a source or release from a source, a transport or
exposure medium, a location at which the exposure occurs, and an exposure route. The actual
exposure pathways that may lead to human exposures will depend upon the patterns of human
activity at, and adjacent to, the disposal site. Patterns of human activity may be specified by
using a collection of appropriate exposure pathways, which is generally referred to as an
exposure scenario.

The exposure pathways and scenarios through which people may be exposed to radioactive
waste that has been disposed of at MDA G are specific to the period of the facility’s lifetime.
Thus, to understand the basis for pathway and scenario development, it is necessary to
understand the stages of the disposal facility’s lifetime. These stages are as follows:

e Operational period, defined as the period during which waste is placed in disposal pits
and shafts. Operations at MDA G began in 1957 with the disposal of nonroutine
waste. Routine waste disposal began in 1959 and is assumed to continue through the
year 2044.

Closure period, during which the final pits and shafts are closed and any remaining
surface structures are removed from the site. It is assumed that site closure will
require a period of 2 years (2045 and 2046) to complete.

Active institutional control period, characterized by continuing DOE control over the
entire Laboratory. Consistent with DOE M 435.1 (DOE, 2001b), this period is
assumed to last 100 years, extending from 2047 through 2146.

Radiologicel Dose Assessment for LANL TA-54, Material Disposal Area G
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e Passive institutional control period, during which DOE control shifts from the entire
Laboratory to specific high-risk facilities such as MDA G. This period is assumed to
last until the disposal facility no longer poses a risk to human health and safety and
the environment.

DOE is assumed to retain control over the entire Laboratory throughout the operational, closure,
and active institutional control periods. During this time, members of the public will be
prevented from entering MDA G, the site will be maintained to slow the establishment of deep-
rooted plants, and actions will be taken as necessary to repair any significant damage to the
cover. While control over the entire Laboratory is assumed to cease at the end of the active
institutional control period, it is expected that DOE will continue to exercise administrative control
over individual sites such as MDA G. This level of control will generally prevent members of the
public from residing over the closed site, but it is assumed that no maintenance activities will be
undertaken.

The level of control outlined above limits exposures during the operational, closure, and active
institutional control periods to members of the public who are located downwind or
downgradient of the Laboratory, following the transport of contaminant releases with the
prevailing winds, surface water, or groundwater. Receptors may move closer to the closed
disposal facility during the passive institutional control period, including to locations
immediately outside of the MDA G fence line. Inadvertent intrusion into the facility is assumed to
be prevented as long as the DOE maintains active institutional control over the site. While it is
generally expected that all persons will be prevented from occupying the site during the passive
institutional control period, it is conceivable that a temporary lapse in control could provide an
opportunity for persons to arrive at the disposal site and inadvertently intrude into the buried waste.
This is the basis for the inadvertent intruder analysis. The exposure pathways and scenarios used to
estimate the potential exposures received by members of the public and inadvertent intruders
during these periods are discussed in the following sections.

21.1 Operational, Closure, and Active Institutional Control Periods -

The sources of contamination that may result in human exposure will change as the site passes
from the operational period to the active institutional control period. Plants and animals may root
or burrow into the buried waste and bring contamination to the surface of the disposal facility
during all phases; however, the quantities of contamination deposited on the surface during the
operational and closure periods will tend to be small. The establishment of plant and animal
communities at the site will be slowed or prevented by ongoing operations and closure activities,
and any signs of significant intrusion into the waste will be remedied quickly. Radionuclides
may be leached from the buried waste by water infiltrating through the site and may then be
transported to the regional aquifer, exposing persons who use this water downgradient of the
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Laboratory to contamination. Similarly, gas- or vapor-phase contaminants may diffuse from the
waste and enter the atmosphere, exposing persons living downwind of LANL to airborne
contaminants that have been transported by the prevailing winds.

Although steps will be taken to ensure proper facility functioning during the active institutional
control period, these actions may not prevent plant roots and animal burrows from penetrating
into the waste and depositing contamination on the surface. Contamination may be suspended
and transported by prevailing winds to locations downwind of the Laboratory and transported to
canyons adjacent to MDA G by surface runoff. Receptors in areas downwind of the Laboratory
or in Cafiada del Buey, part of which lies outside the Laboratory, may be exposed to radiation.
Members of the public living outside the Laboratory boundary may continue to be exposed to
radionuclides discharged to the regional aquifer and to gas- and vapor-phase contaminants
diffusing from the disposal facility.

The exposure scenarios selected for the performance assessment and composite analysis take into
account the sources of contamination discussed above; these scenarios are summarized in
Table 2. As indicated, the Groundwater Resource Protection Scenario and the All Pathways —
Groundwater Scenario are implemented at the Laboratory boundary near the town of White
Rock. Projected exposures for the former are limited to the ingestion of contaminated
groundwater and are used to assess compliance with the groundwater protection standards
discussed in Section 1.2. For the All Pathways — Groundwater Scenario, the receptor is assumed
to receive exposures from the inhalation and ingestion of radioactivity, and from direct radiation.
Radionuclides deposited on the surface soil with irrigation water are suspended and inhaled by
the individual during the time spent at home. Ingestion doses result from the consumption of
crops irrigated with contaminated water, animal products (e.g., beef and milk or chicken and
eggs) from animals raised on location, soil, and drinking water. Exposures to direct radiation
from airborne contamination at the homestead and radioactivity deposited on the soil add to the
internal exposures.

The Atmospheric Scenario is implemented at the point of maximum atmospheric exposure
outside of the Laboratory’s boundaries. During the operational and closure periods, the receptor
inhales radioactive gases (excluding radon and its progeny, which are modeled separately);
following closure, contaminated particulates resuspended from the surface of MDA G and
transported with the prevailing winds add to these exposures. The deposition of airborne
radionuclides contaminates crops grown by the individual and surface soils at the exposure
location. Doses are received through the ingestion of contaminated vegetables, animal products,
and soil. External exposures are received from contaminated soil surfaces and airborne
radioactivity. Radon fluxes from the disposal site are projected separately.
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Table 2
Off-Site Exposure Scenarios for the MDA G Performance Assessment and Composite Analysis

Period and Exposure Scenario Exposure Pathways and Routes Point of Exposure

Operational, Closure, and Active Institutional Control Periods

Groundwater Resource Protection Ingestion of drinking water LANL boundary near White Rock

All Pathways — Groundwater o Ingestion of drinking water LANL boundary near White Rock

e Ingestion of food crops grown in contaminated soils and irrigated
with well water

» Ingestion of animal products from animals raised by the receptor
¢ Ingestion of contaminated soil

¢ Inhalation of airborne radionuclides

o Direct radiation from airborne radionuclides

o Direct radiation from contaminated soils

Atmospheric ¢ Ingestion of food crops grown in contaminated soils and Point of maximum exposure outside of
contaminated by airborne radionuclides LANL boundary

¢ Ingestion of animal products from animals raised by the receptor
¢ Ingestion of contaminated soil

¢ Inhalation of airborne radionuclides

o Direct radiation from airborne radionuclides

o Direct radiation from contaminated soils

All Pathways - Cafiada de! Buey ¢ Ingestion of food crops grown in contaminated soils Cafada del Buey adjacent to MDA G
¢ Ingestion of animal products from animals raised by the receptor
¢ Ingestion of contaminated soil

¢ Inhalation of airborne radionuclides

o Direct radiation from airborne radionuclides

o  Direct radiation from contaminated soils

@ This scenario was evaluated only for the performance assessment.
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Table 2 (Continued)
Off-Site Exposure Scenarios for the MDA G Performance Assessment and Composite Analysis

Period and Exposure Scenario Exposure Pathways and Routes Point of Exposure

Passive Institutional Control Period

Groundwater Resource Protection 2 Ingestion of drinking water 100 m downgradient of MDA G

All Pathways — Groundwater o Ingestion of drinking water 100 m downgradient of MDA G

¢ Ingestion of food crops grown in contaminated soils and irrigated
with well water

¢ Ingestion of animal products from animals raised by the receptor
* Ingestion of contaminated soil

¢ Inhalation of airborne radionuclides

o  Direct radiation from airbomne radionuclides

o Direct radiation from contaminated soils

Atmospheric ¢ Ingestion of food crops grown in contaminated soils and Point of maximum exposure outside of
contaminated by airborne radionuclides MDA G boundary

¢ Ingestion of animal products from animals raised by the receptor
e  Ingestion of contaminated soil

o Inhalation of airborne radionuclides

o Direct radiation from airborne radionuclides

o Direct radiation from contaminated soils

All Pathways - Cafiada del Buey ¢ Ingestion of food crops grown in contaminated soils Cafiada del Buey adjacent to MDA G
¢ Ingestion of animal products from animals raised by the receptor
o Ingestion of contaminated soil

o Inhalation of airborne radionuclides

o Direct radiation from airborne radionuclides

o Direct radiation from contaminated soils

a This scenario was evaluated only for the performance assessment.




90t

© BaJy [esOdSIQ BUOIB 'FS-YL TNVT 20} Juaitssessy esog eabojoipey

¢l

Table 2 (Continued)

Off-Site Exposure Scenarios for the MDA G Performance Assessment and Composite Analysis

Period and Exposure Scenario

Exposure Pathways and Routes

Point of Exposure

All Pathways — Pajarito Canyon

Ingestion of food crops grown in contaminated soils

Ingestion of animal products from animals raised by the receptor
Ingestion of contaminated soil

Inhalation of airborne radionuclides

Direct radiation from airborne radionuclides

Direct radiation from contaminated soils

Pajarito Canyon adjacent to MDA G

& This scenario was evaluated only for the performance assessment.



The All Pathways — Cafiada del Buey Scenario estimates potential doses resulting from the
transport of contamination from Mesita del Buey to the canyon due to surface runoff and erosion.
A person residing in the canyon is assumed to be exposed to radiation as a result of inhaling
particulates suspended from contaminated soil surfaces and by way of ingesting contaminated
crops, animal products, and soil. Exposures to direct radiation from airborne contamination at the
homestead and radioactivity deposited over the resident’s lot add to the internal exposures.

The locations used to project doses for the off-site exposure scenarios are consistent with DOE
restrictions on public access, hydrologic and atmospheric conditions, and land-use patterns in the
vicinity of MDA G. As discussed earlier, the DOE is expected to retain control of the entire
Laboratory during the operational, closure, and active institutional control periods and thus
prevent the establishment of a residence or well any closer to the disposal facility than Cafiada
del Buey to the north of MDA G or the area immediately adjacent to White Rock. The area
around White Rock lies along the prevailing groundwater flow path and is the first location at
which groundwater contaminated by releases from MDA G could be used while restrictions on
Laboratory access are in place. Establishment of a well at this location is possible since the
LANL boundary currently runs along the western edge of town.

The exposures modeled at the point of maximum atmospheric exposure account for the
prevailing meteorological conditions, the complex terrain, and the demographics in the vicinity
of MDA G. The receptor location in Cafiada del Buey is the closest point to the disposal facility
that members of the public can take up residence while DOE maintains control over the
Laboratory. While no residences currently exist in the canyon, inclusion of the All Pathways —
Caiiada del Buey scenario addresses this future possibility.

The assessment of exposures to members of the public at the locations identified in Table 2 is
expected to provide reasonably conservative estimates of potential exposures during the
operational, closure, and active institutional control periods. As stated earlier, the location near
White Rock is the first point where regular usage of water drawn from the regional aquifer is
possible. Consequently, any exposures from the use of contaminated groundwater are expected
to be greatest at this location. Groundwater pathway doses at locations farther downgradient of
MDA G will diminish as the concentrations of groundwater contamination abate due to dilution
and dispersion. By definition, the location of maximum atmospheric exposure will bound doses
to off-site individuals following airborne releases from the disposal facility. Finally, during the
operational, closure, and active institutional control periods, Cafiada del Buey will be the closest
receptor location subject to potential impacts from contamination transported by surface runoff
from MDA G.

Groundwater may occur at the Laboratory in the alluvium in canyon bottoms, as zones of
perched groundwater, and in the regional aquifer. The source of water used by an off-site
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resident will directly influence the magnitude of any doses received from contaminated
groundwater. Therefore, the water source selected for the performance assessment and composite
analysis is a significant aspect of the dose assessment.

The groundwater source used to estimate groundwater pathway exposures must meet three
conditions. First, the potential for the groundwater source to be contaminated by radionuclides
leached from the disposal facility must exist. Second, the groundwater must be of adequate
quality and quantity to meet the user’s needs. Finally, the source must be accessible to the
individual during the operational, closure, and active institutional control periods.

The water percolating through the disposal facility is expected to flow vertically until it contacts
the regional aquifer. Alluvial water in Pajarito Canyon and Cafiada del Buey may become
contaminated if radionuclides deposited on the surface of the disposal facility are transported
into the canyons with surface runoff. No contamination of canyon alluvial waters is anticipated
from radionuclides leached from the waste and transported downward with the water percolating
through the disposal site. Zones of perched water may be present in the canyons and may
become contaminated as radioactivity in the alluvium is transported downward; perched
groundwater has not been observed below the surface of Mesita del Buey (LANL, 1998, as cited
in LANL, 2001).

In terms of water quality and supply characteristics, there is no evidence that zones of perched
water in the vicinity of MDA G are capable of meeting an individual’s water needs. Similarly,
the alluvial waters in Pajarito Canyon and Cafiada del Buey are not expected to be capable of
supporting average household use. The alluvial water in Pajarito Canyon, which is a more
substantial source of water than Cafiada del Buey, would generally be pumped dry by a
household well during most seasons of the year. Adequate water may be available in the canyons
for short periods of time following spring snowmelt and in summer thunderstorms. However, the
only reliable source of water capable of meeting the quality and quantity needs of a resident is
the regional aquifer.

During the operational, closure, and active institutional control periods, off-site residents will
have limited access to groundwater from alluvial and perched zone sources. Any such sources
within Pajarito Canyon near MDA G will be inaccessible because of DOE land use restrictions;
access may be available near the town of White Rock, approximately 2 km (1.2 mi.)
downstream. The limited quantity of alluvial and perched groundwater within Cafiada del Buey
will be accessible to individuals throughout these periods because the border of LANL and San
[Idefonso lands cuts through this canyon.

On the basis of the information presented above, the regional aquifer was selected as the source
of water for the Groundwater Resource Protection and All Pathways — Groundwater Scenarios.
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While alluvial and perched groundwater in Cafiada del Buey is accessible in some areas and may
be contaminated with radionuclides transported with surface runoff, it is not capable of meeting
year-round household water needs. The regional aquifer may be contaminated by releases from
MDA G, is capable of meeting the off-site receptor’s water needs, and is accessible to members
of the public during the operational, closure, and active institutional control periods.

The potential exists for a member of the public to be exposed to radionuclides that have been
released from MDA G to surface waters adjacent to, and downgradient of, Mesita del Buey.
Surface runoff from the mesa may result in contaminated flows in Pajarito Canyon and Caiiada
del Buey. Separately, contaminated groundwater in the regional aquifer may eventually
discharge to the Rio Grande, approximately 5 km (3.1 mi) downgradient of MDA G.

Exposures resulting from the use of contaminated surface water during the operational, closure,
and active institutional control periods were not considered in the MDA G dose assessment.
Surface flows within Cafiada del Buey will be infrequent at best, and involve small amounts of
water. Furthermore, active controls over the disposal site during these periods are expected to
prevent significant transfers of contamination into the canyon via surface runoff. Surface waters
within Pajarito Canyon will be inaccessible due to DOE land use restrictions. Projected
exposures resulting from the use of contaminated surface water from the Rio Grande will be
bounded by doses resulting from the use of contaminated water drawn from the regional aquifer.
Radionuclide concentrations in the river will be lower than concentrations in the aquifer because
of dispersive effects that occur within the aquifer during transport and because releases will be
diluted in the river. Consequently, the potential doses resulting from the use of surface water will
be lower than the exposures received from the use of groundwater closer to the disposal facility.

21.2 Passive Institutional Control Period

Radionuclide releases to groundwater and the atmosphere may continue after active institutional
control ends and may result in exposures to the members of the public. The change in DOE
control from the entire Laboratory to individual sites such as MDA G will provide an
opportunity for members of the public to locate immediately outside of the MDA G fence line.
Exposures to these receptors are projected using the exposure scenarios listed in the latter portion
of Table 2 (under the banner row titled “Passive Institutional Control Period”). The groundwater
scenarios and the Atmospheric Scenario are functionally the same as those evaluated for the
operational, closure, and institutional control periods. The Groundwater Resource Protection and
All Pathways — Groundwater Scenarios are implemented 100 m (330 ft) downgradient of
MDA G. The Atmospheric Scenario is implemented at the point of maximum exposure outside
of the MDA G boundary; radon fluxes from the disposal site are projected separately.

The All Pathways — Cafiada del Buey and All Pathways — Pajarito Canyon Scenarios address
exposures to receptors following the transport of contamination from Mesita del Buey to the
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canyons due to surface runoff and erosion. Exposure to a receptor in Cafiada del Buey is
considered prior to the end of active institutional control because part of the canyon is outside of
DOE control during that time; however, it is assumed that no residences will be established in
Pajarito Canyon until after the end of active institutional control.

The source of groundwater for the Groundwater Resource Protection and All Pathways —
Groundwater Scenarios is assumed to be the regional aquifer. While Pajarito Canyon is a much
wetter canyon than Cafiada del Buey, the alluvial groundwater is still not plentiful enough to
meet domestic household needs. Exposures resulting from the use of contaminated surface water
during the passive institutional control period are not considered. Concentrations of soluble
radionuclides in the stream in Pajarito Canyon are expected to be small, and flow within the
stream is not sufficient to supply water needs on a permanent basis. Radionuclide concentrations
in the regional aquifer are expected to exceed those encountered in the Rio Grande for the
reasons discussed above.

As mentioned, the DOE is expected to maintain control of MDA G throughout the 1,000-year
compliance period, thereby preventing people from taking up residence over the closed disposal
pits and shafts. However, if DOE control lapses for a short period of time (e.g., 1 or 2 years), an
inadvertent intruder may arrive at the site and become exposed to radiation. The intruder analysis
was conducted to assess the potential exposures received by an intruder and to develop WAC
that will protect the individual if this chain of events occurs.

Five intruder exposure scenarios were evaluated for inclusion in the intruder dose assessment;
these are summarized in Table 3. This table briefly describes the activities that are assumed to
occur, lists the period of time each intruder is exposed to radioactivity, and summarizes the
potential routes of exposure. The exposure scenarios are the same as those evaluated for the 1997
MDA G Performance Assessment and generally resemble those used by the U.S. Nuclear
Regulatory Commission in support of 10 CFR Part 61 (NRC, 1986).

The Intruder-Construction and Intruder-Agriculture Scenarios are based on the assumption that
an individual arrives at MDA G and decides to establish a residence over one or more of the
closed disposal units. The house includes a full basement, which extends to a depth of 3 m
(9.8 ft) below the ground surface (bgs). Any waste brought to the surface during basement
excavation is spread over the homeowner’s lot. The Intruder-Construction Scenario projects
exposures received by the builder during construction, while the Intruder-Agriculture Scenario
estimates the doses for a person living in the completed house.
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Table 3

Inadvertent Intruder Exposure Scenarios Evaluated for
Inclusion in the MDA G Intruder Assessment

Exposure
Scenario

Scenario Description

Period of
Exposure
(hriyr)

Exposure Routes

Intruder-Construction

An individual arrives at the disposal site
and constructs a house over the closed
disposal units. Radioactivity brought to
the surface during basement

excavation is spread over the house lot.

500

Inhalation of airborne radionuclides
Ingestion of contaminated soils

Direct radiation from airborne
contaminants and contaminated
soils

Intruder-Agriculture

The intruder resides in a house
constructed over the closed disposal
units. The person works away from the
house during the day and spends a
portion of their spare time raising crops
and animals to provide foodstuffs for
personal consumption. Crops and
forage crops for animals are grown in
contamination brought to the surface
during basement excavation.

71002

Ingestion of contaminated crops,
animal products (e.g., milk and beef
or chicken and eggs), and soil

Inhalation of airbome contaminants

Direct radiation from airborne
radionuclides and contaminated
soils

Intruder - Post-
Drilling

An individual resides in a house
constructed over the closed disposal
units. The person works away from the
house during the day and spends a
portion of their spare time raising crops
and animals to provide foodstuffs for
personal consumption. Crops and
forage crops for animals are grown in
contamination brought to the surface
during well drilling.

7,100 2

Ingestion of contaminated crops,
animal products (e.g., milk and beef
or chicken and eggs), and soil

Inhalation of airborne contaminants

Direct radiation from airborne
radionuclides and contaminated
soils

Intruder-Drilling

A local well driller is contracted to drill a
well through the closed disposal units.
Radioactivity brought to the surface
with the drill cuttings is spread over a
limited area around the drill rig.

100 or less ®

Inhalation of airborne radionuclides
Ingestion of contaminated soils

Direct radiation from air immersion
and contaminated drill cuttings

Intruder-Discovery

An individual arrives at the disposal site
to construct a house. The person
encounters an intact barrier, stabilized
waste, or a waste package in the
course of excavating a basement;
determines that the site was used for
radioactive waste disposal; and
abandons all efforts.

Inhalation of airborne radionuclides
Ingestion of contaminated soils

Direct radiation from airborne
contaminants and contaminated
soils

a A distribution of exposure times is used in the intruder analysis; the value listed is approximately equal to the sum of the mean indoor
and outdoor exposure times.

b The time required to drill the well is specific to the area geology and depth of the well.
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The homebuilder may be exposed to contamination through several exposure routes.
Contaminated soils suspended during construction may be inhaled by the worker; vapor- and
gas-phase radionuclides diffusing upward from the waste may also be subject to inhalation. The
individual is assumed to inadvertently ingest contaminated soils during the construction process.
Finally, exposures to direct radiation may result from immersion in airborne radionuclides, both
as particulates and vapor- or gas-phase species, and from exposure to the waste and the material
excavated during construction. The magnitude of the exposures received will depend, in part, on
the length of time the receptor spends in the excavation as opposed to on the surface of the
disposal site or inside the house.

Several exposure routes may contribute to the doses received by the agricultural intruder.
Radionuclides suspended from the surface of the intruder’s lot and contaminants diffusing from
the surface of the site or into the receptor’s home may result in inhalation exposures. The
individual is assumed to raise vegetable crops for home consumption, and to raise forage crops
for animals that supply the household with beef and milk or chicken and eggs. The dose received
by the intake of contaminated soil will add to the ingestion exposure. Finally, the intruder is
subject to direct radiation from the contaminated soils spread over his or her lot and from
airborne radionuclides.

The Intruder — Post-Drilling Scenario also considers the exposures received by a person who
lives in a house built over the disposal facility. Unlike the agricultural intruder scenario, the
house is assumed to be built at grade on a concrete slab, rather than a full foundation. While this
construction technique avoids the excavation of buried waste, it is assumed that contamination is
brought to the surface in the course of drilling a well for domestic use. This contamination is
assumed to be spread over the homeowner’s lot. Routes of exposure for this intruder are the
same as those outlined above for the Intruder-Agriculture Scenario.

The Intruder-Drilling Scenario evaluates the potential exposures received by a member of the
crew responsible for drilling the domestic well through the closed disposal units. Contaminated
cuttings brought to the surface during drilling may result in exposures to the crew. The Intruder-
Discovery Scenario represents an aborted attempt to build a house over the closed disposal units.
It is assumed that an individual arrives at the site to begin construction, but abandons efforts
when waste or a waste package is encountered.

The routes through which members of a drilling crew or a prospective homebuilder may be
exposed to radiation are limited to the inhalation of airborne radionuclides (i.e., suspended
particulates, vapors, and gases), the incidental ingestion of contaminated soil and waste, and
direct radiation from airborne radionuclides or contaminated soil and waste. The exposures
received by the drilling crew member may be moderated because of the high moisture content of
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the drill cuttings. The moisture may reduce the rate at which radionuclides are resuspended and
thereby limit driller exposure from inhalation, air immersion, and possibly soil ingestion.

The intruder scenario yielding the highest doses will result in the most restrictive radionuclide
concentration limits. Although all the scenarios listed in Table 3 could be included in the intruder
assessment, it is more efficient to eliminate scenarios that clearly do not result in significant
exposures. Toward this end, the intruder scenarios were evaluated in terms of their expected
impact, and the scenarios with the greatest potential doses were identified.

The magnitude of the exposure received by an intruder is a function of the length of exposure to
the contaminated media, the radionuclide concentrations in these media, and the extent to which
the individual uses the contaminated resources. The two resident scenarios — the Intruder —
Post-Drilling and Intruder-Agriculture Scenarios — assume the same period of exposure. The
homebuilder in the Intruder-Construction Scenario is assumed to be exposed to contamination
for a significantly longer period of time than the receptors for the Intruder-Discovery and
Intruder-Drilling Scenarios. However, the times of exposure for all three of these intruders are
much smaller than those associated with the resident intruder scenarios.

The two resident intruder scenarios differ in terms of the radionuclide concentrations in the
media contacted by the individuals. If the basement excavation exceeds the thickness of the
waste cover depth, the quantities of waste brought to the surface during basement excavation will
generally exceed those brought to the surface with drill cuttings. Under these conditions, the
agricultural intruder will be exposed to higher radionuclide concentrations in surface soils. If,
however, the thickness of the cover at the time of intrusion is greater than the assumed basement
depth of 3 m (9.8 ft), no waste will be brought to the surface during construction of the house. In
this case, radionuclide concentrations in surface soils will be greatest for the postdrilling
intruder. Concentrations of vapor- and gas-phase radionuclides in the agricultural intruder’s
house may be greater than those projected for the postdrilling intruder because the distance these
contaminants must diffuse before entering the house is shorter.

The radionuclide concentrations encountered by the homebuilder, the intruder who abandons
construction when waste is encountered, and members of the drilling crew may be greater than
those encountered by the resident intruders, at least for a portion of the exposure time. If the
depth of the basement excavation exceeds the cover depth, the homebuilder may come into
contact with undiluted waste during the time spent in the basement excavation; contaminant
concentrations during the time spent on the surface are assumed to be the same as those used to
model exposures for the agricultural intruder. The receptor for the Intruder-Discovery Scenario
may contact the waste during exploratory activities; the drilling crew may also come in contact
with undiluted waste.
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The resource utilization patterns are identical for the agricultural and postdrilling intruder
scenarios. Rates of resource utilization for both of these receptors are higher than the rates
corresponding to the homebuilder, the person who abandons construction efforts, and the well
driller.

When the concentrations of radioactivity encountered, the times of exposure, and the level of
resource utilization are taken into consideration, potential exposures are expected to be greatest
for the agricultural intruder. Consequently, this scenario was included in the intruder analysis.
The period of time the construction worker is exposed to contamination is much shorter than the
agricultural intruder’s exposure period; however, it was not clear, based on the preliminary
evaluation, whether closer contact with the waste might result in higher exposures of the
homebuilder in some situations. Thus, the Intruder-Construction Scenario was also included in
the intruder assessment.

From all appearances, the exposures received by the postdrilling intruder should be significantly
smaller than those estimated for the agricultural intruder, and possibly less than those estimated
for the construction worker. However, if the waste remains undisturbed by the construction of
the house (because the thickness of the cover is greater than the depth of the basement), potential
exposures will be greater for the postdrilling intruder than for the agricultural intruder. The
Intruder — Post-Drilling Scenario was also included in the inadvertent intruder analysis because
neither the Intruder-Agriculture nor Intruder-Construction Scenarios adequately address the
potential risk posed by waste disposed of at depth.

The Intruder-Discovery and Intruder-Drilling Scenarios were excluded from the intruder
analysis. The receptor for the discovery scenario has the shortest exposure time of all the
intruders and will contact contaminant concentrations similar to those encountered by the
construction worker during basement excavation. Since the potential exposures will be greater
for the construction worker (and will lead to more restrictive WAC), the Intruder-Discovery
Scenario was not evaluated.

The radionuclide concentrations to which members of the drilling crew may be exposed will
probably be greater than those encountered by the postdrilling resident. However, because the
maximum exposure time for the well driller is about 3 percent of the exposure time for the
postdrilling intruder, the driller is expected to receive much smaller exposures than the
postdrilling intruder. In addition, the saturated nature of the drill cuttings will tend to minimize
the potential for exposure of the crew. On this basis, then, the Intruder-Drilling Scenario was
excluded from the intruder analysis.

The time at which the intruder scenarios are considered to be feasible may have significant
effects on the projected doses. In general, intrusion into the waste is considered feasible at any
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time following the 100-year active institutional control period as long as the waste has
decomposed sufficiently to resemble ordinary soil and no barriers to intrusion are encountered. If
the intruder encounters intact waste packages, stabilized waste (e.g., grout), or engineered
barriers (e.g., concrete caps on disposal shafts), it is assumed that the person will stop all
intrusive activities and leave the site.

It is assumed that, beyond the 100-year active institutional control period, conditions will not
prevent intrusion into the disposal pits and shafts. The waste disposed of at MDA G generally
consists of bulk material generated from remediation and decommissioning efforts at the
Laboratory, and routine operational waste; operational waste destined for the pits has been
placed in metal containers since the mid-1990s while almost all waste placed in shafts since 1988
has been containerized. No impediments to intrusion into the bulk waste exist. While intact, the
metal containers used in the disposal of routine operational waste may resist intrusion attempts,
but their actual lifetimes under the disposal conditions at MDA G are not known. Consequently,
it is assumed that these containers do not limit the potential for intrusion into the waste. In terms
of waste form, metals and stabilized waste may be recognizable after 100 years of burial. Once
again, however, the rate at which these materials will degrade to forms that are indistinguishable
from the remainder of the material in the disposal units is unknown. Lacking this information, it
is assumed that these waste forms do not prevent intrusion. The other forms of waste disposed of
in the pits and shafts (e.g., cellulosics, sludges, animal tissues, and filters) may be totally
unrecognizable as waste within 100 years of closure of the disposal facility. Intrusion into the
disposal pits and shafts is not assumed to be limited by the presence of engineered barriers
because no such features are included in the facility’s final closure configuration.

As discussed earlier, the basis for projecting intruder exposures and establishing intruder-based
WAC is that the DOE may experience a temporary lapse in control that allows persons to arrive
at the disposal site and inadvertently intrude into the buried waste. The period of time that
hypothetical intruders occupy the site must be established in order to compare the projected
exposures to the appropriate intruder performance objectives and to calculate radionuclide
concentration limits. The NRC defines acute exposure events as those that occur for less than
1 year (NRC, 1986). On this basis, then, the Intruder-Construction scenario constitutes an acute
exposure, and is subject to the acute intruder dose limit of 500 mrem/yr. Although it is unclear
how long a temporary lapse in the DOE’s control over the site may last, it is assumed that the
resident intruders will occupy the site for a year or more. Consequently, these scenarios
constitute chronic exposures that are subject to the chronic intruder performance objective of
100 mrem/yr.

The intruder exposure scenarios used to develop WAC should be placed in proper perspective
with respect to current land use patterns and the need to demonstrate compliance with DOE
performance objectives. The exposure scenarios were selected to provide reasonably
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conservative estimates of the potential exposures that may result from the waste disposed of at
MDA G in the event that DOE control over the facility lapses for a brief period of time. To the
extent that the scenarios represent more intensive use of potentially contaminated resources than
might actually occur, the calculated doses are expected to provide additional assurance that the
disposal system will perform at least as well as projected.

2.2  Modeling Approach and Input Data

A series of models was used to simulate the long-term performance of MDA G and to estimate
potential impacts to human health and safety. These models were developed using the
GoldSim™ modeling environment or platform (GoldSim, 2005a; 2005b). Briefly, the MDA G
Site Model simulates the release and transport of radionuclides to the surface of the disposal
facility and to off-site locations for all natural processes except vapor-phase and gaseous
diffusion, while the MDA G Site Diffusion Model projects rates of release and transport of
vapor- and gas-phase radionuclides to off-site exposure locations. The MDA G Intruder Model
projects doses and estimates intruder-based WAC for all radionuclides except vapor- and. gas-
phase isotopes and radionuclides that decay to form such; the MDA G Intruder Diffusion Model
estimates doses and WAC for radionuclides subject to diffusive releases and transport and the
parents of such. The GoldSim models used to conduct the performance assessment and
composite analysis have been fully documented in Shuman (2006a), which includes a detailed
description of the models, the mathematical bases of the models, and the data used to conduct the
simulations.

This section presents the approach that was used for modeling. Section 2.2.1 briefly describes the
models used to conduct the dose assessment, drawing on the information found in Shuman
(2006a), and discusses the manner in which the models were implemented. As discussed earlier,
field sites that are required to conduct a composite analysis must consider the cumulative impacts
of LLW disposal facilities and other sources of radioactivity that could interact with releases
from these facilities. Consistent with this requirement, the composite analysis includes all waste
disposed of at MDA G and evaluates the potential impacts of other sources of radioactivity at the
Laboratory. Section 2.2.2 describes the approach adopted for this alternate source analysis.

221 Model Configuration and Implementation

The general modeling approach used to estimate doses and calculate intruder-based WAC is
described below, focusing on the how the four GoldSim models were implemented.
Section 2.2.1.1 discusses the radionuclide inventories adopted for the dose assessment, while
Section 2.2.1.2 discusses the release and transport pathways relevant to MDA G. Information
concerning the manner in which the exposure scenarios were modeled is found in
Section 2.2.1.3.
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2.2.1.1 Disposal Facility Characteristics and Radionuclide Inventory

The performance assessment and composite analysis address different portions of the waste that
have been disposed of at MDA G since the facility opened in 1957. The performance assessment
addresses the waste disposed of after September 26, 1988, and the waste expected to require
disposal through the end of disposal operations, which is assumed to occur in 2044, The
inventory for the composite analysis includes all waste disposed of at MDA G since the facility
opened and any waste requiring disposal in the future.

Two major types of disposal units are used at MDA G: pits and shafts. The vast majority of the
waste is placed in disposal pits, which are large, generally rectangular units excavated using
heavy equipment. Pit disposal began in the second quarter of 1957, when nonroutine waste was
placed in pit 1. Prior to the mid-1990s, the majority of the waste disposed of in the pits was
placed in lifts, separated by layers of uncontaminated crushed tuff. Current operational
procedures require that waste other than bulk soils and debris be placed in metal containers prior
to disposal. Bulk materials are placed directly in the disposal pits, and may be used to fill void
spaces between and within waste containers.

Disposal shafts have been used at MDA G since 1966. A regulatory requirement for some types of
waste, shafts are used to provide additional shielding of waste with high external radiation levels,
to facilitate placement using remote handling techniques, and to accommodate special packaging
requirements. The shafts are drilled using augers; shaft diameters generally range from 0.3 to
4.9 m (1 to 16 ft). Waste packages are lowered into the shafts and stacked on top of one another.
Crushed tuff may be added as backfill around the waste packages, thereby reducing void spaces
in the disposal units.

Estimates of the volumes and activities of waste that have been, or will be, disposed of at
MDA G have been prepared. Separate radiological inventories have been developed for the
performance assessment and composite analysis. Each of these inventories addresses different
periods of disposal and the waste placed in the pits and shafts. Distinctions between the times
and modes of disposal were made to allow demonstration of compliance with the performance
assessment and composite analysis performance objectives and to better understand the
uncertainties associated with the inventory projections. A complete description of the methods
used to estimate these inventories is available in Shuman (2006b).

The inventory projections estimate that more than 240 radionuclides have been disposed of at
MDA G. Many of these radionuclides are short-lived and pose little or no risk to human health
and safety or the environment. Given this, radionuclides with half-lives of 5 years or less were
generally excluded from the inventories used to conduct the performance assessment and
composite analysis modeling. Short-lived radionuclides that are daughters of long-lived parents
were accounted for through the modeling of radioactive decay and ingrowth; short-lived
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radionuclides that give rise to potentially significant activities of long-lived daughters were
maintained in the performance assessment and composite analysis inventories. Shuman (2006b)
details the approach used to exclude contaminants from the modeling on the basis of decay
characteristics.

The waste included in the performance assessment and composite analysis inventories will be
disposed of in more than 40 pits and 200 shafts by the time MDA G closes in 2044. The nature
of these units and their locations within the disposal facility influence the modeling conducted to
project the long-term performance of MDA G. Because of this, the disposal facility was divided
into eight smaller areas referred to as waste disposal regions. Four of these regions consist
exclusively of pits, another two regions include only shafts, and the remaining two disposal
regions include both pits and shafts. The basis for defining these waste disposal regions is
discussed later in this report. From an inventory perspective, however, dividing the site into
smaller regions required development of performance assessment and composite analysis
inventories specific to these regions. This was done by summing the inventories over the
disposal units located in each disposal region. Separate inventories were developed for the waste
addressed by the performance assessment and composite analysis.

The radionuclides disposed of at MDA G will undergo radioactive decay and ingrowth over
time; accounting for these processes is an important aspect of the performance assessment and

composite analysis modeling. Patterns of decay and ingrowth are influenced by the disposal
history of the waste. To minimize the need for detailed accounting of disposal dates, all waste
disposed of within a waste disposal region was assumed to be placed in the disposal units at a
uniform rate over the period of time those units were active.

The radionuclide concentrations in the buried waste will depend, in part, upon the waste
emplacement efficiency. The emplacement efficiency is defined as the fraction of the disposal
capacity that is occupied by waste; the remainder of the disposal unit is assumed to contain
uncontaminated fill. The site and site diffusion models use the disposal area and waste thickness
for each waste disposal region to account for the dilution of the waste with uncontaminated
backfill. The intruder analysis explicitly applies a waste emplacement efficiency in the process of
estimating the intruder exposures and calculating intruder-based WAC.

The radionuclide concentrations estimated for the disposal shafts also take into consideration
what is referred to as the shaft field efficiency. Shafts are relatively small, discrete units that are
generally arranged in groups referred to as shaft fields, which typically contain a handful to tens
of disposal units. Shafts within a shaft field are required to be placed a minimum distance apart
from one another, generally on the order of 2 to 5 m (6.6 to 16 ft). As a result, approximately 10
percent of the surface area of the shaft field consists of disposal units, the remainder consisting
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of undisturbed portions of the disposal site. Radionuclide concentrations in the shafts are
calculated on a shaft-field basis, taking the effects of unit placement into account.

The modeling conducted to estimate doses for members of the public uses the entire performance
assessment and composite analysis inventories. The intruder analysis considers subsets of the
performance assessment inventory, including the waste disposed of in pits and shafts from
September 27, 1988 through 2004, and the material that is projected to be placed in pits and
shafts from 2005 through 2044. The performance assessment inventory was divided into time-
specific segments to enable the development of WAC specific to the Zone 4 expansion area
(where most post-2004 waste will be placed).

The inventories in the disposal pits were assumed to be uniformly distributed throughout the
units for all performance assessment and composite analysis modeling. While this same
approach was taken with respect to the shafts when estimating exposures for members of the
public, the exposures received by the intruders were evaluated using depth-dependent inventories
as well as homogeneously distributed activities. The depth-dependent inventories for the 1988— -
2004 shafts were developed using the approach described in Shuman (2006a); modeling for the
2005—2044 shafts examined the impacts of disposing the waste an additional 1.5 m (4.9 ft) below
the surface of MDA G.

2.2.1.2 Radionuclide Release Mechanisms and Transport Pathways

Radionuclides in the waste disposed of at MDA G may be released to the environment as a result
of biotic intrusion, contaminant leaching, vapor- and gas-phase diffusion, and human intrusion.
Transport of these releases may result in the contamination of ground and surface waters, surface
soils, biota, and air. This section summarizes the release and transport pathways included in the
performance assessment and composite analysis modeling. Detailed descriptions of the manner
in which these processes were modeled may be found in Shuman (2006a).

Release Mechanisms

Biotic intrusion is a potentially significant mechanism through which radionuclides may be
transported to the surface of the disposal facility. Native vegetation growing over the site may
extend into the waste and assimilate radionuclides in the waste, depositing contamination on the
surface of the site when plant litter falls to the ground and decays. Animals inhabiting the
disposal site may burrow into the waste, displacing contaminated material to the surface of the
site. Over time, contamination deposited on the ground may be mixed over the interval occupied
by animal burrows as the burrows collapse.

The GoldSim models project rates of radionuclide release due to biotic intrusion, taking into
account temporal changes in the plant and animal communities that may occur as a result of
ecological succession. Rates of radionuclide uptake are estimated for four plant growth forms (i.e.,
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grasses, forbs, shrubs, and trees) and used to determine the rates at which contaminants enter the
surface soil following litterfall and litter decomposition. The quantities of waste displaced by four
taxa of burrowing animals (i.e., harvester ants, pocket gophers, mice, and chipmunks and ground
squirrels) are projected and factored into estimates of contaminant concentration in surface soils.

Rates of radionuclide release due to leaching are proportional to the rate of infiltration through the
disposal units and inversely proportional to the contaminant-specific soil-to-water partition
coefficients. The modeling conducted in support of the performance assessment and composite
analysis is based on the assumption that steady-state flow conditions exist within the disposal units;
rates of infiltration in this region were estimated on the basis of work conducted by Newman et al.
(2005) and Newman and Schofield (2005). Radionuclides were assumed to partition between pore
moisture and the solid fraction of the waste; partition coefficients for crushed tuff — the material
used as backfill in the pits and shafts — were used to estimate contaminant concentrations in the
pore water. Rates of leaching from the waste were assumed to be unaffected by the presence of
waste containers, which may limit contact between the waste and infiltrating water while they are
intact, or the form of the waste (e.g., activated metals or other bulk-contaminated media).

A small number of the contaminants included in the performance assessment and composite
analysis exist in a vapor or gaseous phase: these include tritiated water vapor, C-14 gas, and
isotopes of krypton and radon. Such radionuclides may diffuse upward from the buried waste
and exit from the surface of the facility; diffusive releases may enter the basement excavation or
the house of the resident intruder as well. The MDA G Site Diffusion and Intruder Diffusion
Models estimate rates of diffusive release from the buried waste differently depending upon the
radionuclide under consideration. Quantities of tritiated water vapor present in the waste are
estimated on the basis of water vapor pressure, while C-14 gas is generated when the organic
fraction of the C-14 waste biodegrades to form carbon dioxide and methane. Concentrations of

krypton gas in the air-filled pore spaces of the waste are estimated using an air-to-water partition
coefficient. A similar approach is taken for Rn-222 and Rn-220 following the generation of these
isotopes through the decay of Ra-226 and Th-228, respectively.

Human activity may also release radionuclides to the surface. The amount of contamination
brought to the surface of the disposal facility as a result of human intrusion depends upon the
intruder scenario under consideration and the thickness of the cover at the time of intrusion.
During construction, for example, excavation of the basement will result in waste being
transported to the surface of the facility only if the assumed depth of the basement (3 m [9.8 ft]),
exceeds the cover thickness. Establishment of a domestic well at the site will result in surface
contamination regardless of the cover depth. The radionuclide concentrations in the surface soils
resulting from these human activities are estimated based on the assumption that the excavated
material is spread evenly across the intruder’s net lot area (i.e., the area of the lot minus the area
occupied by the house).
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With one exception, the rates of release via the mechanisms outlined above were assumed to be
unaffected by the presence of waste containers or the form of the waste (e.g., activated metals or
other bulk-contaminated media). This approach overlooks the fact that intact containers may
limit contact between the waste and plants, animals, and infiltrating water, and may slow the
release of vapor- or gas-phase radionuclides. The potential impact of container performance on
vapor-phase tritium releases was investigated as part of the intruder analysis for the 20052044
disposal shafts. The containers used to dispose of high-activity tritium waste in these units are
subject to WAC that prescribe maximum off-gas rates (LANL, 2005b); exposures for the
intruders were evaluated taking these release limits into account.

Transport Pathways

Radionuclides may be transported from the point of release through a number of transport
pathways. Contaminants leached from the waste will be transported vertically through the
unsaturated zone with infiltrating water, eventually discharging to the regional aquifer under the
Laboratory. Contamination entering the aquifer will be transported horizontally to locations
downgradient of MDA G, where it may intersect groundwater wells. Stauffer et al. (2005)
modeled groundwater flow and contaminant transport in support of the performance assessment
and composite analysis. This analysis relied on the Finite Element Heat and Mass (FEHM)
computer code to construct three-dimensional groundwater models and to develop one-
dimensional abstractions of these models. The one-dimensional abstractions are incorporated
into the GoldSim site model and used to project rates of contaminant discharge to a well located
100 m (330 ft) downgradient of the MDA G fence line.

The rates at which radionuclides are transported to the regional aquifer are strongly influenced
by the geohydrologic properties of the unsaturated zone underlying the pits and shafts. Changes
in these properties along the east-west axis of the disposal site have substantial effects on
contaminant transport behavior. The waste disposal regions described earlier are used to
represent the spatial variability in the geohydrologic properties of the unsaturated zone. Dividing
the site into waste disposal regions also allows differences in the depth of disposal in the pits and
shafts to be modeled.

Most of the radionuclides included in the performance assessment and composite analysis will
not pose a health threat to persons using water contaminated by MDA G releases because they
will be present in the regional aquifer in negligible quantities, if at all. A screening evaluation
was conducted to identify these radionuclides, which were then eliminated from the groundwater
transport modeling. The two-step process took into account the risk posed by the contaminants
under conservative release conditions and radionuclide travel times to a well immediately
downgradient of MDA G. A detailed description of the screening evaluation is provided in
Attachment L.
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Contamination deposited on the surface of the disposal facility is subject to resuspension and
transport to downwind locations by the prevailing site winds and to transport into the canyons
adjacent to MDA G by surface runoff. Rates of particulate resuspension were estimated on the
basis of work conducted by Whicker and Breshears (2005). These resuspension rates, in
conjunction with the radionuclide concentrations in surface soils projected by the GoldSim
models, were used to estimate contaminant fluxes from the surface of the disposal facility.
Contaminant concentrations in air and surface soils were estimated for locations downwind of
MDA G using dispersion factors and deposition rates projected by the atmospheric transport
modeling conducted by Jacobson (2005).

The transport of vapor- and gas-phase radionuclides from the waste to the surface of the disposal
facility was modeled using the diffusion modeling capabilities of GoldSim. Contaminants exiting
from the surface of the facility will be transported downwind with the prevailing winds.
Concentrations of these contaminants in the air at potential downwind receptor locations were
estimated on the basis of the atmospheric transport modeling (Jacobson, 2005). Modeling of the
diffusion of vapor- and gas-phase radionuclides into the basement excavation and the house of
the residential intruder relied on the diffusion modeling capabilities of GoldSim.

Contaminated surface soils may be transported into Cafiada del Buey and Pajarito Canyon by the
prevailing winds and surface runoff. Work conducted by Whicker and Breshears (2005)
indicated no net loss of cover under conditions similar to those expected at MDA G following
closure of the disposal facility. Work conducted by Wilson et al. (2005) projected spatially
variable rates of erosion due to surface runoff, and estimated rates and patterns of sediment
transport into the canyons. The results of this effort were used to model the transport of
radionuclides from the mesa top and subsequent contamination of potential receptor locations
within Pajarito Canyon and Cafiada del Buey.

Surface erosion at MDA G will gradually reduce the thickness of the cover placed over the
disposal units. The loss of cover may provide greater opportunities for plant roots and animal
burrows to penetrate into the waste. As the cover thins, greater proportions of the plant roots and
animal burrows will contact the waste, bringing larger amounts of contamination to the surface
of the facility. Higher contaminant concentrations in the surface soils at MDA G may result in
higher radionuclide concentrations at downwind locations and at receptor locations within the
adjacent canyons. The surface erosion modeling results of Wilson et al. (2005) were used to
account for the effects of cover loss on the impacts of biotic intrusion and vapor- and gas-phase
diffusion; projected rates of cover loss were also taken into account when estimating the impacts
of human intrusion.

As indicated earlier, the primary radionuclide release mechanism for the intruder modeling is
expected to be the deposition of waste on the surface of the disposal facility during basement
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excavation and well drilling. However, the release and transport of radionuclides prior to the
arrival of the intruder may influence the projected intruder exposures. For example,
contamination deposited on the surface of the disposal facility by plants and animals may add to
the exposures received from waste excavated as a result of human activities. In cases where the
cover depth is greater than 3 m (9.8 ft) at the time of intrusion, the exposures received by the
construction or agricultural intruders may be determined largely by the contaminants transported
up into the cover as a result of biotic intrusion. Consequently, the intruder models simulate the
effects of biotic intrusion up to the time at which humans arrive at the facility.

2.2.1.3 Exposure Estimates and Waste Acceptance Criteria Calculations

Several exposure scenarios were used to evaluate the risk posed by the disposal of radioactive
waste at MDA G to members of the public, and to project doses for the inadvertent intruder.
These scenarios and the exposure pathways included in each are discussed in Section 2.2. The
models and data used to estimate the potential exposures are described in Shuman (2006a).

The site and site diffusion models were implemented in deterministic and probabilistic fashions
to project potential exposures for members of the public. Deterministic simulations were
conducted to gain insight into the long-term performance of the disposal facility, well beyond the
1,000-year compliance period. A simulation period of 100,000 years was used for the
groundwater pathway-based scenarios and a 50,000-year period was modeled for the
Atmospheric and All Pathways — Canyon Scenarios. The probabilistic modeling was used to
simulate facility performance and project potential exposures over the 1,000-year compliance
period.

Preliminary modeling of the groundwater pathway exposures indicated that most radionuclides
included in the MDA G inventory arrive at the downgradient well long after the 1,000-year
compliance period. To focus the modeling on those contaminants that pose a potentially
significant risk to groundwater users during the compliance period, many of the 19 contaminants
initially included in the groundwater transport modeling were excluded from the probabilistic
modeling. The radionuclides selected for exclusion were identified using a 50-realization
probabilistic simulation; potential doses were projected for the All Pathways — Groundwater
Scenario over a period of 1,000 years using the composite analysis inventory. Contaminants
contributing less than 1 percent of the mean peak dose over the simulation period were excluded
from the final probabilistic analysis.

A portion of the radon diffusing upward from the waste will decay prior to exiting from the
surface of the disposal facility. The daughter products will be deposited at the site of decay and
may constitute a source of contamination for persons living downwind of the disposal facility or
in the adjacent canyons. In general, the only impacts of radon diffusion that need be considered
are those associated with Rn-222. The decay products of this isotope include relatively long-
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lived Pb-210, which will persist in the environment for some time. All daughter products of
Rn-220 have half-lives of hours or less and will quickly decay to negligible levels. The potential
impacts of Rn-222 diffusion on projected exposures were taken into account.

The intruder and intruder diffusion models were applied in a probabilistic fashion to project
potential exposures and to calculate intruder-based WAC for MDA G. Intruder doses were
projected separately for the pit and shaft inventories disposed of from September 27, 1988
through 2004 and from 2005 through 2044. Waste acceptance criteria were calculated for waste
disposed of in the pits and shafts in the Zone 4 expansion area, where practically all of the waste
disposed of between 2005 and 2044 will be placed.

The exposures projected for the inadvertent intruders are influenced by the locations of the pits
and shafts within the disposal facility. The amount of cover placed over the site at the time of
final closure will vary spatially in response to the contouring conducted to achieve the final
cover characteristics; rates of erosion will also vary spatially. These factors ultimately determine
how much cover exists over the disposal units at the time of human intrusion and, therefore, how
much of the waste is disturbed by the intrusive activities. To determine initial cover thickness
and erosion rates, it is necessary to understand where waste was or will be placed from 1988 to
2044 (i.e., the period of interest in the performance assessment).

Waste disposed of after 2004 will be placed almost exclusively in the Zone 4 expansion area;
however, from 1988 through 2004 waste was placed in units scattered across the active portion
of MDA G. The active pits during this time (pits 15, 30, 31, and 36 through 39) were located in
three waste disposal regions situated in the central portion and western edge of the active portion
of the site. The waste disposed of in shafts during this period was placed in waste disposal region
6, near the east end of the facility, and in region 7, in the center of the active portion of MDA G.

The intruder dose projections for the different disposal units and periods are based on average
concentrations in a collection of disposal units, rather than on a unit-specific basis. Because the
pits and shafts used from 1988 through 2004 are spread over large areas, it was necessary to
assign the units to a single waste disposal region with a common initial cover thickness and a
single set of erosion characteristics. The waste disposal regions used in the modeling were
chosen on the basis of the volume of waste that was disposed of in each. Most of the waste
disposed of in pits from 1988 through 2004 was placed in waste disposal region 5; most of the
waste disposed of during this time in shafts was placed in disposal region 7. Therefore, these two
disposal regions formed the basis of the intruder modeling.

Preliminary modeling was conducted to determine if the redistribution of radionuclides resulting
from radon diffusion had any impacts on the exposures estimated for the three intruder scenarios.
A series of 50-realization probabilistic simulations was conducted in which intruder doses were
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calculated with and without the effects of radon diffusion; these simulations addressed the waste
placed in the pits and shafts used from 1988 through 2004 and the waste in disposal units that
will be used from 2005 through 2044. The results of this modeling were used to configure the
full probabilistic assessment of intruder doses.

The intruder and intruder diffusion models were used to calculate WAC for all radionuclides
considered in the development of the performance assessment inventory, except for those
eliminated on the basis of half-life. This modeling yielded distributions of radionuclide-specific
doses for the disposal units under consideration and distributions of corresponding WAC. The
final concentration limits adopted for the disposal units are the mean or median values of the
WAC distributions, whichever are more restrictive.

The results of the probabilistic modeling were used to conduct sensitivity analyses. These
analyses provide a means for identifying the sources of significant uncertainty associated with
the projected impacts, helping to focus future research and development and modeling efforts on
facility characteristics and site processes that are most important to the long-term performance of
MDA G. Model sensitivity was evaluated using rank correlation coefficients calculated within
the GoldSim models. Analyses were performed for a subset of the exposure scenarios included in
Tables 2 and 3; these scenarios were selected on the basis of the impacts projected for each.

2.22 Alternate Source Analysis

The composite analysis must consider alternate sources of contamination that may add to
exposures resulting from MDA G releases. The first step in the alternate source analysis was to
locate other potentially significant contaminant sources at the Laboratory. A source was
considered a viable candidate for inclusion in the analysis if its radionuclide inventories are
similar in scale to those at MDA G, or if it is in close proximity to MDA G or the area affected
by potential releases from MDA G.

Once the alternate sources were identified, the potential for significant interaction between
releases from these sources and from MDA G was evaluated. In most cases, interaction requires
the release of contaminants from the alternate sources and the subsequent transport of this
contamination to locations downwind or downgradient of MDA G. Radionuclides released to, or
otherwise present in, Cafiada del Buey and Pajarito Canyon may also interact with releases from
the disposal facility if they are discharged or transported to locations adjacent to MDA G.

Modeling conducted in support of the performance assessment and composite analysis was used
to estimate the potential for interaction between contaminants released to the atmosphere or
groundwater from alternate sources and from MDA G. Atmospheric transport modeling
(Jacobson, 2005) considered whether airborne releases from alternate sources might add to the
exposures estimated for members of the public living downwind of MDA G. The groundwater
flow and transport modeling conducted by Stauffer et al. (2005) provided information that was
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used to assess the potential for significant interaction from a groundwater pathway perspective.
The potential significance of interactions between canyon contamination from other sources and
releases to Cafiada del Buey and Pajarito Canyon from MDA G was evaluated using information
about the types of discharges that enter the canyons and sampling results for canyon sediments.
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3.0 Performance Assessment and Composite Analysis Dose Projections

The dose projections for members of the public living in the vicinity of MDA G are presented
below. Section 3.1 presents and discusses the doses projected using the MDA G performance
assessment inventory; exposure estimates for the composite analysis are presented in Section 3.2.
Both deterministic and probabilistic dose projections are provided. The deterministic modeling
was conducted to provide general insight into the performance of the disposal facility well past
the 1,000-year compliance period. Results of the deterministic modeling will provide an
indication of the spatial and temporal aspects of radionuclide release and transport over the
simulation periods shown, but the magnitudes of the projected exposures should be used with
caution. The input data used in this modeling represent the means, medians, and most likely
values of the distributions adopted for stochastic parameters. Exposures projected on the basis of
these data do not necessarily represent mean or most likely doses, nor do they necessarily bound
likely exposures. Full probabilistic modeling is required to estimate doses that are statistically
meaningful.

The probabilistic modeling results are provided in terms of distributions of dose. Information is
presented throughout the following discussion to provide an indication of the nature of the
projected distributions.

3.1 Performance Assessment Projections

The exposure scenarios discussed in Section 2.1 address potential exposures received by persons
living downgradient of the disposal facility, at the point(s) of maximum atmospheric exposure,
and in the canyons adjacent to MDA G. The dose projections for the performance assessment are
organized in terms of these exposure locations. Section 3.1.1 presents and discusses dose
estimates for members of the public exposed to contaminated groundwater, while Section 3.1.2
addresses potential exposures of persons living downwind of the site and fluxes of radon gas
from the disposal facility. The discussion is concluded in Section 3.1.3, with the presentation of
exposure projections for persons living in Cafiada del Buey and Pajarito Canyon.

3.1.1 Groundwater Scenarios

The potential impacts of radionuclides released from MDA G and discharged to the regional
aquifer were evaluated using the Groundwater Resource Protection Scenario and the All
Pathways — Groundwater Scenario. The doses projected for these exposure scenarios are
presented below.
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3.1.1.1 Groundwater Resource Protection Scenario

Deterministic and probabilistic analyses were conducted to estimate the potential impacts of
radionuclides discharged to the regional aquifer on persons who rely upon that aquifer as a
source of drinking water. The deterministic analysis simulated facility performance over a period
of 100,000 years to provide insight into facility performance well beyond the 1,000-year
compliance period. The results of the deterministic simulation are shown in Figure 1.

The doses shown in Figure 1 correspond to the point of maximum groundwater exposure 100 m
(330 ft) east of the MDA G fence line. The receptor near the town of White Rock was not
projected to be exposed to contaminated groundwater during the operational, closure, and active
institutional control periods because of very long groundwater travel times to this location.
Annual doses at the point of maximum exposure peak about 16,000 years after facility closure,
reaching a maximum of 29 mrem/yr; C-14 is the sole contributor to this exposure. Less mobile
radionuclides start arriving at the well late in the 100,000-year simulation. These include
Np-237, isotopes of uranium, and Th-230; several relatively short-lived radionuclides appear as a
result of daughter ingrowth. The total dose projected for the late-arriving radionuclides reaches
0.04 mrem/yr at the end of the 100,000-year simulation period.

A screening analysis was conducted to limit the number of radionuclides included in the
probabilistic modeling. The results of this 50-realization probabilistic evaluation indicated that
C-14 was the only radionuclide that arrived at the well located 100 m (330 ft) east of MDA G
within the 1,000-year compliance period. Consequently, C-14 was the only contaminant included
in the groundwater pathway modeling for the full probabilistic assessment.

The probabilistic modeling estimated exposures for the resource protection scenario over the
1,000-year compliance period. The results of the probabilistic modeling are depicted in Figure 2,
which shows the distribution of projected doses as a function of time. The different curves in the
figure represent different measures of the projected doses; included are the ninety-fifth percentile
and mean exposures. The scale adopted for the figure prevents inclusion of the fifth percentile
dose. The x-axis represents time since closure of the disposal facility. The projected doses
increase late in the 1,000-year compliance period, reflecting the arrival of C-14 at the receptor’s
well. As suggested by the deterministic modeling, the peak dose from the radionuclide does not
occur until well after the compliance period. The peak mean dose projected for the resource
protection scenario is 7.0 x 10™'® mrem/yr, which is a small fraction of the 4 mrem/yr limit for
beta and photon emitters.

Radiological Dose Assessment for LANL TA-54, Material Disposal Area G 34
12-06



3.5E+01

3.0E+01 o

2.5E+01

2.0E+01

1.5E+01

Annual dose (mrem)

1.0E+01

5.0E+00

0.0E+00 T T T T
0 20000 40000 60000 80000 100000

Time since facility closure (yr)

Figure 1
Deterministic Dose Projections for the
Groundwater Resource Protection Scenario (performance assessment)
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Probabilistic Dose Projections for the Groundwater
Resource Protection Scenario (performance assessment)
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3.1.1.2 All Pathways - Groundwater Scenario

The deterministic modeling results for the All Pathways — Groundwater Scenario are shown in
Figure 3. The projected peak exposure, which occurs 16,000 years after facility closure, is
31 mrem/yr; C-14 concentrations in the regional aquifer decline thereafter. The doses are
dominated by the ingestion of contaminated crops and animal products raised by the receptor,
with the ingestion of contaminated drinking water making a smaller contribution. Less mobile
radionuclides begin to arrive at the individual’s well late in the simulation and yield a dose of
0.02 mrem/yr at the end of the 100,000-year simulation.

The probabilistic evaluation of the all pathways groundwater exposures is shown in Figure 4.
The projected exposures result from C-14 only, increasing as this radionuclide arrives at the
receptor’s well late in the compliance period. The peak mean dose is 3.8 x10™'® mrem/yr at
1,000 years postclosure; this is a small fraction of the 25 mrem/yr performance objective that
applies to this exposure scenario. The ingestion of contaminated water, crops, and animal
products accounts for more than 96 percent of the peak dose.

The doses projected . for the all pathways scenario are less than those reported for the resource
protection scenario, despite the fact that the receptor for the former scenario makes greater use of
water drawn from the regional aquifer. This is the result of different resource utilization rates and
the manner in which contaminant concentrations in the well water are estimated. While water is
used by the all-pathways receptor for several purposes (drinking water, crop irrigation, and
watering of animals), rates of direct consumption of the contaminated medium are smaller than
that assumed for the resource protection scenario receptor. The mean drinking water ingestion
rate used to model exposures for the all-pathways receptor is about 1.4 L/d (0.37 gal/d), or about
two-thirds of the rate used to model exposures for the resource protection scenario. Higher rates
of water ingestion will, of course, result in higher exposures to the individual.

The projected concentrations of C-14 in well water consider the portion of the contaminant
plume that is intercepted by the domestic well and the volume of water drawn from the well. The
fraction of the plume intercepted by the well is assumed to be constant over a range of well
pumping rates, but the volume of water in which the captured contaminants are mixed is adjusted
to account for well pumping rates. Because the all-pathways receptor pumps greater quantities of
water from the well, more dilution of the groundwater contamination occurs. Consequently, the
C-14 concentrations in the water used by this individual are smaller than those in the water
consumed by the resource protection scenario receptor.
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31.2 Atmospheric Scenario

The deterministic modeling results for the Atmospheric Scenario are shown in Figure 5 for 50,000
years following site closure, the period for which surface erosion modeling was conducted. The
projected downwind exposures at the LANL boundary and MDA G fence line exposure locations
increase throughout the simulation period. The annual exposures at the end of the simulation period
are 0.028 and 0.10 mrem/yr, respectively. Major contributors to the projected doses at both locations
include Pb-210, Pu-239, Ra-226, and Th-228. The projected exposures result primarily from the
ingestion of crops grown in contaminated soils and direct radiation from these soils.

The deterministic results shown in Figure 5 do not include the impacts of vapor- and gas-phase
radionuclides diffusing from the site. Peak exposures from tritiated water vapor, C-14 gas, and
Kr-85 occur shortly after site closure and are addressed below. Information presented later in this
section suggests the projected doses from particulate releases may be 20 to 30 percent greater
when the effects of radon diffusion on soil Pb-210 concentrations are taken into account.

Figure 6 shows probabilistic model projections for the Atmospheric Scenario; the effects of
radon diffusion on Pb-210 distribution in MDA G surface soils are not included. Doses increase
throughout the compliance period at each exposure location, with peak mean exposures projected
for the receptors at the LANL boundary and MDA G fence line of 0.0027 and 0.025 mrem/yr,
respectively. Together, Pb-210 and Ra-226 account for about 67 percent of the peak mean dose
at the LANL boundary; Ag-108m, Cl-36, and U-238 contribute another 22 percent. Figure 7
shows temporal variations in the mean doses projected for the MDA G fence line location.
Pb-210 and Ra-226 contribute about 75 percent of the peak exposure at the MDA G fence line
location, with another 17 percent from Ag-108m, CI-36, and U-238. The primary exposure
pathways for both receptors are the ingestion of contaminated crops and animal products, and
direct radiation from soils; these account for more than 90 percent of the peak mean exposure.

The effects of radon diffusion on the distribution of Pb-210 in surface soils at MDA G and,
ultimately, the exposures of persons living downwind of the facility may be evaluated using the
information in Table 4. This table shows the peak mean doses projected to result from Pb-210
releases from the eight waste disposal regions; these doses include the effects of radon diffusion.
Exposures occur at the end of the 1,000-year compliance period, the same time that peak
scenario exposures are shown to occur (Figure 6). The results for the LANL boundary receptor
show that the sum of the peak mean doses for Pb-210 is about 0.0018 mrem/yr, or 1.8 times the
projected Pb-210 dose when the effects of radon diffusion are not considered. The results for the
fence line location indicate that the Pb-210 dose increases 1.5 times when the effects of radon
diffusion are included. Overall, the effects of radon diffusion cause the peak mean exposure for
the LANL boundary receptor to increase to about 0.0035 mrem/yr, while the peak exposure for
the fence line exposure location increases to 0.030 mrem/yr.
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e 4
Pealdn Doses from P¥or Atmospheric
Scenario,with Rlon Diffusion Hects (performance assessment)

Peak Mean Dose from Pb-210 (mreml/yr)
Waste Disposal Region | LANL Boundary | MDA G Fence Line

1 4.2E-18 8.3E-18
2 —_ —

3 1.3E-06 5.9E-07
4 3.3E-06 1.5E-07
5 3.0E-05 1.3E-06
6 2.8E-17 8.0E-18
7 5.5E-04 2.5E-05
8 1.2E-03 1.6E-02

- = None of the performance assessment inventory was disposed of in this waste disposal region.

Table 5 summarizes exposures resulting from the diffusive release of trittum and C-14 gas,
neither of which are accounted for in the probabilistic exposure projections discussed above.
This table also lists the times of the projected peak exposures relative to facility closure. A
negative value indicates that a projected exposure occurs while the facility is still active. The
peak mean doses projected for tritium at the LANL boundary range from 1.1 x 10° to
0.23 mrem/yr for releases from the eight waste disposal regions. Taking into account the times at
which the exposures for the different disposal regions occur, a peak mean tritium dose of about
0.23 mrem/yr is estimated for the receptor at the LANL boundary. Peak exposures resulting from
the inhalation of tritium at the MDA G fence line are smaller than those projected for the
receptor at the LANL boundary. This is because the fence line receptor does not arrive until the
end of the 100-year active institutional control period, after much of the tritium has decayed or
diffused from the disposal facility. The peak mean exposures projected for C-14 (as CO; and
CH,) at the LANL boundary and MDA G fence line are less than 1.0 x 10° mrem/yr for all
disposal regions.

Peak exposures from Kr-85 are projected to occur shortly after the waste is placed in the disposal
units based on this radionuclide’s high air-to-water partition coefficient and the assumption that
the inventory is available for immediate release. Peak mean exposures at the LANL boundary
range from 7.4 x 10" to 4.2 x 10" mrem/yr for releases from the various waste disposal regions.
No exposures are projected to occur at the MDA G fence line location.
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ProbHistic Dose Projections for ¥por-and GasPhase Rlionuclides in the Performance Assessment hentory
Tritium Methane Carbon Dioxide
\_Naste Projected Dose (mrem/yr) Time of Projected Dose (mrem/yr) Time of | Projected Dose (mreml/yr) | Time of
Disposal ) Peak ) Peak . Peak
Region by Percentile Exposure Percentile Exposure Percentile Exposure
Exposure (yr post- (yr post- (yr post
Location | Mean Sth 95th | closure)2 | Mean 5th 95th | closure)2 | Mean | 5th 95th | closure)?
LANL Boundary
1 - - NA 9.5E-18 | 1.2E-18 | 2.6E-17 -64 9.6E-18 | 1.2E-18 | 2.6E-17 -64
2 — - -— NA — - - NA - - — NA
3 2.0E-05 | 8.4E-07 | 6.6E-05 -40 24E-14 | 2.7E-15 | 7.0E-14 -44 2.5E-14 | 2.7E-15 | 7.0E-14 -44
4 1.1E-06 | 1.2E-07 | 3.0E-06 -40 2.3E-12 | 26E-13 | 6.3E-12 -40 2.3E-12 | 2.6E-13 | 6.7E-12 -40
5 1.1E-04 | 1.0E-05 | 2.9E-04 -36 1.8E-07 | 21E-08 | 5.2E-07 -40 1.8E-07 | 2.1E-08 | 5.1E-07 -40
6 - -— NA -— - - NA -— NA
7 2.3E-01 | 8.9E-03 | 7.1E-01 -36 8.4E-07 | 1.0E-07 | 2.3E-06 42 9.0e-07 | 9.1E-08 | 2.2E-06 40
8 1.1E01 | 94E-03 | 3.1E-01 0 3.8E-06 | 49E-07 | 1.0E-05 0 3.8E-06 | 4.7E-07 | 1.0E-05 0
MDA G Fence Line
1 - - - NA 1.6E-18 | 8.5E-20 | 6.2E-18 100 1.6E-18 | 8.3E-20 | 6.7E-18 100
2 -— -— NA -— NA - -— NA
3 5.2E-08 | 2.5E-08 | 8.1E-08 100 5.3E-14 | 29E-15 | 2.0E-13 100 5.5E-14 | 2.9E-15 | 2.0E-13 100
4 2.5E-09 | 1.3E-09 | 3.8E-09 100 5.3E-12 | 36E-13 | 1.8E-11 100 5.3E-12 | 3.4E-13 | 1.9E-11 100
5 2.6E-07 | 14E-07 | 4.0E-07 100 4307 | 2.6E-08 | 1.6E-06 100 4.2E-07 | 2.7E-08 | 1.6E-06 100
6 — -— NA -— - - NA - - -— NA
7 7.3E-04 | 3.4E-04 | 1.2E-03 100 2.0E-06 | 1.2E-07 | 6.6E-06 100 1.9€E-06 | 1.1E-07 | 6.6E-06 100
8 5.7E-04 | 2.6E-04 | 9.3E-04 100 21E-06 | 1.6€E-07 | 7.1E-06 100 2.1E-06 { 1.6E-07 | 7.0E-06 100

NA = Not applicable

e Negative values indicate the number of years prior to facility closure that the peak exposure was projected to occur.

— = No inventory was projected to occur in waste disposal region 2; therefore no exposures were projecled.



The peak exposures projected for diffusive and nondiffusive radionuclides at the LANL
boundary exposure location occur at different times; the peak mean exposure due to the
inhalation of vapor-phase tritium occurs during the operational period of the disposal facility
while the peak dose from the other radionuclides occurs at the end of the 1,000-year compliance
period. Both of these exposures are a small fraction of the 10 mrem/yr performance objective
that applies to all airborne releases from the Laboratory. The exposures estimated for vapor- and
gas-phase radionuclides at the MDA G fence line are significantly smaller than those projected to
occur at the end of the compliance period; all of these exposures are also small fractions of the
performance objective.

The radon fluxes projected for the eight waste disposal regions are summarized in Table 6.
Estimates of the peak radon air concentrations at the MDA G fence line are included in the table;
these estimates are based on the peak mean fluxes. The peak mean fluxes range from about
6.5 x 10°'* pCi/m%s for disposal region 1 to 16 pCi/m%/s for region 7. Fluxes for all disposal
regions are less than the flux objective of 20 pCi/m?/s; all of the corresponding air concentrations
are less than the 0.5 pCi/L air concentration limit. The radon fluxes projected for the different
waste disposal regions yield a site-wide peak mean flux of 1.6 pCi/m?/s; this peak occurs at
about the time disposal at MDA G ceases.

ale 6
Projected Rlon Flugs and Air Ghcentrations for the
Ight Ate Disposal Bzion s (performance assessment)

Waste Projected Radon Flux (pCi/m%s) Fence Line Concentration
Disposal Corresponding to Peak Mean
Region Mean 5th Percentile | 95th Percentile Flux (pCilL)

1 6.5E-13 1.9E-13 1.4E-12 8.3E-15

8.58-03 6.5E-04 3.1E-02 3.9E-05
3.0E-02 2.0E-03 1.0E-01 1.5E-04
9.5E-02 1.5E-02 2.6E-01 4.4E-04
5.8E-03 2.1E-10 24E-02 1.8E-06
1.6E+01 1.9E+00 4.6E+01 7.9E-03
6.6E+00 8.9E-01 1.8E+01 3.1E-02

lone of the performance assessment inventory was disposed of in this waste disposal region.
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3.1.3 All Pathways - Canyon Scenarios

Doses received by persons residing in the canyons adjacent to MDA G were projected for two
locations in Cafiada del Buey and seven locations in Pajarito Canyon. Figure 8 shows the
deterministic modeling results for these locations over a period of 50,000 years, the period for
which surface erosion modeling was conducted. The doses projected for all locations behave
similarly, reaching maximum values at the end of the simulation period. Peak annual doses range
from 0.068 to 1.4 mrem among the nine receptor locations. Pb-210, Pu-239, and Ra-226 account
for the majority of the projected exposures; important exposure pathways include the ingestion
of contaminated crops and direct radiation from radionuclides in the canyon soils.

The deterministic results shown in Figure 8 do not include the impacts of vapor- and gas-phase
radionuclides diffusing from the site. Exposures to vapor-phase tritium, C-14 gas, and Kr-85
occur early in the simulation period and are addressed probabilistically in conjunction with the
Atmospheric Scenario. Information presented in the following paragraphs suggests the doses
projected for the canyon receptors may be moderately higher when the effects of radon diffusion
on soil Pb-210 concentrations are taken into account.

The probabilistic doses for the canyon scenario are summarized in Table 7; these exposures do
not include the effects of radon diffusion on Pb-210 concentrations in surface soils at MDA G.
The projected doses for catchments CdB1 and CdB2 are shown in Figure 9. These catchments
yielded the highest peak mean doses among the nine canyon locations, with exposures projected
at approximately 630 and 1,000 years after facility closure, respectively. Radionuclides making
significant contributions to the doses projected for the two receptors include Cl-36, Pb-210, and
Ra-226; these isotopes account for about 84 percent of the peak exposure. Radionuclide-specific
contributions to the mean dose over time are shown for catchment CdB2 in Figure 10. Important
exposure pathways include the ingestion of crops, beef, and milk at CdB1; these same pathways
and direct radiation from contaminated soils account for the major portion of the peak dose at
catchment CdB2.

The exposures projected for Pb-210 using the site diffusion model are summarized in Table 8 for
catchments CdB1 and CdB2. While the results in Table 7 indicate that the exposures within
catchment CdB1 will peak at an intermediate time during the 1,000-year compliance period, the
Pb-210 exposures projected for this exposure location using the site diffusion model increase
throughout this period. Therefore, two sets of Pb-210 doses are provided in Table 8 for
catchment CdB1. Only one set of results is provided for catchment CdB2 because the peak mean
doses projected by the site and site diffusion models both occur at the end of the compliance
period.
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e 7
ProbHistic Dose Projections for the All Pathways —
fihyon Scenario (performance assessment)

Exposure Location Projected Dose (mremiyr) Time of Peak Exposure
(Catchment) Mean 5th Percentile | 95th Percentile (yr postclosure)

CdB1 1.1E+00 5.9E-07 3.8E+00 630
CdB2 1.5E+00 1.8E-06 6.0E+00 1,000
PCO 2.1E-01 0.0E+00 1.9E-01 190
PC1 7.0E-01 2.0E-08 2.4E+00 1,000
PC2 9.7E-01 7.1E-07 3.3E+00 1,000
PC3 6.4E-01 9.7E-07 2.2E+00 1,000
PC4 8.2E-01 1.1E-06 2.9E+00 1,000
PC5 8.0E-01 7.7E-07 2.7E+00 1,000
PC6 4.3E-01 3.5E-07 1.3E+00 1,000
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Figure 9a. Catchment CdB1
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Figure 9b. Catchment CdB2
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e 8
PealMn Doses from Plor A 1l Pathways — fiida del Bey
Scenario,with Rlon Diffusion Hects (performance assessment)

Peak Mean Dose from Pb-210 (mremlyr)
Catchment CdB1 Catchment CdB2
630 yr 1,000 yr
Waste Disposal Region postclosure postclosure 1,000 yr postclosure
1 7.2E-15 3.3E-14 7.7E-14
2 — —_
3 1.5E-04 1.8E-04 3.4E-04
4 6.6E-04 7.6E-04 1.6E-03
5 7.3E-03 8.3E-03 1.7E-02
6 1.7E-13 5.9E-13 9.3E-13
7 5.9E-02 6.6E-02 1.3E-01
8 8.7E-01 9.6E-01 1.9E+00

-—=None of the performance assessment inventory was disposed of in this waste disposal region.

Looking first at the results for catchment CdB1, summing the peak mean doses for the
contributions from the eight waste disposal regions yields total exposures due to Pb-210 of 0.93
and 1.0 mrem/yr 630 and 1,000 years after facility closure (Table 8). These doses are about 4.3
times greater than the contribution Pb-210 makes to the peak exposures when the effects of
radon diffusion are not considered. When the effects of radon diffusion on Pb-210 exposures are
taken into account, the peak mean dose for the receptor in catchment CdB1 occurs 630 years
after facility closure; the peak exposure at this time is 1.8 mrem/yr.

Total exposures from Pb-210 at catchment CdB2 are about 2.1 mrem/yr when the effects of
radon diffusion are taken into account (Table 8). This dose is about 4.0 times greater than that
estimated when the effects of radon diffusion were ignored. Accounting for the effects of radon
diffusion, the peak mean dose for the exposure location is approximately 3.0 mrem/yr. The peak
mean exposures projected for these and the other canyon residents are less than the 25 mrem/yr
all pathways performance objective.

3.2 Composite Analysis Projections

The dose projections for the composite analysis are presented below. Section 3.2.1 presents and
discusses the dose estimates for the All Pathways — Groundwater Scenario, and Section 3.2.2
considers the exposures projected for the Atmospheric Scenario. The exposures projected for
persons residing in Cafiada del Buey and Pajarito Canyon are discussed in Section 3.2.3. The
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potential impacts of alternate sources of contamination on the receptors represented using these
exposure scenarios are discussed in Section 3.2.4.

321  All Pathways - Groundwater Scenario

The deterministic modeling results for the All Pathways — Groundwater Scenario are shown in
Figure 11. The deterministic doses peak at 31 mrem/yr 16,000 years after facility closure;
exposures at this time are due solely to C-14 that is leached from the waste and transported to the
compliance well. The ingestion of crops and animal products raised by the receptor make the
biggest contributions to the peak dose in terms of exposure pathways. Less mobile radionuclides
arrive at the well in very small concentrations about 50,000 years after the facility closes. The
total dose from these radionuclides reaches a maximum of 0.74 mrem/yr by the end of the
100,000-year simulation.

The probabilistic modeling results generated by the GoldSim model are shown in Figure 12.
Groundwater exposures are projected to rise throughout the 1,000-year compliance period as
C-14 arrives at the receptor’s well in increasing concentrations; a peak mean exposure of
6.4 x 107" mrem/yr is projected to occur at the end of this period. The ingestion of contaminated
water, crops, and animal products all make significant contributions to the peak dose. The peak
mean exposure is a small fraction of the 100 mrem/yr primary dose limit and the 30 mrem/yr
dose constraint.

322  Atmospheric Scenario

Figure 13 shows the composite analysis doses for the Atmospheric Scenario based on the
deterministic modeling. The results shown in this figure are for receptors residing at the LANL
boundary (Figure 13a) and the MDA G fence line (Figure 13b). The exposures projected for both
receptors increase throughout the 50,000-year period, reaching maximum values of 0.064 and
5.0 mrem/yr, respectively. The exposures projected for the receptors at both locations are due
largely to the ingestion of contaminated crops, inhalation, and direct radiation from soils;
Pb-210, Pu-239, and Ra-226 are the major contributors to the projected exposure.

The deterministic results shown in Figure 13 do not include the impacts of vapor- and gas-phase
radionuclides diffusing from the site. The peak doses projected for vapor-phase tritium, C-14
gas, and Kr-85 occur shortly after site closure and are addressed by the probabilistic modeling
discussed below. Based on the information presented below, the projected exposures for the
receptors at the LANL boundary and MDA G fence line may increase moderately when the
effects of radon diffusion on soil Pb-210 concentrations are taken into account.
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The probabilistic model projections for the Atmospheric Scenario are shown in Figure 14; these
results do not include the effects of radon diffusion on the distribution of Pb-210 in MDA G surface
soils. The doses increase throughout the compliance period at each exposure location, with peak
mean exposures projected for the receptors at the LANL boundary and MDA G fence line locations
of 0.0038 and 0.29 mrem/yr, respectively. Two important contributors to the exposures projected
for the LANL boundary location are Pb-210 and Ra-226, which account for 39 and 31 percent of
the peak mean dose, respectively. Together, Am-241, Pu-239, and Pu-240 contribute about
23 percent of the peak mean exposure. Figure 15 illustrates the contributions made by various
radionuclides to the projected receptor exposures at the fence line location. The primary exposure
pathways for the LANL boundary and fence line receptors are the ingestion of contaminated crops,
inhalation, and direct radiation from soils; these account for approximately 57, 13, and 20 percent of
the peak mean exposures, respectively.

The effects of radon diffusion on the distribution of Pb-210 in MDA G surface soils and, ultimately,
the exposures of persons living downwind of the facility, may be evaluated using the data in
Table 9. This table shows the peak mean doses projected to result from releases of Pb-210 from the
eight waste disposal regions, taking into account the effects of radon diffusion. All of these
exposures occur at the end of the 1,000-year compliance period, the same time at which peak
scenario exposures are shown to occur in Figure 14. Looking first at the results for the LANL
boundary receptor, the sum of the peak mean doses for Pb-210 is approximately 0.0018 mrem/yr.
This is approximately 25 percent greater than the dose projected for Pb-210 when the effects of
radon diffusion are not taken into account. Similar results are seen for the MDA G fence line
location, where the Pb-210 dose increases from 0.11 to 0.14 mrem/yr when the effects of radon
diffusion are taken into account. Overall, the effects of radon diffusion will increase the peak mean
exposures for the receptors by approximately 10 percent to 0.0041 and 0.32 mrem/yr for the LANL
boundary and MDA G fence line locations, respectively.

Table 10 summarizes exposures resulting from the diffusive release of tritium and C-14 gas, neither of
which are accounted for in the probabilistic exposure projections discussed above. This table also lists
the times of the projected peak exposures relative to facility closure. A negative value indicates that a
projected exposure occurs while the facility is still active. The peak mean doses projected for tritium at
the LANL boundary range from 4.8 x 10® to 0.35 mrem/yr for releases from the eight waste disposal
regions. Taking into account the times at which the exposures for the different disposal regions occur, a
peak mean tritium dose of about 0.35 mrem/yr is estimated for the receptor at the LANL boundary.
Peak exposures resulting from the inhalation of tritium at the MDA G fence line are smaller than those
projected for the receptor at the LANL boundary. This is because the fence line receptor does not arrive
until the end of the 100-year active institutional control period, after much of the tritium has decayed or
diffused from the disposal facility. The peak mean exposures projected for C-14 (as CO; and CH,) at
the LANL boundary and MDA G fence line are less than 1.0 x 10 mrem/yr for all disposal regions.
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Figure 14a. LANL boundary exposure location
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e 9

Pealdn Doses from P¥or Atmospheric

Scenario,with Bdon Diffusion Hects (composite analysis)

Peak Mean Dose from Pb-210 (mrem/yr)

Waste Disposal Region LANL Boundary MDA G Fence Line
1 1.1E-03 9.4E-02
2 3.8E-05 6.5E-05
3 4.5E-06 7.8E-06
4 7.96-06 1.4E-05
5 2.2E-06 3.86-06
6 5.1E-04 4.3E-02
7 4.0E-05 6.9E-05
8 9.8E-05 1.1E-04
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Waste
Disposal
Region by
Exposure
Location

Tritium

Methane

Carbon Dioxide

Projected Dose (mrem/yr)

Mean

Percentile

S5th

95th

Time of
Peak
Exposure
(yr post-
closure) 2

Projected Dose (mrem/yr)

Mean

Percentile

Sth

95th

Time of
Peak
Exposure
(yr post-
closure) 2

Projected Dose (mrem/yr)

Percentile

5th 95th

Time of
Peak
Exposure

(yr post
closure)

LANL Boundary

1

8.6E-04

4.6E-05

2.7E-03

60

3.6E-11

4.4E-12

9.7E-11

-84

4.7E-12 | 9.9E-11

64

4.8E-08

3.8E-10

1.6E-07

-56

9.4E-04

3.8E-05

31E-03

-40

1.6E-13

2.5E-14

4.0E-13

44

2.4E-14 | 4.0E-13

44

34E-04

3.3E-05

9.4E-04

40

1.0E-08

1.3E-09

2.9E-08

-40

1.2E-09 | 2.8E-08

-40

1.2E-04

1.1E-05

31E-04

-36

1.8E-07

2.1E-08

5.2E-07

40

2.1E-08 | 5.1E-07

40

6.7E-04

6.9E-05

1.9E-03

48

3.8E-09

4.5E-10

1.0E-08

48

4.6E-10 | 1.1E-08

48

2
3
4
5
6
7

3.5E-01

1.3E-02

1.1E+00

-36

8.4E-07

1.0E-07

2.3E-06

-40

9.1E-08 | 2.2E-06

8

1.1E-01

9.4E-03

3.1E-01

0

3.8E-06

4.9e-07

1.0E-05

0

4.7E-07 | 1.0E-05

MDA G Fence Line

1

54E-08

2.3E-08

9.9E-08

100

6.2E-12

3.2E-13

2.3E-11

3.1E-13 | 2.5E-11

7.7E-11

3.1E-11

1.5E-10

100

24E-06

1.0E-06

4.4E-06

100

3.6E-13

2.6E-14

1.3E-12

2.9E-14 | 1.3E-12

7.6E-07

3.5E-07

1.3E-06

100

2.4E-08

1.5E-09

9.0E-08

1.6E-09 | 9.1E-08

2.8E-07

1.5E-07

4.3E-07

100

4.3E-07

2.6E-08

1.6E-06

2.7E-08 | 1.6E-06

8.7E-08

3.7E-08

1.6E-07

100

7.7E-10

4.1E-11

2.8E-08

4.0E-11 | 2.9E-09

1.1E-03

5.2E-04

1.8E-03

100

2.0E-06

1.2E-07

6.6E-06

1.1E-07 | 6.6E-06

5.7E-04

2.6E-04

9.3E-04

100

2.1E-06

1.6E-07

7.1E-06

1.6E-07 | 7.0E-06

—= No inventory was projected to occur in waste disposal region 2; therefore no exposures were projected.

s Negative values indicate the number of years prior to facility closure that the peak exposure was projected to occur.




Kr-85 is projected to diffuse quickly from the disposal facility shortly after placement of the
waste. Peak mean exposures at the LANL boundary range from 1.4 x 10® to 5.2 x 10° mrem/yr
for releases from the various waste disposal regions. No exposures are projected to occur at the
MDA G fence line location.

The peak exposures projected for diffusive and nondiffusive radionuclides at the LANL boundary
exposure location occur at different times; the peak mean exposure due to the inhalation of vapor-
phase tritium occurs during the operational period of the disposal facility, while the peak dose from
the other radionuclides occurs at the end of the 1,000-year compliance period. Both of these
exposures are a small fraction of the 10 mrem/yr performance objective that applies to all airborne
releases from the Laboratory. The exposures estimated for vapor- and gas-phase radionuclides at the
MDA G fence line are significantly smaller than those projected to occur at the end of the
compliance period; these exposures are also small fractions of the performance objective.

The radon fluxes projected for the eight waste disposal regions are summarized in Table 11
Estimates of the peak radon air concentrations at the MDA G fence line are included in the table;
these estimates are based on the peak mean fluxes. The peak mean fluxes range from about
0.1 pCi/m?/s for disposal region 5 to 200 pCi/m%/s for region 6. Fluxes for all disposal regions
except region 6 are less than the flux objective of 20 pCi/m%/s. While the peak mean flux
projected for disposal region 6 exceeds the flux objective, the air concentration projected to
occur at the boundary of MDA G is less than the 0.5 pCi/LL performance objective. The peak
mean fluxes listed in the table yield a site-wide peak mean flux of 6.3 pCi/m?/s; this peak occurs
at the end of the 1,000-year compliance period.

dke 1
Projected Rdon Fluss and Air Ghcentrations
for the iZht Ate Disposal Bzions (composite analysis)

Peak Mean Projections
Waste Projected Radon Flux (pCi/m?/s) Fence Line Concentration
Disposal Corresponding to Peak Mean
Region Mean 5th Percentile | 95th Percentile Flux (pCilL)
1 1.5E+01 2.3E+00 3.9E+01 1.9E-01
2 1.4E+01 2.0E+00 3.8E+01 3.0E-02
3 1.9E-01 2.5E-02 5.5E-01 8.8E-04
4 2.7E01 4.3E-02 6.9E-01 1.3E-03
5 9.6E-02 1.5E-02 2.7E-01 4.5E-04
6 2.0E+02 3.0E+01 5.2E+02 6.2E-02
7 1.6E+01 1.9E+00 4.6E+01 7.9E03
8 6.6E+00 8.9E-01 1.8E+01 3.1E-02
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323  All Pathways ~ Canyon Scenario

The deterministic composite analysis doses projected for the Cafiada del Buey and Pajarito
Canyon receptors over a 50,000-year period are shown in Figure 16. The doses projected for the
nine exposure locations behave similarly, reaching maxima at the end of the simulation period.
Peak annual doses range from 0.068 to 13 mrem among the nine receptor locations. Pb-210,
Pu-239, and Ra-226 account for most of the projected exposures; most of the projected peak
doses result from the ingestion of contaminated crops and direct radiation from contaminated
soils.

The deterministic results shown in Figure 16 do not account for the effects of vapor- and gas-
phase radionuclides diffusing from the site. Exposures to vapor-phase tritium, C-14 gas, and
Kr-85 occur early in the simulation period and are addressed probabilistically in conjunction
with the Atmospheric Scenario. The information presented below suggests the doses projected
for the canyon receptors may increase moderately when the effects of radon diffusion on soil
Pb-210 concentrations are taken into account.

The probabilistic doses for the canyon scenario are summarized in Table 12. These results do not
include the effects of radon diffusion on Pb-210 concentrations in surface soils at MDA G. The
projected doses for catchments PCS and PC6 are shown in Figure 17; these catchments yielded
the highest peak mean doses among the nine canyon locations. Mean doses at these two locations
display an intermediate peak about 200 years after facility closure and then rise for the remainder
of the simulation period. More than 80 percent of the peak mean doses result from exposures to
Pb-210 and Ra-226. A total of 12 to 15 percent of the projected exposures come from Pu-239
and Am-241. Changes in radionuclide contributions to the projected exposures over time are
shown in Figure 18 for catchment PCS5. The ingestion of vegetables grown in, and direct
radiation from, contaminated soils account for about 85 percent of the peak mean dose projected
for this catchment.

The exposures projected for Pb-210 using the site diffusion model are summarized in Table 13
for catchments PC5 and PC6. Summing the peak mean doses for the contributions from the.eight
waste disposal regions yields total exposures due to Pb-210 of 8.2 and 7.1 mrem/yr, respectively.
These doses are approximately 2 times greater than the peak mean doses projected when the
effects of radon diffusion were not taken into account. Overall, then, the peak dose in catchment
PC5 is approximately 14 mrem/yr, while the corresponding dose for the resident in catchment
PC6 is about 13 mrem/yr. The peak mean exposures projected for these and the other canyon
residents are less than the 100 mrem/yr primary dose limit and the 30 mrem/yr dose constraint.
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Deterministic Dose Projections for the
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dle 2

ProbHistic Dose Projections for the All Pathw ays — fihyon Scenario (composite analysis)

Projected Dose (mrem/yr)

Time of Peak Exposure

Catchment Mean 5th Percentile | 95th Percentile (yr postclosure)
CdB1 3.3E+00 1.9€-02 3.0E+00 190
CdB2 5.5E+00 2.0E-01 2.3E+01 1,000
PCO 2.1E-01 3.3E-04 1.9E-01 190
PC1 7.0E-01 1.1E-02 2.4E400 1,000
PC2 3.4E+00 1.2E-02 2.6E+00 190
PC3 2.1E+00 8.5E-03 1.6E+00 190
PC4 3.1E+00 1.2E-02 1.9E+00 190
PC5 9.3E+00 2.4E-01 3.1E+01 1,000
PCé 8.9E+00 2.1E-01 3.0E+01 1,000
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Figure 17a. Within catchment PC5
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Figure 17b. Within catchment PC6
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Probabilistic Dose Projections for the

All Pathways—Pajarito Canyon Scenario
(composite analysis)
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Mean Radionuclide Exposures for the All
Pathways—Pajarito Canyon Scenario within
Catchment PCS5 (composite analysis)
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e 3
PealdMn Doses from P¥or All Pa thways — fihyon Scenario,with
Rion Diffusion Hects (composite analysis)

Peak Mean Dose from Pb-210 (mremlyr)
Waste Disposal Region Catchment PC5 Catchment PC6
1 5.3E+00 5.7E+00
2 9.8E-01 4.2E-01
3 1.4E-01 8.1E-02
4 8.6E-02 4.4E-02
5 1.6E-02 7.0E-03
6 3.9E-02 2.4E-02
7 1.2E+00 6.5E-01
8 4.2E-01 = 1.7E-01

324  Alternate Source Evaluation

Several sources of contamination at the Laboratory were identified for consideration in the
alternate source analysis. These sources include MDAs A, AB, B, C, H, J, L, and T; Caiiada del
Buey; and Pajarito Canyon. The MDAs were included either because they were used to dispose
of potentially large quantities of radioactive waste, are highly contaminated, or are located near
MDA G. All of these facilities are located on mesas. The two canyons were included in the
alternate source evaluation because they are adjacent to MDA G and have received discharges of
waste in the past or are otherwise contaminated.

Brief descriptions of the alternate sources of contamination are provided in Section 3.2.4.1; the
summaries draw on information presented in the 1997 performance assessment and composite
analysis (Hollis et al., 1997) and additional sources where appropriate. The potential for
interaction between these sources and releases from MDA G is discussed in Section 3.2.4.2.

3.24.1 Alternate Source Descriptions

Material Disposal Area A. This disposal area is located at TA-21, approximately 6.7 km (4.2 mi)
north-northwest of MDA G, and occupies 5,060 m* (1.25 ac). Pits were excavated to a depth of
about 4 m (13 ft) at the east end of the facility in late 1944 or early 1945 and used to dispose of
solid waste with alpha contamination and small amounts of beta and gamma contamination.
Approximately 1,020 m® (3.6 x 10* ft®) of waste was disposed of in the pits. Incomplete
information in Rogers (1977) indicates the principal alpha contamination was an unnamed long-
lived radionuclide or short-lived polonium, with possible trace amounts of Pu-239.
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Two underground tanks were built in 1945 and used to store approximately 185 m® (4.9 x 10* gal)
of a sodium hydroxide solution containing 334 g (0.74 Ib) of Pu-239 (approximately 21 Ci) at the
time of emplacement in or about 1947 (LANL, 1971a). The liquid from these tanks was recovered,
treated, and solidified in cement in 1975. The contaminated cement was buried at MDA A for
several years, but was retrieved in the late 1980s and moved to pit 29 at MDA G. In 1969, a 9 m
(30 ft) deep pit was excavated at MDA A for the disposal of U-235, Pu-238, and Pu-239
contaminated building debris from demolition work at TA-21. Estimates of the inventories in this
pit are unavailable; however, the activities of these radionuclides are expected to be significantly
smaller than the corresponding activities at MDA G.

Material Disposal Area AB. Material Disposal Area AB is located at TA-49, which is about 5 km
(3 mi) west-southwest of MDA G. It was used for belowground hydronuclear experiments in
1960 and 1961. Experiments were conducted in shafts and chambers at depths between 18 and
24 m (60 and 80 ft). The total volume of contaminated tuff has been estimated at about
3x 10*m? (1 x 10° ) (LANL, 1995). The radiological inventory has been estimated as 0.2 Ci
of U-235 and 2,450 Ci of Pu-239.

Material Disposal Area B. Like MDA A, this disposal area is located at TA-21. It occupies
approximately 2.4 x10° m? (6.0 ac), and was probably the first common solid waste burial
ground for the Laboratory (Rogers, 1977). Engineering drawings show that a single large pit
comprises MDA B, but there is evidence that a series of pits was excavated. Solid waste was
disposed of at MDA B between 1947 and 1950. The radiological inventory includes “plutonium,
polonium, uranium, americium, curium, Ral.a [radioactive lanthanum], (and) actinium” (LANL,
1952). The entire pit area was estimated to contain less than 100 g (0.22 1b) of Pu-239 (LANL,
1971b). The disposal capacity of the pits is estimated to be about 2.1 x 10* m* (7.6 x 10° f©®).

In 1984, MDA B was resurfaced with a variety of cover systems during a pilot study conducted
in support of the National Low Level Waste Management Program and the EPA’s Land
Pollution Control Division, Contaminant Branch. Its present state incorporates several variations
of a nominal 1 m (3.3 ft) thick crushed-tuff cover, which is placed over the original crushed-tuff
cover. Variations include cobble and gravel biobarriers between the old and new covers, as well
as shrub, grass, and gravel-mulch surface treatments. The total cover thickness at MDA B is
nominally 2 m (6.6 ft).

Material Disposal Area C. Located at TA-50 on a mesa about 6.7 km (4 mi) northwest of
MDA G, MDA C occupies about 4.9 x 10* m? (12 ac). Radioactive and hazardous waste was
disposed of in 6 pits and 107 shafts at MDA C between 1948 and 1965. The average depth of the
MDA C disposal pits was 6 m (20 ft), while the average depth of the shafts was about 5 m
(16 ft). The pits were filled between 1948 and 1959, and the shafts were filled between 1958 and
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1965. Log books were used to record general information about the waste disposals after 1954;
records prior to 1954 are incomplete (Rogers, 1977).

Estimates of the total radiological inventory at MDA C are 196 Ci in pits and 5 x 10* Ci in
shafts. Rogers (1977) provides preliminary estimates of radionuclide-specific inventories decay-
corrected to January 1, 1973. The pits contain 25 Ci of uranium (including U-234, U-235, U-236,
and U-238), 26 Ci of Pu-239, and 149 Ci of Am-241. The shafts are estimated to contain
4.9 x 10* Ci of H-3, 40 Ci of Na-22, 20 Ci of Co-60, 31 Ci of Sr-90/Y-90, 1 Ci of Ra-226, 5 Ci
of U-233, less than 0.1 Ci of uranium (including U-234, U-235, U-236, and U-238), 50 Ci of
fission products, and 200 Ci of induced activity.

Material Disposal Area H. This MDA is located at TA-54, approximately 2 km (1.2 mi)
northwest of MDA G; the site is approximately 1,300 m? (0.3 ac) and contains nine inactive
shafts. The facility served as the Laboratory’s primary disposal area for solid classified waste
from 1960 to 1986. The waste in all but one shaft is covered with 0.9 m (3 ft) of concrete placed
over 0.9 m (3 ft) of crushed tuff; the waste in the remaining shaft is covered with 1.8 m (6 ft) of
concrete. The majority of the waste disposed of at MDA H was nonhazardous classified waste;
some of the material was contaminated with radionuclides at the time of disposal. Estimates of
the radiological inventory are reported in LANL (2003a) and include 3.5 to 106 Ci of H-3, as
much as 284.5 Ci of uranium (best estimate is 94.2 Ci), and a maximum of 0.014 Ci of
plutonium.

Material Disposal Area J. This site is located west of MDA G at TA-54, between MDAs H
and L. The 1.1 x 10* m? (2.7 ac) facility was used for the disposal of administratively controlled
waste, for surface storage of nonfriable asbestos, and for land-farming (aeration) of petroleum-
contaminated soils (LANL, 1999). The administratively controlled waste includes classified
items such as safes with secured locks, objects with classified shapes, scrap equipment, treated
sand from barium sand treatment operations at MDA L, and empty containers; equipment,
asbestos, and residual amounts of hazardous waste were also discarded during early operations.
Waste was disposed of in six pits and four shafts starting in 1961; the facility underwent final
closure in 2002. No radioactive waste was disposed of at MDA J (LANL, 2002a).

Material Disposal Area L. Located immediately west of MDA G at TA-54, this 1.0 x 10* m?
(2.5 ac) site was used as a disposal site for Laboratory-generated hazardous (nonradioactive)
wastes until 1985. It is presently used for hazardous waste storage and treatment permitted under
the Resource Conservation and Recovery Act (RCRA), and for mixed waste storage under
interim status authority. Waste was disposed of in 1 pit, 3 surface impoundments, and 34 shafts;
all of these units were used for the disposal of uncontained or packaged liquid wastes. Waste was
placed in the pit to within 0.9 m (3 ft) of the ground surface and covered with crushed tuff; the
3 surface impoundments have also been covered with crushed tuff. The filled shafts were
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covered with 0.9 m (3 ft) of concrete. No radioactive contaminants are included in the disposal
records for MDA L (LANL, 2005a).

Material Disposal Area T. This facility is located at TA-21, along with MDAs A and B. Material
Disposal Area T includes four 1.2 m (3.9 ft) deep absorption beds where radioactive liquid waste
from the plutonium processing laboratories at TA-21 was disposed of between 1945 and 1952. In
1952, a liquid-waste treatment plant was installed to remove plutonium and other radionuclides.
Thereafter, the absorption beds received relatively small quantities of LLW, until 1967, when a
new liquid-waste treatment process was initiated. Between 1968 and 1975, treated liquid waste
was mixed with cement and pumped into 4.6 to 19.8 m (15 to 65 ft) deep shafts at MDA T for
disposal. After 1975, the cement paste was poured into corrugated metal pipes, and retrievably
buried at MDA T. There were 62 shafts at MDA T used for the permanent disposal of cement-
treated liquid waste.

Approximately 6.9 x 10° m® (1.8 x 107 gal) of liquid waste was disposed of in the MDA T
absorption beds between 1945 and 1967. The absorption beds contained 4 Ci of H-3 and 10 Ci of
Pu-239 as of January 1973 (Rogers, 1977); the disposal shafts contained 7 Ci of U-233, 47 Ci of
Pu-238, 191 Ci of Pu-239, 3,761 Ci of Am-241, and 3 Ci of mixed fission products. The total
volume of cement paste permanently disposed of in shafts at MDA T was 3,500 m’

(1.2 x 10° f).

Cafiada del Buey. This canyon has been used as a buffer zone for MDAs at TA-54, including
MDA G, and, to a lesser extent for liquid waste disposal. The earliest discharges to the canyon
were associated with outfalls, surface runoff, and dispersion from firing sites located at former
TA-4, a site that is now located partially within the boundaries of TA-52 (LANL, 1999).
Additional discharges began with the expansion of Laboratory operations to new sites from the
1950s through the 1990s, specifically at TA-46, TA-51, TA-52, and TA-54. The following
information about discharges to the canyon is taken from the RCRA facility investigation (RFI)
work plan that has been prepared for Cafiada del Buey (LANL, 1999).

The majority of the potential release sites (PRSs) at TA-46 that are located within the Cafiada del
Buey watershed were recommended for RCRA Phase I investigations; radioactive contaminants
such as Am-241, Cs-137, Pu-238, Pu-239/240, U-234, U-235, U-238, and Th-230 may occur at
these sites. Soil samples collected below the outfalls and drainages associated with some of these
~ PRSs have found elevated levels of many of these contaminants. “No further action” was
recommended for four of the five PRSs at TA-51, and the fifth PRS underwent a Phase I
investigation to confirm the absence of a release associated with a septic system. Potential
release sites located within the Cafiada del Buey watershed at TA-52 have been recommended
for no further action. One of the three PRSs at the former TA-4 has been recommended for no
further action and the other two have undergone RCRA Phase I investigations. Surface and
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subsurface soil samples collected in 1995 at these sites had concentrations of Pu-238 and Pu-239
that were above background.

A number of PRSs are associated with TA-54. Three at TA-54 West are septic systems that do
not appear to have received radioactive contamination; three others were recommended for no
further action. A total of 24 PRSs associated with MDA G contain various groups of pits and
shafts. In association with an RFI analysis of sediment channel pathways from MDAs G, H, J,
and L, 47 sediment samples were collected from six drainage channels that enter Cafiada del
Buey (LANL, 1996). The associated report concluded that unacceptable risk from radionuclides
is unlikely and recommended no further evaluation or remediation of drainage channels adjacent
to MDA G. Other assessments conducted at the drainage channels that lead from MDAs J and L
to Cafiada del Buey reached similar conclusions. Potential releases from MDA H were not
evaluated because this site is associated with the Pajarito Canyon watershed.

Routine sampling of canyon sediments at the Laboratory includes several locations near MDA G
in Cafiada del Buey and Pajarito Canyon. Between 2001 and 2003, Pu-238 and Pu-239/240 were
detected at levels greater than background within Cafiada del Buey at the east end of MDA G
(LANL, 2002b, 2004a, and 2004b).

Pajarito Canyon. The primary use of Pajarito Canyon has been as the location of the Los Alamos
Critical Experiments Facility at TA-18; areas within this watershed have also been used for
surface and subsurface disposal areas and as a buffer zone for mesa-top firing activities (LANL,
1998). The canyon has been used for liquid waste disposal since the Laboratory began operation
in 1943. Early discharges to the canyon were associated with outfalls, surface runoff, and
dispersion from firing sites. Additional discharges began with the expansion of Laboratory
operations to new sites from the 1950s through the 1970s, specifically at TA-3, TA-36, TA-40,
TA-48, and TA-59. Discharges to the canyon have decreased as firing sites in the watershed have
become inactive; many of the outfalls have also become inactive or have been rerouted. The
information about discharges to the canyon that follows is taken from the RFI work plan
prepared for Pajarito Canyon (LANL, 1998).

Several PRSs exist along the length of Pajarito Canyon that falls within Laboratory lands; some
investigations into these sites have been undertaken and contaminants of potential concern have
included plutonium, thorium, and uranium. Routine sampling of sediments within the canyon has
occurred at several locations on Laboratory lands. Six of these locations correspond to ephemeral
tributary channels from MDA G, at the foot of Mesita del Buey. Sampling results for 1982
through 1996 indicate average concentrations of Pu-238 and Pu-239/240 that are 2.5 and
2.8 times background levels (0.06 to 0.068 pCi/g). These results were considered to be indicative
of residual contamination from the mesa as opposed to releases from the pits and shafts.
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Supplemental surveillance data were collected in 1993, 1994, and 1995 and incorporated into an
RFI for the channel sediment pathway in Cafiada del Buey and Pajarito Canyon (LANL, 1996).
Sediment samples were collected from several drainage channels associated with MDA G,
including depositional areas on the canyon floor. The results indicated that several radionuclides
were present at levels in excess of background including Am-241, Cs-137, Co-60, H-3,
Pu-239/240, Po-210, Sr-90/Y-90, Tc-99, and U-235. Contaminant concentrations were less than
soil screening values and it was concluded that unacceptable risks from radionuclides in canyon
sediments were unlikely. Sediment samples collected from a drainage channel entering the
canyon from MDA H were also considered in the sediment pathway RFI (LANL, 1996). No
radionuclides were present at levels greater than background. Sediments eroded from MDAs L
and J are transported into Cafiada del Buey.

More recent sediment sampling at the locations along the south side of MDA G indicates
concentrations of some radionuclides in excess of background or fallout levels. For example,
surveillance data for 2001 (LANL, 2002b) indicated concentrations of Am-241, Pu-238,
Pu-239/240 that were 6 to 150 times background levels; tritium was also detected in significant
quantities. Also, in 2002 and 2003, Am-241, Pu-238, and Pu-239/240 were found at
concentrations greater than background in the vicinity of MDA G (LANL, 2004a and 2004b).

Other canyons. In addition to Cafiada del Buey and Pajarito Canyon, other canyons have been
contaminated as a result of Laboratory operations. These include Pueblo and Los Alamos Canyons,
which have received liquid effluent discharges from nuclear materials processing, and Mortandad
Canyon, which has been contaminated in conjunction with liquid waste treatment activities. In
general, the probability that contaminants discharged to canyons other than Cafiada del Buey and
Pajarito Canyon will interact with releases from MDA G is small. However, groundwater transport
modeling has indicated that, under some water supply well pumping scenarios, small portions of
discharges to Mortandad Canyon that reach the regional aquifer could migrate towards MDA G and
possibly interact with groundwater releases from the disposal facility (Birdsell, 2005).

3.24.2 Alternate Source Interactions
The potential for significant interactions between alternate sources of radioactive contamination
at the Laboratory and releases from MDA G were evaluated using three criteria:

The magnitude of radionuclide inventories

The potential for contaminant releases and the magnitude of any such releases

The potential for the transport of significant quantities of contamination to the
exposure locations included in the MDA G composite analysis during the 1,000-year

compliance period
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If radionuclide inventories or contaminant release rates for the alternate sources are small
compared to those projected for MDA G there is little likelihood that significant interactions will
occur. The risk posed by alternate sources to the receptors included in the composite analysis
will also be small if contaminants released from the other sources are not transported to the
exposure locations associated with MDA G or undergo significant dilution before reaching these
locations.

Table 14 summarizes the radiological inventory estimates provided for the MDAs discussed
above. Included in the table are the corresponding radionuclide inventories projected for the
MDA G composite analysis. Generally speaking, the MDA G inventories are substantially
greater than the inventories listed for the other MDAs. Exceptions include the Am-241 inventory
estimate for MDA T, the Pu-239 inventory for MDA AB, and the worst-case estimate of the
uranium inventory at MDA H. These inventories are approximately 60, 20, and 30 percent
greater than the corresponding MDA G activities, respectively. On the basis of this comparison,
all disposal areas except MDAs AB, H, and T were excluded from further consideration in the
alternate source zinalysis.

The primary release mechanisms for radionuclides disposed of at MDAs AB, H, and T are
similar to those evaluated for MDA G. Plants whose roots penetrate into the buried waste or zone
of contamination may deposit radionuclides on the surface of the facility following litterfall and
decay. Similarly, animals whose burrows extend into the contamination may transport
contamination to the ground surface. Water infiltrating through the disposal areas may leach
radionuclides and transport them to the regional aquifer. Finally, vapor- and gas-phase
radionuclides may diffuse upward from the waste, exiting from the surface of the facility.

The potential for releases to occur as a result of biotic intrusion is primarily a function of the
depth of the cover over the waste or zone of contamination and the presence of barriers to root
and burrow penetration. Based on the information given above, the transport of contamination to
the surface of the facility by plants and animals cannot be ruled out for MDA T. If the units at
this facility were closed on an interim basis in a fashion similar to that observed at MDA G,
existing cover depths at MDA T are expected to be about 2 m (6.6 ft) or less. This is less than the
rooting and burrowing depths considered in the biotic intrusion modeling conducted for MDA G.
However, the majority of the waste (on an activity basis) disposed of at MDA T exists as a
cement paste which could minimize plant and animal interactions with the material.

Biotic intrusion is not generally expected to provide a viable release mechanism for the
contamination at MDA AB and the waste disposed of at MDA H. The zone of contamination at
the former site is 18 to 24 m (60 to 80 ft) bgs, well below the maximum plant rooting and animal
burrowing depths identified for the MDA G composite analysis. The disposal shafts at MDA H
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e 2

Summary of Rlionuclide h  entories at the BiAs

hcluded in the Alternate Source Hluation

Radionuclide

Material Disposal Area 2

Gb

AB

Cb

H

Th

Am-241

24E+03

1.5E+02

3.8E+03

Co-60

2.0E+04

2.0E+01

H-3

3.7E+06

4.9E+04

3.5E+00 -
1.1E+02

4.0E+00

MAP

2.7E+04

2.0E+02

MFP

2.2E+04

5.0E+01

3.0E+00

Na-22

NA

4.0E+01

Pu

1.6E+04 ¢

Pu-238

5.2E+03

2.6E+01

4.7E+01

Pu-239

2.1E+03

2.5E+03

2.0E+02

Ra-226

7.6E+00

1.0E+00

Sr-90/Y-90

3.5E+03°

3.1E+01

U

2.1E+02!

2.5E+01

2.8E+029

U-233

1.2E+01

5.0E+00

7.0E+00

U-235

3.7E+00

-— None reported

MAP = Mixed-activation products

MFP = Mixed-fission products

NA = Radionuclide was excluded from the composite analysis inventory because of its short half-life.

a No radioactive waste inventories are expected to reside in MDAs J and L.

b Includes pit and shaft waste inventories.

¢ Includes total activity of all plutonium isotopes.

4 Waste was pumped from the tanks in which it was stored and buried at MDA A for several years before being moved to MDA G.
e Listed activity includes the MFP waste activity assigned to Sr-90.

! Includes total activity of all uranium isotopes.

¢ Best estimate of the uranium inventory is 94 Ci.
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have been covered with a total of 1.8 m (6.6 ft) of cover material, including 0.9 to 1.8 m (3 to
6 ft) of concrete. The presence of the concrete is expected to largely exclude plants and animals
from the waste, although some intrusion into the waste cannot be ruled out. The Corrective
Measures Study for MDA H (LANL, 2003a) recommended a closure alternative that includes
placement of an engineered cover over the concrete/tuff caps, further reducing the likelihood of
significant intrusion into the waste in the future.

The potential for releases of radionuclides due to leaching at MDAs AB, H, and T may or may
not resemble that projected for MDA G. Wet conditions have existed at MDA AB in the past
because portions of the site were paved with asphalt; the elevated asphalt pad inhibited
evapotranspiration and caused surface water to accumulate because of damming. Monitoring at
MDA AB in areas affected by the asphalt pad revealed elevated moisture to depths of about 18 m
(60 ft) bgs (Birdsell et al., 2005). However, the pad at MDA AB has been removed and moisture
contents are projected to return to background levels over several years. Elevated moisture
contents may persist for some time at depths of 12 to 18 m (40 to 60 ft) bgs, but it is unclear
whether this additional moisture will result in more rapid leaching of the contamination found at
depths of 18 to 24 m (60 to 80 ft) bgs.

While the hydrologic conditions at MDAs G and H are expected to be similar, the conditions at
MDAs G and T are not. First of all, MDA T receives higher annual average precipitation.
Furthermore, rates of water infiltration through the absorption beds at MDA T were considerably
higher than background or natural rates during the 22 years that liquid waste was disposed of at
this facility. As discussed earlier, however, the Am-241 that has been identified as the critical
radionuclide at this facility was disposed of in shafts, which did not receive liquid waste. Birdsell
et al. (2005) note that data collected beneath the absorption beds show evidence of fracture flow,
while data collected from boreholes adjacent to the beds do not. These results suggest the effects
of liquid discharges may have been reasonably contained within the absorption beds.

Although the potential for vapor-and gas-phase radionuclides to diffuse from the waste disposed
of at the alternate MDAs s exists, the magnitude of any such release is expected to be small. None
of the critical radionuclides at MDAs AB, H, or T (Table 14) exist as a vapor or gas. While radon
gas may be generated from the uranium disposed of at MDA H, the amount of radon that will be
generated over the 1,000-year compliance period will be small because the majority of the
uranium inventory is U-238. Therefore, any diffusive releases from these facilities will be small
compared to those from MDA G.

Releases from the alternate source MDAs must be transported to locations downwind and
downgradient of MDA G in order to significantly contribute to the exposures estimated in
Sections 3.2.1 and 3.2.2. Atmospheric transport modeling by Jacobson (2005) projected
particulate air concentrations at locations downwind of MDA G for releases from MDAs A, AB,
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B, C, and T. Model simulations were conducted using meteorological data for 2001 and a land
use type of rangeland across the model domain. A complete description of the modeling effort is
available in Jacobson (2005).

The results of the atmospheric transport modeling are summarized in Table 15. This table
compares the projected air dispersion factors for unit releases from MDA G and other MDA at
receptor locations in the vicinity of MDA G. Results for MDAs A, B, and T are grouped because
these sites are proximal to one another and were represented as a single release location.
Examination of these results reveals that the air dispersion factors for the alternate source MDAs
are less than 1 percent of those estimated for releases from MDA G. In other words, for a given
release rate, concentrations of airborne contaminants originating at MDAs A, AB, B, C, and T
will be less than 1 percent of those resulting from the same releases at MDA G.

e $
Gimparison of Air Dispersion Factors for
Heases from ¥rious Merial Disposal Areas

UTM Grid Coordinates (m) of
Exposure Location Air Dispersion Factor by Release Location (s/m3)
Source Area 1
Easting Northing MDA G MDAs AB,T MDAC MDA AB
388567 3965965 8.9E-06 6.7E-08 6.0E-08 5.1E-08
388586 3965960 9.3E-06 6.7E-08 5.9E-08 5.0E-08
388606 3965955 9.7E-06 6.6E-08 5.9E-08 5.0E-08
388625 3965950 9.6E-06 6.6E-08 5.8E-08 5.0E-08
388644 3965945 9.9E-06 6.5E-08 5.8E-08 4.9E-08
388664 3965940 9.5E-06 6.4E-08 5.7E-08 4.96-08
388683 3965935 9.6E-06 6.4E-08 5.7E-08 4.9€-08
388703 3965931 9.4E-06 6.3E-08 5.7E-08 4.8E-08
388722 3965926 9.4E-06 - 6.3E-08 5.6E-08 . 4.8E08
388741 3965921 9.1E-06 6.2E-08 5.6E-08 4.7E-08

Atmospheric transport modeling of the alternate source MDAs did not consider the dispersion
characteristics of particulate releases from MDA H or the characteristics of vapor- and gas-phase
releases from any of the MDAs. For a given release, downwind concentrations of particulates
originating at MDA H should be approximately similar to those estimated for releases from
MDA G. The relative dispersion characteristics of vapor- and gas-phase releases from the various
MDAs are generally expected to resemble those shown in Table 15 for particulate releases. -
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Modeling of the transport of groundwater contaminants from the alternate source MDAs to
locations downgradient of MDA G was not conducted. However, various lines of evidence were
used to estimate the potential for interactions between contaminant plumes from these facilities
and releases from MDA G during the compliance period, as discussed below.

Interactions between groundwater contaminant plumes originating at MDAs AB, H, and T and
releases from MDA G may occur during the compliance period if two conditions are satisfied.
First, radionuclides released from the MDAs must discharge to the regional aquifer within 1,000
years of the closure of MDA G. Second, the groundwater flowpaths in the aquifer beneath the
alternate source MDAs must intersect with contaminant plumes from MDA G.

The groundwater flow and transport modeling conducted in support of the performance
assessment and composite analysis (Stauffer et al., 2005) projected groundwater travel times to a
domestic well 100 m (330 ft) downgradient of MDA G ranging from about 1,000 years to more
than 10,000 years, depending upon the infiltration rate and location of the disposal units where
the release occurs. Consistent with these results, the probabilistic modeling conducted using the
MDA G Site Model projected that only C-14 will arrive at the compliance well within the 1,000-
year compliance period, and then only in very small concentrations.

The groundwater travel times (to the compliance well) estimated by Stauffer et al. (2005) are
determined by the rate at which water passes through the Bandelier Tuff; travel times through the
Cerros del Rio basalts and the regional aquifer are relatively rapid and do not add significantly to
the overall travel time. Stratigraphic comparisons across the Laboratory indicate that the
thickness of the Bandelier Tuff generally increases from east to west; Figure 19 illustrates this
trend. This suggests that groundwater travel times at MDAs AB and T may be greater than those
estimated for MDA G. Given the proximity of MDAs G and H, relatively little difference in
travel time is expected for groundwater contamination from these facilities.

The comparison of relative travel times to the aquifer, based on stratigraphy, is expected to be
valid if the hydrologic conditions, most notably rates of infiltration through the disposal units,
are similar at the various facilities. Rates of infiltration at MDA H are generally expected to be
the same as those at MDA G. As discussed earlier, this may not be the case with respect to
MDAs AB and T. However, although wet conditions have prevailed at MDA AB in the past, it is
not clear that the additional moisture observed at depths of 12 to 18 m (40 to 60 ft) bgs will yield
faster rates of contaminant travel to the regional aquifer now that the pads have been removed. In
terms of MDA T, the effects of liquid discharges to the absorption beds do not appear to have
affected the disposal shafts that received the large quantities of Am-241.

Radiological Dose Assessment for LANL TA-54, Material Disposal Area G 7 8
12-06




Bandelier Tuff

Cerros del Rio basalts

Puye Formation, river gravels, and
late Miocene volcaniclastic sediments

Tschicoma Formation

T
. w=——om Santa Fe Group sediments and
[
Jemez Mountains === | \erbedded Miocene basalts

Pajarito
Fault Zone

Kl‘

. MDA G Rio Grande
Top of aquifer

Figure 19
Generalized Stratigraphic Relationships of the Pajarito Plateau

Source: Adapted from Hollis et al., 1997 with
input from Stauffer, 2005 and Broxton, 2005
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Based on the preceding discussion, no significant releases of uranium from MDA H are expected
to discharge to the regional aquifer during the 1,000-year compliance period. Deterministic
modeling for MDA G suggests isotopes of uranium will require more than 90,000 years to reach
the aquifer beneath MDA G. Available data also seem to indicate that releases from MDAs AB
and T are unlikely to reach the aquifer during the composite analysis compliance period. If the
infiltration rates at MDAs AB and T are at all similar to those at MDA G, the critical
radionuclides at these sites will require 90,000 years or more to reach the regional aquifer.

Some, but not all, of any radionuclides discharged to the regional aquifer from MDAs AB, H,
and T may intersect with contaminant plumes from MDA G. Figure 20 indicates the general flow
paths of the regional aquifer beneath the Laboratory and the approximate locations of MDAs
AB, G, H, and T. Based on this figure, the aquifer flowpath beneath MDA AB appears to be
parallel to that below MDA G. While MDA T is generally upgradient of MDA G, it is not clear
from the figure that releases from these two facilities will overlap. MDA H lies on the same
aquifer flowpath as MDA G, and any contaminant discharges to the aquifer from MDA H are
expected to interact directly with releases from MDA G.

The information summarized in Section 3.2.4.1 suggests that MDA G is the primary source of
contamination in the portions of Cafiada del Buey and Pajarito Canyon that could affect the
receptors considered in the performance assessment and composite analysis. As discussed, it is
likely that radionuclides detected in the canyon sediments are related to residual contamination
rather than releases from the pits and shafts. The release of residual contamination to Cafiada del
Buey and Pajarito Canyon should decrease as the active portion of MDA G undergoes closure
and the final cover is applied across the facility. After closure, any contamination in the canyons
is expected to result primarily from releases from the disposal facility. Thus, no significant
interactions between canyon contamination from other sources at the Laboratory and MDA G are
anticipated. This conclusion may change if unforeseen releases to the canyons occur.

Some groundwater transport modeling has indicated that, under certain supply well pumping
scenarios, small amounts of contamination released to Mortandad Canyon could discharge to the
regional aquifer and intersect groundwater releases from MDA G (Birdsell, 2005). For such
interactions to occur, these pumping scenarios would need to persist for extended periods. Given
the uncertainty in the modeling results and assumptions about future pumping rates, this potential
interaction was not considered.
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Figure 20
Location of Alternate Contamination Sources and Generalized
Water-Level Contours on the Top of the Regional Aquifer
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In summary, the findings of the alternate source evaluation as follows:

Radionuclide inventories at most other MDAs are significantly smaller than the
corresponding inventories at MDA G. Possible exceptions include Am-241 at
MDA T, Pu-239 at MDA AB, and uranium at MDA H. On a radionuclide-specific
basis, this means that potential exposures resulting from releases at other MDAs will
generally be much smaller than the contaminant-specific exposures projected for
MDA G. Divergences between the exposures projected for the other MDAs and
MDA G will be even greater when cumulative exposures from all radionuclides are
considered because MDA G is the only source under consideration that has large
inventories of several radionuclides.

The likelihood of radionuclide releases due to biotic intrusion at MDAs AB and H is
expected to be smaller than that at MDA G; the impacts of biotic intrusion on the
waste disposed of in the shafts at MDA T may be similar to those at MDA G.
Elevated moisture contents that could result in increased leaching have been observed
at MDAs AB and T in the past, but it is not clear that these conditions will affect the
waste containing the critical radionuclides at these sites. Hydrologic conditions at
MDAs G and H are probably similar.

On a relative basis, airborne concentrations of contaminants released from MDAs AB
and T will be diluted by a factor of 100 or more at the exposure locations downwind
of MDA G. Contaminant releases from MDAs G and H are expected to disperse in a
similar manner.

Releases of critical radionuclides from MDAs AB, H, and T are generally expected to
discharge to the regional aquifer long after the 1,000-year compliance period. Any
contaminants discharged to the aquifer below MDA AB are not expected to intersect
contaminant plumes beneath MDA G.

The major source of contamination in the canyons adjacent to MDA G is expected to
be the disposal facility itself. Therefore, no significant interactions between alternate
sources and the disposal facility are anticipated.

Based on these findings, the potential for significant interaction between the releases from
MDA G and discharges from other facilities at the Laboratory is expected to be small. This
conclusion should be verified as further information about alternate sources of radioactivity at
the Laboratory becomes available.
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4.0 Intruder Dose Projections and Intruder-Based Waste Acceptance
Criteria

This section presents the doses projected for the inadvertent intruder scenarios and the WAC
developed on the basis of these exposures. Section 4.1 summarizes the projected exposures for
the different subsets of the performance assessment inventory and intruder scenarios. The
intruder-based WAC are presented in Section 4.2, and Section 4.3 compares these limits to those
developed in conjunction with the 1997 performance assessment.

4.1  Intruder Exposure Projections

As discussed in Section 2.2.1, preliminary modeling was conducted to determine the need for
considering the effects of radon diffusion when estimating the total intruder exposures from the
different subsets of waste. The results of this analysis are summarized in Table 16, which shows
projected exposures for selected parent radionuclides that eventually decay to form Rn-220 or .
Rn-222. This table shows two sets of results — one that includes the effects of diffusion and one
that excludes these effects. The doses shown in the table are the peak mean exposures projected
for each parent radionuclide, including contributions from all daughter products, assuming
intrusion occurs at the end of the 100-year active institutional control period.

The results shown in Table 16 indicate that the diffusion of Rn-220 has little or no effect on the
doses projected for its longer-lived parents (i.e., Th-232, Ra-228, and Th-228); doses projected
for the parent radionuclides are the same whether or not diffusion is considered. These results are
not surprising because Rn-220 is very short-lived and decays to form very short-lived daughters.

In contrast, the effects of radon diffusion on intruder exposures are apparent for some
radionuclides that decay to form Rn-222 under certain circumstances. For example, depending
upon the disposal units and intruder scenario under consideration, the peak mean Ra-226 dose
increases 1.2 to 7.1 times when the effects of radon diffusion are included. The peak mean
exposures projected for Th-230 tend to be affected by diffusion in a similar fashion as Ra-226,
but these effects are negligible from the perspective of overall intruder exposures because the
doses from this radionuclide are small. The projected exposures for U-234 are little affected by
radon diffusion. Based on these results, the intruder exposures for tritium, C-14, Kr-85, and
Ra-226 were projected using the intruder diffusion model, while doses for all remaining
radionuclides were modeled using the intruder model.
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Gmparison of htruder Dose Projections with  and without the Hects of Rlon Diffusion
Peak Mean Dose (mrem/yr)
Parent .

Radionuclide Diffusive Effects Included Diffusive Effects Excluded

by Exposure | 1988-2004 | 2005-2044 1988-2004 2005-2044 1988-2004 | 2005-2044 1988-2004 | 2005-2044
Scenario Pits Pits Shafts Shafts Pits Pits Shafts Shafts

Postdrilling Intruder ‘
U-234 5.5E-04 1.9E-03 5.3E-03 8.5E-02 5.4E-04 1.9E-03 5.3E-03 8.5E-02
Th-230 2.3E-05 3.1E-05 3.6E-09 1.1E-08 4.8E-06 1.0E-05 3.3E-09 8.0E-09
Ra-226 9.8E-03 1.5E-02 7.2E+00 2.8E+01 1.4E-03 2.5E-03 6.1E+00 1.6E+01
Th-232 2.1E-03 24E-03 9.2E-01 2.0E+00 2.1E-02 24E-03 9.2E-01 2.0E+00
Ra-228 1.1E-11 1.1E-11 — — 1.1E-11 1.1E-11 - —
Th-228 2.7E-28 5.3E-22 9.2E-28 1.0E-21 2.7E-28 5.3E-22 9.2E-28 1.0E-21

Agricultural Intruder v
U-234 5.3E-04 3.3E-04 9.0E-04 4.2E-01 5.2E-04 3.2E-04 8.7E-04 4.2E-01
Th-230 1.4E-04 7.4E-05 5.8E-09 3.0E-07 1.1E-04 5.0E-05 3.4E-10 2.5E-07
Ra-226 6.7E-02 7.1E-02 3.0E+01 1.1E+03 5.7E-02 5.6E-02 74E+00 9.2E+02
Th-232 3.6E-01 1.3E-01 1.8E+00 2.0E+02 3.6E-01 1.3E-01 1.8E+00 2.0E+02
Ra-228 1.4E-09 5.9E-10 -— 1.4E-09 5.9E-10 - -
Th-228 3.7E-26 2.1E-20 3.1E-27 1.2E-19 3.7E-26 2.1E-20 31E-27 1.2E-19

Construction Intruder :
U-234 1.7E-03 8.4E-03 1.7E-04 2.3E-01 1.7E-03 8.4E-03 1.7E-04 2.3E-01
Th-230 1.4E-05 1.1E-05 5.4E-10 2.8E-08 1.0E-05 7.1E-06 2.1E-11 2.5E-08
Ra-226 4.7E-03 1.0E-02 2.1E+00 5.7E+01 3.3E-03 7.9E-03 4 .4E-01 4.8E+01
Th-232 1.5E-02 1.1E-02 9.7E-02 1.1E+01 1.5E-02 1.1E-02 9.7E-02 1.1E+01
Ra-228 3.7E-11 2.6E-11 —- — 3.7E-11 2.6E-11 — -
Th-228 1.8E-27 8.2E-22 1.6E-28 4.9E-21 1.8E-27 8.2E-22 1.6E-28 4.9E-21

- = Radionuclide was not included in the inventory.



The projected dose distributions for the Intruder-Construction, Intruder-Agriculture, and
Intruder — Post-Drilling exposure scenarios are summarized in Table 17; exposures are provided
for each subset of the performance assessment inventory discussed earlier. The distributional
information included in the table includes the mean, fifth percentile, and ninety-fifth percentile
exposures; results for nondiffusive contaminants and radionuclides whose impacts are influenced
by the effects of diffusion (i.e., tritium, C-14, Kr-85, and Ra-226) are provided for each exposure

scenario.

The exposures projected for the two sets of disposal pits are generally similar. The peak mean
doses for the 1988-2004 disposal units range from 0.26 to 1.3 mrem/yr for the radionuclides that
are unaffected by diffusive releases; the exposures projected for H-3, C-14, Kr-85, and Ra-226
range from 0.0059 to 0.094 mrem/yr. The corresponding ranges for the 2005—2044 pits are 0.35
to 4.4 mrem/yr and 0.0059 to 0.076 mrem/yr. The radionuclides making significant contributions
to the doses projected for the three receptors include Am-241, CI-36, Pu-239, Ra-226, Tc-99,
Th-232, and U-238, depending upon the disposal units and exposure scenario under
consideration. The exposures projected for the agricultural and postdrilling intruders are largely
the result of the ingestion of contaminated crops and animal products and direct radiation from
contaminated soils; the exposures for the homebuilder result primarily from the ingestion of soil
and inhalation.

The exposures projected for the disposal pits under the three intruder scenarios are of a similar
magnitude, despite the fact that excavation of the basement brings significantly more material to
the surface than does well drilling. This is because of the thickness of the cover placed over the
disposal units relative to the depth of disturbance associated with the different intruder scenarios.
The distribution of initial cover thickness over the 1988-2004 disposal pits is described using a
triangular distribution with minimum, most likely, and maximum values of 2.5, 3.6, and 6.8 m
(8.2, 12, and 22 ft), respectively; the sampled distribution yields cover depths of 3 m (9.8 ft) or
more approximately 95 percent of the time. Setting aside the effects of surface erosion for a
moment, this means that in 95 percent of the model realizations the waste is undisturbed by the
excavation of a 3 m (9.8 ft) basement and no contamination is brought to the surface as a result
of human activities. A similar set of circumstances is seen for the 2005-2044 pits; the initial
cover thickness over these units is less than 3 m (9.8 ft) in only 2 percent of the model
realizations. In contrast, drilling a well through the pits brings contamination to the surface of the
facility in all model realizations.

Projected exposures change over time in response to the decay of shorter-lived radionuclides,
continued penetration into the waste by plants and animals inhabiting the site, and thinning of the
cover due to erosion. The peak exposures for all three scenarios occur at the end of the 1,000-
year compliance period; maximum concentrations of long-lived radionuclides at the surface of
the facility outweigh the effects of radioactive decay for these scenarios.
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ProbHistic Doses for the hadert ent htruder posure Scenarios

Projected Dose (mremlyr)

Mean 5th Percentile 95th Percentile

Exposure | Nondiffusive Diffusive Nondiffusive Diffusive Nondiffusive Diffusive
Disposal Units | Scenario | Radionuclides | Radionuclides | Radionuclides | Radionuclides | Radionuclides | Radionuclides

1988-2004 Pits Construction 2.6E-01 5.9E-03 1.1E-08 8.1E-05 1.1E+00 2.8E-02
Agriculture 1.3E+00 9.4E-02 45E-07 8.8E-04 7.8E+00 6.5E-01
Postdrilling 1.2E+00 3.1E-02 1.3E-01 1.1E-03 3.9E+00 8.6E-02
2005-2044 Pits Construction 3.5E-01 5.9E-03 6.9E-12 6.0E-05 9.8E-02 2.2E-02
Agriculture 2.4E+00 7.6E-02 2.4E-10 7.5E-04 1.4E+01 3.8E-01
Postdrilling ' 4.4E+00 5.4E-02 3.9E-01 1.7E-03 1.5E+01 1.5E-01
1988-2004 Shafts | Construction 5.6E-01 3.8E+00 1.4E-20 4.1E-01 6.4E-01 1.1E+01
Agriculture 1.2E+01 6.9E+01 3.7E-19 1.2E+01 2.0E+01 2.0E+02
Postdrilling 1.4E+01 1.2E+01 3.0E+00 4.2E+00 4.3E+01 2.5E+01
2005-2044 Shafts | Construction 1.6E-03 7.0E+00 4.4E-08 2.6E-01 7.2E-03 2.6E+01
Agriculture 1.4E+01 6.6E+01 8.9E-06 6.7E+00 1.1E+01 1.9E+02
Postdrilling 4.1E+01 1.9E+01 2.5E+00 3.6E+00 7.7E+01 4.7E+01
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The agricultural intruder doses shown in Table 17 for waste disposed of in pits from 1988
through 2004 and 2005 through 2044 are less than the exposures projected for the historical and
future pits in conjunction with the 1997 performance assessment (Hollis et al., 1997). The 1997
analysis projected peak agricultural intruder doses of about 30 mrem/yr for both the 1988-1995
and 1996-2044 pits. Several differences exist between the earlier, deterministic modeling and the
current intruder dose assessment; however, the decrease in the projected exposures for the
agricultural intruder is primarily a reflection of the placement of additional cover over the
disposal units. The 1997 assessment included 1 to 2 m (3.3 to 6.6 ft) of cover over the pits; as
discussed above, 2.5 m (8.2 ft) or more exists over the 1988-2004 and 2005-2044 pits, as
modeled here.

The 1997 performance assessment did not estimate the exposures received by the construction
and postdrilling intruders following disturbance of the disposal pits. Dose projections for the
postdrilling scenario were, however, estimated by Shuman (1999). The peak mean dose
projected for the postdrilling intruder living over the 2005-2044 pits is greater than the dose of
0.3 mrem/yr projected for the 19962044 pits by Shuman. This increase is due to differences in
the models and data used in the two analyses. Some of these aspects are considered in
Section 4.3.

The peak mean exposures calculated for the waste disposed of in shafts from 1988 through 2004

range from 0.56 to 14 mrem/yr for radionuclides that are unaffected by diffusion and 3.8 to
69 mrem/yr for H-3, C-14, Kr-85, and Ra-226. Total peak mean doses representing the sum of
these results range from 4.4 to 81 mrem/yr. Tritium and Ra-226 account for about 85 percent of
the peak mean doses for the construction and agricultural intruders; Cs-137 and Th-232
contribute another 10 percent of the total. Important radionuclides for the postdrilling scenario
include Ag-108m, Cs-137, H-3, Ni-63, Ra-226, and Sr-90; these isotopes account for about
90 percent of the peak exposure. The ingestion of animal products and direct radiation from
contaminated soils are the exposure pathways making the largest contributions to the postdrilling
intruder dose; the inhalation of vapor-phase tritium, the ingestion of crops, and direct radiation
from contaminated soils are the major contributors to the projected agricultural intruder dose;
and the inhalation of vapor-phase tritium and the ingestion of soil are the pathways making the
largest contribution to the peak mean dose for the construction worker.

The intruder analysis for the 1988-2004 shafts differs from that for the pits in that it uses waste—
layer-specific radionuclide inventories; the inventories in the disposal pits are assumed to be
homogeneously distributed throughout the units. This refinement was made because the peak mean
dose received by the agricultural intruder from waste placed in the 1988-2004 shafts was 8 percent
greater than the 100 mrem/yr performance objective when it was assumed the inventory was
homogeneously distributed in these units. This adjustment caused the peak mean dose for the
nondiffusive species to decline from 26 to 12 mrem/yr and the exposure from diffusive species to
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drop from 82 to 69 mrem/yr. The depths of disposal assigned to the waste containers are expected
to be conservative (Shuman, 2006a); a more rigorous evaluation of the existing data would
probably result in the assignment of many more waste containers to greater depths, which would
result in smaller projected doses for the construction and agricultural intruders.

The peak mean exposures projected for the waste disposed of in shafts from 2005 through 2044
range from 0.0016 to 41 mrem/yr for radionuclides that are unaffected by diffusion and 7 to
66 mrem/yr for tritium, C-14, Kr-85, and Ra-226; summing these results yields total peak mean
doses of 7 to 80 mrem/yr. Ag-108m, C-14, Ni-63, Ra-226, Sr-90, and Th-232 are the major
contributors to the projected peak exposures, accounting for practically all of the peak mean
doses. The ingestion of crops and animal products and direct radiation from contaminated soils
are the major exposure pathways for the postdrilling intruder, while the agricultural intruder
exposures are dominated by the ingestion of crops and animals products. The ingestion of
contaminated soils dominates the peak exposure estimated for the construction worker.

The dose projections provided in Table 17 for the 2005-2044 shafts are based on waste-layer-
specific assignments of the disposed inventory and take into account the packaging requirements
for containers of high-activity tritium waste. With respect to the depth of disposal, these units
had not received waste at the time the dose assessment was prepared. Therefore, there were no
disposal depth data for the waste containers. Lacking this information, it was assumed that all

waste would be placed 1.5 m (4.9 ft) below the originally designated top of the waste.

Waste acceptance criteria for tritium disposal at MDA G impose off-gas limits on the containers
used to dispose of the waste (LANL, 2005b). For waste packages with a tritium concentration of
10 Ci/m® of waste to 500 Ci per package, the stainless steel containers in which the waste is
placed must be capable of an annual off-gas rate of 0.01/yr or less; containers with 500 to
100,000 Ci of tritium per package must meet an off-gas requirement of 1 x 10/yr. Based on
these requirements, the effects of limiting off-gas rates to 0.01/yr were simulated in the modeling
for the 2005-2044 shafts. The use of the larger of the two off-gas rates is expected to be
conservative in terms of the overall release of tritium because most waste packages are expected
to contain in excess of 500 Ci. For perspective, about 96 percent of the tritium waste disposed of
in the 1988—-2004 shafts was packaged in containers that contained at least 500 Ci.

The importance of waste placement and tritium waste container performance is evident from a
comparison of the 2005-2044 shaft exposures listed in Table 17 to those estimated when the
waste is uniformly distributed throughout the shafts and no credit is taken for container
performance. For example, under the latter, less restrictive conditions, the peak mean dose for
the agricultural intruder is 878 mrem/yr for radionuclides that are unaffected by diffusion and
844 mrem/yr for tritium, C-14, Kr-85, and Ra-226.
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The projected doses for the two sets of disposal shafts are significantly higher than those
estimated for the pits. This is because higher activity waste has been placed in the shafts and
because the average cover thickness over the shafts is less than that of the pits.

The agricultural intruder doses projected for the waste disposed of in shafts are substantially
higher than those estimated in conjunction with the 1997 performance assessment. In the earlier
assessment, a peak dose of 22 mrem/yr was estimated for the disposal units that were active from
1988 through 1995. This is only about 27 percent of the total dose determined by the GoldSim
modeling for the 1988-2005 shafts. While differences in inventories will clearly affect the
magnitudes of the doses calculated by the two assessment efforts, the time at which intrusion is
assumed to occur also plays an important role. The 1997 modeling assumed that concrete caps
placed over the disposal shafts would prevent intrusion into the waste for 300 years after facility
closure. In the current assessment, intrusion into the waste was assumed to be feasible starting at
the end of the 100-year active institutional control period. The 200-year delay in intrusion
assumed for the 1997 modeling allows for additional decays; if this delay had been assumed in the
current modeling it would have decreased the peak mean dose for the agricultural intruder by
about 58 percent. Much of the remaining discrepancy is due to differences in radionuclide
inventories included in the two modeling efforts.

The peak agricultural intruder dose projected for waste disposed of in the 2005-2044 shafts is
6.7 times greater than the peak dose of 12 mrem/yr that was estimated in 1997 for waste disposed
of from 1996 through 2044; these doses differ by a factor of 5.1 when differences in the time of
intrusion are taken into account. A major portion of the remaining discrepancy results from
different radionuclide inventories included in the two modeling efforts. Differences in the
models and data used to conduct the intruder analyses also have an effect; some of these
differences are discussed in Section 4.3.

The peak postdrilling doses estimated for the 2005-2044 shafts is about 2 times the peak dose
projected for the 1996-2044 waste by Shuman (1999) using the 1997 performance assessment
modeling methodology; both of these doses pertain to intrusion at the end of the 100-year active
institutional control period. A major factor contributing to this discrepancy is the different
radionuclide inventories used in the two analyses.

All of the peak intruder doses projected for the disposal pits and shafts at MDA G are lower than
the chronic and acute intruder performance objectives (100 and 500 mrem/yr, respectively). In
terms of the pits, all peak mean exposures are 4.4 percent or less than the respective limits. The
peak mean doses projected for the shafts under the construction scenario are less than 1 percent
of the 500 mrem/yr acute dose limit, while the exposures projected for the postdrilling intruder
are 26 to 60 percent of the chronic limit. Finally, the peak mean doses received by the
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agricultural intruder from waste disposed of in the 1988-2004 and 2005-2044 shafts are about
80 percent of the dose objective.

4.2 Intruder-Based Waste Acceptance Criteria

The intruder-based WAC developed for the disposal pits and shafts in the Zone 4 expansion area
are summarized in Tables 18 and 19, respectively. Separate criteria are listed for the three
exposure scenarios, based on exposures during the 1,000-year compliance period. Limits were
estimated for radionuclides that may exist in a vapor or gas phase, or give rise to such, using the
intruder and intruder diffusion models (i.e., with and without the effects of diffusion). With the
exception of Kr-85, which exists only as a gas, the smaller of the limits calculated for each
radionuclide was adopted as the final criterion for that contaminant. The limits included in the
tables were not adjusted to reflect or account for the specific activities of the isotopes.

The limits included in the tables are the lesser of the medians and means of the estimated
distributions; since projected distributions of the WAC are generally skewed to the right, the
median values tend to be most limiting. Concentration limits are not listed for five of the
radionuclides included in the tables; limits for four of these could not be estimated because
federal guidance reports 11 and 12 (EPA, 1988 and 1993) do not list dose conversion coefficients
for these isotopes. Exposures from Kr-85 were not projected to occur for some of the disposal
units and intruder scenarios. Therefore, no intruder-based limits on the disposal of this
radionuclide exist in these instances.

Examination of Table 18 reveals that, on the whole, the WAC for the disposal pits are smallest
for the Intruder — Post-Drilling Scenario. The significantly larger limits calculated for most
radionuclides using the construction and agricultural intruder scenarios result because of the
thickness of the cover placed over the disposal units relative to the depth of disturbance
associated with the different intruder scenarios. As discussed earlier, the excavation of a
basement does not disturb the waste in most model realizations. In contrast, drilling a well
through the pits brings contamination to the surface of the facility in all model realizations.

Only small amounts of contamination are brought to the surface of the disposal facility in cases
where the waste is undisturbed by the excavation of the basement. Plants penetrating the waste
with their roots deposit contamination at the surface through litterfall and litter decomposition.
While animals may burrow into the waste and also transport radionuclides to the ground surface,
the maximum burrowing depths of the species or taxa included in the modeling are less than the
most likely value of the cover thickness distribution. Therefore, animal intrusion into the waste
plays a relatively small role. In any event, only small amounts of contamination reach the surface
by the time an intruder arrives at the site to excavate the basement, resulting in very small doses
for the construction worker and agricultural intruder. Consequently, the WAC based on these
scenarios are high compared to those estimated for the postdrilling scenario.
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htruderised ¥te Acceptance fiteria

for the Disposal Pits at BIA G

Radionuclide

Waste Acceptance Criteria (Ci/m3)

Intruder-Construction Intruder-Agriculture Intruder - Post-
Scenario Scenario Drilling Scenario
Ac-227 1.4E+07 3.9E+05 5.6E-01
Ag-108m 1.1E+03 2.4E+01 4.9E-02
Al-26 9.3E+01 9.6E-01 2.4E-02
Am-241 1.4E+05 2.6E+03 8.2E-02
Am-243 2.1E+04 4.2E+02 5.9E-02
Ba-133 7.7TE+08 24E+07 4.5E+02
Be-10 2.9E+06 5.2E+04 3.7E+01
Bi-207 4 4E+04 8.5E+02 5.8E-01
Bk-247 2.6E+04 5.1E+02 5.3E-02
C-14 3.1E+02 1.3E+00 1.5E+00
Ca-41 8.6E+04 3.6E+01 2.5E+00
Cf-249 3.7E+04 6.7E+02 5.3E-02
Cf-251 3.3E+04 7.2E+02 5.3E-02
Cf-252 1.3E+09 24E+07 2.4E+03
CI-36 4 4E+04 3.7E-01 9.4E-03
Cm-243 24E+07 5.0E+05 1.5E+00
Cm-244 4 7E+07 8.8E+05 8.0E+00
Cm-245 2.3E+04 5.3E+02 6.3E-02
Co-60 8.1E+09 9.3E+07 7.9E+04
Cs-135 2.9E+05 6.0E+02 3.6E+00
Cs-137 5.2E+05 1.0E+04 1.5E+00
Eu-152 2.3E+07 3.0E+05 2.6E+01
Eu-154 5.6E+08 6.4E+06 6.6E+02
Gd-148 5.6E+05 1.1E+04 1.1E+00
H-3 1.2E+04 1.1E+02 3.7E+02
Ho-163 - - -
Ho-166m 6.0E+02 1.2E+01 4.2E-02
1-129 1.2E+06 3.3E+03 1.7E-01

-— = Concentration limits could not be calculated due to the lack of dose conversion factors for the radionuclide.
NA = No exposures were projected to occur; therefore no concentration limit is listed.
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htruderised ¥te Acceptance fiteria

for the Disposal Pits at BA G

Radionuclide

Waste Acceptance Criteria (Ci/m3)

Intruder-Construction | Intruder-Agriculture Intruder - Post-
Scenario Scenario Drilling Scenario
K-40 7.9E+01 6.9E-01 7.7E-02
Kr-85 9.2E+16 3.1E+14 1.4E+14
Lu-176 1.1E+04 3.3E+02 1.5E-01
Mo-93 4.2E+05 3.3E+02 3.0E+00
Nb-91 ~ - -
Nb-92 - - -
Nb-93m 1.2E+11 7.8E+08 2.7E+04
Nb-94 1.4E+02 2.5E+00 3.9E-02
Nd-144 - - -
Ni-59 2.1E+06 5.0E+03 1.0E+02
Ni-63 2.5E+07 5.7E+04 1.3E+02
Np-237 6.8E+02 1.1E+01 2.9E-02
0Os-194 4.1E+11 7.3E+09 2.8E+05
Pa-231 3.0E+02 6.7E+00 7.7E-03
Pb-210 3.5E+06 2.7E+04 9.9E-01
Pm-145 2.4E+09 7.6E+07 1.2E+03
Pu-236 2.8E+05 5.2E+03 2.1E+00
Pu-238 1.0E+06 3.0E+04 2.0E-01
Pu-239 1.6E+05 3.0E+03 7.0E-02
Pu-240 2.0E+05 3.8E+03 7.1E-02
Pu-241 4.1E+06 7.4E+04 24E+00
Pu-242 1.9E+05 3.6E+03 7.3E-02
Pu-244 9.2E+03 1.2E+02 5.0E-02
Ra-226 7.6E-01 21E-02 1.3E-02
Ra-228 1.1E+10 1.1E+08 1.4E+04
Si-32 2.0E+06 1.4E+04 5.7E+00
Sm-146 2.3E+04 2.3E+02 4.5E-01
Sm-151 7.8E+08 5.0E+06 7.1E+02

-— = Concentration limits could not be calculated because no dose conversion factor was found for the radionuclide.
NA = No exposures were projected to occur; therefore no concentration limit is listed.
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Waste Acceptance Criteria (Ci/m?3)

Radionuclide Intruder-Construction | Intruder-Agriculture Intruder ~ Post-
Scenario Scenario Drilling Scenario

Sn-121m 2.8E+07 1.9E+05 2.5E+02
Sn-126 2.0E+03 2.9E+01 8.0E-01
Sr-90 6.7E+05 5.0E+02 8.3E-01
Tb-157 1.5E+08 4.3E+06 3.6E+02
Te-97 6.1E+05 2.9E+02 3.8E+00
Tc-99 6.0E+05 3.9E+01 4 4E-01
Th-228 1.1E+22 2.0E+20 2.6E+15
Th-229 2.1E+04 5.2E+02 4.1E-02
Th-230 1.7E+00 4 8E-02 2.9E-02
Th-232 1.5E+02 2.2E+00 1.5E-02
Ti-44 2.2E+05 3.8E+03 1.3E-01
U-232 1.2E+04 2.2E+02 8.9E-02
U-233 6.9E+03 1.0E+02 2.2E-01
U-234 3.0E+02 8.6E+00 4.4E-01
U-235 2.0E+03 4.5E+01 1.4E-01
U-236 1.6E+04 2.8E+02 5.1E-01
U-238 6.2E+03 8.8E+01 4.3E-01
2r-93 8.1E+06 8.1E+04 6.7E+01

-— = Concentration limits could not be calculated because no dose conversion factor was found for the radionuclide.
NA = No exposures were projected to occur; therefore no concentration limit is listed.
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Radionuclide

Waste Acceptance Criteria (Ci/m3)

Intruder-Construction | Intruder-Agriculture Intruder - Post-
Scenario Scenario Drilling Scenario
Ac-227 1.0E+08 2.8E+06 5.1E+00
Ag-108m 1.2E+04 2.9E+02 4.4E-01
Al-26 1.9e+03 1.6E+01 2.2E-01
Am-241 7.5E+05 1.3E+04 7.5E-01
Am-243 1.7E+05 3.3E+03 5.4E-01
Ba-133 7.0E+09 2.0E+08 4.1E+03
Be-10 1.9E+07 3.0E+05 3.4E+02
Bi-207 3.0E+05 5.0E+03 5.2E+00
Bk-247 2.3E+05 3.8E+03 4 8E-01
C-14 7.3E+03 2.4E+01 1.3E+01
Ca-41 4.8E+05 1.8E+02 21E+01
Cf-249 3.5E+05 7.3E403 4.8E-01
Cf-251 2.7E+05 5.1E+03 4.8E-01
Cf-252 7.3E+09 1.2E+08 2.1E+04
Cl-36 7.2E403 6.3E-02 3.4E-02
Cm-243 1.7E+08 3.3E+06 1.3E+01
Cm-244 2.4E+08 4 9E+06 7.3E+01
Cm-245 1.9E+05 3.4E+03 5.7E-01
Co-60 3.6E+10 3.9E+08 7.2E+05
Cs-135 1.9E+06 3.5E+03 3.2E+01
Cs-137 3.6E+06 7.6E+04 1.4E+01
Eu-152 9.6E+07 1.0E+06 2.4E+02
Eu-154 2.1E+09 1.9E+07 6.0E+03
Gd-148 2.6E+06 5.0E+04 9.6E+00
H-3 9.8E+06 8.2E+04 6.0E+05
Ho-163 - - -
Ho-166m 9.5E+03 2.6E+02 3.8E-01
1-129 3.1E+05 8.5E+02 1.6E+00

-— = Concentration limits could not be calculated due to the lack of dose conversion factors for the radionuclide.
NA = No exposures were projected to occur; therefore no concentration limit is listed.
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Radionuclide Waste Acceptance Criteria (Ci/m3)

Intruder-Construction | Intruder-Agriculture Intruder - Post-
Scenario Scenario Drilling Scenario

K-40 7.6E+02 8.3E+00 6.2E-01
Kr-85 NA NA NA
Lu-176 6.3E+04 1.8E+03 1.3E+00
Mo-93 2.6E+06 1.8E+03 2.7E+01
Nb-91 - - -
Nb-92 - - -
Nb-93m 6.8E+11 4.9e+09 2.5E+05
Nb-94 2.4E+03 59E+01 34E-01
Nd-144 - - -
Ni-59 1.2E+07 2.6E+04 9.1E+02
Ni-63 1.0E+08 2.2E+05 1.2E+03
Np-237 4.7E+03 7.0E+01 2.6E-01
0Os-194 34E+12 5.3E+10 2.5E+06
Pa-231 2.0E+03 4.6E+01 6.9E-02
Pb-210 1.6E+07 1.5E+05 9.0E+00
Pm-145 1.5E+10 4.6E+08 1.1E+04
Pu-236 2.0E+06 2.8E+04 1.9E+01
Pu-238 2.6E+06 3.6E+04 1.8E+00
Pu-239 1.0E+06 2.0E+04 6.4E-01
Pu-240 9.1E+05 1.6E+04 6.4E-01
Pu-241 2.2E+07 4.0E+05 2.2E+01
Pu-242 8.6E+05 1.5E+04 6.6E-01
Pu-244 1.9E+05 2.7E+03 4 5E-01
Ra-226 2.0E+00 2.5E-02 9.1E-02
Ra-228 51E+10 5.2E+08 1.3E+05
Si-32 7.7E+06 5.2E+04 5.2E+01
Sm-146 1.3E+05 1.7E+03 4.1E+00
Sm-151 3.8E+09 2.8E+07 6.5E+03

- = Concentration limits could not be calculated because no dose conversion factor was found for the radionuclide.
NA = No exposures were projected to occur; therefore no concentration limit is listed.
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Radionuclide

Waste Acceptance Criteria (Ci/m3)

Intruder-Construction

Scenario

Intruder-Agriculture
Scenario

Intruder - Post-
Drilling Scenario

1.4E+08

1.1E+06

2.3E+03

1.3E+04

2.0E+02

7.2E+00

3.8E+06

2.2E+03

7.7E+00

8.3E+08

2.2E+07

3.3E+03

9.7E+04

4.9E+01

2.0E+01

1.0E+05

7.5E+00

2.3E+00

4.0E+22

2.6E+20

2.3E+16

3.6E+05

9.5E+03

3.7E-01

4.9E+00

6.1E-02

2.0E-01

6.2E+03

9.4E+01

1.3E-01

1.2E+06

1.7E+04

1.2E+00

8.5E+04

1.2E+03

8.1E-01

3.6E+04

7.8E+02

1.9E+00

7.8E+02

1.0E+01

3.7E+00

1.2E+04

2.8E+02

1.2E+00

6.6E+04

1.1E+03

4.4E+00

4.1E+04

8.2E+02

3.7E+00

7.6E+07

6.5E+05

6.1E+02

-— = Concentration limits could not be calculated because no dose conversion factor was found for the radionuclide.
NA = No exposures were projected to occur; therefore no concentration limit is listed.
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As discussed, the distribution of initial cover thicknesses indicates that, in about 2 percent of the
model realizations, cover depth will be less than 3 m (9.8 ft) and, therefore, prone to disturbance
during basement excavation. This percentage may increase because of the effects of surface
erosion. That is, sampled cover depths equal to or greater than 3 m (9.8 ft) may be eroded to
depths of less than 3 m (9.8 ft) by the time the intruder arrives at the disposal site. Under these
conditions, basement excavation will expose waste and contamination will be brought to the
surface. In most cases, however, the waste will go undisturbed by the excavation of the basement
and exposures received by the construction and agricultural intruders will be small.

The WAC listed in Table 18 for C-14 and H-3 are lowest for the agricultural intruder. The
diffusion of these species upward from the waste to locations accessible to the agricultural
intruder results in higher exposures for this intruder than for the postdrilling intruder, despite the
fact that greater amounts of contamination are excavated during the drilling of the well.

Projected exposures for the agricultural and postdrilling intruders yield the most restrictive WAC
for the disposal shafts (Table 19). The doses projected for the postdrilling intruder prove most
restrictive for all but three of the radionuclides because the agricultural intruder has little or no
direct contact with the waste. The radionuclides for which the agricultural intruder doses are most
limiting are H-3, Ra-226, and Th-230. These radionuclides diffuse upward, or have daughters that
diffuse upward, from the waste, making them accessible to the resident.

The postdrilling WAC listed in Table 19 for the disposal shafts are typically about 9 times greater
than the corresponding criteria for the pits (Table 18). This difference is primarily the result of how
the shafts were represented in the modeling. The Zone 4 conceptual design (LANL, 2005c¢) calls for
the placement of the shafts in a single shaft field in the northeast portion of the expansion area.
Approximately 11 percent of the surface area of this shaft field is expected to be occupied by
disposal units, consistent with the conceptual design and data for other shaft fields at MDA G
(Shuman, 2006a). Given the spacing of the shafts within the shaft field, the well drilling crew has
approximately a one-in-nine chance of contacting waste during the establishment of the postdrilling
intruder’s well. This likelihood of contacting the waste is taken into account in the WAC
calculations by effectively reducing the radionuclide concentrations in the waste by a factor of 9.

Vapor- and gas-phase diffusion has a significant effect on the shaft WAC for tritium and C-14. The
diffusion of tritiated water vapor and C-14 gas adds significantly to the construction and agricultural
intruder doses, resulting in more restrictive WAC. While this is also the case with respect to the
postdrilling intruder’s exposures from tritium, this receptor’s exposures from C-14 are little affected
by diffusive processes. The generation and diffusion of radon gas have significant impacts on the
doses projected for some of the parents that count Rn-222 among their decay products.

The final intruder-based WAC may be identified for MDA G using the results summarized in
Tables 18 and 19. These criteria, shown in Table 20, represent the most restrictive limits across
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all intruder scenarios and times of intrusion; the limits were not adjusted to reflect or account for
the specific activities of the isotopes.

43  Comparison of 1997 and 2006 Waste Acceptance Criteria

Table 21 compares the final WAC presented in Table 20 to the WAC developed in conjunction
with the 1997 performance assessment; only those radionuclides common to the two efforts are
included. Separate comparisons are provided for the pits and shafts. The 1997 pit limits represent
the most restrictive criteria estimated on the basis of the Intruder — Post-Drilling and Intruder-
Agriculture Scenarios; the former limits are provided in Shuman (1999) while the limits for the
agricultural intruder are taken from Hollis et al. (1997). The 1997 limits for the shafts include
two sets of criteria to address different depths of disposal.

The 2006 intruder-based WAC for the disposal pits are significantly higher than the limits
calculated in conjunction with the 1997 performance assessment for all radionuclides except tritium.
While several differences exist in the models and data used to calculate the two sets of WAC, the
primary reason for this difference is the amount of cover placed over the disposal units. Whereas the
earlier limits are based on an initial cover thickness of 2 m (8.2 ft), the 2006 analysis considers
initial cover depths ranging from 2.5 to 7.8 m (8.2 to 25 ft), with a most likely value of 4.7 m (15 ft).
The additional cover all but eliminates contact with the waste during basement excavation, resulting
in small exposures to the intruder and larger WAC. The much lower concentration limit calculated
for tritium in the 2006 analysis is due, in large measure, to differences in diffusion models.

The WAC calculated in 2006 for the disposal shafts are greater than the 1997 disposal-at-any-
depth limits for some radionuclides and smaller for others. In most cases, the radionuclides with
2006 limits that are much lower than, or similar to, the 1997 limits are short-lived. The 2006
limits for these radionuclides would be substantially higher if it was assumed that intrusion
occurred 300 years after facility closure, as was assumed for the 1997 analysis. The 2006 limits
for most long-lived radionuclides are significantly greater than their 1997 counterparts, reflecting
differences in the initial cover thickness placed over the disposal units and the distribution of
waste within the units. The 2006 limit for H-3 is' much smaller than the 1997 limit due to
differences in the time of intrusion and differences in diffusion models.

The 2006 WAC for the disposal shafts are generally smaller than the disposal-at-depth limits
calculated in conjunction with the 1997 performance assessment. The limits for 21 of the 27
radionuclides shown in Table 21 differ by a factor of 5 or less. Many of these differences, as well as
those noted earlier, result from differences in the models and data used to project intruder exposures
in 1997 and 2006. To illustrate some of these differences, the concentration limits for selected
radionuclides are compared below. These comparisons examine the criteria calculated on the basis
of the postdrilling scenario for the disposal pits and the agricultural scenario for the disposal shafts.

Radiological Dose Assessment for LANL TA-54, Material Disposal Area G 9 8
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Disposal Pits and Shafts at BA G

Radionuclide

Disposal Pits

Disposal Shafts

Limit (Ci/m3) Limiting Scenario

Limit (Cilm?)

Limiting Scenario

Ac-227

5.6E-01

Post-Drilling

5.1E+00

Post-Drilling

Ag-108m

4.9E-02

Post-Drilling

44E-01

Post-Drilling

Al-26

2.4E-02

Post-Drilling

2.2E-01

Post-Drilling

Am-241

8.2E-02

Post-Drilling

7.5E-01

Post-Drilling

Am-243

5.9E-02

Post-Drilling

54E-01

Post-Drilling

Ba-133

4 5E+02

Post-Drilling

4 1E+03

Post-Drilling

Be-10

3.7E+01

Post-Drilling

3.4E+02

Post-Drilling

Bi-207

5.8E-01

Post-Drilling

5.2E+00

Post-Drilling

Bk-247

5.3E-02

Post-Drilling

4.8E-01

Post-Drilling

C-14

1.3E+00

Agriculture

1.3E+01

Post-Drilling

Ca-41

2.5E+00

Post-Drilling

2.1E+01

Post-Drilling

Cf-249

5.3E-02

Post-Drilling

4.8E-01

Post-Drilling

Ct-251

5.3E-02

Post-Drilling

4.8E-01

Post-Drilling

Cf-252

2.4E+03

Post-Drilling

2.1E+04

Post-Drilling

Cl-36

9.4E-03

Post-Drilling

3.4E-02

Post-Drilling

Cm-243

1.5E+00

Post-Drilling

1.3E+01

Post-Drilling

Cm-244

8.0E+00

Post-Drilling

7.3E+01

Post-Drilling

Cm-245

6.3E-02

Post-Drilling

5.7E-01

Post-Drilling

Co-60

7.9E+04

Post-Drilling

7.2E+05

Post-Drilling

Cs-135

3.6E+00

Post-Drilling

3.2E+01

Post-Drilling

Cs-137

1.5E+00

Post-Drilling

1.4E+01

Post-Drilling

Eu-152

2.6E+01

Post-Drilling

2.4E+02

Post-Drilling

Eu-154

6.6E+02

Post-Drilling

6.0E+03

Post-Drilling

Gd-148

1.1E+00

Post-Drilling

9.6E+00

Post-Drilling

H-3

1.1E+02

Agriculture

8.2E+04

Agricultural

Ho-163

Ho-166m

4.2E-02

Post-Dirilling

3.8E-01

Post-Drilling

i-129

1.7E-01

Post-Drilling

1.6E+00

Post-Drilling

- = Concentration limits could not be calculated due to the lack of dose conversion factors for the radionuclide.
NA = No exposures were projected to occur; therefore no concentration limit is listed

Radiological Dose Assessment for LANL TA-54, Material Disposal Area G gg

12-06




ke AGhtinued)
Final MWte Acceptance fiteria for th

e Disposal Pits and Shafts at BA G

Disposal Pits Disposal Shafts
Radionuclide Limit (Ci/m3) Limiting Scenario Limit (Ci/m3) Limiting Scenario
K-40 7.7E-02 Post-Drilling 6.2E-01 Post-Drilling
Kr-85 14E+14 Post-Drilling NA NA
Lu-176 1.5E-01 Post-Drilling 1.3E+00 Post-Drilling
Mo-93 3.0E+00 Post-Drilling 2.7TE+01 Post-Drilling
Nb-91 — — — —
Nb-92 - - -
Nb-93m 2.7E+04 Post-Drilling 2.5E+05 Post-Drilling
Nb-94 3.9E-02 Post-Drilling 34E-01 Post-Drilling
Nd-144 — — - -
Ni-59 1.0E+02 Post-Drilling 9.1E+02 Post-Drilling
Ni-63 1.3E+02 Post-Drilling 1.2E+03 Post-Drilling
Np-237 2.9E-02 Post-Drilling 2.6E-01 Post-Drilling
Os-194 2.8E+05 Post-Drilling 2.5E+06 Post-Drilling
Pa-231 7.7€-03 Post-Drilling 6.9E-02 Post-Drilling
Pb-210 9.9E-01 Post-Drilling 9.0E+00 Post-Drilling
Pm-145 1.2E+03 Post-Drilling 1.1E+04 Post-Drilling
Pu-236 2.1E+00 Post-Drilling 1.9E+01 Post-Drilling
Pu-238 2.0E-01 Post-Drilling 1.8E+00 Post-Drilling -
Pu-239 7.0E-02 Post-Drilling 6.4E-01 Post-Drilling
Pu-240 7.1E-02 Post-Drilling 6.4E-01 Post-Drilling
Pu-241 2.4E+00 Post-Drilling 2.2E+01 Post-Drilling
Pu-242 7.3E-02 Post-Drilling 6.6E-01 " Post-Drilling
Pu-244 5.0E-02 Post-Drilling 4 5E-01 Post-Drilling
Ra-226 1.3E-02 Post-Drilling 2.5E-02 Agricultural
Ra-228 1.4E+04 Post-Drilling 1.3E+05 Post-Drilling
Si-32 5.7E+00 Post-Drilling 5.2E+01 Post-Drilling
Sm-146 4.5E-01 Post-Drilling 4 1E+00 Post-Drilling
Sm-151 7.1E+02 Post-Drilling 6.5E+03 Post-Drilling
Sn-121m 2.5E+02 Post-Drilling 2.3E+03 Post-Drilling

- = Concentration limits could not be calculated because no dose conversion factor was found for the radionuclide.
NA = No exposures were projected to occur; therefore no concentration limit is listed.
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Disposal Pits Disposal Shafts

Radionuclide Limit (Ci/m3) Limiting Scenario Limit (Ci/m3) Limiting Scenario

Sn-126 8.0E-01 Post-Drilling 7.2E+00 Post-Drilling
Sr-90 8.3E-01 Post-Drilling 7.7E+00 Post-Drilling
Tb-157 3.6E+02 Post-Drilling 3.3E+03 Post-Drilling
Te-97 3.8E+00 Post-Drilling 2.0E+01 Post-Drilling
Tc-99 4.4E-01 Post-Drilling 2.3E+00 Post-Drilling
Th-228 2.6E+15 Post-Drilling 2.3E+16 Post-Drilling
Th-229 4.1E-02 Post-Drilling 3.7E-01 Post-Drilling
Th-230 2.9E-02 Post-Drilling 6.1E-02 Agricultural
Th-232 1.5E-02 Post-Drilling - 1.3E-01 Post-Drilling
Ti-44 1.3E-01 Post-Drilling 1.2E+00 Post-Drilling
U-232 8.9E-02 Post-Drilling 8.1E-01 Post-Drilling
U-233 2.2E-01 Post-Drilling 1.9e+00 Post-Drilling
U-234 4.4E-01 Post-Drilling 3.7E+00 Post-Drilling
U-235 1.4E-01 Post-Drilling 1.2E+00 Post-Drilling
U-236 5.1E-01 Post-Drilling 4 4E+00 Post-Drilling
U-238 4.3E-01 Post-Drilling 3.7E+00 Post-Drilling

Zr-93 6.7E+01 Post-Drilling 6.1E+02 Post-Drilling

- = Concentration limits could not be calculated because no dose conversion factor was found for the radionuclide.
NA = No exposures were projected to occur, therefore no concentration limit is listed.
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Disposal Shafts
Disposal Pits 1997 WAC
Radionuclide 1997 WAC @ 2006 WAC Disposal at any Depth 2> | Disposal at Depth ¢ 2006 WAC
Ac-227 5.1E-03 5.6E-01 - 5.1E+00
Ag-108m 3.5E-04 4.9E-02 - 4.4E-01
Al-26 1.0E-04 24E-02 — - 2.2E-01
Am-241 2.3E-03 8.2€-02 3.7E-02 2.7E+00 7.5E-01
Am-243 1.1E-03 5.9E-02 — - 5.4E-01
Ba-133 7.3E+01 4 5E+02 1.9E+11 9.26+04 41E+03
Bi-207 3.3E-03 5.8E-01 3.7E+00 4 4E+00 5.2E+00
Bk-247 2.7E-03 5.3€-02 — 4.8E-01
C-14 2.8E-03 1.3E+00 2.1E-01 2.1E+01 1.3E+01
Cf-252 1.1E+02 2.4E+03 8.8E+02 8.7E+04 2.1E+04
Cl-36 1.3E-04 9.4E-03 — - 34E-02
Co-60 5.1E+02 7.9E+04 1.6E+15 6.9E+05 7.2E405
Cs-135 1.2E-01 3.6E+00 2.3E+00 2.3E+02 3.2E+01
Cs-137 9.2E-03 1.5E+00 1.1E+01 1.2E+01 1.4E+01
Eu-152 2.0E-01 2.6E+01 1.2E+05 2.7E+02 2.4E+02
Eu-154 4.4E-02 6.6E+02 2.9E+03 5.9E+01 6.0E+03
Gd-148 1.3E-02 1.1E+00 - — 9.6E+00
H-3 3.4E+04 1.1E+02 1.2E+09 1.6E+04 8.2E+04

-— = Not included in the 1999 shaft WAC effort

8 Source: Hollis et al., 1997

b Corresponds to the concentration limits developed on the basis of the Intruder-Agricufture Scenario.
¢ Corresponds fo the concentration limits developed on the basis of the Intruder — Post-Drilling Scenario (Shuman, 1999).
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Disposal Shafts
Disposal Pits 1997 WAC
Radionuclide 1997 WAC 2 2006 WAC Disposal at any Depth 2 | Disposal at Depth ¢ 2006 WAC
-129 1.8E-03 1.7E-01 - - 1.6E+00
K40 1.1E-03 7.7E02 — 6.2E-01
Kr-85 31E+02 1.4E+14 1.3E+09 4.0E+05 NA
Mo-93 1.2E-01 3.90E+00 - 2.7E+01
Nb-92 1.8E-04 — 2.0E-03 2.4E-01
Nb-94 1.8E-04 3.9E-02 — - 34E-01
Ni59 2.3E+00 1.0E402 9.1E+02
Ni-63 2.2E+00 1.3E+02 1.6E+03 3.5E+04 1.2E403
Np-237 3.7E-04 2.9E-02 - 2.6E-01
Pa-231 1.4E-04 7.7E-03 - 6.9E-02
Pb-210 2.56-02 9.9E-01 4.0E402 4.4E+01 9.0E+00
Pm-145 3.8E+00 1.2E+03 1.5E+05 5.8E+03 11E+04
Pu-238 6.8E-03 2.0E-01 3.7E-01 7.5E+00 1.8E+00
Pu-239 2.2E-03 7.0E-02 2.6E-02 2.5E+00 6.4E-01
Pu-240 2.3E-03 7.1E-02 2.6E-02 2.5E+00 6.4E-01
Pu-241 7.4E-02 2.4E+00 1.0E+00 7.5E+01 2.2E401
Pu-242 2.3E-03 7.36-02 2.7E-02 2.7E+00 6.6E-01
Ra-226 1.2E-04 1.3E-02 1.7E-03 1.7€-01 2.56-02
Sm-146 1.3E-02 4 5E-01 — - 4.1E+00

- = Not included in the 1999 shaft WAC effort

& Source: Hollis et al., 1997

b Corresponds to the concentration limits developed on the basis of the Intruder-Agricufture Scenario.
¢ Corresponds to the concentration limits developed on the basis of the Intruder - Post-Drilling Scenario (Shuman, 1999).
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Gmparison of the fand 88&or MA G

Disposal Shafts

Disposal Pits 1997 WAC
Radionuclide 1997 WAC 2 2006 WAC Disposal at any Depth 2 | Disposal at Depth ¢ 2006 WAC
Sm-151 3.1E+401 7.1E+02 — - 6.5E+03
Sr-90 1.5E-02 8.3E-01 3.9E+01 2.6E+01 7.7TE+00
Tb-157 5.0E-01 3.6E+02 — — 3.3E+03
Tc-97 7.26-02 3.8E+00 — 2.0E+01
Tc-99 1.3E-02 4 4E-01 — — 2.3E+00
Th-229 4 8E-04 41E-02 5.6E-03 5.7E-01 3.7E-01
Th-230 3.1E-04 2.9E-02 - 6.1E-02
Th-232 9.9E-05 1.5E-02 1.1E-03 1.3E-01 1.3E-01
Ti-44 8.8E-04 1.3E-01 1.2E+00
U-232 5.5E-04 8.9E-02 — - 8.1E-01
U-233 3.2E-03 2.2E-01 - 1.9E4+00
U-234 7.4E-03 4.4E-01 9.5E-02 9.5E+00 3.7E+00
U-235 15E-03 1.4E-01 1.7€-02 1.8E+00 1.2E+00
U-236 8.8E-03 5.1E-01 1.2E-01 1.1E+01 4 4E+00
U-238 5.7E-03 4.36-01 7.0E-02 7.4E+00 3.7E+00
7r-93 8.5E-01 6.7E+01 - 6.1E+02

-— = Not included in the 1999 shaft WAC effort

a Source: Hollis et al., 1997

b Corresponds to the concentration limits developed on the basis of the Intruder-Agriculture Scenario.
¢ Corresponds to the concentration limits developed on the basis of the Intruder — Post-Drilling Scenario (Shuman, 1999).




The comparisons evaluate the limits calculated for six radionuclides, including Am-241, Cs-137,
Pu-239, Sr-90, Tc-99, and U-238. These isotopes were selected because they exhibit a range of
behaviors and because they have been disposed of at MDA G in relatively large quantities.
Additional comparisons were conducted for radionuclides that may exist in a vapor or gas phase.
Comparisons of WAC calculated on the basis of the Intruder-Construction Scenario were not
possible because the 1997 performance assessment did not consider this receptor.

The 2006 intruder analysis evaluated the potential exposures received by the receptors using
probabilistic models; the 1999 analysis used deterministic models. To compare the two modeling
efforts, it was necessary to run the GoldSim models in a deterministic mode. Implementing the
GoldSim models in this manner yields doses and WAC different from those projected by the
models when they are applied probabilistically. For this and other reasons, the comparisons that
follow are conducted in relative terms.

4.3.1 Intruder - Post-Drilling Scenario

Table 22 compares the 2006 WAC that were calculated for the disposal pits on the basis of the
Intruder — Post-Drilling Scenario to those published in 1999 by Shuman; only radionuclides that
were common to both evaluations are listed. Examination of these results indicates that the
criteria differ by less than a factor of 4 for about 80 percent of the radionuclides included in the
table. For example, while the 1999 and 2006 concentration limits for Ac-227 and Eu-152 are
nearly the same, the 2006 limit for Am-241 is about one-third of the value calculated in 1999.
Limits for Ba-133, C-14, and Eu-154 differ by factors ranging from 19 to 390.

In general, the comparisons of the two sets of WAC were made by modifying the input data used
in the 1999 modeling effort to more closely resemble the data used in the 2006 GoldSim
modeling. Nevertheless, some modifications of the 2006 intruder model were needed to conduct
the comparisons, as discussed below.

The 2006 MDA G Intruder Model provides more options for evaluating intruder impacts than
does the model used in 1999. For example, the 2006 model estimates the impacts of differential
rates of erosion across the disposal site and provides options for estimating exposures associated
with the consumption of different combinations of animal products (e.g., beef and milk or
chicken and eggs). The 1999 model assumed a constant rate of erosion across the disposal site
and did not consider the ingestion of animal products when estimating intruder exposures.

Variations in the way in which the two models operate complicate the comparison of the two
WAC development efforts. Consequently, for the benchmarking process, the 2006 model was
modified to estimate the impacts of surface erosion in a manner that more nearly resembles the
way in which the 1999 modeling was conducted. Specifically, the 2006 model was configured to
apply a uniform rate of surface erosion across the disposal site; the erosion rate adopted for the

Radiologicel Dose Assessment for LANL TA-54, Material Disposel Area G 1 0 5
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ate 2
Gimparison of the find Misposal Pit
Wte Acceptance fiteria (htr uder — PostDrilling Scenario)

Waste Acceptance Criteria (Ci/m3)
Radionuclide
1999 Criteria 2006 Criteria

Ac-227 5.4E-01 5.6E-01
Ag-108m 4.3E-02 4.9E-02
Al-26 1.3E-02 2.4E-02
Am-241 2.4E-01 8.2E-02
Am-243 1.2E-01 5.9E-02
Ba-133 8.7E+03 4.5E+02
Bi-207 4.2E01 5.8E-01
Bk-247 2.9E-01 : 5.3E-02
C-14 3.8E-03 1.5E+00
Cf-252 1.1E+04 2.4E+03
Cl-36 1.4E-02 9.4E-03
Co-60 6.5E+04 7.9E+04
Cs-135 1.3E+01 3.6E+00
Cs-137 1.1E+00 1.5E+00
Eu-152 2.5E+01 2.6E+01
Eu-154 5.6E+00 6.6E+02
Gd-148 1.3E+00 1.1E+00
H-3 3.5E+04 3.7E+02
129 1.9E-01 1.7E-01
K-40 1.3E-01 7.7E-02
Kr-85 3.8E+04 1.4E+14
Mo-93 1.2E401 3.0E+00

Nb-92 2.2E-02 -
Nb-94 2.2E-02 3.9E-02
Ni-59 24E+02 1.0E+02
Ni-63 2.3E+02 1.3E+02
Np-237 4.0E-02 2.9E-02

— = The lack of dose conversion factors in EPA federal guidance reports (1988, 1993) prevented the calculation of a radionuclide
concentration limit.
NA = No exposures were projected to occur; therefore no concentration limit is listed.

Radiological Dose Assessment for LANL TA-54, Material Disposal Area G 1 06
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Gmparison of the \and Misposal Pit:
MWte Acceptance fiteria (htrud er — PostDrilling Scenario)

Waste Acceptance Criteria (Ci/m3)
Radionuclide
1999 Criteria 2006 Criteria
Pa-231 1.6E-02 7.7E03
Pb-210 2.7E+00 9.9E-01
Pm-145 4 0E+02 1.2E+03
Pu-238 7.2E-01 2.0E-01
Pu-239 - 2.4E-01 7.0E-02
Pu-240 2.4E-01 7.1E-02
Pu-241 7.8E+00 2.4E+00
Pu-242 2.5E-01 7.3E-02
Ra-226 1.5E-02 1.3E-02
Si-32 4.6E+00 5.7E+00
Sm-151 3.2E+03 7.1E+02
Sr-90 1.6E+00 8.3E-01
Tb-157 5.3E+01 3.6E+02
Te-97 7.6E+00 3.8E+00
Tc-99 1.4E+00 4 4E-01
Th-229 5.3E-02 41E-02
Th-230 3.6E-02 2.9E-02
Th-232 1.2E-02 1.5E-02
Ti-44 1.1E-01 1.3E-01
U-232 6.8E-02 8.9E-02
U-233 3.5E-01 2.2E-01
U-234 7.9€-01 4 4E-01
U-235 1.6E-01 1.4E-01
U-236 9.4E-01 5.1E-01
U-238 6.4E-01 4.3E-01
Zr-93 9.1E+01 6.7E+01

- = The lack of dose conversion factors in EPA federal guidance reports (1988, 1993) prevented the calculation of a radionuclide

concentration limit.
NA = No exposures were projected to occur; therefore no concentration limit is listed.

Radiologicel Dose Assessment for LANL TA-54, Material Disposal Area G 1 07
12-06



modeling is the same as that used in the 1999 modeling. While the 1999 modeling did not
consider exposures following the intake of contaminated animal products, the ingestion of beef
and milk were included in the 2006 model runs that were conducted in support of the
comparisons reported below. This ingestion pathway may contribute significantly to the
projected intruder exposures for some radionuclides; as such, including it in the comparison of
the WAC was considered appropriate.

The intruder exposures estimated for Am-241, Cs-137, Pu-239, Sr-90, Tc-99, and U-238 depend
upon numerous general parameters that are common to all of the isotopes as well as several
parameters that are radionuclide-specific. The parameters required for the two modeling efforts and
the input data used to describe the general parameters are compared in Table 23; the sources of
radionuclide-specific input data are also included. The data listed for the 1997 and 1999 WAC
development efforts represent the actual input data used in those evaluations. The data listed for the
2006 WAC development effort represent the data used to conduct the modeling for nonstochastic
parameters and point estimates for the parameters that are described by distributions.

Examination of Table 23 indicates that several parameters are common to the two analyses, and
highlights others that are unique to one of the two assessments. Parameters may be unique to one of
the intruder assessments for several reasons. First, although the disposal systems being modeled are
similar, the parameters required to represent them may differ because of the different modeling
approaches. An example of this is seen with respect to the material properties data. The approach
used to estimate the 1997 and 1999 WAC required characterization of the cover and waste only in
terms of their bulk densities. In contrast, the GoldSim model represents the cover and waste in terms
of the environmental media that comprise these features, including the dry solids and the water that
occupies the pore spaces. As a result, additional material properties (e.g., porosity and moisture
content) are needed to define the nature of the cover and waste for the GoldSim model.

Parameters may also be unique to one or the other approach because radionuclide transport
mechanisms are modeled differently in the two efforts. For example, while both modeling efforts
considered the deposition of contaminants on plant surfaces due to rainsplash, different
approaches were used to model this process. The earlier intruder analysis used a resuspension
factor approach to model the deposition of particulates on plants. In contrast, the updated
intruder assessment used a mass-loading factor approach to simulate the impacts of rainsplash.
This difference explains why the input of a resuspension factor, a deposition velocity, mass-
loading factors, and a particle size factor is required for one modeling effort but not the other.

Finally, input parameters may be unique to one of the intruder analyses because of differences in the
transport pathways considered. The development of the 2006 WAC considered potential doses
received by an intruder who ingests animal products (i.e., beef and milk or chicken and eggs)

Radiological Dose Assessment for LANL TA-54, Material Disposal Area G 1 0 8
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ate 3
Summary of hput Data ¥&d in the #{Deelopment
Hort and the Deterministic Mues Adop  ted for the @Devlopment Hort

Input Data
1997 and 1999 Analyses 2006 Analyses

Parameter Units

Material Properties

Cover/Waste Bulk Density kg/m3 1.3E+03 14E+03 2

Cover/Waste Bulk Porosity -— NA 4.1E-01

O vasy @SOdsIq BUAIBH ‘PG-Y1 “INYT 20) uawssessy esog pbojoipey

Cover/Waste Moisture Content % (volume basis) NA 7.5E-02
Density of Water kg/m3 NA 1.0E+03
Soil Carbon Fraction - NA 3.0E-02

Water Carbon Fraction - NA 2.0E-05

Water Hydrogen Fraction - NA 1.1E-01

Facility and Operations Parameters
Period of Facility Operation 4 9E+01 4 1E+01
Closure Period 2.0E+00 2.0E+00
Institutional Control Period 1.0E+02 1.0E+02
Disposal Unit Length m 1.4E+02/1.5E+01® 4.8E+01
Disposal Unit Width m 1.4E+02/1.5E+01°® 4.8E+01
Disposal Unit Area NA 2.3E+03

— = Unitless

NA = Indicates that the parameter was not used in the modeling effort.

& The listed density is the dry bulk density of the solids comprising the cover and waste.

b The first value listed applies to the disposal pits, while the second value applies to the shafts.

¢ The first value listed applies to the Intruder — Post-Drilling Scenario, while the second value applies to the Intruder-Agriculture Scenario. These values are directly entered into the 1997/1999
models; the mixing depth for the postdrilling scenarnio is entered into the GoldSim models, while the mixing depth for the agricultural intruder scenario is calculated.

9 The modeling used to establish the 2006 WAC used spatially dependent surface erosion rates.
¢ The dust loading is multiplied by the soil disturbance factor to yield the dust loading used to estimate intruder exposures.
! While the radionuclide-specific data used in the WAC development efforts are not listed, references for this information are provided to illustrate the use of different sources of data.
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dle 2 (Ghtinued)
Summary of hput Data ¥éd in the #M{Devlopment
Hort and the Deterministic Mues Ad

opted for the 8MDeelopment Hort

Input Data
Parameter Units
1997 and 1999 Analyses 2006 Analyses

Cover Thickness 2.0E+00 4.7E+00/3.0E+00 ¢

Waste Thickness 1.5E+01/1.6E+01® 1.5E+01

Soil Mixing Depth 1.5E-01/2.9E-01 ¢ 1.5E-01/2.9E-01 ¢

Volume of Disposed Waste m?3 1.4E+05/1.4E+03 b 3.5E+04

Waste Emplacement Efficiency -— 5.0E-01/4.2E-01 ® 5.0E-01
Erosion/Atmospheric Pathway Parameters

Surface Erosion Rate miyr 4.0E-07 Various ¢

Dust Loading kg/m3 1.0E-07 3.0E-08 e

Soil Disturbance Factor NA 2.0E+00

Resuspension Factor m-t 1.0E-09 N/A

Resuspension Flux g/m2lyr NA 1.3E+01

Enhancement Factor NA 3.0E+00

Deposition Velocity m/s 1.0E-03 NA
Foodchain Parameters

Vegetation Weathering Removal Constant hr 2.1E-03 NA

Vegetation Translocation Factor

— = Unitless

NA = Indicates that the parameter was not used in the modeling effort.
@ The listed density is the dry bulk densily of the solids comprising the cover and waste.
b The first value listed applies to the disposal pits, while the second value applies to the shafts.

¢ The first value listed applies to the Intruder — Post-Drilling Scenario, while the second value applies to the Intruder-Agriculture Scenario. These values are directly entered into the 1997/1999

models; the mixing depth for the postdrilling scenario is entered into the GoldSim models, while the mixing depth for the agricultural intruder scenario is calculated.
9 The modeling used to establish the 2006 WAC used spatially dependent surface erosion rates.
¢ The dust loading is muftiplied by the soil disturbance factor to yield the dust loading used to estimate intruder exposures.
! While the radionuclide-specific data used in the WAC development efforts are not listed, references for this information are provided to illustrate the use of different sources of data.




9024

© BaNy [8SOdSI] [BUSBN '¥S-Y.L INY] 10} Jususssessy esog erbojoipey

11

dle 3 (Ghtinued)

Summary of hput Data ¥&d in the #Devlopment

Hort and the Deterministic Mues Ad

opted for the 88Devlopment Hort

Input Data
Parameter Units
1997 and 1999 Analyses 2006 Analyses

Leafy Vegetables 1.0E+00 1.0E+00

All Other Food Crops — 1.0E-01 NA

Produce - NA 1.0E-01

Grain - NA 1.0E-01

Pasture Grass - NA 1.0E+00
Agricultural Productivity (wet weight)

Leafy Vegetables kg/m? 2.0E+00 1.5E+00

Produce kg/m? 2.0E+00 1.0E+00

All Cther Food Crops kg/m? 6.0E-01 NA

Grain kg/m2 NA 5.0E-01

Pasture Grass kg/m?2 NA 2.5E+00
Dry-to-Wet-Weight Fraction

Leafy Vegetables - 1.0E-01 9.8E-02

All Other Food Crops 4.3E-01 NA

Produce - NA 1.3E-01

-— = Unitless

NA = Indicates that the parameter was not used in the modeling effort.
8 The listed denstty is the dry bulk density of the solids comprising the cover and waste.
b The first value listed applies to the disposal pits, while the second value applies to the shafts.

¢ The first value listed applies to the Intruder — Post-Drilling Scenario, while the second value applies to the Intruder-Agriculture Scenario. These values are directly entered into the 1997/1999
models; the mixing depth for the postdrilling scenario is entered into the GoldSim models, while the mixing depth for the agricultural intruder scenario is calculated.

4 The modeling used to establish the 2006 WAC used spatially dependent surface erosion rates.
e The dust loading is multiplied by the soil disturbance factor fo yield the dust loading used to estimate intruder exposures.
! While the radionuclide-specific data used in the WAC development efforts are not listed, references for this information are provided to illustrate the use of different sources of data.
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Summary of hput Data £éd in the #{Devlopment

Hort and the Deterministic Mues Ad

opted for the Deviopment Hort

Input Data
Parameter Units
1997 and 1999 Analyses 2006 Analyses

Grain — NA 9.1E-01

Pasture Grass - NA 2.0E-01
Growing Season

Leafy Vegetables hr 1.4E+03 NA

Other Vegetation hr 1.4E+03 NA
Mass Loading Factor

Leafy Vegetables - NA 2.6E-01

Produce NA 3.0E-02

Grain NA 3.0E-02

Pasture Grass NA 3.0E-02
Plant Interception Factors

Leafy Vegetables — 2.5E-01 NA

Produce — 2.5E-01 NA

Grain _ 2.5E-01 NA
Plant Carbon Fraction (dry-weight basis) — NA 4.5E-01
Plant Hydrogen Fraction (dry-weight basis) NA 6.2E-02

— = Unitless

NA = Indicates that the parameter was not used in the modeling effort.
@ The listed density is the dry bulk density of the solids comprising the cover and waste.
b The first value listed applies to the disposal pits, while the second value applies to the shafts.

¢ The first value listed applies to the Intruder — Post-Drilling Scenario, while the second value applies to the Intruder-Agricutture Scenario. These values are directly entered into the 1997/1999
models; the mixing depth for the postdrilling scenario is entered into the GoldSim models, while the mixing depth for the agricultural intruder scenario is calculated.

9 The modeling used to establish the 2006 WAC used spatially dependent surface erosion rates.
¢ The dust loading is multiplied by the soil disturbance factor to yield the dust loading used to estimate intruder exposures.
! While the radionuclide-specific data used in the WAC development efforts are not listed, references for this information are provided to illustrate the use of different sources of data.



dle 3 (Ghtinued)
Summary of hput Data ¥&d in the #Devlopment
Hort and the Deterministic Mues Ad  opted for the 88Devlopment Hort

Input Data

1997 and 1999 Analyses 2006 Analyses
Particle Size Factor NA 1.5E+00

Parameter ' Units

Animal Food Consumption Rate
Cattle kg/d (dry weight) NA 1.2E+01
Cows kg/d (dry weight) NA 1.6E+01

Animal Soil Consumption Rate kg/d (dry weight) NA 1.0E+00

Animal Water Consumption Rate
Cattle kg/d NA 4,0E+01
Cows kg/d NA 7.5E+01

Animal Product Water Fractions
Beef NA 6.0E-01
Milk NA 8.8E-01

Animal Product Carbon Fractions (dry-weight basis)
Beef ~ NA 6.0E-01
Milk NA 5.8E-01
Intrusion Parameters

9 Basy [esodsiq BUOE 'YS-VL TNYT X0 aussessy esog aibojoipey

Area of intruder's Lot 2.3E+03 2.3E+03

— = Unitless

NA = Indicates that the parameter was not used in the modeling effort.

a The listed density is the dry bulk density of the solids comprising the cover and waste.

b The first value listed applies to the disposal pits, while the second value applies to the shafts.

¢ The first value listed applies to the Intruder — Post-Drilling Scenario, while the second value applies to the Intruder-Agriculture Scenario. These values are directly entered into the 1997/1999
models; the mixing depth for the postdrilling scenario is entered into the GoldSim models, while the mixing depth for the agricultural intruder scenario is calculated.

4 The modeling used to establish the 2006 WAC used spatially dependent surface erosion rates.
® The dust loading is multiplied by the soil disturbance factor to yield the dust loading used to estimate intruder exposures.
f While the radionuclide-specific data used in the WAC development efforts are not listed, references for this information are provided to illustrate the use of different sources of data.




dle 3 (Ghtinued)
Summary of hput Data i&d in the M{Devlopment
Hort and the Deterministic Mues Ad  opted for the 8Devlopment Hort

Input Data

1997 and 1999 Analyses 2006 Analyses
Area of Intruder's House m?2 2.0E+02 2.0E+02

Parameter Units

Well Casing Diameter m 2.5E-01 2.5E-01

Depth of Basement 3.0E+00 3.0E+00

Length of Basement Excavation

© 8oy [Bs0dSIq PUBIBN '¥S-YL INV] 40} judssessy esoq parbojopey

Bottom of Excavation m 2.0E+01 2.0E+01

Top of Excavation 2.6E+01 2.6E+01
Width of Basement Excavation

Bottom of Excavation m 1.0E+01 1.0E+01

Top of Excavation m 1.6E+01 1.6E+01

Thickness of Concrete Floor of Foundation m NA 1.0E-01
Time Allotments
Outside of House 1.8E+03 6.4E+02
Inside House 4 4E+03 6.0E+03
House Shielding Factor for Direct Radiation 7.0E-01 4.0E-01

— = Unitless

NA = Indicates that the parameter was not used in the modeling effort.

@ The listed density is the dry bulk denstty of the solids comprising the cover and waste.

b The first value listed applies to the disposal pits, while the second value applies to the shafts.

¢ The first value listed applies to the Intruder — Post-Drilling Scenario, while the second value applies to the Intruder-Agriculture Scenario. These values are directly entered into the 1997/1999
models; the mixing depth for the postdrilling scenario is entered info the GoldSim models, while the mixing depth for the agricultural intruder scenario is calculated.

4 The modeling used to establish the 2006 WAC used spatially dependent surface erosion rates.
¢ The dust loading is multiplied by the soil disturbance factor to yield the dust loading used to estimate intruder exposures.
! While the radionuclide-specific data used in the WAC development efforts are not listed, references for this information are provided to illustrate the use of different sources of data.




dle 3 (Ghtinued)
Summary of hput Data féd in the #{Devlopment
Hort and the Deterministic Mues Ad  opted for the 8®Devlopment Hort

Input Data
1997 and 1999 Analyses 2006 Analyses

Parameter Units

Intruder Intake Parameters

Ingestion Rates
Leafy Vegetables 1.7E+01 1.5E+01
Other (protected, fruit, etc.) 9.1E+01 8.5E+01
Grain 74E+01 7.9E+01
Meat NA 1.9E+01
Milk NA 7.4E+01
Soil 3.7E-02 3.7€-02

Initially set to 0.5, adjusted to
Fraction of Food Eaten Grown On-Site 5.0E-01 account for the area available to

raise crops and animals.
Inhalation Rate . 8.0E+03 5.6E+03
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Radionuclide-Specific Parameters f
Half-Lives RHHB, 1970 KAPL, 2002

Projected disposal unit inventories
used for analysis

Initial Inventories 1.0E+06 for all parent radionuclides

-— = Unitless

NA = Indicates that the parameter was not used in the modeling effort.

a The listed density is the dry bulk density of the solids comprising the cover and waste.

b The first value listed applies to the disposal pits, while the second value applies to the shafts.

< The first value listed applies to the Intruder - Post-Drilling Scenario, while the second value applies to the Intruder-Agriculture Scenario. These values are directly entered into the 1997/1999
models; the mixing depth for the postdniling scenario is entered into the GoldSim models, while the mixing depth for the agricultural intruder scenario is calculated.

4 The modeling used to establish the 2006 WAC used spatially dependent surface erosion rates.
® The dust loading is multiplied by the soil disturbance factor fo yield the dust loading used to estimate intruder exposures.
f While the radionuclide-specific data used in the WAC development efforts are not listed, references for this information are provided to illustrate the use of different sources of data.
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dle 3 (Ghtinued)

Summary of hput Data £éd in the #{Devlopment
opted for the 8Devlopment Hort

Kort and the Deterministic Mues Ad

Parameter

Units

Input Data

1997 and 1999 Analyses

2006 Analyses

Dose Conversion Factors

Ingestion

mrem/pCi

DOE, 1988b; EPA, 1988 for values
not found in DOE, 1988b.

EPA, 1988

Inhalation

mrem/pCi

DOE, 1988b; EPA, 1988 for values
not found in DOE, 1988b.

EPA, 1988

Direct Radiation from Sail

mrem/yr per pCi/m?

Estimated using MICROSHIELD
(Grove Engineering, 1992)

EPA, 1993

Air Immersion

mrem/yr per pCi/m3

DOE, 1988c; EPA, 1993 for values
not found in DOE, 1988c.

EPA, 1993

Soil-to-Water Distribution Coefficients

m3kg

NA

Various sources

Soil Mass Attenuation Coefficients

cmlg

NA

RHHB, 1970

Plant-Uptake Factors

Baes et al., 1984; Sheppard et al.,
1991 for carbon; specific activity
model for hydrogen

Napier et al., 2004; specific activity
model for hydrogen

Animal Transfer Factors

NA

Napier et al., 2004, specific activity
models for carbon and hydrogen

— = Unitless

NA = Indicates that the parameter was not used in the modeling effort,
@ The listed density is the dry bulk denstty of the solids comprising the cover and waste.
b The first value listed applies to the disposal pits, while the second value applies to the shafts.

¢ The first value listed applies to the Intruder - Post-Drilling Scenario, while the second value applies to the Intruder-Agricufture Scenario. These values are directly entered into the 1997/1999
models; the mixing depth for the postdrilling scenario is entered into the GoldSim models, while the mixing depth for the agricultural intruder scenario is calculated.

9 The modeling used to establish the 2006 WAC used spatially dependent surface erosion rates.
¢ The dust loading is multiplied by the soil disturbance factor to yield the dust loading used to estimate intruder exposures.
" While the radionuclide-specific data used in the WAC development efforts are not listed, references for this information are provided to illustrate the use of different sources of data.




from animals raised at the exposure location. In contrast, the WAC developed in 1997 and 1999
did not consider this pathway, based on the assumption that animals would be range-fed in
uncontaminated areas. Inclusion of the consumption of animal products requires the input of
several additional input parameters such as the consumption rates of animal products by humans;
animal food, soil, and water ingestion rates; and animal product transfer factors.

The impact that using different input data and models has upon the calculated WAC will depend
upon the radionuclide under consideration. The 1999 and 2006 postdrilling concentration limits
for Am-241 differ, in part, because of the manner in which the contamination of crops due to
rainsplash was modeled. The significance of this difference may be appreciated by comparing
the exposure pathway contributions to the peak intruder doses projected using the 1999 model
and the deterministic implementation of the MDA G Intruder Model. Fifty-four percent of the
peak dose projected for Am-241 in the 1999 WAC analysis resulted from the inhalation of
airborne contaminants; the ingestion of contaminated soil and food accounted for 30 and
12 percent of the peak dose, respectively. In contrast, 80 percent of the peak dose estimated
using the GoldSim model in its deterministic form results from the ingestion of contaminated
crops, while the inhalation and soil ingestion pathways account for 8 and 10 percent of the total,
respectively.

As indicated earlier, the deposition of contaminants on plant surfaces due to rainsplash was
modeled using a resuspension factor approach for the 1997/1999 WAC development effort. A
reexamination of that approach concluded that using the mass-loading approach to estimate the
impacts of rainsplash may yield more accurate estimates of radionuclide concentrations in plants,
especially for radionuclides with small root uptake factors such as Am-241. Hinton (1992)
reviewed methods used to estimate plant contamination due to particulate resuspension and
concluded that the magnitude of the uncertainty associated with the mass-loading approach was
orders of magnitude less than that associated with the resuspension factor approach. Hansen
(1995) estimated effective plant-uptake factors for plutonium, an element that, like americium, is
typically characterized by small root uptake factors; these effective factors took into account
rates of contaminant uptake via the roots of the plants-and the effects of rainsplash. The
estimated factors were significantly larger than those estimated for the 1997/1999 WAC effort,
when the effects of rainsplash were estimated using the resuspension factor approach. The mass-
loading approach to estimating plant loading due to rainsplash yields much higher rates of
effective plant uptake that more closely resemble the results presented by Hansen.

The effect that the adoption of the mass-loading approach has on projected postdrilling intruder
exposures was estimated by developing effective plant-uptake factors and using those factors in
the 1999 model. The effective uptake factors were developed using the GoldSim model and
account for root uptake and contamination due to rainsplash, where the rainsplash component is
estimated using the mass-loading approach. Accounting only for the differences in plant uptake
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causes the 1999 model to project a significantly higher projected peak dose for Am-241, and a
radionuclide concentration limit that is 20 percent of the postdrilling limit estimated in 1999.

Variations in the remaining input parameters account for the difference that exists between the
two Am-241 concentration limits once the rainsplash model divergence is taken into account.
This was confirmed by revising the input parameters in the 1999 model to reflect the input data
used in the 2006 GoldSim modeling. With the exception of the external radiation dose
conversion factors for soils, all parameters common to the two modeling efforts were modified.
The dose conversion factors were not altered because the two models estimate external
exposures from contaminated soils in different ways, making it inappropriate to share these data
between the two efforts. Also, slight changes were made to the formulas used in the 1999 model
to estimate radionuclide concentrations in crops to incorporate crop-specific dry-to-wet-weight
fractions. Upon making these changes, a radionuclide concentration limit of 0.11 Ci/m® was
calculated using the 1999 modeling methodology. This is the same value that was calculated for
Am-241 using deterministic values in the GoldSim model.

The 2006 concentration limit calculated for Cs-137 is about 35 percent greater than that
calculated in 1999 (Table 22); the same limit calculated using the 1999 model updated to reflect
the data used in the 2006 analysis essentially matches that calculated using the GoldSim intruder
model in the deterministic mode. However, a difference in the dose conversion factor used to
estimate direct exposures from soils is partly responsible for this level of agreement. When the
dose conversion factor used in the GoldSim model is inserted into the 1999 model, the
radionuclide concentration limit estimated using the 1999 model is about 20 percent greater than
the deterministic estimate projected using GoldSim. This difference is due largely to the fact that,
unlike the 1999 model, the 2006 model includes exposures from the ingestion of beef and milk.
When this difference is considered, the resultant Cs-137 limits differ by less than 10 percent.

A comparison of the concentration limits estimated for Pu-239 and an examination of the results
responsible for the observed difference yields conclusions similar to those reached for Am-241.
The inhalation of suspended particulates accounts for 63 percent of the peak dose estimated for
the 1999 effort; soil and crop ingestion account for 34 and 3 percent of the total, respectively. In
contrast, the ingestion of contaminated crops is responsible for 81 percent of the peak
postdrilling dose estimated using the GoldSim model in its deterministic form; the inhalation of
airborne particulates and ingestion of soil account for about 8 and 10 percent of the peak
exposure, respectively. Inserting effective plant-uptake factors into the 1999 modeling
methodology to account for the revised rainsplash modeling approach and updating the other
input data used in 1999 yields a concentration limit for Pu-239 that is essentially equal to that
calculated using the GoldSim intruder model in its deterministic form.
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The postdrilling WAC estimated for Sr-90 using the probabilistic GoldSim models is 53 percent of
the limit calculated in 1999 (Table 22). While the ingestion of crops accounts for practically all of the
exposures projected for the 1999 effort, it accounts for only 52 percent of the peak dose projected
using the GoldSim intruder model in its deterministic form. The ingestion of beef and milk accounts
for 47 percent of the peak exposure calculated using the deterministic 2006 model; these exposure
pathways were not considered in the 1999 analysis. Revising the data used in the 1999 analysis to
make them consistent with the 2006 WAC development effort yields a Sr-90 concentration limit that
is almost twice the deterministic limit calculated using GoldSim. This difference is due almost
entirely to the inclusion of the beef and milk ingestion pathways in the 2006 modeling.

The 2006 Tc-99 concentration limit is 33 percent of the limit estimated for the 1999 postdrilling
WAC analysis (Table 22). The primary difference between the two analyses lies in the root
uptake factors used for modeling. The uptake factor used in the 2006 revision for leafy
vegetables is more than 20 times greater than the value used in 1999; the factors for produce and
grain are about 15 and 50 percent of the values used in 1999, respectively. Accounting for these
differences and updating the data used in the earlier modeling effort yields WAC for Tc-99 that
differ by about 5 percent.

The 2006 concentration limit for U-238 is about 70 percent of the limit estimated in 1999. U-238
is another example of a radionuclide with a low plant-uptake factor. Inserting effective plant-
uptake factors in the 1999 model and updating the rest of that model’s data yields concentration
limits that are consistent across the two WAC development efforts.

As discussed, most of the 2006 WAC fall within a factor of 4 of the 1999 values. Two of the
more notable exceptions are the concentration limits for Ba-133 and Eu-154; the limit for the
former radionuclide is 5 percent of the value calculated in 1999 while the limit for Eu-154 is
more than 120 times its 1999 counterpart. The reason for these uncharacteristically large
disparities lies in the half-lives used in the two modeling efforts. The half-life adopted for
Ba-133 in the 2006 analysis is approximately 45 percent larger than the half-life used in 1999.
The longer-lived radionuclide results in a substantially greater dose at the time intrusion into the
waste occurs, yielding a significantly lower concentration limit. Taking only the half-life
differences into account, the concentration limits for Ba-133 differ by a factor of 1.2. In contrast,
the Eu-154 half-life used in the 2006 analysis is about half of that used in the 1999 assessment.
When the half-life in the 1999 model is set equal to the value used in the 2006 evaluation the
limits for this radionuclide also differ by a factor of 1.2.

43.2 Intruder-Agriculture Scenario

The radionuclide concentration limits calculated for the disposal shafts on the basis of the
agricultural intruder scenario are compared to the WAC developed in 1997 in Table 24; only
those radionuclides common to the 1997 and 2006 evaluations are included. The 2006 limits are
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e 2
Gimparison of the find Misposal Shaft
MWte Acceptance fiteria (htr uderAgriculture Scenario)

Waste Acceptance Criteria (Ci/m3)

Radionuclide 1997 Criteria 2006 Criteria

Am-241 3.7E-02 1.3E+04
Ba-133 1.9E+11 2.0E+08
Bi-207 3.7E+00 5.0E+03

C-14 2.1E-01 2.4E+01
Cf-252 8.8E+02 1.2E+08
Co-60 1.6E+15 3.9E+08

Cs-135 2.3E+00 3.5E+03
Cs-137 1.1E+01 7.6E+04 .
Eu-152 1.2E+05 1.0E+06
Eu-154 2.9E+03 1.0E+07

H-3 1.2E+09 8.2E+04
Kr-85 1.3E+09 NA
Nb-92 2.0E-03 -
Ni-63 1.6E+03 2.2E+05

Pb-210 4.0E+02 1.5E+05

Pm-145 1.5E+05 4.6E+08
Pu-238 3.7E-01 3.6E+04
Pu-239 2.6E-02 2.0E+04
Pu-240 2.6E-02 1.6E+04
Pu-241 1.0E+00 4.0E+05
Pu-242 2.7E-02 1.5E+04
Ra-226 1.7E-03 2.5E-02
Sr-90 3.9E+01 2.2E+03
Th-229 5.6E-03 9.5E+03
Th-232 1.1E-03 9.4E+01
U-234 9.5E-02 1.0E+01
U-235 1.7E-02 2.8E+02
U-236 1.2E-01 1.1E+03
U-238 7.0E-02 8.2E+02

NA = No exposures were projected to occur; therefore no concentration limit is listed.
— = The lack of dose conversion factors in EPA (1988, 1993) prevented the calculation of a radionuclide concentration limit.
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significantly greater than the criteria calculated in 1997 for two primary reasons. First, the depth
at which the waste is assumed to be placed in the 2006 analysis is significantly greater than that
assumed in 1997. The mean distance between the ground surface and the top of the waste is
about 4.5 m (15 ft) in the 2005-2044 shafts; the 1997 analysis assumed 2 m (6.6 ft) of cover
would separate the waste from the surface of the disposal facility.

The second reason why the two sets of limits for the agricultural intruder differ significantly has
to do with the assumptions made with respect to the time at which intrusion into the shafts
occurs. At the time the 1997 evaluation was conducted, concrete caps were routinely placed over
the shafts when the units underwent interim closure. The performance assessment assumed those
caps would remain in place when the facility underwent final closure. In terms of the intruder
analysis, those concrete caps were assumed to prevent persons from excavating a basement over
the waste for 300 years following final closure of the facility. Concrete caps are no longer
planned for incorporation into the final cover. Given this, the 2006 WAC development effort was
based on the assumption that intrusion into the disposal units was possible at the end of the 100-
year active institutional control period. Reducing the time of first intrusion from 300 to 100 years
after final site closure has profound effects on the WAC. Radionuclides with short-to-moderate
half-lives will be present in much higher concentrations at 100 years postclosure, resulting in
greater potential exposures to intruders. These higher doses will, in turn, result in significantly
smaller concentration limits for the affected isotopes.

For benchmarking purposes, adjustments were made to the 1997 and 2006 models to account for
differences in the depth to waste and the time of intrusion. Specifically, the initial cover
thickness in the GoldSim model was set so the depth to the waste was 2 m (6.6 ft), while the time
of intrusion was set to 100 years in the 1997 model. The differences remaining between the two
sets of shaft WAC, after accounting for variations in the time of intrusion and cover thickness,
are largely attributable to the factors discussed in Section 4.3.1 for the disposal pits.

A small number of radionuclides included in the WAC development effort may exist as a vapor
or gas. For example, tritium will partition between liquid water and water vapor within the waste,
while some or all of the C-14 and isotopes of krypton will exist as gas. These species may
diffuse upward from the waste and enter into the intruder’s house or diffuse from the surface of
the disposal facility. Such releases may result in inhalation or air immersion doses, adding to
other exposures received by the intruder.

The effects of diffusion are evident in the tritium and C-14 WAC developed for the disposal
shafts on the basis of the agricultural intruder scenario. As shown in Table 24, the 2006 tritium
concentration limit is significantly lower than that estimated in 1999; the 2006 C-14 limit is
significantly higher than the earlier value. Some of the reasons for the difference noted for
tritium are discussed below.
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The 1997 concentration limit for tritium is about 15,000 times greater than its 2006 counterpart.
This disparity is due, in large part, to variations in the manner in which the disposal regimen of
the tritium waste was modeled and the time at which intrusion was assumed to occur. With
respect to the first of these, the tritium inventory used to conduct the 1997 agricultural intruder
modeling was that projected to require disposal from 1996 through 2044. About 10 percent of the
waste (on an activity basis) was material that was in storage at the end of 1995, awaiting
decisions about whether it was to be disposed of or processed. Assuming this stored waste would
eventually undergo disposal, the tritium activity in this waste at the time of intrusion was
estimated by decaying the 1995 activity for a total of 151 years, to account for the 49-year
operational period (1996 through 2044), the 2-year closure period, and the 100-year active
institutional control period. In contrast, the 2006 assessment assumed that the higher activity
tritium waste would be disposed of at a constant rate over the remainder of the facility’s lifetime
(2005 through 2044). The shorter operational period and the different assumptions adopted by
the 2006 evaluation regarding the waste disposal regimen result in significantly less decay of the
tritium inventory and doses that are higher on a relative basis by about 40 percent.

The 1997 WAC developed for the shafts on the basis of the agricultural intruder scenario
assumed that intrusion into the waste would be prevented for a period of 300 years following
facility closure due to the presence of concrete caps over the disposal units; no such assumption
was made for the 2006 intruder analysis. Differences in the time of intrusion leads to significant
differences in the WAC estimated for tritium. For example, the 1997 tritium concentration limit

would decrease by a factor of about 8 x 10* if intrusion was assumed to be feasible at the end of
the 100-year active institutional control period. Taking differences in the disposal regimen and
the time of intrusion into account, the 1997 limit is approximately 13 percent of the 2006 limit.
The 2006 analysis assumed that the disposal containers in which the high-activity tritium waste
is placed limit vapor-phase releases to 0.01 of the inventory annually; no credit was taken for
container performance in the 1997 analysis. If the same approach was taken in both WAC
development efforts, the 1997 limit for tritium would be about 13 times greater than the 2006

limit.

Putting aside the effects of container performance, the difference in the 1997 and 2006 tritium
limits reflects differences in the diffusion models used in the two analyses. The diffusion model
used in 1997 considers steady-state diffusion through an infinite medium (i.e., the concrete floor
of the intruder’s house), with a constant source of contamination on one side of that medium.
Under these conditions, the concentration gradient driving the diffusion is created by small
differences in trittum concentrations that form as a result of radioactive decay. The small
gradient results in small diffusive fluxes through the concrete.

The diffusion model used in the 2006 WAC development effort takes a distinctly different
approach to modeling the passage of tritiated water vapor into the intruder’s house. Diffusion is
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modeled through finite thicknesses of waste, cover, and concrete, and the tritium inventory is
depleted over time as diffusion progresses and as radioactive decay takes its toll. At the time of
intrusion, a gradient exists between the contaminated cover or waste and the initially
uncontaminated concrete foundation upon which the house rests; contamination entering the
house is removed in proportion to the ventilation rate of the building. Because of this, and the
fact that the concrete is modeled as a finite medium, a larger concentration gradient exists across
the foundation and the rate of entry of tritium into the house is increased. As a result, when
container performance is ignored, the intruder exposures projected using GoldSim are greater
than those estimated using the 1997 model and the corresponding concentration limit is less.
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5.0 Uncertainty and Sensitivity

The doses and radon fluxes discussed in Sections 3 and 4 are subject to several sources of
uncertainty. These uncertainties may be categorized as improper parameter estimation, improper
model formulation, and stochastic effects due to random measurement and sampling errors and
natural variation (Hoffman and Gardner, 1983). The first two categories may be especially
significant when models and data are used for conditions for which they were not intended.
Uncertainties introduced by parameter variability may be addressed using stochastic models such
as those developed for the performance assessment and composite analysis.

Several sources of uncertainty associated with the performance assessment and composite
analysis modeling are discussed below. The results of this evaluation and the output from the
GoldSim modeling are used to identify processes and parameters that significantly influence the
impacts that MDA G is projected to have on human health and safety and the environment. This
discussion is organized in terms of the modeling conducted to project performance assessment
and composite analysis exposures for members of the public and the evaluations used to estimate
inadvertent intruder exposures.

5.1  Performance Assessment and Composite Analysis Uncertainty and Sensitivity

The probabilistic modeling conducted using the GoldSim models provides insight into the
uncertainties introduced by parameter variability. These results may be used to identify the site
characteristics and processes to which the long-term performance of the disposal facility is most
responsive. The results of the sensitivity analysis conducted for the performance assessment and
composite analysis are presented in Section 5.1.1. Several other sources of uncertainty were not
explicitly represented in the modeling; some of these are discussed in Section 5.1.2.

5.1.1  Sensitivity Analysis
Separate sensitivity analyses were conducted for the performance assessment and composite
analysis. The results of these evaluations are presented in Section 5.1.1.1 and 5.1.1.2.

5.1.1.1 Performance Assessment

Model sensitivities were evaluated for the two groundwater pathway scenarios, the Atmospheric
Scenario, and the All Pathways — Cafiada del Buey Scenario within catchment CdB2. These
evaluations were conducted using the site model and, therefore, did not address the effects of radon
diffusion on the exposures projected for the downwind and canyon receptors. An additional
analysis examined the sensitivity of the projected radon fluxes in waste disposal region 7.

Sensitivity analysis results for the four exposure scenarios are summarized in Table 25. This table
includes, in most cases, the five parameters that had the highest absolute values of the Spearman
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rank correlation coefficient; all of these correlations are statistically significant at the a =0.01
level. The rank correlation coefficient is a nonparametric method to delineate relationships
between random variables, in this case the projected doses and the stochastic parameters used in
their estimation.

The sensitivity analysis results for the Groundwater Resource Protection and All Pathways —
Groundwater Scenarios indicate that the projected peak exposures are highly correlated with the
rate of infiltration through the disposal units. The amount of water passing through the facility
determines the rate at which contaminants are leached from the disposal units and the amount of
time required for those releases to reach the compliance well. The effect of infiltration on
contaminant travel times to the compliance well appears to be the more important effect here as
the magnitude of the release is irrelevant if the contaminant does not reach the compliance well
within 1,000 years of facility closure. The other parameters identified as highly correlated to the
projected dose appear to be spurious results and are not included in the table. This conclusion is
based on the fact that the same rank correlation coefficient was calculated for numerous
parameters and the identified variables have no apparent relation to the projected exposures.

The results of the sensitivity analysis for the Atmospheric Scenario indicate that the projected peak
mean doses are highly correlated to the same parameters at both exposure locations. All of the
parameters listed in Table 25 influence the rates at which contaminants are either deposited on the
surface of the disposal facility or resuspended for transport downwind of the site. Three of the
parameters (the beta-shape factor used to describe root mass distributions with depth, the maximum
rooting depth of trees, and the aboveground biomass density of trees) influence the degree to which
plant roots penetrate into the waste and deposit contamination on the soil surface. Doses are
inversely proportional to the shape factor because larger values of the parameter predict that a
greater proportion of the total root mass lies close to the surface. The initial cover depth in waste
disposal region 8 proves important because this portion of the site includes large inventories of
some of the radionuclides that make significant contributions to the projected peak doses; as the
cover thins, plant roots are likely to have more access to these contaminants. Finally, the projected
exposures are sensitive to the particulate resuspension flux as this parameter determines the rate at -
which contamination deposited on the surface of MDA G is entrained by the prevailing winds.

The results of the sensitivity analysis for the exposures projected for the canyon resident in
catchment CdB2 also indicate the importance of plant intrusion into the waste. Three of the five
parameters relate to the distribution of tree roots with depth and the plants’ litter production
capacity. The initial cover depth in waste disposal region 8 is inversely correlated to the
projected exposures because increases in cover depth further limit root penetration of the waste.
The plant-uptake factor for Ra-226 in native vegetation controls the rate of Ra-226 assimilation by
plants; this isotope is one of the major contributors to the peak mean dose.
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dle 3
Bnl6irelation Gefficients for Selected
Performance Assessment fosure Scenarios

Exposure Rank Correlation
Exposure Scenario Location Model Parameter Coefficient

Groundwater Resource Protection 100 m well

and Al Pathways — Groundwater Mesa-top infiltration rate 34E-01

Atmospheric LANL boundary Root-mass-distribution beta-shape factor -6.1E-01

Maximum rooting depth of trees 5.4E-01

Initial cover thickness in waste disposal

region 8 -2.68-01

Particulate resuspension flux 2.1E-01

Aboveground biomass density of trees in 17E-01
pifion-juniper woodland '

MDA G fence line | Maximum rooting depth of trees 5.6E-01

Root-mass-distribution beta-shape factor -5.4E-01

Initial cover thickness in waste disposal
region 8 -4.8£-01

Particulate resuspension flux 1.6E-01

Aboveground biomass density of trees in

pifion-juniper woodland 1.4E-01

All Pathways - Cafiada del Buey Catchment CdB2 | Maximum rooting depth of trees 6.0E-01

Root-mass-distribution beta-shape factor -5.9E-01

Initial cover thickness in waste disposal

region 8 -3AE-01

Aboveground biomass density of trees in 17E-01
pifion-juniper woodland ’

Plant-uptake factor of radium in native
vegetation

1.5E-01
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The sensitivity of radon flux to the site diffusion model input parameters was evaluated using the
model projections for waste disposal region 7, the region yielding the highest flux for the
performance assessment inventory. Table 26 shows the results of this analysis, which indicate
that the fluxes are most sensitive to the inventory of Ra-226. The projected fluxes are inversely
proportional to cover thickness because a thicker cover results in a longer transit time to the
surface, and thus allows more time for the radon to decay. The radon-emanation coefficient
specifies how much of the generated radon enters the air-filled pore spaces within the waste and,
therefore, the amount of gas available for diffusion. The moisture contents of the crushed tuff
and waste influence the magnitude of the radon diffusion coefficients used in the modeling.

T 8
Bnl6irelation Gefficients for Rlon
FluXrom ¥te Disposal Rion 7

Model Parameter Rank Correlation Coefficient
Ra-226 Inventory 7.3E-01
Initial Cover Thickness -4.2E-01
Radon-Emanation Coefficient 4.0E-01
Moisture Content of Crushed Tuff -2.4E-01
Moisture Content of Waste -24E-01

5.1.1.2 Composite Analysis

Sensitivity analyses were conducted using the site model results for the All Pathways —
Groundwater, Atmospheric, and All Pathways — Canyon Scenarios. The analysis for the All
Pathways — Canyon Scenario considered the exposures for the receptor within catchment PC5,
the location with the highest peak mean dose of the nine canyon locations included in the dose
assessment. The results of the sensitivity analysis are summarized in Table 27. This table
includes, in most cases, the five parameters with the highest absolute values of the Spearman
rank correlation coefficient; all of these correlations are statistically significant at o = 0.01.

Consistent with the results for the performance assessment, the sensitivity analysis results for the
All Pathways — Groundwater Scenario indicate that the projected peak exposure is most highly
correlated with the rate of infiltration through the disposal units. The other parameters identified
as potentially important appear to be spurious results and are not included in the table.
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e 27

Enl6irelation Gefficients for Sel ected Gimposite Analysis fosure
Exposure Rank Correlation
Exposure Scenario Location Model Parameter Coefficient

All Pathways - Groundwater 100 m well Mesa-top infiltration rate 3.4E-01

Atmospheric LANL boundary Root-mass-distribution beta-shape factor -6.0E-01
Maximum rooting depth of trees 5.4E-01
Initial cover thickness in waste disposal -3.3E-01
region 1 '
Particulate resuspension flux 1.9€-01
Aboveground biomass density of trees in 1.7E-01
pifion-juniper woodland '

MDA G fence line | Root-mass-distribution beta-shape factor -5.6E-01

Maximum rooting depth of trees §.4E-01
Initial cover thickness in waste disposal
region 1 -3.9E01
Aboveground biomass density of trees in 1.7E-01
pifion-juniper woodland '
PIant—uptake factor of radium in native 1.7E-01
vegetation

All Pathways - Pajarito Canyon Catchment PC5 Root-mass-distribution beta-shape factor -5.9E-01
Maximum rooting depth of trees 5.8E-01
Initial cover thickness in waste disposal
region 1 -2.8E-01
Plant-uptake factor of radium in native
vegetation 23801
Aboveground biomass density of trees in 1.7E-01
pifion-juniper woodland )

-— = Site diffusion model was not used to evaluate sensttivities for the exposure scenario.

The results of the sensitivity analysis for the Atmospheric Scenario also resemble those discussed
above for the performance assessment. Three of the identified parameters characterize the rooting
distributions and litter production capacity of trees; the initial cover thickness in waste disposal
region 1 influences the degree to which plant roots can access inventories of important
radionuclides. The resuspension flux at MDA G affects the rate at which contamination deposited
on the surface of the facility is released to the atmosphere and transported downwind. The plant-
uptake factor for Ra-226 in native vegetation controls the rate of Ra-226 assimilation by plants;
this isotope is one of the major contributors to the peak mean dose.

Four of the parameters to which the canyon exposures in catchment PC5 are most sensitive
influence the amount of contamination taken up by deep-rooting trees. Two of these affect the
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distribution of root mass with depth, while the others control the rate of Ra-226 assimilation by
plants and the amount of litter deposited on the surface of the facility. The initial cover depth in
waste disposal region 1 is important for the reason discussed above.

The sensitivity of radon flux to the site diffusion model input parameters was evaluated using the
model projections for waste disposal region 1. Diffusion of radon from the waste in this region
influenced the Pb-210 exposures projected for the Atmospheric Scenario; projected fluxes from
this portion of the facility were second only to those projected for waste disposal region 6. The
results of the analysis, shown in Table 28, indicate the projected fluxes are most sensitive to the
inventory of Th-230, the long-lived parent of Ra-226. The remaining parameters are the same as
those discussed with respect to the performance assessment. They include the radon-emanation
coefficient, the initial cover thickness, and the moisture contents of the cover material and waste.

T 8
Bnl6irelation Gefficients for Bdon
Fluxrom ¥te Disposal Bzion 1

Model Parameter Rank Correlation Coefficient
Th-230 Inventory 7.4E-01
Radon-Emanation Coefficient 3.7E-01
Initial Cover Thickness -3.1E-01
Moisture Content of Crushed Tuff -2.6E-01
Moisture Content of Waste -2.6E-01

5.1.2 Additional Sources of Uncertainty

The sensitivity analyses conducted in support of the performance assessment and composite
analysis are useful for evaluating the effects of parameter variability on the dose and radon flux
projections. However, several additional sources of uncertainty are associated with the results
provided in Section 4 of this report. Some of these are discussed in the following sections.

5.1.2.1 Key Assumptions

The performance assessment and composite analysis are based on several key assumptions. The
first of these pertains to the level of control exerted over the disposal facility after final closure.
The analyses are based on the assumption that the DOE will actively maintain the disposal
facility for a period of 100 years following closure, during which time efforts will be made to
prevent the establishment of deep-rooting trees at the site and to limit significant erosion of the
cover placed over the disposal pits and shafts.
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The exposures projected for the Atmospheric and All Pathways — Canyon Scenarios are
dominated by exposures to contaminated soils that are suspended from MDA G and transported
with the prevailing winds, and to contaminated sediments transported with surface runoff into
Cafiada del Buey and Pajarito Canyon. The contamination responsible for these exposures is
deposited on the surface of the disposal facility by plants and animals intruding into the waste.
Logically, then, any controls on the establishment of deep-rooting plants at the site could be
viewed as having a potentially significant impact on the exposures projected for these scenarios.
This hypothesis is supported by the results of the sensitivity analysis, which indicate that the
projected doses are highly correlated with the abundance and rooting characteristics of trees.

Nevertheless, modeling results indicate that the control of deep-rooting species of plants by the
DOE during the active institutional control period will likely have a relatively small impact on
the doses projected for the downwind and canyon receptors. Examination of the exposure
projections indicates that exposures increase slowly over the latter portions of the compliance
period, with the highest doses for these scenarios occurring at the end of the 1,000-year
compliance period. Earlier establishment of deep-rooted trees at the closed facility will cause
exposures to increase sooner. However, the rate of increase during the latter stages of the
compliance period is expected to be similar to that indicated by the GoldSim modeling. If this is
the case, the peak mean exposures will likely increase 10 to 15 percent if the DOE fails to
prevent the site from transitioning to pifion-juniper woodland during the active institutional
control period.

It is also assumed that the DOE will prevent any significant erosion of the closed site during the
active institutional control period. However, the surface erosion rate modeling did not project
any significant rates of soil loss during this period and erosion was allowed to proceed
unimpeded. While prevention of all soil loss for a period of 100 years would help minimize plant
root penetration of the waste, any resulting reductions in projected exposures are expected to be
less than 10 percent. That aside, it is unrealistic to expect that all soil loss could be prevented.

The long-term performance modeling is based on the assumption that there will be no significant
climatic changes during the period of performance. Should climatic changes occur, many aspects
of the facility’s performance could be affected. A wetter climate would likely result in increased
rates of infiltration through the disposal units with subsequent elevated rates of radionuclide
leaching from the waste and reduced groundwater travel times to the regional aquifer; both of
these effects would increase the exposures projected for persons who use groundwater resources
downgradient of MDA G. Additional moisture could result in different plant and animal
communities at the site, possibly altering the impacts of biotic intrusion on facility performance.
On the other hand, drier conditions would likely result in reduced rates of contaminant leaching
and longer groundwater travel times, resulting in smaller doses for groundwater users. Again,
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shifts in the plant and animal communities may occur, influencing the degree to which biotic
intrusion impacts the site.

In general, the potential impacts of any increased infiltration on the projected groundwater impacts
will be proportional to the magnitude of the increase. However, the very small exposures projected
for the groundwater-based exposure scenarios make it clear that future infiltration rates would need
to be substantially greater than projected to cause exposures that exceed acceptable limits.

Subsidence of incompletely filled disposal units is not explicitly modeled nor is it assumed to
impact the long-term performance of the disposal facility. While the potential for subsidence
may be real, it is assumed that efforts will be taken to minimize or eliminate this potential by the
time the facility undergoes final closure. Potential impacts on facility performance if subsidence
does occur will depend upon what disposal units are impacted and the degree to which the
integrity of the affected pits and shafts is undermined. In general, however, subsidence could
lead to greater rates of infiltration through the waste, faster contaminant travel times to the
regional aquifer, and increased access to the waste by plants and animals inhabiting the site;
waste could, conceivably, be exposed under extreme circumstances.

Isolated incidences of subsidence have been observed at MDA G. Most of these have consisted
of small holes developing next to several disposal shafts. However, more significant subsidence
events have been also been observed. In 2004, a 1 to 1.5 m (3.3 to 5 ft) diameter hole of
unknown depth developed in a portion of pit 15. Pit 15 was dedicated to the disposal of waste
packaged in metal and wood containers of various proportions; comparisons of the volumes of
waste placed in these containers and the capacities of the packages suggest that many of these
containers were incompletely filled. Also in 2004, a 1 to 1.5 m (3.3 to 5 ft) diameter hole of
unknown depth developed between pits 32 and 33; these pits received mostly uncontainerized
waste in the mid-1980s. In 2005, subsidence occurred over an area of approximately 50 m?
(500 ft*) within pit 9; the maximum depth of the depression was about 0.6 m (2 ft). This pit
contains retrievably stored transuranic waste that was packaged in wooden boxes and metal
drums to facilitate its retrieval. Finally, a 1 to 1.5 m (3.3 to 5 ft) diameter hole of unknown depth
developed in pit 31 in 2005. This pit, which underwent interim closure in 2005, received both
containerized and bulk (uncontainerized) waste (French, 2005).

Inspections are conducted annually to identify and correct the impacts of any subsidence events.
Other options have also been considered by Laboratory personnel for addressing subsidence
issues at MDA G, including dynamic compaction of the selected disposal units. To the extent
that these or other options are successful, the long-term performance of MDA G is not expected
to be substantially undermined by subsidence. It is on this basis that the long-term performance
modeling was conducted.
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5.1.2.2 Saturated Hydraulic Conductivity

The material properties of the cover and bedrock are critical in terms of the long-term erosion
and infiltration behavior of the final cover. A critical parameter for both processes is the
saturated hydraulic conductivity. The surface erosion and infiltration modeling relied on different
literature-based estimates of this parameter. The SIBERIA modeling (Wilson et al., 2005)
adopted a saturated hydraulic conductivity of 11 mm/hr (0.43 in./hr); this value is significantly
greater than the values of 0.028 and 0.039 mm/hr (0.0011 and0.0013 in./hr) used to model rates
of infiltration (Newman and Schofield, 2005).

The hydraulic conductivity values used in the surface erosion modeling were taken from
literature values (Nyhan et al., 1993; Charman and Murphy, 1992) for actual soils with the same
texture (i.e., the same proportions of sand, silt and clay) as that for the proposed cover. The
Newman and Schofield (2005) infiltration calculations used estimated hydraulic conductivities
for a 6 percent bentonite/crushed tuff mixture. These estimates were based on a linear regression
fit between the measured hydraulic conductivity of pure crushed tuff and the value reported in
Nyhan et al. (1997) for a 10 percent bentonite/tuff mixture. Both sets of values have limitations.
The values representing actual soils reflect the fact that these soils have developed, over a long
period of time, a structure with a hierarchy of pores and water pathways. While this type of soil
structure may develop at MDA G, it may require many years after the placement of the final
cover to do so. On the other hand, the samples of crushed tuff/bentonite used for the Newman
and Schofield estimate were homogeneous, with none of the characteristics that may develop
near the surface of the disposal site as a result of biotic activities such as root growth or the
burrowing activities of insects or animals.

The uncertainty about the saturated hydraulic conductivity characteristics of the cover material is
a potentially significant source of error in the surface erosion modeling. If the actual hydraulic
conductivity values are lower than the values adopted for the modeling, the SIBERIA runoff
rates — and subsequent erosion — will be higher than predicted; rates of infiltration will tend to
decline. Given higher saturated hydraulic conductivities, rates of erosion will decrease while the
amount of water passing through the disposal units will rise. As discussed earlier, increases in
rates of infiltration may result in greater leaching of the waste and faster contaminant travel
times to the compliance well.

Field and laboratory data collected after the surface erosion and infiltration modeling was
completed provide additional insight into the values used to characterize the saturated hydraulic
conductivity of the cover material at MDA G. Field measurements of saturated hydraulic
conductivity were collected as a function of depth below the surface at MDA J, a disposal site
located 2 km (1.2 mi) west of MDA G that underwent final closure in 2002 (Apogen, 2006). At
each of three locations, measurements were collected at the soil surface, at 15 cm (6 in.) bgs, and
at the top of a bentonite/tuff infiltration layer found at depths ranging from 23 to 28 cm (9 to
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11 in.) bgs. While the cover at MDA J differs from that assumed for MDA G, the properties of
the surface soils and bentonite/tuff layers are expected to be similar. The results of the field
measurements are summarized in Table 29.

?il:alzl Msurements of Saturated ¥Hraulic 6hductiity at BIA J
Sample Hole | Sample Depth Saturated Hydraulic Conductivity (mm/hr)
1 Surface 9.3E+00
15 cm 8.5E+00
25¢cm2 4 9E-02
2 Surface 1.0E+01
15¢cm 8.1E+00
28cma 1.5E-01
3 Surface 2.4E+00
15cm 2.4E+00
23cma 2.6E-01

a Sample was collected at the top of the benfonite/crushed tuff infiltration layer.

The field measurements at MDA J indicate that the saturated hydraulic conductivity decreases
with depth from the topsoil layer to the bentonite/tuff infiltration layer. The average conductivity
for the surface and 15 cm (6 in.) depths in sample hole 1 is about 180 times that measured in the
infiltration layer, while the average conductivities measured at these locations in holes 2 and 3
are 62 and 9 times greater than the corresponding infiltration layer values. The mean
conductivity for all three sample holes at the surface and 15 cm (6 in.) depths is 6.8 mm/hr
(0.27 in./hr), or about 45 times the mean conductivity of 0.15 mm/hr (0.0059 in./hr) found for the
infiltration layer.

The decrease in saturated conductivity with depth observed at MDA J is a direct reflection of the
materials comprising the surface and infiltration layers of the final cover. The topsoil layer is
much less compacted than the bentonite/tuff infiltration layer and, therefore, is more permeable
to water. The presence of plant roots and insect and animal burrows in the cover may enhance
the conductivity of the cover. Although these effects may reasonably be expected to be greatest
near the surface of the site, measurements needed to differentiate between the relative influence
of roots and burrows on the two layers were not collected.
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On the basis of the findings at MDA J, the saturated hydraulic conductivity used for the erosion
modeling should be representative of the surface of the cover at MDA G. The conductivity
measurements for the surface of MDA J average 7.3 mm/hr (0.29 in./hr); the measurements at
15 cm (6 in.) bgs are functionally the same and average 6.3 mm/hr (0.25 in./hr) across the three
holes. These measurements compare favorably with the value of 11 mm/hr (0.43 in./hr) used in
the SIBERIA modeling. In terms of infiltration characteristics, the 6 percent bentonite/tuff layer
included in the final cover design for MDA G is expected to have the greatest impact on rates of
infiltration through the disposal units. The average saturated hydraulic conductivity measured for
the infiltration layer at MDA J is 0.15 mm/hr (0.0059 in./hr); this value is similar to the average
conductivity of 0.14 mm/hr (0.0055 in./hr) measured in four holes in 2003 (LANL, 2003b),
shortly after the cover was placed over the disposal facility. These values are approximately 3.5
to 5.2 times greater than the values of 0.028 and 0.039 mm/hr (0.0011 and 0.0013 in./hr) used for
the HYDRUS modeling.

Laboratory measurements of hydraulic conductivity were conducted on replicate samples of
crushed tuff with 6 and 8 percent bentonite (DBS&A, 2006). The average saturated hydraulic
conductivity of the two 6 percent bentonite/tuff samples was 0.099 mm/hr (0.0039 in./hr); the
corresponding value for the two 8 percent bentonite/tuff samples was 0.038 mm/hr
(0.0015 in./hr). The mean conductivity for the 6 percent mixture is 2.5 to 3.5 times greater than
the values used for the HYDRUS modeling, while the mean for the 8 percent mixture and the
values used in HYDRUS are essentially the same. The fact that the conductivity measured for the
6 percent mixture is higher than the modeled value may be the result, in part, of the fact that the
laboratory samples were less compacted than the samples upon which the HYDRUS model
values were based. The mean bulk density of all four laboratory samples was 1,250 kg/m’
(78 1b/ft%), or about 90 percent of the 1,400 kg/m’® (87 Ib/ft’) bulk density typical of the mixtures
upon which the conductivities used in the HYDRUS infiltration modeling were based.

Based on the preceding discussion, the use of two distinct saturated hydraulic conductivities for
the erosion and infiltration modeling appears warranted. The higher value used for the SIBERIA
modeling addresses the properties of the surface soils expected at MDA G and is-consistent with
measurements conducted for surface soil at MDA J. It remains to be seen, however, if the
conductivity of the bentonite/tuff layer at MDA G will increase over time as the surface soil
erodes and plant roots and insect and animal burrows penetrate further into the material. The
measurements collected at MDA J indicate that no significant changes in the conductivity of the
bentonite/tuff layer have occurred since the disposal site was covered, but only 4 years have
passed since that time.

The use of a much lower hydraulic conductivity for the infiltration modeling is consistent with
the expectation that the bentonite/tuff layer will effectively control rates of water infiltration
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through the cover at MDA G. The values used in the HYDRUS modeling are generally
consistent with the values measured at MDA J and in the laboratory. '

5.1.2.3 Sediment Transport and Canyon Interactions

The exposures projected for the All Pathways — Cafiada del Buey and All Pathways — Pajarito
Canyon Scenarios result from the transport of contaminated sediments into the canyons adjacent
to MDA G. Sediments transported to the edge of the mesa were allocated among several
drainages or catchments within the two canyons in an attempt more accurately estimate
contaminant concentrations on the canyon floors. Nevertheless, the projected sediment paths and
radionuclide concentrations are subject to a large amount of uncertainty.

The SIBERIA model does not allow particle tracking or sediment-packet tracking, which means
the model cannot determine if contaminated particles reaching the edge of the mesa will become
trapped within the rock armor or migrate over the mesa edge to a downhill location. Because of
this limitation, the modeling conducted in support of the performance assessment and composite
analysis assumed that all sediments reaching the edge of the mesa were transported over the edge
and migrated immediately to the canyon floors. This approach is expected to be conservative in
terms of the exposures received by persons living in the canyon because a portion of the
sediments would probably require longer periods of time to reach the canyon floors.

Sediments transported from the mesa top will disperse over some portion of the canyon floor in
Cafiada del Buey and Pajarito Canyon. Lacking specific information about how sediment
dispersal will evolve, it was assumed that the material will spread over 10 to 50 percent of the
area of a given catchment. Dispersal over smaller areas will result in doses that are larger than
projected; the reverse will be true if the area of dispersal is larger.

As modeled, the sediments reaching the canyon floors are assumed to be slowly transported down
Cafiada del Buey and Pajarito Canyon in response to flooding events. Information about sediment
transport rates has been collected within some canyons at the Laboratory, but no direct estimates of
sediment transport within Cafiada del Buey and Pajarito Canyon exist. While rates of transport are
assumed to be slow within these canyons, the 200-year residence time upon which the modeled
rates are based is still highly uncertain. Shorter residence times will result in lower exposures than
those projected for the canyon residents. If however, sediment transport rates are substantially
lower than assumed, exposures could rise significantly over long periods of time.

5.1.2.4 Short-Term Moisture Conditions

Several surface structures have been constructed at MDA G in support of waste management
operations at that facility. These structures include asphalt pads, the presence of which has been
shown to result in elevated moisture contents in nearby areas and subsurface soils. These pads
inhibit the removal of water through evapotranspiration and often focus runoff to small portions
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of the site. The result is increased fluxes of water: Newman et al. (2005) compared moisture
contents in boreholes drilled in paved and unpaved portions of MDA G and found that moisture
contents and fluxes in the former were significantly higher than those in unpaved portions of the
site. Birdsell et al. (2005) found that runoff focused by an asphalt pad at MDA G resulted in a
transient ponded condition near a borehole. Periodic monitoring of water content in the borehole
revealed increasing water contents to a depth of 24 m (80 ft) bgs within 10 years of when the
borehole was established.

Elevated moisture conditions and corresponding increases in rates of infiltration that persist over
time will have obvious effects on the rates at which contaminants are leached from the waste and
transported to the regional aquifer. However, evidence from MDA AB suggests that moisture
contents will gradually return to natural levels once the asphalt pads are removed (Birdsell et al.,
2005). Thus, the long-term impacts of these pads will depend on the length of the period they are
in place as well as flow conditions specific to each pad.

5.1.2.5 Effects of Waste Form and Packaging

The waste disposed of at MDA G has assumed a wide variety of chemical and physical forms.
Packaging of this waste has ranged from nonexistent to metal containers. Despite this, the
modeling conducted in support of the performance assessment and composite analysis is based
on the simplifying assumption that all waste radionuclides are in equilibrium with the crushed
tuff backfill as soon as the waste is placed in the disposal units.

Simplifying the effects of waste form and packaging in this manner may provide estimates of
radionuclide release in excess of what will actually occur. For example, plants will be unable to
assimilate contaminants in solidified waste (e.g., concrete), sealed sources, and activated metals
until those matrices degrade. The radionuclides in these wastes will also be resistant to transport
to the surface of the facility by burrowing animals and contaminant leaching. Likewise, as long
as metal containers remain intact, the impacts of biotic intrusion and contaminant leaching may
be limited.

The overall effect of waste form and packaging on the doses projected for the performance
assessment and composite analysis would require a detailed investigation of the distributions of
the critical radionuclides among the various forms and package types. Although an analysis of
this type has not been conducted for the radionuclides responsible for the doses projected for the
Atmospheric and All Pathway — Canyon Scenarios, some insight into the impacts of waste form
on the projected release of C-14 due to leaching is possible. C-14 is the sole contributor to the
projected groundwater exposures.

The C-14 waste inventory projection is based almost entirely on material that was generated
during facility decommissioning and shipped for disposal in 2003; this waste is included in the
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historical waste inventory projections and was used to estimate future disposal rates using an
extrapolation approach. Waste profile data for this material indicate that the waste consists of 45
to 55 percent metal, 20 to 30 percent graphite, and 15 to 25 percent concrete; the remaining 3 to
8 percent consists of a mix of materials including glass, rubber, plastic, wood, and herculite.
While additional information is needed to be sure, leaching of C-14 from many of these waste
forms may require significant periods of time. Depending upon the distribution of the C-14
among these waste forms, assuming the C-14 is in equilibrium with the crushed tuff backfill may
overestimate actual rates of leaching for this contaminant.

5.1.2.6 Inventories of Critical Radionuclides

The probabilistic modeling conducted in support of the performance assessment and composite
analysis included estimates of the uncertainty associated with the radionuclide inventories. This
evaluation considered the impacts of errors that were introduced during characterization of the
waste and as a result of allocating mixed fission -product and material type waste to specific
radionuclides. Nevertheless, other sources of uncertainty exist that were not quantified; some of
these are discussed below.

C-14 was the sole contributor to the exposures projected for the groundwater-pathway-based
scenarios. The inventory estimates for this radionuclide are based almost entirely on waste
generated as a result of facility decommissioning. While the inventory development effort
assumed that C-14 waste similar to this would be generated over the remainder of the disposal
facility’s lifetime, the activity of this waste far exceeds that of all C-14-contaminated waste that
had been disposed of at MDA G up until 2003. On this basis, it may be the case that significantly
smaller amounts of C-14 will require disposal in the future, which would lead to smaller
groundwater pathway doses than those reported earlier in this report.

Besides C-14, the radionuclides making the greatest contributions to the doses projected for the
performance assessment and composite analysis include Am-241, ClI-36, Pb-210, Pu-239, and
Ra-226, depending upon the exposure scenario under consideration. Although the inventories of
these isotopes are also uncertain, there is no reason to expect that these inventories are
categorically too high.

8.1.2.7 Spatial Dependencies of Long-Term Performance

Several aspects of the long-term performance modeling conducted in support of the performance
assessment and composite analysis are spatially variable across the facility. In response to this,
the facility was divided into eight waste disposal regions to account for variations in groundwater
flow and transport behavior and 10 erosion zones to account for spatial variations in rates of
surface erosion across the site. This approach, which is expected to provide a more accurate
representation of site performance, does have implications -in terms of how operations and
closure of the facility are conducted at the facility.
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Steps were taken to represent the spatial dependencies of facility performance, including several
simplifications adopted to make this modeling possible. For instance, rather than adopting a
continuous distribution of hydrogeologic parameters along the axis of the mesa, discrete sets of
these data were used to represent groundwater flow and transport in the different waste disposal
regions. Similarly, discrete rates of cover loss were assigned to the different erosion zones.
Furthermore, although the erosion modeling accounted for differences in soil loss rates across the
site, rates of soil loss were averaged within each of the erosion zones. The use of simplified
approaches such as these introduces uncertainty into the model projections, but there is no clear
indication that this uncertainty seriously undermines the modeling effort.

The spatial dependencies of facility performance make it clear that the manner in which the
facility is operated, maintained, and closed need to be carefully considered. As an example, the
groundwater transport modeling conducted by Stauffer et al. (2005) indicates that groundwater
travel times to the compliance well generally increase from the eastern edge of MDA G to the
western boundary; travel times for releases from waste disposal regions 1 and 8 may differ by
hundreds to thousands of years depending upon the rate at which water infiltrates through the
site. In this instance, the placement of large inventories of highly mobile radionuclides in the
easternmost disposal units could have more serious consequences than placing the same waste in
pits and shafts in the western portion of the facility. Alternatively, the surface erosion modeling
conducted using SIBERIA (Wilson et al., 2005) generally indicates more severe erosion
pressures exist along the edges of the mesa; information of this nature should be used to
intelligently site future disposal units.

5.2  Inadvertent Intruder Analysis

The distributional information provided in Table 17 provides insight into the uncertainty
associated with the projected intruder doses. In terms of the doses for radionuclides that are
unaffected by diffusion, the variability associated with the construction and agricultural intruder
exposures is significantly greater than that observed for the postdrilling intruder doses. The
greater variability noted for the former scenarios is an indication of the impact that the thickness
of the cover placed over the pits and shafts has upon the projected impacts. As discussed earlier,
the distributions of initial cover thickness over many of the disposal units are such that the
excavation of a basement is not projected to contact the waste in a large number of model
realizations. In terms of the disposal pits, 95 percent or more of the realizations indicated that the
waste will remain undisturbed by basement excavation. Taking into consideration the
distributions of cover depth over the two sets of shafts and the distribution of waste within the
20052044 units, contact with the waste during basement excavation will occur less than
3 percent of the time.
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Failure to contact the waste during basement excavation does not prevent exposures of the
construction and agricultural intruders; plants and animals may transport contaminants to
portions of the cover that are disturbed during excavation and vapor- and gas-phase
radionuclides may diffuse upward. However, the intruders are exposed to significantly smaller
concentrations of contamination under these conditions, relative to the contaminant
concentrations encountered when the basement extends into the waste. Because of this, a wide
range in the projected exposures is observed, as witnessed by the statistics shown in Table 17.
The variability in the exposures projected for the postdrilling intruder is much smaller because
contact with the waste occurs in all model realizations. In this situation, similar amounts of waste
are brought to the surface in all realizations resulting in narrower distributions of dose.

The variability inherent in the doses projected for vapor- and gas-phase radionuclides tends to be
less than that seen for contaminants that are unaffected by diffusion. Diffusion through the cover
and waste makes vapor- and gas-phase contaminants accessible to the intruders over the range of
cover depths modeled. More stable contaminant concentrations result between model
realizations, leading to less variable dose estimates.

The inadvertent intruder exposures projected for the disposal pits are based on average
radionuclide concentrations in the buried waste. Radionuclide concentrations are averaged over
the units used from September 27, 1988 through 2004 and from 2005 through 2044. Depth-
dependent inventories are used to model exposures from the two sets of shafts, but these analyses
also average radionuclide concentrations over discrete depth intervals; radionuclide
concentrations within the shafts are further modified to account for the discrete nature of these
small units and their spatial distribution within the shaft fields. Adopting this approach all but
ensures that the projected doses will not equal the actual doses received if human intrusion
actually occurred. However, this approach takes into account the fact that a person arriving at the
site could excavate a basement or drill a well at countless locations at the site. Using average
waste concentrations effectively weights the likelihood that the individual will decide to intrude
into waste that contains higher or lower than average radionuclide concentrations.

It is assumed that intrusion may occur at any time following the end of active institutional
control over the site. This assumption, in conjunction with the degree of disturbance assumed, is
expected to result in reasonably conservative estimates of potential intruder impacts. Use of the
site for nonresidential activities (e.g., hunting or other forms of recreation) will result in little or
no disruption of the waste and, consequently, significantly smaller exposures. As shown by the
results of the agricultural and postdrilling intruder scenarios, impacts may vary significantly for
resident intruders, depending upon the type of construction undertaken.

Sensitivity analyses were conducted for the agricultural and postdrilling intruder scenarios in
conjunction with the disposal pits and shafts that will be used for the disposal of waste from 2005
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through 2044. These scenarios address two distinct types or degrees of intrusion into the waste, one
in which large quantities of material are excavated from shallow depths (basement excavation) and
one in which smaller amounts of material are removed throughout the cover and waste profile
(well drilling). The 2005-2044 disposal pits and shafts were chosen for consideration because they
generally yielded higher doses than the 1988—2004 pits and shafts. The sensitivity analysis for the
disposal pits addressed the exposures projected using the intruder model only because the
exposures from vapor- and gas-phase radionuclides were typically small; the analysis conducted
for the 2005-2044 shafts evaluated intruder and intruder diffusion model sensitivity.

The results of the sensitivity analysis are summarized in Table 30. This table includes the five
parameters that had the highest absolute values of the Spearman rank correlation coefficient; all
of these correlations are statistically significant at the a = 0.01 level. For the 2005-2044 disposal
pits, the doses projected for the agricultural intruder using the intruder model are negatively
correlated with the initial cover thickness. This is consistent with earlier discussions regarding
the probability of contacting the waste during basement excavation and the relatively minor
consequences when the waste is not contacted. The next two parameters listed for these units
relate to the degree to which plants intrude into the waste prior to the intruder’s arrival. Greater
penetration of the waste occurs as the maximum root depth of the trees increases. This results in
greater radionuclide concentrations in the material that is deposited on the surface of the facility
during basement excavation and higher subsequent intruder doses. The beta parameter used in
the root-mass-distribution function specifies an increasing concentration of roots near the surface
of the facility as its value increases. Intruder exposures are negatively correlated to this
parameter because smaller amounts of contamination are accessed by the trees as the proportion
of roots near the surface increases. The mean peak exposure is correlated to the rate of cover
removal due to erosion because plant roots, animal burrows, and the basement excavation extend
deeper into the waste as more soil is lost. The final parameter is a spurious result as it does not
pertain to the 2005-2044 pits or the radionuclides that make significant contributions to the
projected impacts.

The ingestion of contaminated crops makes a significant contribution to the doses projected for
the postdrilling intruder. It is not surprising, then, that two of the five most highly correlated
parameters relate to rates of crop ingestion and radionuclide concentrations in those foodstuffs.
While contact with the waste is assumed to occur whenever a well is drilled through the site, the
initial cover thickness stills ranks as a sensitive parameter, largely because of the effect it has on
contaminant concentrations in the cap resulting from biotic intrusion. The fact that the root-mass-
distribution beta-shape factor and the maximum rooting depth of trees are included in the table is
also an indication that biotic intrusion plays an important role in the exposures for this receptor.
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ahe 30
Bhl6irelation Gefficients fo r Selected htruder Bosure

Intruder Model Intruder Diffusion Model

Waste Disposal Unit§ Rank Correlation Rank Correlation
and Exposure Scenario Model Parameter Coefficient Mode! Parameter Coefficient
2005-2044 Disposal Pits

Intruder-Agriculture Scenario | Initial cover thickness -6.9E-01

Maximum rooting depth of trees 4.3E-01

Root-mass-distribution beta-shape factor -3.9E-01

- 9 Basy [EsOdsiQ [RUSIBK 'pS-Y.L TNV 20} Jususssessy esoq pabojopey

Erosion rate function beta-shape factor 1.6E-01
Np-237 waste inventory in 2005-2044 shafts 9.0E-02

Intruder - Post-Drilling Ingestion rate of grain 3.1E-01
Scenario

Initial cover thickness -2.7E-01

Root-mass-distribution beta-shape factor -2.6E-01

Maximum rooting depth of trees 2.5E-01

Translocation factor for grain 2.2E-01

2005-2044 Disposal Shafts

Intruder-Agriculture Scenario | Root-mass-distribution beta-shape factor -5.7E-01 Ra-226 waste inventory in 2005-2044 7.1E-01
shafts

Maximum rooting depth of trees 5.4E-01 Radon-emanation coefficient 3.9E-01
Initial cover thickness -2.6E-01 Ingestion rate of grain 2.9E-01

Plant-uptake factor of strontium in native 2.1E-01 Plant-uptake factor of lead in grain 1.8E-01
vegetation

Plant-uptake factor of titanium in grain 1.1E-01 Ingestion rate of leafy vegetables 1.5E-01

— = Sensitivity analysis did not address intruder diffusion dose projections for this exposure scenario.
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Rnl6irelation Gefficients for Se

lected htruder Rosure Scenarios

Waste Disposal Units

Intruder Model

Intruder Diffusion Model

Rank Correlation

Rank Correlation

and Exposure Scenario Model Parameter Coefficient Model Parameter Coefficient
Intruder — Post-Drilling Animals raised -3.8E-01 Ra-226 waste inventory in 2005~2044 7.7€-01
Scenario shafts
Sr-90 waste inventory in 2005-2044 shafts 3.0E-01 Ingestion rate of grain 3.0E-01
Plant-uptake factor of strontium in grain 2.7E-01 Plant-uptake factor of lead in grain 1.4E-01
Ingestion rate of grain 2.3E-01 C-14 waste inventory in 2005-2044 1.4E-01
shafts
Plant-uptake factor of strontium in pasture 1.9E-01 Plant-uptake factor of carbon in grain 1.4E-01

grass and native vegetation

— = Sensitivity analysis did not address infruder diffusion dose projections for this exposure scenario.



The agricultural intruder exposures are highly correlated with several parameters that determine
the extent to which plant roots penetrate the buried waste and the rate of radionuclide uptake
once biotic intrusion has occurred. The beta-shape factor and the maximum rooting depth of
trees influence the root-mass density within the waste; greater penetration of the waste occurs as
the thickness of the cover over the disposal units is reduced. The plant-uptake factor for
strontium affects how much Sr-90 is extracted by the plant roots; this radionuclide is an
important contributor to the peak mean dose for the receptor. The final parameter listed for the
intruder model is a spurious result. as it does not pertain to the radionuclides that make
significant contributions to the projected impacts.

The agricultural intruder diffusion model projections for the 2005-2044 shafts are highly
correlative with the inventory of Ra-226 in these units, and with the radon-emanation coefficient.
Pb-210, a daughter of Ra-226, is a major contributor to the peak exposure projected for the
intruder. The surface soils over the intruder’s lot become contaminated with Pb-210 following
the diffusion of Rn-22 upward from the waste; the magnitude of these radon fluxes are
determined, in part, by the radon-emanation coefficient. The remaining parameters listed in the
table relate to the intake of vegetables contaminated with Pb-210. The ingestion of contaminated
crops is a major contributor to the peak mean exposure.

The postdrilling intruder doses projected for the 20052044 shafts are strongly correlated to the

inventory of Sr-90 and parameters that determine Sr-90 concentrations in various foodstuffs and
the quantities of these foods consumed. The correlation between the projected exposures and the
type of animal raised by the intruder is a reflection of the fact that much larger Sr-90 doses result
from the consumption of beef and milk than from the ingestion of chicken and eggs. The doses
projected for this scenario using the intruder diffusion model are sensitive to the C-14 and
Ra-226 inventories in the shafts; these radionuclides are important contributors to the peak mean
exposure. The remaining parameters determine C-14 and Pb-210 concentrations in grain grown
by the intruder and the quantities of contaminated food consumed by the individual.
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